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Recent positive selection in bonobos

In bonobos, the GO category ”involved in sensory perception of sound” shows a
significant enrichment in the XP-EHH-based test (Table 1). Bonobos are known
for their high-pitched calls, compared to chimpanzees [1], with their inner-ear bone
morphology being different from both humans and chimpanzees [2], which might
be associated with this finding. Although not passing multiple testing correction,
”acts upstream of or within vocal learning” was also among the significant categories
for bonobos (Additional File 2: Table S22), which has to do with auditory ability. Two
genes, MCC, which is overexpressed in ovary, and SHROOM3 have been previously
described as candidates for this species in multiple studies [3, 4]. A protein-coding
change (Additional File 2: Table S3) in the KHNYN gene might be associated with
immune function [5], as well as another change in ERAP2 for recent selection [6].

One of the candidate loci with the highest XP-EHH scores in bonobos (Additional
File 2: Table S3) might be related to reproduction traits, falling near DPP10 [7], which
is associated to age at menarche in humans and found across all four comparisons
involving bonobos (Additional File 2: Table S10). The gene MRPS11, associated with
the onset of male puberty [8], carries another protein-coding change. ZNF804A carries
five protein-coding changes in bonobos with a signature of positive selection. This gene
is overexpressed in brain regions including hypothalamus, anterior cingulate cortex
and nucleus accumbens, and might have neurological functions [9].

A locus near LRP1B is found as a candidate for selection (XP-EHH) across all
four chimpanzee subspecies tests, a gene which has been previously described as a
candidate for reproduction-related bonobo-specific traits [10]. Genes related to the
specific biology of bonobos might also be suggested by the categories ”involved in neg-
ative regulation of determination of dorsal identity” and ”acts upstream of or within
dorsal/ventral pattern formation” (nominally enriched, Additional File 2: Table S22),
which could potentially be related to the characteristic ventro-ventral copulation of
bonobos based on their anatomical features [11, 12].
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Recent positive selection in chimpanzees

In contrast, no GO categories reached significance in the chimpanzee lineage as a
whole. Loci with the highest XP-EHH scores (Additional File 2: Table S3) in chim-
panzees are possibly involved in hearing loss (SLC26A4 [13]), or innate immunity
(BIRC2 [14]). Protein-coding changes are found in genes related to various functions
such as immune response (CLECL1 [15] , MS4A2 [16]), brain development (KDM7A
[17]), or cell division (CPAP [18], CENPN [19]). A previously described candidate
gene [20] is also involved in spermatogenesis (CDYL [21]).

Recurrently supported targets of positive selection [3, 4, 20, 22] are APBB2, which
might be involved in neuron development [23], and FAF1 with functions including
virus response [24]. However, given the divergence times of chimpanzee subspecies, the
methods applied here might be more informative on the subspecies level, in particular
for cross-population analyzes of positive selection.

Recent positive selection in chimpanzee subspecies

The only significant GO category in chimpanzees (Table 1) is for the immunity-related
category ”involved in negative regulation of CD8-positive, alpha-beta T cell prolif-
eration” in Nigeria-Cameroon chimpanzees, suggesting recent selective pressures in
immune response. A variant in FUT9, a gene associated with susceptibility to placen-
tal malaria infection [25], shows signatures of selection in comparison to bonobos as
well as Nigeria-Cameroon chimpanzees, which is interesting given previously described
patterns of selection on malaria in this subspecies [26].

In both western and central chimpanzee subspecies, suggestive evidence for selec-
tion on immunity is reflected by various MHC-related categories (Additional File 2:
Table S25, nominally enriched). A top candidate locus in western chimpanzees in
SULT1C3 is in a gene involved in xenobiotic metabolic processes [27], which might
reflect selection pressures related to novel environments during recent population
expansions of this subspecies [28]. A protein-coding change under selection in NPHS1
might be due to kidney functions of filtering plasma macromolecules [29].

A top candidate locus in central chimpanzees falls in the EFCAB6 gene, which reg-
ulates the androgen receptor and may play a role in spermatogenesis [30], a trait with
known differences between great ape species [31]. This subspecies also carries a protein-
coding change at a candidate locus (XP-EHH) in SHOC1, a gene for which mutations
cause azoospermia in humans and mice [32]. Further non-synonymous mutations in
ADAD2, CFAP70 or SUN1 (XP-nSL) might also indicate lineage-specific selection
on spermatogenesis [33–35]. Among genes recurrently found across studies [4, 22] are
CENPP, a spindle protein required for cell division [36], and CORIN, which might
play a role in female fertility by promoting trophoblast invasion [37].

Protein-coding changes under selection in eastern chimpanzees (XP-EHH) encom-
pass olfactory receptors (OR2B6, OR2B2 ), or a bile acid transporter (SLC51B [38])
which might be related to dietary adaptation. Other such changes (XP-nSL) occur in
genes related to male fertility (CFAP70 [39], MOV10L1 [40]). A recurrently found
target gene in this subspecies [3, 4, 22] is GLG1, a gene which is predicted to
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enable fibroblast growth factor binding [41], potentially influencing processes such as
chondrocyte differentiation.

Recent positive selection in western gorillas

In western gorillas, a GO category related to response to stilbenoid reached signifi-
cance using the conservative threshold (0.005%) for the XP-nSL test (Additional File
2: Table S21). Stilbenoids belong to phenolic compounds found in many plant species
[42], some of which western gorillas might be able to particularly exploit [43]. Multiple
further GO categories related to cholesterol, steroid or lipid metabolism are nomi-
nally enriched (Additional File 2: Table S21), which might be related to their dietary
components. In contrast, nominally enriched categories associated with the immune
system in eastern gorillas (Additional File 2: Table S20) might reflect their history of
response to pathogen infections.

Recent positive selection in eastern gorillas

Notably, three out of the seven significant GO categories across lineages and tests
were observed in mountain gorillas (Table 1), which might be associated with their
unique adaptation to high altitude with a heavily leave-based diet. Two keratin- and
intermediate filament-related categories (XP-EHH) are likely linked to their thick hair,
and a pantetheine-related category (XP-nSL) is potentially associated with energy
metabolism. One gene from this category is among the top 5 scores for mountain
gorillas (KRTAP25-1 ) and carries a non-synonymous mutation in mountain gorillas
(Ser70Cys, XP-EHH). Moreover, four non-synonymous mutations with a selection
signature are observed in KRTAP27-1, two in KRTAP24-1 and one in KRTAP23-1.

Apart from those, only two more non-synonymous mutations show a signature
of selection in mountain gorillas, both in VNN1, a gene upregulated in high-altitude
pulmonary hypertension patients, likely due to a role in oxidative stress regulation
under hypoxic conditions [44]. Another non-synonymous change in FN1 (XP-nSL)
might potentially have played a role in altitude adaptation as well [45].

Other top candidate loci are in EDNRB-AS1, associated to the ABCD syndrome
which entails pigmentation and intestinal phenotypes [46], or MYRIP, which might
regulate insulin secretion [47]. A previously described candidate gene [48] confirmed
here is the lipoprotein lipase-coding gene LPL, involved in lipid metabolism, hence
also potentially involved in pathways related to altitude adaptation [49].

Recent positive selection in Bornean orangutans

Genes under positive selection in Bornean orangutans are nominally enriched for the
GO category ”involved in positive regulation of behavioral fear response” (adjusted
p-value 0.053, Additional File 2: Table S17, XP-nSL). This is interesting, as Bornean
orangutans are known to be less social compared to Sumatran orangutans [50, 51],
given that orangutans in general are considered solitary. Furthermore, Bornean
Orangutans experienced a more recent decline due to human impact [52].

Non-synonymous mutations putatively under selection in Bornean orangutans
occur in the collagen-encoding gene COL11A1, which might possibly be related to
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differences in hair and skin morphology [53], and in MGAM, encoding for a starch
digestion-related enzyme that might relate to differences in diet between Orangutan
species [54].

Recent positive selection in Sumatran orangutans

In Sumatran orangutans, the GO category ”involved in negative regulation of endo-
cytosis” is enriched for genes under selection (XP-EHH, 0.005% threshold). Being a
fundamental cellular process, this could be related to various biological traits, includ-
ing immune response [55]. Among top candidate loci in this species, we find COX19,
which is overexpressed in heart and possibly related to cardiomyopathy, which is inter-
esting considering the high prevalence of cardiovascular lesions in captive orangutans
[56]. As described above, NRXN3 has been found as target of selection in humans,
while it has been previously described for Sumatran orangutans as well [57].
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[51] Mörchen, J., Luhn, F., Wassmer, O., Kunz, J.A., Kulik, L., Noordwijk, M.A.,
Rianti, P., Rahmaeti, T., Utami Atmoko, S.S., Widdig, A., Schuppli, C.:
Orangutan males make increased use of social learning opportunities, when
resource availability is high. iScience 27(2) (2024) https://doi.org/10.1016/j.isci.
2024.108940

[52] Spehar, S.N., Sheil, D., Harrison, T., Louys, J., Ancrenaz, M., Marshall, A.J.,
Wich, S.A., Bruford, M.W., Meijaard, E.: Orangutans venture out of the rain-
forest and into the Anthropocene. Science Advances 4(6), 1701422 (2026) https:
//doi.org/10.1126/sciadv.1701422

[53] COURTENAY, J.: Inter- or Intra-Island Variation? An Assessment of the Differ-
ences Between Bornean and Sumatran Orang-Utans. Orangutan Biology, 19–29
(1988)

[54] Knott, C.D.: Changes in Orangutan Caloric Intake, Energy Balance, and Ketones
in Response to Fluctuating Fruit Availability. International Journal of Primatol-
ogy 19(6), 1061–1079 (1998) https://doi.org/10.1023/A:1020330404983

[55] Gleeson, P.A.: The role of endosomes in innate and adaptive immunity. Seminars
in Cell & Developmental Biology 31, 64–72 (2014) https://doi.org/10.1016/j.
semcdb.2014.03.002

[56] Besnard, M.-L., Raymond-Letron, I., Jourdan, G., Becker, C., Steinmetz, H.W.:

11

https://doi.org/10.1002/ajmg.10172
https://doi.org/10.1002/ajmg.10172
https://doi.org/10.1091/mbc.e03-01-0022
https://doi.org/10.1091/mbc.e03-01-0022
https://doi.org/10.1186/s12862-023-02195-x
https://doi.org/10.1186/s12862-023-02195-x
https://doi.org/10.1113/EP085292
https://doi.org/10.1007/s00265-012-1330-7
https://doi.org/10.1016/j.isci.2024.108940
https://doi.org/10.1016/j.isci.2024.108940
https://doi.org/10.1126/sciadv.1701422
https://doi.org/10.1126/sciadv.1701422
https://doi.org/10.1023/A:1020330404983
https://doi.org/10.1016/j.semcdb.2014.03.002
https://doi.org/10.1016/j.semcdb.2014.03.002


MORBIDITY AND MORTALITY REVIEW OF THE CAPTIVE EURO-
PEAN ASSOCIATION OF ZOOS AND AQUARIA EX-SITU PROGRAMME
ORANGUTAN (¡i¿PONGO¡/i¿ SPECIES) POPULATION BETWEEN 2000
AND 2018. Journal of Zoo and Wildlife Medicine 56(2), 237–247 (2025) https:
//doi.org/10.1638/2022-0137

[57] Mattle-Greminger, M.P., Bilgin Sonay, T., Nater, A., Pybus, M., Desai, T., Valles,
G., Casals, F., Scally, A., Bertranpetit, J., Marques-Bonet, T., Schaik, C.P.,
Anisimova, M., Krützen, M.: Genomes reveal marked differences in the adap-
tive evolution between orangutan species. Genome Biology 19(1), 193 (2018)
https://doi.org/10.1186/s13059-018-1562-6

12

https://doi.org/10.1638/2022-0137
https://doi.org/10.1638/2022-0137
https://doi.org/10.1186/s13059-018-1562-6


Supplementary Figures

Fig. S1 Genome-wide Manhattan plot of unphased XP-EHH values for PPA vs. PTE. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S2 Genome-wide Manhattan plot of unphased XP-EHH values for PPA vs. PTS. The blue
horizontal line indicates the top 0.05% cutoff, and the red horizontal line indicates the top 0.005%
cutoff.
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Fig. S3 Genome-wide Manhattan plot of unphased XP-EHH values for PPA vs. PTT. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S4 Genome-wide Manhattan plot of unphased XP-EHH values for PPA vs. PTV. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S5 Genome-wide Manhattan plot of unphased XP-EHH values for PTE vs. PTS. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S6 Genome-wide Manhattan plot of unphased XP-EHH values for PTE vs. PTT. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S7 Genome-wide Manhattan plot of unphased XP-EHH values for PTE vs. PTV. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S8 Genome-wide Manhattan plot of unphased XP-EHH values for PTS vs. PTT. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S9 Genome-wide Manhattan plot of unphased XP-EHH values for PTS vs. PTV. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S10 Genome-wide Manhattan plot of unphased XP-EHH values for PTV vs. PTT. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S11 Genome-wide Manhattan plot of unphased XP-EHH values for PA vs. PP. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S12 Genome-wide Manhattan plot of unphased XP-EHH values for GBB vs. GBG. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S13 Genome-wide Manhattan plot of unphased XP-EHH values for GBB vs. GGG. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S14 Genome-wide Manhattan plot of unphased XP-EHH values for GBG vs. GGG. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S15 Genome-wide Manhattan plot of unphased XP-nSL values for PPA vs. PTE. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S16 Genome-wide Manhattan plot of unphased XP-nSL values for PPA vs. PTS. The blue
horizontal line indicates the top 0.05% cutoff, and the red horizontal line indicates the top 0.005%
cutoff.
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Fig. S17 Genome-wide Manhattan plot of unphased XP-nSL values for PPA vs. PTT. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S18 Genome-wide Manhattan plot of unphased XP-nSL values for PPA vs. PTV. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S19 Genome-wide Manhattan plot of unphased XP-nSL values for PTE vs. PTS. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S20 Genome-wide Manhattan plot of unphased XP-nSL values for PTE vs. PTT. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S21 Genome-wide Manhattan plot of unphased XP-nSL values for PTE vs. PTV. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S22 Genome-wide Manhattan plot of unphased XP-nSL values for PTS vs. PTT. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S23 Genome-wide Manhattan plot of unphased XP-nSL values for PTS vs. PTV. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S24 Genome-wide Manhattan plot of unphased XP-nSL values for PTV vs. PTT. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S25 Genome-wide Manhattan plot of unphased XP-nSL values for PA vs. PP. The blue hori-
zontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S26 Genome-wide Manhattan plot of unphased XP-nSL values for GBB vs. GBG. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S27 Genome-wide Manhattan plot of unphased XP-nSL values for GBB vs. GGG. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S28 Genome-wide Manhattan plot of unphased XP-EHH values for GBG vs. GGG. The blue
horizontal line marks the top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S29 Genes overlapping top 0.005% unphased XP-EHH outlier sites in Pan, Pongo, and Gorilla.
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Fig. S30 Genes overlapping top 0.05% unphased XP-nSL outlier sites in Pan, Pongo, and Gorilla.
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Fig. S31 Genes overlapping top 0.005% unphased XP-nSL outlier sites in Pan, Pongo, and Gorilla.
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Fig. S32 Genes overlapping top 0.05% unfolded β(1) outlier sites in Pan, Pongo, and Gorilla.
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Fig. S33 Genes overlapping top 0.005% unfolded β(1) outlier sites in Pan, Pongo, and Gorilla.
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Fig. S34 Genome-wide Manhattan plot of β(1) values for PPA. The blue horizontal line marks the
top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S35 Genome-wide Manhattan plot of β(1) values for PTE. The blue horizontal line indicates
the top 0.05% cutoff, and the red horizontal line indicates the top 0.005% cutoff.
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Fig. S36 Genome-wide Manhattan plot of β(1) values for PTS. The blue horizontal line marks the
top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S37 Genome-wide Manhattan plot of β(1) values for PTT. The blue horizontal line marks the
top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S38 Genome-wide Manhattan plot of β(1) values for PTV. The blue horizontal line marks the
top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S39 Genome-wide Manhattan plot of β(1) values for PA. The blue horizontal line marks the
top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S40 Genome-wide Manhattan plot of β(1) values for PP. The blue horizontal line marks the
top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S41 Genome-wide Manhattan plot of β(1) values for GBB. The blue horizontal line marks the
top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S42 Genome-wide Manhattan plot of β(1) values for GBG. The blue horizontal line marks the
top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.

Fig. S43 Genome-wide Manhattan plot of β(1) values for GGG. The blue horizontal line marks the
top 0.05% cutoff, and the red horizontal line marks the top 0.005% cutoff.
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Fig. S44 Model fit to the AFS using synonymous SNPs from PPA. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S45 Model fit to the AFS using synonymous SNPs from PTE. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S46 Model fit to the AFS using synonymous SNPs from PTE. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S47 Model fit to the AFS using synonymous SNPs from PTT. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S48 Model fit to the AFS using synonymous SNPs from PTV. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S49 Model fit to the AFS using synonymous SNPs from PA. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S50 Model fit to the AFS using synonymous SNPs from PP. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S51 Model fit to the AFS using synonymous SNPs from GBB. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S52 Model fit to the AFS using synonymous SNPs from GBG. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S53 Model fit to the AFS using synonymous SNPs from GGG. The blue line shows the observed
AFS from the data, the red line shows the inferred AFS based on the maximum likelihood estimates
in Additional File 2: Table S88, and the green line shows the residual between the observed and model
AFS.
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Fig. S54 Model fit to the AFS using non-synonymous SNPs from PPA. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.
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Fig. S55 Model fit to the AFS using non-synonymous SNPs from PTE. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.
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Fig. S56 Model fit to the AFS using non-synonymous SNPs from PTS. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.
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Fig. S57 Model fit to the AFS using non-synonymous SNPs from PTT. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.
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Fig. S58 Model fit to the AFS using non-synonymous SNPs from PTV. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.

46



Fig. S59 Model fit to the AFS using non-synonymous SNPs from PA. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.
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Fig. S60 Model fit to the AFS using non-synonymous SNPs from PP. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.
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Fig. S61 Model fit to the AFS using non-synonymous SNPs from GBB. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.

49



Fig. S62 Model fit to the AFS using non-synonymous SNPs from GBG. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.
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Fig. S63 Model fit to the AFS using non-synonymous SNPs from GGG. The blue line shows the
observed AFS from the data, the red line shows the inferred AFS based on the maximum likelihood
estimates in Fig. 3 and Additional File 2: Table S88, and the green line shows the residual between
the observed and model AFS.
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Fig. S64 Proportions of deleterious mutations in PPA, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S65 Proportions of deleterious mutations in PTE, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S66 Proportions of deleterious mutations in PTS, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S67 Proportions of deleterious mutations in PTT, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S68 Proportions of deleterious mutations in PTV, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S69 Proportions of deleterious mutations in PA, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S70 Proportions of deleterious mutations in PP, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S71 Proportions of deleterious mutations in GBB, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S72 Proportions of deleterious mutations in GBG, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S73 Proportions of deleterious mutations in GGG, inferred from non-synonymous SNPs using
the DFE model based on the maximum likelihood estimates in Fig. 3.
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Fig. S74 Model fit to the joint AFS using synonymous SNPs from PPA and PTE. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S75 Model fit to the joint AFS using synonymous SNPs from PPA and PTS. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S76 Model fit to the joint AFS using synonymous SNPs from PPA and PTT. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S77 Model fit to the joint AFS using synonymous SNPs from PPA and PTV. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S78 Model fit to the joint AFS using synonymous SNPs from PTE and PTS. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.

66



Fig. S79 Model fit to the joint AFS using synonymous SNPs from PTE and PTT. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S80 Model fit to the joint AFS using synonymous SNPs from PTE and PTV. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.

68



Fig. S81 Model fit to the joint AFS using synonymous SNPs from PTS and PTT. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S82 Model fit to the joint AFS using synonymous SNPs from PTS and PTV. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S83 Model fit to the joint AFS using synonymous SNPs from PTT and PTV. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S84 Model fit to the joint AFS using synonymous SNPs from PA and PP. The upper left panel
shows the observed joint AFS, the upper right panel shows the inferred AFS based on the maximum
likelihood estimates in Additional File 2: Table S89, and the remaining panels show the residuals
between the observed and model AFS.
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Fig. S85 Model fit to the joint AFS using synonymous SNPs from GBB and GBG. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S86 Model fit to the joint AFS using synonymous SNPs from GBB and GBG. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S87 Model fit to the joint AFS using synonymous SNPs from GBB and GBG. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Additional File 2: Table S89, and the remaining panels show the
residuals between the observed and model AFS.
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Fig. S88 Model fit to the joint AFS using non-synonymous SNPs from PPA and PTE. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S89 Model fit to the joint AFS using non-synonymous SNPs from PPA and PTS. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S90 Model fit to the joint AFS using non-synonymous SNPs from PPA and PTT. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S91 Model fit to the joint AFS using non-synonymous SNPs from PPA and PTV. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S92 Model fit to the joint AFS using non-synonymous SNPs from PTE and PTS. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S93 Model fit to the joint AFS using non-synonymous SNPs from PTE and PTT. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S94 Model fit to the joint AFS using non-synonymous SNPs from PTE and PTV. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S95 Model fit to the joint AFS using non-synonymous SNPs from PTS and PTT. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S96 Model fit to the joint AFS using non-synonymous SNPs from PTS and PTV. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S97 Model fit to the joint AFS using non-synonymous SNPs from PTT and PTV. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S98 Model fit to the joint AFS using non-synonymous SNPs from PA and PP. The upper left
panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S99 Model fit to the joint AFS using non-synonymous SNPs from GBB and GBG. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S100 Model fit to the joint AFS using non-synonymous SNPs from GBB and GBG. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S101 Model fit to the joint AFS using non-synonymous SNPs from GBB and GBG. The upper
left panel shows the observed joint AFS, the upper right panel shows the inferred AFS based on the
maximum likelihood estimates in Fig. 3 and Additional File 2: Table S89, and the remaining panels
show the residuals between the observed and model AFS.
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Fig. S102 Geographic origin of samples included in this study, as far as known from the original
studies, stratified by Pan, Gorilla and Pongo. Spatial distribution ranges obtained from IUCN (Inter-
national Union for Conservation of Nature). Pan populations: blue, western chimpanzee (PTV, Pan
troglodytes verus); red, Nigeria-Cameroon chimpanzee (PTE, Pan troglodytes ellioti); green, central
chimpanzee (PTT, Pan troglodytes troglodytes); orange, eastern chimpanzee (PTS, Pan troglodytes
schweinfurthii); purple, bonobo (PPA, Pan paniscus). Gorilla populations: red, Cross-River gorilla
(not included in this study, Gorilla gorilla diehli); yellow, western lowland gorilla (GGG, Gorilla
gorilla gorilla); green, eastern lowland gorilla (GBG, Gorilla beringei graueri); blue, mountain gorilla
(GBB, Gorilla beringei beringei). Pongo populations: red, Sumatran orangutan (PA, Pongo abelii);
yellow, Tapanuli orangutan (not included in this study, Pongo tapanuliensis); turquoise, Bornean
orangutan (PP, Pongo pygmaeus). Dot size corresponds to number of individuals at a given locality.
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