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Figure 4: Gene Ontology (GO) functional categories’ distribution shift test p-values, in-
dicating a shift in the genes’ PBS selection index values, in the Batwa and Andamanese
rainforest hunter-gatherers (A) and Bakiga and Brahmin agriculturalist control (B). Results
shown for GO biological processes and molecular functions. Point size is scaled to number
of annotated genes in category. Terms that are significantly enriched for genes under pos-
itive selection (Kolmogorov-Smirnov p < 0.01) in either population shown in blue and for
both populations convergently (empirical permutation-based p < 0.005) shown in orange.
Colored lines represent 95% CI for significant categories estimated by bootstrapping genes
within pathways. Dark outlines indicate growth-associated terms: the ‘growth’ biological
process (GO:0040007) and its descendant terms, or the molecular functions ‘growth factor
binding,” ‘growth factor receptor binding,” ‘growth hormone receptor activity,” and ‘growth
factor activity’ and their descendants.

We also used Bayenv, a Bayesian linear modeling method for identifying loci with allele
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frequencies that covary with an ecological variable [12, 22], to assess the level of consistency
with our convergent polygenic PBS shift results. Specifically, we used Bayenv to test whether
the inclusion of a binary variable indicating subsistence strategy would increase the power
to explain patterns of genetic diversity for a given functional category of loci over a model
that only considered population history (as inferred from the covariance of genome-wide
allele frequencies in the dataset.) We converted Bayes factors into per-gene index values via
permutation of SNP-gene associations (Table S11) and identified GO terms with significant
shifts in the Bayenv Bayes factor index distribution [12, 22] (Table S17). The top results from
this analysis included ‘growth factor activity’ (GO:0008083; p = 0.006; ¢ = 0.11), categories
related to enzyme regulation (e.g. ‘enzyme regulator activity’; G0:0030234; p = 0.003; ¢ =
0.01), and categories related to muscle cell function (e.g. ‘microtubule binding’; GO:0008017;
p = 0.003; ¢ = 0.10). There were more GO terms that were highly ranked (p < 0.05) in both
the hunter-gatherer PBS shift-based empirical test of convergence and the Bayenv analysis
than expected by chance (for biological processes GO terms: observed categories in common
= 13, expected = 8.03, Fisher’s exact test p = 9.67 x 10~°; for molecular function GO terms:
observed categories in common = 4, expected = 1.45, Fisher’s exact test p = 0.045).

While we did not observe any significant population-specific shifts in PBS selection index
values for growth-associated GO functional categories in any of our studied populations
(Table 4; Suppl. Text), for each individual rainforest hunter-gatherer population we did
observe nominal shifts in separate biological process categories involving the heart (Fig.
3A). For the Batwa, ‘cardiac ventricle development’ (GO:0003231) was the top population-
specific result (median PBS index = 0.272 vs. genome-wide median PBS index = 0.528;
p = 0.001; ¢ = 0.302). For the Andamanese, ‘cardiocyte differentiation’ (GO:0035051) was
also ranked highly (median PBS index = 0.353 vs. genome-wide median PBS index = 0.552;
p = 0.002; ¢ = 0.232). We note that while these are separate population-specific signatures,

17 genes are shared between the above two cardiac-related pathways (of 61 total ‘cardiocyte
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differentiation’ genes total, 28%; of 71 total ‘cardiac ventricle development’ genes, 24%; Table
S18).

In contrast, cardiac development-related GO categories were not observed among those
with highly-ranked population-specific polygenic shifts in selection index values for either
the Bakiga or Brahmin agriculturalists (Fig. 3B; Table S19). The only GO term with a
significant population-specific shift in the agriculturalists after multiple test correction was
molecular function ‘carboxylic acid binding’ in the Brahmins (GO:0031406; p = 7.30 x 107>;
g = 0.005).

Discussion

The independent evolution of small body size in multiple different tropical rainforest envi-
ronments worldwide presents a natural human model for comparative study of the genetic
and evolutionary bases of growth and body size. Through an evolutionary genomic compar-
ison of African and Asian rainforest hunter-gatherer populations to one another and with
nearby agriculturalists, we have gained additional, indirect insight into the genetic struc-
ture of body size, a fundamental biological trait. Specifically, we identified a signature of
potential convergent positive selection on the growth factor binding pathway that could par-
tially underlie the independent evolution of small body size in African and Asian rainforest
hunter-gatherers.

Unexpectedly, we also observed signatures of potential polygenic selection across func-
tional categories of genes related to heart development for the rainforest hunter-gatherer
populations, both convergently and on a population-specific basis. To a minor extent, the
growth factor- and heart-related functional categories highlighted in our study do overlap: of
the 123 total genes annotated across the three heart-related categories (‘cardiac muscle tis-

sue development’ GO:0048738, ‘cardiac ventricle development’ GO:0003231, and ‘cardiocyte
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differentiation” GO:0035051), nine (7.3%) are also included among the 66 annotated genes
in the ‘growth factor binding’ category (GO:0019838). However, even after excluding these
nine genes from our dataset, we still observed similar polygenic PBS shifts in the Batwa and
Andamanese for both growth factor- and heart-related functional categories (Suppl. Text),
demonstrating that our observations are not driven solely by cross-annotated genes.

We hypothesize that the evolution of growth hormone sub-responsiveness, which ap-
pears to at least partly underlie short stature in some rainforest hunter-gatherer populations
[19, 20, 32, 33, 50] may in turn have also resulted in strong selection pressure for compen-
satory adaptations in cardiac pathways. The important roles of growth hormone (GH) in the
heart are evident from studies of patients deficient in the hormone. For example, patients
with GH deficiency are known to be at an increased risk of atherosclerosis and mortality
from cardiovascular disease [10] and have worse cardiac function [3]. More broadly, shorter
people have elevated risk of coronary artery disease [41], likely due to the pleiotropic effects
of variants affecting height and atherosclerosis development [39]. Such health outcomes may
relate to the important roles that GH plays in the development and function in the my-
ocardium [15, 34], which contains a high relative concentration of receptors for GH [31]. We
hypothesize that the adaptive evolution of growth hormone sub-responsiveness underlying
short stature in rainforest hunter-gatherers may have necessitated compensatory adaptations
in the cardiac pathways reliant on growth hormone.

An alternative explanation for our finding of potential convergent selection on cardiac-
related pathways relates to the nutritional stress of full-time human rainforest habitation.
Especially prior to the ability to trade forest products for cultivated goods with agricul-
turalists, the diets of full-time rainforest hunter-gatherers may have been calorically and
nutritionally restricted on at least a seasonal basis [43]. Caloric restriction has a direct func-
tional impact on cardiac metabolism and function, with modest fasting in mice leading to

the depletion of myocardial phospholipids, which potentially act as a metabolic reserve to en-
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sure energy to essential heart functions [23]. In human rainforest hunter-gatherers, selection
may have favored variants conferring cardiac phenotypes optimized to maintain myocardial
homeostasis during the nutritional stress that these populations may have experienced in
the past.

An important caveat to our study is the lack of statistical significance for our population-
specific analyses after controlling for the multiplicity of tests resulting from hierarchically
nested GO terms. The absence of strong signals of positive selection that are robust to
the multiple testing burden likely reflects both the expected subtlety of evolutionary sig-
nals of selection on polygenic traits and the restriction of our dataset to gene coding region
sequences. However, our comparative approach to identify signatures of convergent evo-
lution is more robust. Therefore, while we cannot yet accurately estimate the extent to
which signatures of positive selection that potentially underlie the evolution of the pygmy
phenotype occurred in the same versus distinct genetic pathways between the Batwa and
Andamanese, we do feel confident in our findings of convergent growth-related and cardiac-
related pathways evolution. The concurrent signatures of convergent evolution across these
two pathways in both African and Asian rainforest hunter-gatherers is an example of the in-
sight into a biomedically-relevant phenotype that can be gained from the comparative study

of human populations with non-pathological natural variation.

Materials and Methods

Dataset generation and sourcing

Sample collection, processing, and sequencing have been previously described [28, 44]. Briefly,
sampling of biomaterials (blood or saliva) from Batwa rainforest hunter-gatherers and Bakiga
agriculturalists of southwestern Uganda took place in 2010, and DNA was extracted [44].

Collection was approved by the Institutional Review Boards (IRBs) of both the University
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of Chicago (#16986A) and Makerere University, Kampala, Uganda (#2009-137), and local
community approval and individual informed consent were obtained before collection. DNA
samples of 50 Batwa and 50 Bakiga adults were included in the present study for exome
capture using the Nextera Rapid Capture Expanded Exome kit and sequencing [28].

Variants were identified as described in [28]. Briefly, reads were aligned to the hg19/GRCh37
genome with BWA v.0.7.7 mem with default settings [27], PCR duplicates were detected with
Picard Tools v.1.94 (http://broadinstitute.github.io/picard), and re-alignment around indels
and base quality recalibration was done with GATK v3.5 [14] using the known indel sites
from the 1000 Genomes Project [4]. Variants were called individually with GATK Haplo-
typeCaller [14], and variants were pooled together with GATK GenotypeGVCF and filtered
using VQSR. Only biallelic SNPs with a minimum depth of 5x and less than 85% missingness
that were polymorphic in the entire dataset were retained for analyses.

Variant data for the Andamanese individuals (Jarawa and Onge) and an outgroup main-
land Indian population (Uttar Pradesh Brahmins) from [36] were downloaded in VCF file
format from a public website. To ensure the exome capture-derived African and whole
genome shotgun sequencing-derived Asian datasets were comparable, we restricted our anal-

ysis to only exonic SNPs.

Merging with 1000 Genomes data

We chose outgroup comparison populations from the 1000 Genomes Project [4] to be equally
distantly related to the ingroup populations: Reads from a random sample of 30 unrelated
individuals from British in England and Scotland (GBR) and Luhya in Webuye, Kenya
(LWK) were chosen for the Batwa/Bakiga and Andamanese/Brahmin datasets, respectively.
We re-called variants in each 1000 Genomes comparison population at loci that were variable
in the ingroup populations using GATK UnifiedGenotyper [14]. Variants were filtered to
exclude those with QD < 2.0, MQ < 40.0, FS > 60.0, HaplotypeScore > 13.0, MQRankSum
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< -12.5, or ReadPosRankSum < -8.0. We removed SNPs for which fewer than 10 of the 30

individuals from the 1000 Genomes datasets had genotypes.

Computation of the Population Branch Statistic (PBS) and the

per-gene PBS index

Using these merged datasets, we computed Fgr between population pairs using the unbiased
estimator of Weir and Cockerham [55], transformed it to a measure of population divergence
[T = —log(1 — Fsr)], and then calculated the Population Branch Statistic (PBS), after [58].
PBS was computed on a per-SNP basis. We computed an empirical p-value for each SNP,
simply the proportion of coding SNPs with PBS greater than this SNP’s value, which we
adjusted for FDR.

SNPs were annotated with gene-based information using ANNOVAR [54] with refGene
(Release 76) [40] and PolyPhen [1] data. As the Andamanese/Brahmin dataset spanned
the genome and the Batwa/Bakiga exome dataset included off target intronic sequences
as well as untranslated regions (UTRs), and microRNAs, we restricted our analysis to only
exonic SNPs. For both the Batwa/Bakiga and Andamanese/Brahmin datasets, we computed
a “PBS selection index” for each gene as follows. We compared the mean PBS for all
SNPs located within that gene to a distribution of values estimated by shuffling SNP-gene
associations (without replacement) and re-computing the mean PBS value for that gene
10,000 times. We defined the PBS selection index of the gene as the percentage of these
empirical mean values that is higher than its observed mean PBS value. When identifying
outlier genes, gene-based indices were adjusted for FDR.

To identify SNPs with allele frequency that correlate to subsistence strategy (hunter-
gatherer: Andamanese and Batwa; agriculturalists: Bakiga and Brahmin), we used Bayenv2.0

[22] to assess whether the addition of a binary variable denoting subsistence strategy im-
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proved the Bayesian model that already took into account covariance between samples due
to ancestry. As with the PBS results, we computed each gene’s index by sampling new val-
ues for each SNP from the distribution of all Bayes factors and comparing the gene’s actual

average to those of the bootstrapped replicates.

Creation of a priori lists of growth-related genes

To test the hypothesis that genes with known influence on growth would show increased
positive selection in rainforest hunter-gatherer populations, we curated a priori lists of
growth-related genes as described fully in the Supplemental Text. Briefly, we obtained
the following gene lists: 1) 3,996 genes that affect growth or size in mice (MP:0005378) from
the Mouse/Human Orthology with Phenotype Annotations database [6]; ii) 266 genes as-
sociated with abnormal skeletal growth syndromes in the Online Mendelian Inheritance in
Man (OMIM) database (https://omim.org), as assembled by [57]; iii) 427 genes expressed
substantially more highly in the mouse growth plate, the cartilaginous region on the end of
long bones where bone elongation occurs, than in soft tissues [lung, kidney, heart; >= 2.0
fold change; [29]]; and iv) 955 genes annotated with the Gene Ontology “growth” biologi-
cal process (GO:0040007). As the GH/IGF1 pathway is a major regulator of growth and
disruptions to the pathway have been implicated in the pygmy phenotype, we also collected
lists of genes associated with GH1 and IGF1 respectively from the OPHID database of pro-
teinprotein interaction (PPI) networks [7]. Separately, we also used a list of genes found to

be associated with the pygmy phenotype in the Batwa [44].

Statistical overrepresentation and distribution shift tests

Using the PBS and Bayenv indices, we next tested for a statistical over-representation of

extreme values (p < 0.01) for the above a priori gene lists as well as all Gene Ontology
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(GO) terms using the topGO package of Bioconductor [2], gene-to-GO mapping from the
org.Hs.eg.db package [9], and Fisher’s exact test in “classic” mode (i.e., without adjust-
ment for GO hierarchy). We similarly performed a statistical enrichment test using the
Kolmogorov-Smirnov test again in “classic” mode, which tested for a shift in the distribu-
tion of the PBS or Bayenv statistic, rather than a excess of extreme values. In all cases, we
pruned the GO hierarchy to exclude GO terms with fewer than 50 annotated genes to reduce
the number of tests, leaving 1,742 and 1,816 GO biological processes and 266 and 285 GO
molecular functions tested for the African and Asian datasets, respectively. To further reduce
the number of redundant tests, we also computed the semantic similarity between GO terms
to remove very similar terms. We computed the similarity metric of [26] as implemented
in the GoSemSim R package [59], a measure of the overlapping information content in each
term using the annotation statistics of their common ancestor terms, and then clustered
based on these pairwise distances between GO terms using Ward Hierarchical Clustering.
We then pruned GO terms by cutting the tree at a height of 0.5 and retaining the term in
each cluster with the lowest p-value. With this reduced set of GO overrepresentation and

distribution shift results, we adjusted the p-value for FDR.

Identification of convergent evolution

We used two methods to identify convergent evolution: i.) computation of simple com-
bined p-values for SNPs, genes, and GO overrepresentation and distribution shift tests using
Fisher’s and Edgington’s methods, and ii.) a permutation based approach to identify GO
pathways for which both the Batwa and Andamanese overrepresentation or distribution
shift test results are more extreme than is to be expected by chance (the “empirical test for
convergence” ). These two approaches are summarized below.

We searched for convergence between Batwa and Andamanese individuals by computing

the joint p-value for PBS on a per-SNP, per-gene, and per-GO term basis. We calculated all
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joint p-values using Fisher’s method (as the sum of the natural logarithms of the uncorrected
p-values for the Batwa and Andamanese tests [38]) as well as via Edgington’s method (based
on the sum of all p-values [17]). Meta-analysis of p-values was done via custom script and
the metap R package [16].

We also assessed the probability of getting two false positives in the Batwa and An-
damanese selection results by shuffling the genes’ PBS indices 1,000 times and performing
GO overrepresentation and distribution shift tests on these permuted values. We compared
the observed Batwa and Andamanese p-values to this generated distribution of p-values, as
described above. We computed the joint probability of both null hypotheses being false for
the Andamanese and Batwa as (1 —ppatwa) (1 — DAndamanese), Where ppaiwa and pandamanese are
the p-values of the Fisher’s exact test or of the Kolmogorov-Smirnov test for the outlier- and
shift-based tests, respectively, and we compared the joint probability to the same statistic
computed for the p-values from the random iterations. The empirical test for convergence
p-value was simply the number of iterations for which this statistic was more extreme (lower)

for the observed values than for the randomly generated values.

Script and data availability

All scripts used in the analysis are available at https://github.com /bergeycm /rhg-convergence-
analysis and released under the GNU General Public License v3. Exome data for the Batwa
and Bakiga populations have previously been deposited in the European Genome-phenome
Archive under accession code EGAS00001002457. Extended data tables are available at
https://doi.org/10.18113/SING3M.
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1 Supplemental Text

Positive selection in growth-associated genes We examined whether gene-specific
signatures of strong positive selection (using an “outlier-based”” designation of genes with
PBS index values < 0.01) in the rainforest populations were enriched for known functional
associations with growth using a prior: lists of 4,888 total growth-related genes, consisting of
(with some redundancy among individual categories, as expected): i) 3,996 genes that affect
growth or size in mice (MP:0005378) from the Mouse/Human Orthology with Phenotype
Annotations database [1]; ii) 266 genes associated with abnormal skeletal growth syndromes
in the Online Mendelian Inheritance in Man (OMIM) database (https://omim.org/), as
assembled by [5]; iii) 427 genes expressed substantially more highly in the mouse growth
plate, the cartilaginous region on the end of long bones where bone elongation occurs, than in
soft tissues (lung, kidney, heart; >= 2.0 fold change; [3]; and iv) 955 genes annotated with the
Gene Ontology “growth” biological process (GO:0040007). Separately, we also considered in
our analyses the set of 166 genes located within the 16 genomic regions previously associated
with the pygmy phenotype in the Batwa, using an admixture mapping approach [4], as well
as GH1- and IGF1-associated genes using data from OPHID database of proteinprotein
interaction (PPI) networks [2].

We used each of the curated a priori growth-related gene lists for testing the hypothesis
that such loci are enriched for genes with signatures of strong positive selection (outlier
PBS selection index values) or have a shift in the distribution of PBS selection index values
consistent with subtle polygenic adaptation in the Batwa and Andamanese rainforest hunter-
gatherer but not the Bakiga and Brahmin agriculturalist populations. We identified 202,
188, 291, and 252 outlier strong selection candidate genes (with PBS index values < 0.01)
in each of the Batwa, Bakiga, Andamanese, and Brahmin populations, respectively. Genes

in the a priori growth-related gene lists were not significantly overrepresented among PBS
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outliers in any populations, except for those associated with mouse growth phenotype in
the Brahmin (68 observed, 47.7 expected; Fisher p = 0.0179) (Table S9). Though the
lack of over-representation of growth-related gene lists among loci with outlier signatures of
strong positive natural selection related to growth is perhaps unsurprising considering the
polygenic phenotype, our distribution shift-based test also showed no significant shifts in
the distribution of PBS indices for any population (Table S11). Genes in genomic regions
previously associated with the pygmy phenotype in the Batwa [4] were enriched for genes with
outlier PBS selection index values in the Batwa (outlier-based test: 5 observed, 1.39 expected;
Fisher p = 0.017; Table S9) and the phenotype-associated genes’ PBS distribution was shifted
relative to the genome-wide distribution (distribution shift-based test: Kolmogorov-Smirnov
test p = 0.056; Table S11). We found no evidence that genes associated with GH1 and IGF1

were enriched for outlier or polygenic selection.

Impact of cross-annotated genes between growth factor- and cardiac-related
pathways To assess whether shared genes in GO categories relating to the heart and
growth factor binding were responsible for the significant shift in PBS selection index values
for genes in these annotations, we compared the distributions of PBS selection indices before
and after removing 9 genes common to heart pathways and growth factor binding. The
heart GO terms assessed were: ‘cardiocyte differentiation’ (GO:0035051), with a shift in the
Andamanese hunter-gatherers; ‘cardiac ventricle development’ (GO:0003231), with a shift in
the Batwa hunter-gatherers; and ‘cardiac muscle tissue development’ (GO:0048738) with a
convergent shift in the Batwa and Andamanese. Of the 123 heart related genes contained in
these pathways, 9 were also annotated to the GO molecular function ‘growth factor binding’
(GO:0019838): ACVRI1, EGFR, ENG, FGFR2, FGFRLI1, LTBP1, SCN5A, TGFBR1, and
TGFBRS.

After removing the 9 shared genes, the mean PBS selection index for the Andamanese
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among genes annotated to ‘cardiocyte differentiation’ decreased slightly from 0.444 to 0.443
and the pre- and post-filtration distributions were not significantly different (Kolmogorov-
Smirnov D = 0.023, p = 1). Similarly, the mean PBS selection index for the Batwa for
genes in ‘cardiac ventricle development’ decreased slightly from 0.654 to 0.652, and the
distributions were not significantly different (D = 0.044, p = 1). Finally, for ‘cardiac muscle
tissue development’, the mean PBS selection index for the Andamanese increased from 0.450
to 0.453, and for the Batwa increased from 0.474 to 0.486. Again the pre- and post-filtering
distributions were not significantly different for the Andamanese (D = 0.015, p = 1) or
Batwa (D = 0.015, p = 1).

Similarly, after removing 9 shared genes, the mean PBS selection index for genes anno-
tated to ‘growth factor binding’ (GO:0019838) for the Batwa increased slightly from 0.437
to 0.440 and for the Andamanese decreased from 0.455 to 0.437. Again, the pairs of distri-

butions were not significantly different (Batwa: D = 0.030, p = 1; Andamanese: D = 0.036,

p=1).
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2 Figures

Fig. S1: Population Branch Statistic (PBS) schematic.

Mean PBS Outlier in SPATA6L Outlier in ZAK
Batwa
Batwa Batwa
Bakiga
Bakiga
Bakiga
ritish ritish
British
Mean PBS Outlier in IL1RL1 Outlier in ADGRA1
Andamanese
Andamanese Andamanese
Brahmin
Brahmin
Brahmin
enyan enyan
Kenyan

Figure S1: Mean values of the Population Branch Statistic (PBS; left) for the African
dataset (Batwa, Bakiga, and outgroup British populations; upper row) and Asian dataset
(Andamanese, Brahmin, and outgroup Kenyan populations; lower row). Middle and right
columns contain PBS values for two outlier SNPs in each population.
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Fig. S2: Population Branch Statistic (PBS) by SNP.
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Figure S2: Population Branch Statistic (PBS) values plotted across the genome for the four focal populations. The genes

containing the SNPs with the 5 highest PBS values in each population are labeled.
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Fig. S3: Population Branch Statistic (PBS) by gene SNP count.
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Figure S3: Population Branch Statistic (PBS) selection index values plotted by number of SNPs in gene. Color indicates
number of genes with that SNP count. Only SNP counts from 1 to 30 shown.

'asuadl| [euoneulau] 07 AN-DN-AG-DD © Japun a|gejieAe apeuw si 1| “lapuny/loyine ay) si (pamalnal-laad
10U sem yaiym) Juudaid siy 1oy Jspjoy 1ybuAdod syl #/500€/TOTT 0T/B10 10p Xp//:dny :10p :8T0Z ‘€T "idy auluo paisod 1suy Jundaid AixHolg


http://dx.doi.org/10.1101/300574
http://creativecommons.org/licenses/by-nc-nd/4.0/

3 Tables

Table S1: Gene Ontology (GO) biological processes with evidence of convergent enrichment for strong positive selection in
the hunter-gatherer populations, as measured by outlier Population Branch Statistic (PBS) values. No molecular functions
were found to be convergently enriched. Joint p-values were computed via a permutation-based method, and those with
joint empirical p < 0.005 are shown.

Batwa: Andamanese:

GO Joint p | Exp. Obs. p adj. p | Exp. Obs. p adj. p
GO:0048705  skeletal system morphogenesis 0.000 | 2.20 5 0.069 1.000 | 2.95 6 0.074 1.000
GO:1901617  organic hydroxy compound biosynthetic processes 0.000 2.28 5 0.077 1.000 3.18 7 0.039 1.000
GO:0007034  vacuolar transport 0.002 1.37 4 0.047 1.000 1.75 4 0.097 1.000
GO:0035107 appendage morphogenesis 0.002 1.69 5 0.027 1.000 2.27 6 0.025 0.901
GO:0035108  limb morphogenesis 0.002 | 1.69 5 0.027 1.000 | 2.27 6 0.025 0.901
G0:0048736  appendage development 0.003 1.95 5 0.045 1.000 2.62 6 0.047 1.000
GO:0060173  limb development 0.003 | 1.95 5 0.045 1.000 | 2.62 6 0.047 1.000
GO:0030326  embryonic limb morphogenesis 0.004 1.47 4 0.058 1.000 | 2.01 6 0.015 0.901
GO:0035113  embryonic appendage morphogenesis 0.004 1.47 4 0.058 1.000 2.01 6 0.015 0.901
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Table S2: Gene Ontology (GO) biological processes with evidence of population-specific
enrichment for strong positive selection in the hunter-gatherer populations, as measured by
outlier Population Branch Statistic (PBS) values. Results with p < 0.01 shown.

GO Exp. Obs. p adj. p

Batwa RHG - Biological Processes:

GO:0007517  muscle organ development 10 4.02  0.0069 0.708
GO:0045926  negative regulation of growth 7 2.48 0.0118 0.708

Andamanese RHG - Biological Processes:

GO:0006302  double-strand break repair 10 3.14 0.0011 0.171
GO:0070085  glycosylation 12 4.34 0.0013 0.171
GO:0000723  telomere maintenance 8 2.3 0.002 0.175
GO:0033365  protein localization to organelle 25 14.09 0.0036 0.189

GO:1903827  regulation of cellular protein localization 19 9.66  0.0036 0.189

GO:0007569  cell aging 6 1.62 0.0052  0.208
GO:0009101  glycoprotein biosynthetic process 12 5.28 0.0065 0.208
GO0:0034613  cellular protein localization 41 27.87 0.0067 0.208
GO:0051179  localization 116 97.3  0.0079  0.208
GO:0060249  anatomical structure homeostasis 13 6.09 0.0079 0.208
GO:0045596  negative regulation of cell differentiation 18 9.79 0.009 0.215

Batwa RHG - Molecular Functions:

GO:0003723 RNA binding 26 17.66 0.028 0.732
GO:0043167  ion binding 83  70.68 0.034 0.732

Andamanese RHG - Molecular Functions:

GO0O:0043130  ubiquitin binding 7 1.89  0.0026 0.177

GO:0008233  peptidase activity 17 9.58 0.0153 0.383
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Table S3: Gene Ontology (GO) biological processes (BP) and molecular functions (MF)
with evidence of convergent distribution shifts in PBS selection index values in the hunter-
gatherer populations. Joint p-values were computed via a permutation-based method, and
those with joint empirical p < 0.1 are shown.

Batwa: Andamanese:

GO Joint p p adj. p p adj. p

BP  GO:0035265 organ growth 0.001 | 0.028  0.997 | 0.045 1.000
GO:1903828  negative regulation of cellular protein localization 0.001 | 0.036 0.997 | 0.043 1.000
GO:0016202  regulation of striated muscle tissue development 0.003 | 0.014 0.997 | 0.044 1.000
G0O:0048634  regulation of muscle organ development 0.003 | 0.013 0.997 | 0.073 1.000
GO:0048738  cardiac muscle tissue development 0.003 | 0.046 0.997 | 0.003 1.000
GO:0048863  stem cell differentiation 0.003 | 0.070 0.997 | 0.060 1.000
GO:1901861  regulation of muscle tissue development 0.003 | 0.014 0.997 | 0.044 1.000

MF  GO:0019838 growth factor binding 0.000 | 0.021 0.817 | 0.027 0.784
GO:0019199  transmembrane receptor protein kinase activity 0.001 | 0.027 0.817 | 0.026 0.784
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Table S4: Gene Ontology (GO) biological processes (BP) and molecular functions (MF)
with evidence of population-specific distribution shifts in PBS selection index values in the
hunter-gatherer populations. No molecular functions were found to be significantly shifted
for the Batwa. Results with p < 0.01 are shown.

GO p adj. p

Batwa RHG - Biological Processes:

GO:0003231  cardiac ventricle development 0.001 0.302
GO:0061351  neural precursor cell proliferation 0.007 0.348
GO:0034976  response to endoplasmic reticulum stress 0.009 0.348

Andamanese RHG - Biological Processes:

GO:0016579  protein deubiquitination 0.001 0.232
GO:0035051  cardiocyte differentiation 0.002 0.232
GO:0048738  cardiac muscle tissue development 0.003 0.232

GO:1901800  positive regulation of proteasomal protein catabolic process | 0.004 0.262

GO:0006508  proteolysis 0.009 0.453

Andamanese RHG - Molecular Functions:

GO:0005085  guanyl-nucleotide exchange factor activity 0.005 0.278
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