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Material and Methods

1 Preparation of the SNP data

1.1 Overview

In order to select unrelated individuals to be SNP genotyped, we had previously screened 340 in-

dividuals using 15 microsatellites (31). First and second degree related individuals were identified

and 230 putatively unrelated individuals were selected for SNP genotyping from the initial set. The

230 individuals were genotyped using the Illumina Omni 2.5M SNP chip. Data filtering and merging

with other datasets were performed using PLINK v1.07 (32) and custom scripts.

1.2 Sample collection

DNA samples from individuals were collected with the subjects’ informed consent, and the project

was approved by the Human Research Ethics Committee (Medical) at the University of the Witwa-

tersrand, Johannesburg (Protocol Numbers: M980553, M050902, M090576, M10270), the Working

Group of Indigenous Minorities in Southern Africa (WIMSA) and the South African San Council

(SASC). A description of sample groups, group codes, group membership, number of individuals,

place of sampling and origin are outlined in Table S1.

1.3 DNA extraction and WGA

DNA from EDTA-blood was extracted using the salting-out method (33) and the PureGene� Ge-

nomic DNA Purification Kit (Gentra Systems, Minneapolis, MN) was used to extract DNA from

buccal swabs according to the manufacturer’s instructions. DNA was quantified using the NanoDrop

ND-1000 Spectrophotometer (Coleman Technologies Inc., Orlando, FL, LabVIEW�) and diluted to

10ng/μl with ddH2O.

Whole Genome Amplification (WGA) was performed with the IllustraGenomiPhi V2 DNA Am-

plification Kit (GE Healthcare Life Sciences, Uppsala, Sweden) according to kit instructions, but

with modifications to the protocol according to recommendations of Pinard et al. (34). The method

involved adding 22.5μl GenomiPhiSample Buffer to each DNA sample (2.5μl of 10ng/μl DNA) after

which the sample was denatured at 95◦C for 5 minutes and cooled on ice. Thereafter 27μl GenomiPhi

V2 Reaction Buffer and 3μl GenomiPhi Enzyme Mix was added and the sample was incubated for

14 hours at 30◦C. After the incubation the enzyme was inactivated by heating the samples to 65◦C
for 10 minutes. Each 96 well plate of samples was co-amplified with a positive control (GenomiPhi

Control DNA) and a negative control (ddH2O). DNA samples were assayed by UV absorption at

260nm to determine the concentration after amplification.

1.4 Genotyping and initial quality control

In total, 240 samples (230 individuals – 10 individuals were genotyped twice as a technical control)

were genotyped per manufacturers protocol on the Illumina (San Diego, CA) Omni 2.5M BeadChip.

After initial comparison of sample intensities with the standard Illumina Omni 2.5M cluster file,

all samples and loci were re-clustered within GenomeStudio v2011.1 to produce a custom cluster

file. The re-defined cluster positions produced 240 samples with an average call rate of 96.31%.

Ten individuals were genotyped both based on genomic DNA and whole genome amplified DNA,
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and showed very high concordance of genotype calls. Subsequent to Illumina QC procedures, 230

individuals and 2,443,179 markers were retained. For the X-chromosome, heterozygous SNPs were

converted to missing in males. We subsequently removed SNPs with more than 10% missing data

(82,597 SNPs), and all 8 ’indels’, leading to 2,360,574 SNPs being retained.

1.5 Individuals

After the SNP filtering, six individuals (one Khwe, one Ju/’hoansi and four /Gui and //Gana) with

> 15% missing data were removed. (Note that after removing these six individuals, 455 SNPs had

> 10% missing data, all these 455 SNPs had 10.27% missing data). Furthermore, four pairs of

individuals (one pair each in !Xun, Ju/’hoansi, /Gui and //Gana and �=Khomani (A) groups) were

identified as potentially related from the fraction of SNP alleles that were Identical by state (IBS).

These individuals had Π̂ > 0.3, Π̂ = f(IBS2) + 0.5f(IBS1), where f(IBS2) denotes the fraction of

SNPs that a particular pair of individuals share both alleles, and f(IBS1) denotes the fraction of

SNPs that the pair of individuals share one allele. Four individuals (one !Xun, one Ju/’hoansi, one

/Gui and //Gana and one �=Khomani (A) individual) were selected to be removed at a later stage

from the dataset, and they were retained for the phasing (see below) as the accuracy of phasing is

likely to improve with larger sample size and related individuals (35). The four individuals to be

removed were selected on the basis of the individual with greatest fraction missing data (for each

pair).

1.6 SNPs

Of the 2,360,574 SNPs, 2,299,431 SNPs were located on the autosomes, 53,082 on the X-chromosome,

1,300 SNPs on the Y-chromosome, 489 SNPs on the pseudoautosomal region on the X- and Y-

chromosomes, 93 SNPs on the mitochondrial chromosome, and 6,179 SNPs with unknown chromo-

some location.

In order to determine which autosomal SNPs deviate from Hardy-Weinberg equilibrium (HWE),

the individuals were split into one Khoe-San (/Gui and //Gana, Ju/’hoansi, !Xun, Khwe, Karretjie,

�=Khomani (A), Nama) and one Bantu-speaking group (Bantu-speakers (South Africa) and Herero).

SNPs that significantly deviate from HWE (p < 0.05 Fisher’s exact test) in both groups were excluded

from further analyses (5,377 SNPs).

Furthermore SNPs with a basepair position of 0 (unknown position) were removed (734 autosomal

SNPs) and 2,293,320 autosomal SNPs were retained. For the X chromosome 44 SNPs with a basepair

position of 0 was removed leaving 53,038 SNPs.

Further processing of the data focus on the autosomes and the X-chromosome, in total 2,346,358

SNPs.

1.7 Missing data

For the 2,346,358 autosomal and X-chromosomal SNPs, the total missing data was 1.67%. Most

individuals and SNPs had a very low fraction missing genotypes, the median fraction of missing data

across individuals was 0.59% and the median fraction of missing data across SNPs was 0.89%.
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1.8 Including SNPs from the genome sequence of KB1

SNPs from the genome sequence of the reference San individual KB1 (9) were extracted and merged

to our dataset. First, we used the software liftOver

(http://hgdownload.cse.ucsc.edu/admin/exe/) to transfer hg18 mapping positions to hg19 po-

sitions (the 2.5M array has hg19 mapping positions). Second, we downloaded the .bam alignment

files of 454 and Illumina sequence data from KB1 which has been aligned to the hg18 human ref-

erence genome (9) [ftp://ftp.bx.psu.edu/data/bushman/hg18/bam/ downloaded February 2011].

Third, we extracted 2,067,433 SNPs (2,029,723 autosomal SNPs and 37,710 X-chromosomal SNPs)

that overlapped with the SNPs on the 2.5M Illumina array from the KB1 individual. Diploid geno-

types were called by requiring reads to have mapping quality > 10, positions to have coverage between

6 and 75, and samtools (36), pileup version, consensus quality > 30 (using the samtools’ method for

genotyping). Heterozygosity for KB1 (based on autosomal SNPs) was 0.154 (313,814 heterozygous

SNPs), which was similar to the heterozygosity for the individuals genotyped using the 2.5M SNP

array.

There are three strand-related issues that can arise when merging data from two (or more)

different sources: i) unknown strand for GC- and AT-SNPs, ii) more than two variants are found

for non GC- and AT-SNPs, and iii) monomorphic SNPs for different alleles in the two datasets. We

solved these issues by i) setting all GC- AT-SNPs in KB1 to ’missing data’, ii) flipping the stand of

KB1 when needed, and iii) keeping track of the two variants in the strand orientation of our genotype

data for each SNP (despite that all individuals may be monomorphic) and thereby knowing if the

strand of KB1 needs to be flipped or not (in the case of GC- and AT SNPs, the KB1 variant was

set to ’missing data’). After AT- and CG-SNPs were filtered out 2,005,720 SNPs remained for KB1

and these SNPs were merged to the primary dataset. All SNPs (723 cases) that did not match (after

potentially flipping the strand) were set to ’missing data’ in KB1, leaving 2,004,997 SNPs from KB1

(14.6% missing data).

1.9 Phasing

Haplotypes and missing genotypes were estimated for 225 samples and 2,348,263 SNPs (both auto-

somes and X-chromosome) using fastPHASE (35) version 1.4.5. The number of haplotype clusters

was set to 25, and we used 25 runs of the EM algorithm. This analysis was used to generate a “best

guess” estimate of the true underlying patterns of haplotype structure.

We included all 225 individuals during haplotype estimation (220 unrelated individuals, 4 indi-

viduals that were related to one individual each among the 220, and the reference individual KB1).

Haplotype phase was estimated for all autosomes and for the X chromosome, the haplotype estima-

tion procedure treated males as having a known haplotype. We removed relatives from the phased

haplotype data to create a dataset of 221 unrelated individuals (220 individuals genotyped in this

paper and the reference individual KB1).

1.10 Adding the chimpanzee variant and the ’Human Ancestor’

For the autosomes (2,293,320 SNPs), we extracted the variant from a chimpanzee provided by ref. (9)

and the variant from the ’Human Ancestor’ sequence (37–39). For the chimpanzee, 1,479,821 SNPs

were overlapping, and for the ’Human Ancestor’ 2,091,564 SNPs were overlapping. After removal of

GC- and AT-SNPs, 1,435,094 SNPs (chimpanzee) and 2,025,519 SNPs (’Human Ancestor’) remained

and were merged with the primary data.
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1.11 Summary of the dense SNP set typed for 220 Southern African
individuals

In summary, the cleaned data contained 2,293,320 high-quality autosomal SNPs from 220 Southern

African individuals. Additionally, for most SNPs, the data included the genotypes from the genome

sequence of the San reference individual KB1, the variant of the chimpanzee, and the variant of the

’Human Ancestor’ sequence. The cleaned X-chromosome data contained 53,038 high-quality SNPs

from 220 Southern African individuals. Two versions of the data were prepared, the genotype data

(with missing data) and phased data (missing genotypes were imputed except for the chimpanzee

and the ’Human ancestor’). We will refer to this set of individuals and SNPs as the ’Southern Africa

dataset’.

1.12 Merging with HGDP, HapMap, and Henn et al. (2011) (10)

We obtained phased genotype data from HapMap III (40) for 562 individuals from 9 populations:
ASW, CEU, TSI, GIH, JPT, CHB, MKK, LWK, YRI, downloaded Nov 30, 2010
(ftp://ftp.ncbi.nlm.nih.gov/hapmap/phasing/2009-02 phaseIII/HapMap3 r2/). In total 45
individuals from the HapMap dataset were removed due to first and second degree relationships (41).
For the HapMap III data, 1,437,973 SNPs were available (1,437,242 non AT-GC SNPs), and 509,899
(non AT-GC) SNPs overlapped with our set of SNPs.

We obtained phased genotype data from the Human Genome Diversity Project for 938 unrelated
individuals (from 53 populations) [HGDP; http://hgdp.uchicago.edu/Phased data/] (4, 42–44).
For the HGDP data, 656,995 SNPs were available (all non AT-GC SNPs) and 354,223 SNPs over-
lapped with our set of SNPs.

We also obtained phased genotype data from Henn et al. (10) for 76 unrelated individuals from
three sub-Saharan African populations (Hadza, Sandawe and �=Khomani (B)). For the Henn et
al. (10) data, 481,048 SNPs were available (480,943 non AT-GC SNPs), and 273,215 overlapped with
our dataset.

These three datasets, HGDP, HapMap III, and Henn et al., were merged with our Southern
Africa dataset. Prior to merging the data, we removed AT- and CG-SNPs from the HapMap III
data and the Henn et al. data (the HGDP data had no AT- and CG-SNPs). The three ’external’
datasets were merged to our Southern Africa dataset, one after the other, with the same procedure
as described previously for KB1 (note that only matching SNPs remained after flipping the strand of
54,851 SNPs). All SNPs that did not overlap between the datasets were removed yielding a dataset
with no missing data (except for the ’Human Ancestor’ and the chimpanzee). After the merger of the
four datasets, we found evidence of related individuals between our Southern Africa dataset, and the
HGDP, and between our Southern Africa dataset and the Henn et al. data. Nine pairs of individuals
showed a high fraction of alleles being ’identical-by-state’ (IBS) and when plotting the fraction of
SNPs with two alleles shared versus the fraction of SNPs with zero alleles shared, the relationships
for these 9 pairs were revealed: Between the HGDP set of individuals and our set of individuals,
four individuals were identical (two in Ju/’hoansi (HGDP) vs. Ju/’hoansi in our data, Figure S1,
and two individuals in Bantu-speakers (Southern Africa - HGDP) vs. Herero in our data, Figure
S2). Furthermore, one Ju/’hoansi (HGDP) individual was related to two Ju/’hoansi individuals in
our data. Between the Henn et al. data and our data, one identical individual and three related
individuals were identified (between the �=Khomani populations of the two studies, Figure S3). In
total nine individuals were excluded from the HGDP and Henn et al. data; three Ju/’hoansi (HGDP),
two Bantu-speakers (Southern Africa - HGDP), and four �=Khomani (B) from the Henn et al. data.
The final worldwide dataset contained 269,317 phased SNPs from 1,745 individuals, of which 536
were from sub-Saharan Africa. We will refer to this dataset as the ’global dataset’.
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1.13 Identification and exclusion of individuals with putative re-
cent admixed ancestry

For both the Southern Africa dataset and the global dataset we inferred and removed putatively
recently admixed individuals to create versions of the datasets less affected by recent admixture.
In these versions of the datasets, individuals that showed a clear signal of recent admixture were
removed from our Southern Africa dataset as well as the Henn et al. dataset.

To identify individuals with putative recent admixture from European and Bantu-speaking groups
in our Southern Africa data as well as in the Henn et al. data, we made a preliminary ADMIXTURE

analysis for these two datasets together with HapMap Tuscans (TSI), HapMap CEU, and HapMap
Luhya (LWK). We ran 20 replicate ADMIXTURE (16) analyses, assuming K = 7 clusters (we also
investigated K = 2 to K = 10, and they all produced similar result for detecting recent admixed
individuals). ADMIXTURE was run under default settings with random seed generated from the clock
time. The replicate runs were combined using CLUMPP version 1.1.1 (45) using the LargeKGreedy
algorithm with 10,000 random permutations.

We first identified the top 25% individuals in each predefined sample group that has the lowest
combined membership coefficients of the EUR (Eurasian) and BS (Bantu-speaking) cluster. We then
used a threshold that was 4.5 standard deviations (computed based on the top 25% individuals in
the particular group) from the value of the individual with the lowest combined membership, add
a “noise” factor of 0.05, and exclude any individual with a combined EUR+BS membership that
exceeds this threshold. We validated the approach by comparing with a PCA where each group of
interest was analyzed together with CEU, TSI and LWK. The rank order affinities to the Eurasian
and Bantu-speaking clusters of the putatively admixed individuals was similar for the PCA-based
and the ADMIXTURE-based approaches.

For the Bantu-speaking groups in our Southern African data set (Herero and Bantu-speakers
(South Africa)), we also excluded individuals with putative San-related ancestry by performing an
identical procedure as above with the combined membership coefficients of the clusters that were
modal in Ju/’hoansi and Karretjie, respectively (SSAN+NSAN). One individual from each group
was excluded in this step (KSP184 and KSP197). A summary of the excluded individuals are shown
in Table S2. In total, 133 recently admixed individuals were removed from the global dataset, and
103 from the Southern Africa dataset. A summary of populations, sample sizes, and geographic
location can be found in Table S3.

1.14 Summary of analyzed datasets

Our analyses focus on the phased autosomal data although several analyses do not use the phase
information. There are five different versions (subsets of individuals or subsets of SNPs) of the data
that we analyze: (a) ∼2.3M SNPs in 221 Southern African individuals (including KB1), (b) ∼2.3M
SNPs in 118 Southern African individuals (including KB1 and admixed individuals removed), (c)
∼270k SNPs in 1,743 individuals from a worldwide set, (d) ∼270k SNPs in 1,610 individuals from a
worldwide set (admixed individuals removed), and (e) ∼270k SNPs in 403 sub-Saharan individuals
(admixed individuals removed). Table S4 provides additional information on the individuals in (a),
(b), and (e).
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Supplementary Text

2 Population and sample description

This section summarises the study-populations’ background and is adapted from (46). The term
“Khoe-San” has a collective meaning for two groups of people, the Khoi (old Nama word) or Khoe
(modern Nama word), who were traditionally the pastoralist groups and the San, which included the
hunter-gatherer groups (47,48). The groupings conventionally refer to generally different subsistence
patterns. It remains a topic of debate as to whether this grouping presents a true reflection of subdi-
vision (48). Different San and Khoe groups are distributed throughout Southern Africa where they
live among and to some extent are admixed with the various Bantu-speaking populations surround-
ing them (48–50). To classify Khoe-San groups into their individual ethnic groups is, in many ways,
problematic. Different words and spellings have been used to refer to the same groups of people over
the years. Linguistic classification is the method most commonly used to identify different groups,
but it is not clear if linguistic classification reflect genetic relationships.

Linguistic studies indicate three separate linguistic families for the Southern African Khoisan
linguistic division, namely, Ju-�=Hõa (Ju was previously classified as Northern Khoisan), Tuu (pre-
viously classified as Southern Khoisan) and Khoe-Kwadi (Khoe was previously classified as Central
Khoisan) (Table S5). Two eastern African Khoisan languages also exist, namely Hadza and San-
dawe. These linguistic families are either unrelated or have genealogical relationships that extend
further back than 10,000 years (51). Linguistic evidence supports the possibility that the Ju and Tuu
branches may share a very deep common ancestor and were associated with the original San hunter-
gatherers, while the Khoe branch was introduced to the area later, possibly in conjunction with
pastoralism (51). The Khoe-Kwadi group includes Kwadi, the extinct language of Angola (which
have been putatively linked to the East African Sandawe language) and the Khoe language branch.
The Khoe language branch includes two very divergent subgroups, KhoeKhoe and Kalahari Khoe.
The people who practiced pastoralism at the time of European contact, known commonly today as
the Khoe, speak languages from the linguistic branch “KhoeKhoe” while certain San groups from
Botswana speak languages belonging to the “Kalahari Khoe” branch, they are also known as the
Khoe-speaking San groups.

Table S5 shows a simplified version of the linguistic classification of Khoisan (as outlined in (51))
and indicate groups represented in the present genetic study. In this study individual groups were
referred to by their preferred community names. The application and spelling of the community
names are in accordance with the usage in the book “Voices of the San” (50); a book compiled by
young representatives from San communities. For the sake of clarity the Language Group as given
in (51) is listed together with the group name used in this study (Table S5). The following section
will generally discuss the ethnography of Khoe-San people belonging to the three Southern African
Khoisan linguistic groupings and then focus on the specific populations represented in the current
study, their sampling location and previous genetic studies on the particular group.
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2.1 Ju linguistic division (Northern Khoisan)

The three main ethno-linguistic groups of Ju; the !Xun, the Ju/’hoansi (meaning “real people”) and
�=X’ao//’ãesi (also called Auen or linguistic-branch úKx’au//’e) correspond to indigenously defined
dialects that also parallel three different cultural units and geographic areas. The word !Xun (or
the different spelling !Kung) has been widely used to describe all three of these groups, however,
the only group that uses the term as self-identification are the !Xun groups of Angola and north-
ern Namibia (!xu is a word indicating “person” in !Xun languages). The three groups together
were estimated to comprise 25 000 to 30 000 individuals in the 1980s (52, 53). The largest group
is the central Ju/’hoansi while the northern !Xun is distributed over a larger geographic area (54,55).

The !Xun of northern Namibia and southern Angola
The northern !Xun do not live in the Kalahari like the other two Ju groups but rather in the forested
areas of southern Angola and northern Namibia. Their self-designation is !o !xu which means “forest
people” (56). Two groups found in Angola are known locally as Kwankala (Vakwankala) and Sekele
(Vasekele) (57). In the local Bantu languages these names have derogatory connotations (meaning
poor uncivilized wanderers) and are not used anymore. The !Xun lived in close association with
the local Ambo (Ovambo), a southwest Bantu-speaking population, for centuries. It is through this
association that the !Xun learned crop cultivation, herding and fishing with nets and spears. In the
1950s very few groups still followed a foraging lifestyle supplemented with assisting Bantu-speakers
in the winter harvests in exchange for grain. In 1970-1980 Angola was a battleground between the
government and guerrillas. Since then, no ethnographic studies have been conducted to assess the
extent of damage the war has had on the !Xun way of life (48,57).

Various genetic studies have been conducted on the !Xun, which include mitochondrial DNA
studies (13,58–60), Y-chromosome studies (61–68) and autosomal DNA studies (8). In some of these
studies they were referred to as Vasekele, Sekele or Vasekele !Kung and being of South African origin,
however, the San groups in these studies were the !Xun with an origin from Angola (as explained in
the section below entitled “The !Xun and Khwe of Platfontein”). The !Xun samples from the present
study were sampled at the Omega military base in the Caprivi Stip (Namibia) and in Schmidtsdrift
(South Africa) (See full explanation of this groups’ history in the sections to follow).

The Ju/’hoansi of Namibia and western Botswana
The central Ju/’hoansi groups occupies areas with a large supply of water and plant resources. Bands
of people usually camp out near permanent waterholes and Mongogo nut groves. In the past they
only camped out during the dry winter and moved away during the wet season to exploit other
territories. In Botswana, however, over the past century, groups have increased their time camping
out. Today most groups have settled at the waterholes, and depend on Herero and Tswana residents
for their livelihood. Development projects, including schools and handicraft tourist shops, were
implemented by the Botswana government and anthropologists. In Namibia a ”homeland” reserve
for the Ju/’hoansi (Bushmanland) was established and a school and administrative camp were built
at Tsumkwe. In 1978 the South African Defense Force (SADF) built a military base at Tsumkwe and
recruited Ju/’hoansi soldiers. Many families lived off the earnings from the military base. Traditional
subsistence techniques started vanishing because of this and the fact that the reserve was too small
to support the number of people. Anthropologists were partially successful in encouraging them to
adopt cattle husbandry in the reserve but met with opposition from wildlife officials (48,69–71).

The Ju/’hoansi of the present study was sampled in Tsumkwe reserve in Namibia. The Ju/’hoansi
was studied in numerous genetic studies in which they are mostly referred to as San or !Kung
(3,4,10,58,72–74). This Ju/’hoansi group also constitute the 7 San samples in the HGDP panel (75).
The San samples in the HGDP panel came from the exact same sampling collection as the bigger
sample from the current study (in fact two samples were identical and one related to the present
study sample and were excluded from the HGDP sample incorporated in the present study).
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2.2 Khoe linguistic division (Central Khoisan)

2.2.1 Kalahari Khoe (Khoe-speaking San groups)

The Khoe-speaking San groups (speaking the Kalahari Khoe language grouping) are the most nu-
merous and culturally diverse of the San language groups (Table 1). They inhabit the central and
northern parts of Botswana, including the central Kalahari Desert and Okavango swamps, the south-
ern parts of Angola and the Caprivi Strip of Namibia. Groups included into this language group are
the Naro of western Botswana, the /Gui, //Gana and Deti of central Botswana, the “river Bush-
men” of northern Botswana and southern Angola (the different Khwe groups), the Tshua and Shua
of eastern Botswana and the Tyua of western Zimbabwe (48–50).

The Khwe of northern Botswana and southern Angola
The Khoe-speaking San of northern Botswana, southern Angola and western Zimbabwe comprise
the various Khwe (linguistic grouping – Kxoe) groups (including the Bugakhwe and //Anikhwe).
They live in the Okavango swamp area and surrounding regions. This area is infested by tsetse flies
and as a result livestock rearing is not viable. They sustain themselves through fishing as well as
hunting and gathering. Linguistically, they are closer to the central Khoe-speaking San than the
eastern groups. Phenotypically, however, they resemble Bantu-speakers and genetic evidence also
suggests a genetic makeup similar to the Bantu-speaking populations that surround them (76, 77).
They share their territory with various Bantu-speakers including the Mbukushu (cultivators), the Yei
(fishermen) and to a lesser extent the Tswana, Kgalagari and Herero herders. Each group operates
in a different ecological niche. The San groups are concentrated on the banks of the Okavango River
and the delta area as their informal name ”river Bushmen” implies (48). It is not clear whether these
northern Khoe speaking San groups are Khoe-San groups with extensive Bantu-speaking admixture,
Bantu-speakers that lost their cattle, another pastoralist population closely related to Bantu-speakers
who occupied the region before the Bantu expansions or maybe a mixture of various refugee groups
driven from the grazing grounds into the Okavango swamps (77).

The Khwe and the !Xun from the present study originated from Angola, they (both) were sampled
during two independent sampling trips at the Omega military base in the Caprivi strip of the then
South West Africa and later in South Africa (Schmidtsdrift); and are currently living in Platfontein
(South Africa). Their origin and history is discussed in the section below. They have been studied
in various different genetic studies, including mitochondrial DNA studies (13,58–60), Y-chromosome
studies (61–68) and autosomal studies (8). In some studies combined results of !Xun and Khwe
groups are presented, this however is not optimal since these groups have very different languages,
cultures, and also as apparent from the current study, different genetics.

The !Xun and Khwe of Platfontein (South Africa)
Although not originally from South Africa, the !Xun and Khwe of Platfontein now made South Africa
their permanent home. They originally came from Angola and were employed by the South African
Defense Force (SADF) before they were relocated to SA. Five hundred veterans of the SADF together
with 3500 dependants were relocated in 1990 from Namibia to South Africa (78). They currently
live in Platfontein, near Kimberley (SA).

The people of Platfontein are two different San groups with separate identities. One third of the
people are known as Khwe (also were called Barakwena) and two thirds are !Xun (also were known as
Vasekele). They speak different languages and have a different phenotypic appearance. The groups
have remained separate and have insisted to be settled in different parts of the camp. The !Xun
group retained a much more cohesive nature and cling to their San identity. They have not mixed
with outsiders beyond the camp and have retained a much more unified group than their Khwe
counterparts. The Khwe have been more ambivalent about their group identity and have established
relationships with surrounding South African groups (78).
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Although the people of Platfontein have separated themselves into these two groups, members
within these groups were not individuals that came from the same area or even knew one another.
The !Xun came from a wide region in central Angola around Serpa Pinto (currently Menongue)
where many of them lived as stock farmers or cultivators alongside Bantu-speaking groups. !Xun
men from different regions were recruited into the Portuguese colonial military in the late 1960s.
When the Portuguese moved out the !Xun affiliated with a liberation force, FNLA, in the Serpa
Pinto region. FNLA had links with the SADF and when FNLA collapsed the !Xun were recruited
by the SADF and brought to the Omega military base in the Caprivi strip of the then South West
Africa (Namibia) (71,78).

The Khwe on the other hand originally came from south-east Angola where they have lived along
the river systems as cultivators and cattle keepers. They also originally came from a widespread
region of southeast Angola and were recruited into a different unit by the Portuguese army. When the
Portuguese moved out of Angola, the Khwe fled into neighboring countries like southwest Zambia,
northwest Botswana and the Caprivi Strip of South West Africa where there were other Khwe
people amongst whom many of the Khwe soldiers had kin. From there they were recruited into the
SADF (71,78).

Many of the !Xun were later (late 1970s) relocated to the second “Bushman battalion” in
Tsumkwe. At Tsumkwe they were meant to join up with the Ju/’hoansi of Nyae Nyae but the
Ju/’hoansi saw the !Xun as invaders and they had to be kept in isolated bases in western Bushman-
land. Thus, in 1990 a large number of !Xun opted to come to South Africa while many of the Khwe
stayed in the Caprivi where they had local contacts (71,78).

Both these groups were relocated in 1990 to the Schmidtsdrift military base in South Africa. The
South African government was reluctant to allocate land or commit funds to secure the future of the
San groups. The SADF saw these two groups as ”former mercenaries who have outlived their useful-
ness” (71,78). The !Xun and Khwe trust where established in 1993 to look after the interests of the
groups. They remained in tented camps near the Schmidtsdrift military base for several years until
recently, the new South African government allocated land to them in Platfontein near Kimberley
(SA), where they settled (71,78). Both these groups have representatives on the South African San
Council (SASC) today.

The /Gui and //Gana of the central Kalahari (Botswana)
The /Gui and //Gana groups lived in an area now occupied by the Central Kalahari Game Reserve
(CKGR) in central Botswana. /Gui has no specific meaning other than the reference to the group
while //Gana is derived from a word that means “people of the well”. The /Gui and //Gana also
shared the CKGR territory with the Kgalagari. The Kgalagari are the oldest existing Bantu-speaking
tribe in Botswana. //Gana individuals all tend to speak Kgalagari as well as their own language
and it is believed by the //Gana themselves that they originated from a intermixing of the /Gui and
the Kgalagari. The /Gui occupied the region adjacent to the western CKGR as well as the western
part of the CKGR and //Gana the central and eastern part as well as the region adjacent to the
eastern CKGR. The CKGR was established in 1961 and extends over 52,600 square kilometers. Only
the southern (wooded zone) and central (bushveld) parts have enough vegetation to support human
occupation. The central part is good hunting territory. From the 1960s to the 1980s the population in
the CKGR declined from 2,000 to approximately 1,000 individuals. The Ghanzi district commissioner
George Silberbauer studied the /Gui and //Gana groups extensively and constructed a borehole in
the south central parts of the CKGR near the �=Xade pan. Subsequently �=Xade became a settlement
with permanent occupation which grew from ∼200 in the 1960s to ∼700 in the late 1970s. In the
late 1970s the people of �=Xade were taught subsistent farming practices but with little available
water this was not a successful strategy. The introduction of farming led to an increased number of
livestock such as horses, donkeys and goats, which put further pressure on water supplies. Hunting on
horseback and donkeys also ensued which caused a decline in large game and attracted the attention
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of wildlife park officials (48, 79). A compromise was reached in which the San groups may stay as
long as they only used traditional means of hunting.

In 1986 the government decided that the CKGR should strictly be a wildlife reserve and that
residents should be relocated. San groups wished to stay in the reserve and proposed to work with
park officials to sort out problems. This was declined and the resistance to resettlement was met
with threats from the government and discontinuation of services. In 1997 the people of the CKGR
were resettled from �=Xade in the Central Kalahari Game Reserve to New �=Xade, a large settlement
in Ghanzi District, southwest of the reserve, and Kaudwane, a large settlement in Kweneng District
not far from Khutse Game Reserve. Promises of large compensation to people who would move
soon were made. In reality very little compensation was paid out and people struggled to keep their
livelihoods. A San run non-governmental organization, ‘First peoples of the Kalahari’ (FPO), worked
with CKGR residents and took the Botswana government to court. In 2005, the government ruled
that the CKGR was off limits to people even though some residents still lived there. San people
trying to access the CKGR were shot at by government officials with teargas and rubber bullets,
some individuals were injured, arrested and detained. In 2006 the final decision of the court was that
San groups were unlawfully removed. The government, however, was not required to restore services
because it was not unlawful for them to have stopped these services. At the end of 2006 San groups
were allowed to return but without any domestic stock. They are only allowed to live from hunting
and gathering practices. Hunting licenses, however, are still not issued and people are living mainly
of wild foods from the reserve and food they obtain from outside (80).

The /Gui and //Gana group of the present study were sampled at the Khutse Game reserve
south of the CKGR. The group consisted of a mixed group of /Gui, //Gana (and possibly Kgalagari)
individuals. Individuals that identified themselves as Basarwa (the Tswana name for the San) during
sampling were selected for the present study. This group has not been represented in any previous
genetic studies.

2.2.2 KhoeKhoe (Pastoralist Khoe groups)

The Khoe pastoralists (KhoeKhoe linguistic dividion) can be divided into three ethnic divisions,
namely, the !Ora (or Korana), the Cape Khoe and the Nama. Early reports also made mention of a
fourth division, the Einiqua (language “Eini”) that lived along the Orange River to the east of the
Korana, but very little is known about this group (48,81–83). The only distinct Khoe group (speak-
ing the KhoeKhoe language grouping) living today is the Nama of Namibia. The Korana (!Ora)
and Cape Khoe (Cape KhoeKhoe) of South Africa represent extinct groupings of Khoe language and
culture but their descendants live in the Coloured population of South Africa. The Hai//om, a San
group of north Namibia also speak a KhoeKhoe language, however, this group is thought to have
originated as result of contact between the Nama and the !Xun of northern Namibia (48–50).

The Nama of Namibia and north western South Africa
The Nama (or Namaqua) are the best-known Khoe group. Nama individuals live in south and central
Namibia, and to a lesser extent in the northern Cape (SA) and eastern parts of Botswana. The Nama
people most probably came from an area located in the current northern parts of the Cape province
(SA) and divided into two large subdivisions of people, the Great and the Little Nama (48,84,85).

The Great Nama (Gai-Naman) settled in the great Namakwaland area of Namibia prior to Eu-
ropean contact. Several tribes existed with certain associated territories. In recorded history the
Great Nama were divided into seven tribes (the Gai-//haun or Rooi Nasie; the !Gami- �=nûn or
Bondelswarts; the //Haboben or Veldskoendraers; the !Khara-khoen or Kopers; the //Khau-/gôan
or Swartboois; the //O-gain or Groot Doden; the �=Aonin or Topnaars) (48, 84, 85). The Nama
presently use mainly the Afrikaans group delineations (italic).

The Little Nama ( �=Kham-Naman) only migrated into Namibia in the 19th century in separate
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tribal groups. They were also known collectively as the “incoming groups” and the “Oorlams”. The
Little Nama tribes were the /Hôa-/aran or Afrikaners; the /Khobesin or Witboois; the !Aman or
Bethaniers; the /Hai-khauan or Bersebaers and the Gai-/khauan or Lamberts or Amraals. These
Little Nama tribes came from the south in search for better grazing but met with the Great Nama
and Herero that were already there and conflicts developed. The Nama, who remained south of the
Orange River, became incorporated into the “Coloured” population of South Africa (48,84,85).

The Nama lived a nomadic life and were pastoralists. With the incursion of Bantu-speakers and
Europeans into their territory, their tribal organization shifted from hereditary chiefs to military
leaders and chiefs. Early forms of tribal organization and social structure quickly deteriorated with
the German colonization of Namibia in 1890. Additional factors include a severe drought and a
rinderpest epidemic. The Nama revolt and resultant wars (1904-7) finally broke up traditional tribal
structure. Although the tribes are dispersed today there are still some chiefs that maintain control
over their traditional locations (48,84,85).

The Nama group in the present study was sampled in the Namibian capital, Windhoek, and is
expected to be a mixed sample of the groups discussed above. The Nama is the only Khoe (herder)
group of the present study. The Nama have been represented in very few genetic studies (63,86), and
Nama results were not presented and discussed separately but rather grouped with other Khoe-San
groups from these studies.

2.3 Tuu linguistic division (Southern San)

2.3.1 Remnants and descendants of Khoe and San groups living in South Africa

The people with Khoe-San ancestry in South Africa have to a large extent completely lost their
identities and have integrated or transformed into other populations. What we presently know of
Khoe and San peoples of South Africa are derived from studies on very few remnant populations
that survived into the 1700-1800s.

Most of the South African San groups belonged to the !Ui family of the Tuu (Southern Khoisan)
language division. In historical times a large diversity of !Ui languages were spoken throughout all
parts of the interior of South Africa. Their geographic range stretched from Namaqualand in the
west through the northern Cape, the Free State and Lesotho to KwaZulu-Natal and the south-eastern
parts of Mpumalanga (old Transvaal). The best known of these languages is /Xam, a language used
to be spoken mainly in the Karoo, south of the Orange River. There were, however, numerous other
!Ui languages more or less related to /Xam throughout South Africa. A few of these languages
were recorded and still had a few active speakers in recent history like //Xegwi in the southeastern
Transvaal. Of the other !Ui languages very little other than a name is known, like //Kx’au of
Kimberley, //Ku //e ( �=Ungkue) of Theunissen in the Free State, Seroa (N//ng) of the Free State
and Lesotho and !Gã !ne of the eastern Cape area (87).

Of the South African Khoe culture, language and traditions, very little remains. In 1652 the Khoe
pastoralists of the Cape, or the Cape Khoe, rapidly converted their language to Afrikaans or Xhosa
(on the eastern frontier). Waves of severe smallpox epidemics afflicted the Cape Khoe population
and lead to the further demise of this population (18). In the western and northern Cape, the Khoe
language survived until recently in the form of !Ora (Korana) and Xiri (Griqua). The descendants
of the Korana and Griqua adopted Afrikaans as their mother tongue and today South African Khoe
languages are virtually extinct outside a few scattered individuals who retained some knowledge of
the languages. One such individual lived near Colesberg. He spoke a dialect of !Ora that was largely
unintelligible to Nama speakers, illustrating the differences between these two Khoe languages (87).

The next few sections describe the little knowledge we have about the history of these South
African Khoe-San descendant groups of whom the ancestry is expected to come from both Khoe
(KhoeKhoe) and San (Tuu) ancestors.

17



/Xam descendants
The /Xam inhabited a region of the Cape Province known as the Great Karoo. The Great Karoo
area of South Africa is an arid scrubland with dispersed hills that stretch over an area of 400 000
sq/km of the Northern, Eastern and Western Cape provinces. This area was inhabited by both San
and Khoe groups up until the late 1800’s. The San group was the /Xam and the pastoralist Khoe
group was part of the Korana group. The /Xam had subgroups (“Ss’wa ka” or “Plain bushmen”,
“/nussa” or “Grass bushmen”, “!Kaoken ss’o” or “Mountain bushmen” and “Brinkkop bushmen”)
but they all spoke the /Xam language with minor dialect differences (87).

The western world has learnt about the /Xam through the pioneering work of Wilhelm Bleek, a
17th century linguist who moved from Germany to the Cape Province. Bleek, his sister in law, Lucy
Lloyd and his daughter, recorded the cultural practices, language and religion of the /Xam people
while providing shelter to various /Xam individuals (http://lloydbleekcollection.cs.uct.ac.za)
(88).

There are many reasons for the apparent disappearance of the /Xam; the principal factor probably
being the advance of Bantu-speaking herders from the north and European colonists from the south,
which led to the occupation and conquest of the great Karoo in the 18th century. Colonist hunters
and farmers moved in and occupied all the remaining hunting ground previously used by the /Xam.
The occupation of their resources was not the only reason for the disappearance of the /Xam, they
were physically hunted by colonists and bounties were placed on their heads. Hunting parties were
organized to hunt ”Bushmen”. Males that were not killed by hunters fled into the hilltops or were
sent off to prisons. Females and children where relocated to farms to serve as farmhands, the so-called
tame-bushmen. In the same way Khoe farmers living in the area were in competition with colonists
for grazing ground. The Khoe people, however, claimed right to certain lands and had cattle to trade.
They therefore generally received more respect from colonists than the San people (48,87,89,90).

The descendants of the /Xam females and children who were relocated to farms, today still live
on some of the farms but became admixed with the local Xhosa (Bantu-speaking) population. Older
farm owners still call some of their labourers “Bushmen” or recall that parents or grandparents of
their workers were “Bushmen”. Many farmers, however, tell the tale of ”Bushmen” that couldn’t
settle in one place and had ”wanderlust”. These people became the “Karretjie People” that had
their donkey carts as mobile units and moved from place to place to do different periodic jobs (91).

The Karretjie People
The word “Karretjie” is an Afrikaans word for “donkey cart”, alluding to the mobile lifestyle of
the “Karretjie People” on donkey carts. Throughout the great Karoo there exist small bands of
people living this mobile lifestyle but due to recent changes in economic factors, this way of living
is quickly disappearing. The Karretjie People phenotypically resemble Khoe-San people. Oral and
archaeological records also suggest San and Khoe ancestry but the group completely lost their original
language and culture. They speak Afrikaans and are classified as ”Coloured” in the South African
census. Most of the Karretjie People live an itinerant lifestyle and are periodically employed as sheep
shearers and fencers. Typically they have a home base or as they call it “uitspanning” or “staning”
where they keep their cart in between jobs. These “stanings” are usually on a neutral piece of land
such as the section of land between a road and a farm fence. They would stay in this space until
their skills in shearing or fencing were required by a farmer. When this happens, they would pack
their donkey cart and the whole family and living unit would move to the farm until the work was
completed, after which they would move back to the same “staning” (91,92).

The Karretjie People from the present study were sampled around Colesberg (SA) and mitochon-
drial DNA and Y-chromosome results from the group has been described in (92).

The �=Khomani
The �=Khomani together with the /’Auni tribe and several other now extinct groups lived in the far
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northern parts of the northern Cape (north of Upington), the southern part of Botswana and the
southern parts of Namibia, roughly where the Kalahari Gemsbok Park is located today. They all
spoke branches and dialects of the Taa-Lower Nossob branch of the Tuu family of Khoisan languages
(Table S5). In 1980 there were only few individuals left who remembered a lifestyle of active hunting
and gathering in this area. They self-identified as N/amani and !gabani but by then only spoke Nama
(only one woman could speak the N/u language, but remembered only words). The individuals said
that in the past the San of the Gemsbok park area used to live in small scattered groups in the
summer and aggregated in the area of the Nossob River (southern Botswana) in the winter. There
they traded goods (ostrich eggshell beads and animal skins) with Tswana groups. Their main food
sources were gemsbok and small game as well as tsama melons and other wild food (48,93).

The Khoe-San people presently living in this area, spanning the borders of northern South Africa,
southeast Namibia and southern Botswana, are from several different tribes that lost their individual
tribal identities and speak either Afrikaans or Nama. The southern parts of Namibia, before the
Nama colonization, had many San groups from the Taa language family. Today, however, all their
descendants speak Nama (94). The South African descendants of these San groups mostly classify
themselves as Coloured today.

A group of South African descendants of these scattered southern Kalahari tribes now call them-
selves collectively �=Khomani. They have had a recent rediscovery of their identity; they won a land
claim and organized themselves into a community governed by a council. Only very few old indi-
viduals, from the Northern Cape (SA) and Botswana, however, still speak the N/u language. The
term �=Khomani was not known to the N/u speakers, it was introduced to San descendants of the
northern Cape by representatives of the South African San Institute (SASI). Other than N/u, the
only other extant Tuu language is !Xóõ, of southern Botswana. Unlike N/u, however, !Xóõ is still an
active language and is being taught to children (95,96).

The �=Khomani group from the present study was sampled in the northern Cape, (200km north
of Upington), in the area owned by the �=Khomani community (located near Askham close to the
Botswana-South Africa border). A genetic study involving autosomal SNPs was conducted on the
same �=Khomani community (10). Relative analysis reveled three relations between the current study
�=Khomani group and the �=Khomani from (10), and these three individuals were excluded from the
Henn et al. (10) set.

Coloured Groups – South African Khoe descendant groups
The Khoe groups of South Africa comprised the Cape Khoe of the southern parts of the Cape
Province, the Korana who occupied large parts of central South Africa extending over the Northern
Cape into the Free State and the Nama of the North Western Cape region in the Richtersveld area
extending into Namibia. Although Cape Khoe and Korana do not exist anymore today as specific
populations, their descendants were incorporated into “mixed culture” groups like the Griqua and
Coloured groups with their own associated cultures. Certain aspects of Khoe culture can still be
recognized in rural areas where livestock rearing is the prime economic goal. In a way the Khoe
culture formed the base of the Griqua and Coloured cultures that developed (48).

The two Coloured groups included in this study were sampled at Colesberg (Northern Cape)
and Wellington (Western Cape, near Cape Town). The Khoe groups occupying these areas at the
time of European contact were the Cape Khoe (Wellington) and the Korana and Griqua (Colesberg
area). Coloured groups have been studied in autosomal genetic studies before (8, 97–99). These
four previously studied groups came from the region where the Coloured (Wellington) group from
the present study comes from (Western Cape - near Cape Town). The mitochondrial DNA and Y-
chromosome results from the Coloured group from the Northern Cape, Coloured (Colesberg), were
published in (92).
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3 Population structure

3.1 Principal Component Analyses

3.1.1 PCA of individuals

Principal Component Analyses (PCA) was performed using EIGENSOFT (100) for the Southern Africa
dataset (with and without admixed individuals), global dataset (with and without admixed individ-
uals) and a subset of all sub-Saharan individuals (non-admixed) from the global dataset. For each
PCA, SNPs with a minor allele frequency (MAF) less than 5% across all individuals in the particular
dataset were removed, and SNPs in Linkage Disequilibrium (LD, r2 > 0.2 were also removed. Sample
sizes were limited to a maximum of 20 (populations with more than 20 individuals were randomly
sub-sampled to the size of 20, but note that the main text PCA figure (Fig. 1B and C) used all
individuals).

Figures S4 (with admixed individuals) and S5 (without admixed individuals) shows the first 10
PCs for Southern African individuals based on ∼2.3M SNPs. Figures S6 (with admixed individuals)
and S7 (without admixed individuals) shows the first 20 PCs for the worldwide set of individuals
based on ∼270k SNPs. Figure S8 (without admixed individuals) shows the first 20 PCs for sub-
Saharan individuals based on ∼270k SNPs.

3.1.2 Correlation with geography

We computed Procrustes correlations (101) between PC1-PC2 space and geographical sampling loca-
tions of the individuals. We did this separately for all sub-Saharan individuals, and Southern African
individuals, and compared the results when Bantu-speaking individuals were included and excluded,
respectively (Figure S9).

3.1.3 Population PCA

Here we do population Principal Component Analyses on a matrix containing the SNP frequencies
for each population. Unlike the PCA based on genetic data of individuals, where sample size within
each population influences how well populations are represented in the PCA results, in the population
PCA, each population appears once in the matrix and therefore all populations have the same weight
in the analysis. Thus, the sample sizes only influence the accuracy of the SNP frequencies estimation
from the data (although the number of populations from a given meta-population, e.g. Khoe-San
vs. Americans, can influence the analysis).

The population PCA shown in Figure S10 gives similar results as the PCA on individuals in
Figure S6 for the first 5 PCs. We may be interested the “quality of representation” of the popu-
lations on each PC. Intuitively, a population has a high quality of representation on a given PC if
the population is close to the PC. Mathematically, this means that the scalar product between the
multi-dimensional vector representing the population and its projection on to the PC is large. Con-
versely, if the population and the PC are orthogonal, the quality of representation of that particular
population on the PC is basically zero. African populations have the best quality of representation
on PC1, followed by East Asian and American populations, and finally European populations and
Middle Eastern populations, which have a poor representation score. This allows us to roughly “as-
sign” PCs to populations. PC2 is driven by European and Middle Eastern populations, PC3 by
South American populations, PC4 by the African Khoe-San populations. PC5 together with PC12
represents Oceanian populations and PC6 is completely driven by the Hadza population.

Each PC is a linear combination of SNPs, so that PCj =
∑

(αi×SNPi). The α values differ from
SNP to SNP so that some SNPs “participate” more to the general direction of the PC than other
SNPs that have α close to 0. Figure S11 displays the distribution of the absolute values of the αs, for
the most population-informative PCs. PC1 and PC2 have a very different profiles compared to the
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other PCs. For PC1, quite many SNPs participate in the definition of PC1’s direction. This is also
true for PC2, but to a lesser extent. For the other PCs, many SNPs do not have a strong effect on
the PC and only a small proportion of SNPs have a reasonable influence on the PC. At those SNPs,
we may observe some particularities in the populations driving the direction of the PC.

3.1.4 Project populations onto predefined axes using population PCA

Here we project particular populations onto axes that are predefined by some reference populations. A
similar approach has previously been used to e.g. project modern humans onto axes of archaic humans
(Neanderthal and Denisova) and chimpanzee (102), although in this case we use allele frequencies of
populations rather than haploid sets of gene copies from each individual. The approach can be used
to test particular hypotheses. For example, due to their intermediate geographic position, it might be
expected that Northern San groups have genetic contributions from both Southern San groups and
central African hunter-gatherers (today represented by e.g. Pygmy groups), and potentially also some
admixture with west Africans. To query such a hypothesis, we could set up reference populations of
Southern Khoe-San, Pygmy groups, and Bantu-speaking groups.

In short, the procedure is the following:

• For each window (20 or 50 SNPs/window in order to capture multiple parts of the genome
separately) do population PCA with three anchor groups. For example (for the 270k SNPs):

– Southern Khoe-San: �=Khomani (A), Nama, and Karretjie,

– Bantu: Bantu-speakers (South Africa), Herero, Bantu-speakers (Southern Africa – HGDP),
Bantu-speakers (Kenya – HGDP),

– Pygmies: Mbuti and Biaka.

• You end up with a PC1-PC2 plot like Figure S12.

• Project other populations along the PC1-PC2 axes (Figure S13).

• Assign the projected population to the closest anchor (grey color) population.

• Count the proportion of windows assigned to each anchor group and for each group, we have a
vector (pSKS , pBS , pP , where SKS, BS, and P stands for ’Southern Khoe-San’, ’Bantu-speakers’,
and ’Pygmies’.) .

If we follow the procedure above (there are some 15,000 non-overlapping windows of size 20 SNPs)
and project the set of global populations onto the two axes defined by Southern Khoe-San, Pygmies,
and Bantu-speakers, we find the following pattern, Figure S14. Figure S15 shows only African
and Middle Eastern populations. We note that the results for 50 SNP windows are very similar,
the correlation r between the 20 and the 50 SNP windows are for Southern Khoe-San-component
r = 0.9999998, for the Bantu-speaking-component r = 0.999926, and for the Pygmy-component
r = 0.9999966. Using single SNPs (instead of a window-based approach) produce qualitatively
similar results.

We can consider the “component” of the three anchoring groups in the investigated populations
as ancestry from the particular anchoring group. We find for:

• ’Southern San ancestry’ (decreasing order): Ju/’hoansi, !Xun, /Gui and //Gana, and KB1.

• Bantu-speaking ancestry (decreasing order): Luhya, Yoruba (HGDP), Mandenka, Maasai,
Yoruba (HapMap), African American, Sandawe.

• Pygmy ancestry are (by decreasing order) Hadza, Surui, Karitiana, Colombian, Pima, Papuan,
Melanesian, Maya.
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We find that the northern Khoe-San populations do not appear to be a admixed group of South-
ern Khoe-San and Pygmy groups (or Bantu-speaking groups). Furthermore, the Sandawe, a click-
speaking East African group, does not have much shared affinity with the Southern Khoe-San. We
also find that not many populations have substantial Pygmy affinity, the populations with largest
ancestry are Native American and Oceanian populations. This may appear a bit strange, but it is
probably due to the fact that all other populations have a little affinity with some other anchoring
group and these Native American and Oceanian populations are the ones with basically no prefer-
ence. The Hadza is the group that shows the greatest connection to Southern Khoe-San groups and
Pygmies, seen as the Hadza are located close to the center in the two Figures S14 and S15.

3.2 ADMIXTURE analyses

Individuals were clustered based on SNP genotypes using an unsupervised clustering algorithm im-
plemented in ADMIXTURE (16). Default settings were used (except for generating a seed from the
system clock). For a given value of K (the number of clusters considered) 100 replicate analyses were
performed for each dataset and subset of individuals. The 100 replicate runs of ADMIXTURE (for each
subset of individuals and each K) were analyzed with CLUMPP version 1.1.1 (45) to identify common
modes among replicates. The CLUMPP analysis used the LargeKGreedy algorithm with 10,000 or 2,000
random permutations. Common solutions were identified by looking at the CLUMPP pairwise G’ val-
ues. All pairs with a symmetric similarity coefficient G′ > 0.9 were selected to be representative of
a single mode. For each K we used the most frequenly occurring mode identified and ran CLUMPP a
second time (using the LargeKGreedy algorithm and 10,000 random permutations), using only the
replicates belonging to the mode. From this second analysis, we obtained the mean across replicates
of the cluster membership coefficients of each individual, for each mode at each value of K. The
clustering results were visualized with Distruct (103).

3.2.1 SNPs

We ran ADMIXTURE for both the full set of individuals and the set of ’non-admixed’ individuals for
both the global dataset and the Southern Africa dataset. We also investigated a subset of all sub-
Saharan individuals (non-admixed) from the global dataset. For the Southern Africa dataset, the
results for the most common modes are presented in Figures S16 and S17. For the global dataset, the
results from K = 2 to K = 15 are presented in Figures S18 and S19. For the subset of sub-Saharan
individuals, the results for the most common mode from K = 2 to K = 12 are presented in Figure
S20. Number of assignments (out of 100 cluster assignments for each K value) to the major mode
and the most common minor mode are given in Table S6. Only major modes for each K value and
dataset were plotted in DISTRUCT.

3.2.2 Haplotypes

We constructed haplotypes by dividing the phased data in Dataset B into contiguous windows of
20,000 bp. Since variable number of SNPs between windows can affect analyses of diversity and
population relationships, we excluded windows that had less than 5 SNPs, and windows with more
than 5 SNPs were randomly downsampled to 5 SNPs. We only considered SNPs that had a minor
allele frequency of at least 10% in the whole data set. We then counted each haplotype allele at each
locus in each individual, resulting in counts of 0, 1 or 2 haplotype-alleles.

3.2.3 Discussion of population structure in sub-Saharan Africa

Focusing on sub-Saharan Africa (Figure S20), and starting by assuming two clusters (K2), the
genomes of the individuals are split into a component (red) present mostly in African hunter-gatherer
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groups (San, Pygmy, Hadza and to a certain extent Sandawe and the Southern African Bantu-
speaking groups) and a component (green) present mostly in pastoralists that speak either Niger-
Kordofanian languages (Mandenka, Yoruba and Bantu-speaking groups) or Nilo-Saharan (Maasai).
Neither the Bantu-speaking groups from Kenya (Bantu-speakers (Kenya - HGDP) and Luhya) nor
the two Niger Kordofanian groups (Yoruba (HGDP) + Yoruba (HapMap) and Mandenka) contain
the red component. This can be perceived as evidence that the red component in the Southern
African Bantu-speaking groups was the result of admixture from the resident Khoe-San groups when
the Bantu-speakers moved down into Southern Africa. The southeastern Bantu-speakers (Bantu-
speakers (South Africa)) seem to have had a greater amount of geneflow with Khoe-San groups than
southwestern Bantu-speakers (Herero).

At K3, a component (blue) that seem to be predominant in the East African Nilo-Saharan
speakers (Maasai) as well as the two East African hunter-gatherer groups (Sandawe and Hadza),
become visible. It is also visible at low frequencies in the two Kenyan Bantu-speaking groups (Bantu-
speakers (Kenya - HGDP) and Luhya). The blue East African component is also present in low
frequencies in certain Khoe-San groups. The frequencies of the blue component vary across Khoe-San
groups but are the highest in the pastoralist Khoe group. The highest presence of the East African
component in the pastoralist Khoe group (Nama) gives support to the theory that pastoralism was
introduced to Southern Africa by an East African pastoralist group ancestral to the Khwe (104).
The Khwe indeed also contain the blue component in low frequencies. Although the Khwe are not
pastoralists today, they might have been in the past. The other two groups that contain the blue
component are the two southern groups �=Khomani (A and B) and Karretjie. It is very likely that
these two groups are composed of a mixture of both Khoe and San ancestry. It is therefore interesting
to observe that the blue component has a more even representation across Nama individuals (which
are all Khoe pastoralist) while in the two groups that has been proposed to be a mixture (very
recently) of Southern San and Khoe, the representation is not as even. The remaining San groups,
/Gui and //Gana, !Xun and Ju/’hoansi do not harbor the blue component.

At K4 a component (sea-green) present in the two Pygmy groups can be observed. The Biaka
Pygmy group has evidence of more gene flow with Niger-Kordofanian groups than the Mbuti Pygmy
group. The Hadza also contain this component to a certain extent. Very low but observable rep-
resentation of the sea-green component is in the northern San groups (Khwe and !Xun and less in
Ju/’hoansi and /Gui and //Gana) but not in the Southern Khoe and San groups ( �=Khomani (A
and B), Nama, Karretjie).

At K5 a Hadza component (light-blue) is observed and at K6 the two Pygmy groups form separate
clusters (sea-green and blue-green). At K7 a component that separates the northern San groups
(purple) from the Southern Khoe-San groups (red) become visible. The Ju/’hoansi, Ju/’hoansi
(HGDP) and !Xun contain the northern San component. The northern San component is also
present in the Khwe, although the Khwe seems to have a large green (Niger-Kordofanian) component
as well. The !Xun also contain a visible amount of the green component. The Southern Khoe-San
groups, �=Khomani (A and B) and Karretjie contain predominantly the red component, while the
Khoe group (Nama) also principally contain the red component. The /Gui and //Gana, seem to be
a mixture of the northern and Southern Khoe-San component with a visible amount of the green
Niger-Kordofanian component.

At K7 all Niger-Kordofanian populations (including Bantu-speakers form across Africa) still
maintain a homogenous cluster. Thus the population structure analyses of sub-Saharan African
populations shows a clear signal of the range expansion of West Africans who today live in most
areas of Africa. South-eastern Bantu-speaking groups arrived in Southern Africa around 1,200 years
BP as part of the ’Bantu expansion’ driven by the development and spread of agriculture (105). At the
time of European colonization, the eastern parts of Southern Africa were occupied by Bantu-speaking
groups but rock-paintings and archaeological remains indicate that Khoe-San groups had previously
occupied these regions (106). On the contrary, in the western parts of Southern Africa, many
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indigenous Khoe-San groups still exist today and Bantu-speakers arrived only a few hundred years
ago. In the south-eastern Bantu-speakers (South Africa), the distinct fraction of Southern Khoe-San
ancestry indicates assimilation of local Khoe-San populations during the “Bantu expansion”, whereas
the south-western Bantu-speakers (Herero) display a much smaller fraction of Khoe-San ancestry.
There is also ample evidence of gene flow into the Khoe-San groups from Bantu-speaking groups in
essentially all sampled Khoe-San groups.

At K8, a component that are more prominent in the Bantu-speakers (green) than in the non-
Bantu-speaking Niger Kordofanians (Mandenka and Yoruba) emerges. The Mandenka and Yoruba
contain a component (dark green) that is at lower frequencies in the Bantu-speaking groups. The
southwestern Bantu-speaking Herero, seem to contain a higher proportion of the dark green com-
ponent than the southeastern Bantu-speakers, while it is almost absent in the east-African Bantu-
speakers.

At K9 the Sandawe form a separate component (light blue) and at K10 the Khwe form a separate
component (orange). The genetic makeup of the Khwe is distinct from other San and Khoe groups,
for example, assuming few clusters (K2-K9), the largest fraction of the genomes of the Khwe cluster
with Bantu-speaking groups and the second largest ancestry component clusters with Khoe-San
groups, but allowing additional clusters (K10 onwards), the Khwe forms a distinct group (except
three individuals, possibly recent migrants). The complex ancestry of the Khwe could be explained
by high levels of (non-recent) admixture – possibly related to the fact that the Khwe live in a natural
migration corridor between central and Southern Africa formed by the Zambezi and Kunene rivers
and the Okovango delta. Alternatively, the genetic makeup of the Khwe could represent a distinct
group that shares ancestry with many sub-Saharan groups, including Bantu-speaking and Khoe-San
groups.

At K11 the east-African and Southern African Bantu-speakers form separate clusters (green and
light-green). At K12 it seems that the Nama is assigned to a cluster, this cluster is present in the
two �=Khomani (A and B) groups but not substantially in the Karretjie group. K13 introduced an
internal split in the Sandawe, which disappears at K14 when instead two other pairs are separated
namely the Mandenka and Yoruba and also the southeast and southwest Bantu-speakers (Herero).
At K15 the internal split in the Sandawe re-appear.

The discussions above concerns the analyses involve datasets where recently admixed individuals
had been removed. It should be remembered that even more geneflow has occurred between various
populations (Figures S16 and S18) than is apparent in Figure S20. However, the basic Southern
African population structure illustrated by Figure S17 is still apparent in Figure S16, despite the
inclusion of admixed individuals. Furthermore, large groups of people in Southern Africa today forms
part of mixed culture groups such as the Griqua and the various Coloured groups in Southern Africa.
These groups originated from numerous Khoe and San groups who lost their individual identities and
have various levels of admixture with Bantu-speakers and non-Africans. Thus, although the San and
Khoe groups are relatively small populations today, their genetic contribution to the group that self-
identify as ”Coloured” in South Africa may be substantial, e.g. (97). The Coloured groups from South
Africa showed varying amounts of admixture from various different populations including Khoe-San,
Bantu-speakers, Europeans, East Asians, and South Asians (Figure S21, Figure S16 and S18). The
contribution varied depending on the region where the Coloured groups were sampled (Table S1) (92),
with individuals sampled in Wellington having a larger fraction of non-African ancestry compared to
individuals sampled in Colesberg. Note also that South African individuals with Khoe-San ancestries
frequently self-identify as Coloured in official censuses although their personal account of ancestry will
affirm their Khoe-San heritage. For instance, �=Khomani, Karretjie People and South African Nama
(not the Namibian Nama from this study) individuals will often formally self-identify as “Coloured”.
The complex ancestry of the Coloured group highlights the importance of genetic profiling for medical
studies in South Africa.
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3.3 FST

Population differentiation was estimated based on the SNP data and using FST , using eqn. 5.3
in (107).

3.3.1 Global set of populations

Pairwise FST was calculated for for the global dataset (∼270k SNPs, admixed individuals removed),
displayed in Figure S23, and visualized as a population-tree using the Neighbor-Joining (NJ) algo-
rithm (Figure S24).

3.3.2 Sub-Saharan African populations

Figure S25 displays the FST -values as a distogram. We plot FST as a function of geographic distance
for all sub-Saharan African populations (Figure S26) and for all sub-Saharan African populations
excluding Bantu-speaking populations (Figure S27) and find significant correlations.

3.3.3 Southern African populations

For the larger set of SNPs (∼2.3M), pairwise FST was computed in the same way as for the smaller
set, and Table S7 gives the pairwise FST -values for the Southern African populations. Figure S28
displays the FST -values as a distogram and Figure S29 shows a population-tree (obtained using the
NJ algorithm) for Southern African populations.
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4 Geography, language, subsistence and genetic rela-

tionships

4.1 Predictive approach

To investigate the relationships between genetic and non genetic information, one approach is to
assess how well a non-genetic variable can predict the observed genetic patterns. This approach
has been used to study the role of geography and languages in shaping human population genetic
structure (108). Here, in order to understand the relationships of geography, language and subsistence
with patterns of genetic variation in Africa, we regressed the principal component scores – computed
from the SNP data – with geographic, linguistic and subsistence co-variates. The predictive capacity
of different co-variates and groups of co-variates was assessed using cross-validation scores. Cross-
validation is useful for comparing several models with different complexity levels.

For each principal component we estimated the predictive capacity of seven models containing
different type of information: “Geography”, “Subsistence”, “Language”, “Geography + Subsistence”,
“Geography + Language”, “Subsistence + Language”, “Geography + Subsistence + Language”.
Geographic information is represented by a spatial quadratic trend (latitude, longitude, latitude2,
longitude2, latitude× longitude), linguistic information by the linguistic subgroups and subsistence
information by the categories given in Table S4.

For each model, each of the 20 first PCs is regressed on the corresponding set of co-variates. The
residual sum of squares is not a good measure of the predictive error of a model, as it will always
decrease when the complexity of a model increases. To prevent overfitting we thus estimated a 5-fold
cross-validation score. In this procedure an individual can not be part of the training set and the
validation set at the same time. For each model and each PC, we split the dataset in 5 groups and
calculated the predictive errors for individuals in a group using the regression parameters estimated
from the four other groups. The average over all groups provides the 5-fold cross-validation score,
which is a good estimate of the predictive capacity of the model (the smaller the score is, the better
the model).

First we analyzed the sub-Saharan dataset. Figure S30 shows the predictive error for each model
for the 20 first PCs. Interestingly, the predictive errors highly vary between models for PC1 to PC10
(mean sd = 0.0009), but are quite stable for PC11 to PC20 (mean sd = 0.0003). The first principal
components are also easier to predict than the remaining components, as the errors are generally
smaller for PC1-10 than for PC11-20 (average minimum error: 0.0004 for PC1-10, 0.0018 for PC11-
20). Both results and the fact that the first PCs are the most informative in terms of genetic variation
imply that the relationships between the different co-variates and population genetic structure should
be investigated by looking further at the regressions of the 10 first PCs. Therefore, we compute the
predictive errors averaged over the 10 first PCs for each of the 7 models (Figure S31A). These errors
are relative to the model with geography only: values smaller than one indicate improved predictive
capacity compared to geography. The models including subsistence alone or language alone have both
higher predictive errors than the model including geography alone. However, the models “Geography
+ Language” and “Subsistence + Language” have both predictive errors much smaller than 1, which
indicates that languages provide additional information for predicting PCs, compared to geography
alone. Moreover, the model including geography, and both linguistic and subsistence information
performed better than the model without languages (“Geography + Subsistence”). Thus, even after
accounting for geography and subsistence, languages provide information for the prediction of the
PCs.

We also analyzed the Southern African dataset of 2.3M SNPs (Figure S31B). Again, models
including language alone or subsistence alone have predictive errors larger than 1, and models in-
cluding several co-variates have errors smaller than 1, indicating that geography alone is not the best
predictor of genetic variation. For this geographically restricted dataset, models including linguistic
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information and models including subsistence information (in addition to geography) have a simi-
lar predictive capacity. Therefore we can not pinpoint whether language or subsistence is the best
predictor.

Finding that additional information improves the predictive capacity of the geographic model
is not surprising since the recent ’Bantu expansion’ is expected to reduce the correlation between
geography and genetics. Indeed, when excluding the Bantu-speakers from the Southern African
dataset, models with geography and additional information are only slightly smaller than 1, indicating
that language and/or subsistence do not improve the predictive capacity of a geographic model for
this dataset as much as for datasets that include Bantu-speakers (Figure S31C).

In conclusion, languages improve the predictive capacity of a model that includes only geography
in both the sub-Saharan and the Southern African dataset. However, once accounting for both
geography and subsistence, linguistic information improves the prediction of the PCs for sub-Saharan
dataset only. A possible explanation is that the linguistic classification is not fine-scale enough when
focusing on the Southern African populations. Another possibility is that the hypothesis of the
language shift coupled to the introduction of pastoralism (51) in certain Khoe-San groups is correct.
In this hypothesis, all the groups speaking the central Khoe-Kwadi branch (Nama, Khwe, /Gui and
//Gana from this study), adopted their languages recently (last 2000 years) and their linguistic
affiliation is not expected to predict their genetic identity. Indeed in the genetic structure analysis
they do not form one homogeneous cluster (unlike the two Northern San and Southern San groups).
In addition, when excluding the Bantu-speakers from the Southern dataset, neither the subsistence
nor the language improves the prediction of the PCs.

4.2 Mantel tests

To confirm our findings, we calculated the significance of the correlations between genetic distances,
and geographic, linguistic or subsistence distances, using Mantel tests and partial Mantel tests.
Mantel tests are designed to reject the absence of correlation between two matrices of distances, and
partial Mantel tests allow to control for other variables while doing this test (109, 110). We used
pairwise FST between populations (computed as explained in section 3.3) as genetic distance. The
linguistic distances, dLang, are computed as follows (see also Table S4):

• dLang(pop1, pop2) = 0 if the languages of the two populations are in the same linguistic sub-
group,

• dLang(pop1, pop2) = 1 if the languages are in the same linguistic main group,

• dLang(pop1, pop2) = 2 otherwise.

The subsistence distances, dSub, are computed as follows:

• dSub(pop1, pop2) = 0 if the subsistence categories of the 2 populations are the same,

• dSub(pop1, pop2) = 1 otherwise.

For the sub-Saharan dataset, and for each considered distances (geographic, linguistic or subsis-
tence) the correlation to the genetic distance was significant (respective p-values: 0.04 (dGeo), 0.001
(dLang), 0.03 (dSub)). Using a partial Mantel test, we found that the correlation with linguistic
distance remained significant even after correcting for both geographic and subsistence distances (r
= 0.43, p-value = 0.001). Similarly, the correlation with geographic distance remained significant
after correcting for both linguistic and subsistence distances (r = 0.28, p-value = 0.04). Finally,
the correlation between genetic and subsistence distances did not remain significant after correcting
for linguistic distance using a partial mantel test (p-value: 0.7). For the Southern African dataset,
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none of the distances were significantly correlated with the genetic distance (respective p-values: 0.7
(dGeo), 0.13 (dLang), 0.06 (dSub)).

These results confirm that, once accounting for geography and subsistence, linguistic information
is significantly correlated with genetic distances for the sub-Saharan dataset. Moreover, languages
are more correlated than subsistence to genetic distances in this dataset (regardless of accounting
for geography). More surprisingly, we did not find any variable correlated to genetic distance for the
Southern African dataset. Once again we may lack the fine-scale linguistic information that would
be correlated with FST . Note that using another method for calculating linguistic distances might
change the results somewhat (111). However, a recent language shift in Khoe-Kwadi speakers (as
discussed above), and a predominant cultural diffusion of pastoralist practices to the Khoe people
(Nama) probably contribute to the lack of coloration between linguistic distance and subsistence to
genetic distance. The reason why geographic distance do not correlate could be due to the inclusion
of Bantu-speakers and the fact that the Nama have a recent (last 500 years) place of origin far south
(northern Cape, SA) from where they were sampled (Windhoek, Namibia).

28



5 Reconstructing population history using genealogical

concordance

Here we take an approach for investigating the population history of sub-Saharan African populations
that is based on randomly sampling a single gene copy from each of four populations. This has the
advantage of avoiding the effect of genetic drift within populations that could potentially affect other
inference methods based on population samples, e.g. neighbor-joining trees based on pairwise genetic
distance between populations. In the history of four genetic lineages, there are only three possible
genealogical topologies, of which the one that mirrors the population topology (i.e. the ’concordant’
topology) is expected to be most frequent. By testing possible topologies, we can build a tree that
is supported by each performed four-wise hypothesis test (17). While the history of sub-Saharan
Africa does not conform to a simple tree-like model, our approach is designed to capture the major
flow of ancestry in the past. Since the excess of the concordant topology increases with the amount
of genetic drift separating populations, we also use a basic coalescent model to estimate population
divergence times within the same framework below (112,113).

5.1 Population topology inference using concordance tests

For each combination of four human populations and/or chimpanzee (A, B, C and D), we sample
one random copy from each population and score which genealogical topology is supported by the
configuration of alleles at each site (assuming an infinite sites model of mutation). We then test if
a particular topology, e.g. (A,B),(C,D), is significantly more frequent than the other two topologies,
(A,C),(B,D) and (A,D),(B,C). Our test statistic C (17) computes the excess of the putatively ’concor-
dant’ category [(A,B),(C,D)] over the second most frequent category (the most frequent ’discordant’
category, denoted ’discordant 1’) as

C =
Nconc −Ndisc1

Nconc +Ndisc1
. (1)

Here, Nconc and Ndisc1 are the counts of the concordanct category and the most frequent discordant
category, respectively. To obtain standard errors, we use a block jackknife procedure (114) [Box 18.6]
where we divide the genome in 50-200 contiguous blocks with the same number of informative SNPs
in each, and obtain Z-scores based on the number of standard errors the statistic deviates from zero.
If the C statistic is significantly positive (> 2 standard errors from 0), we consider the topology

supported. Note the difference from E defined by (102) as E = Nconc−0.5×(Ndisc1+Ndisc2)
Nconc+0.5×(Ndisc1+Ndisc2)

(notation as

above), which represents a similar approach, but includes the possibility of two topologies both being
significantly supported, where as for C there can only be one most frequent category (e.g. even if a
single category is much less frequent than the other two).

To look for evidence of gene flow, we also computed the D-statistic of ref. (7), which in our
notation can be defined as

D =
N(A,C)(B,D) −N(A,D)(B,C)

N(A,C)(B,D) +N(A,D)(B,C)
. (2)

5.1.1 Application to sub-Saharan Africa

We tested all possible four-wise combinations of sub-Saharan African populations in our data set (ad-
mixed individuals excluded), randomly sampling a single gene-copy from each population of interest
at each site. To avoid the influence of ascertainment bias, we only considered the intersection of
SNPs that had minor allele frequency (MAF) > 10% in each of the 4 tested populations (except for
the chimpanzee). We then used the set of 8,768 significant four-population topologies (Z-score > 2)
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to create a supertree using the neighbour-joining algorithm in the software clann (115). To assess
node support, we randomly sampled 100 bootstrap pseudo-replicates of the accepted topologies, and
collapsed nodes that were seen less than 85% of the time.

5.1.2 Results

While there is substantial evidence of gene flow in many comparisons (Table S8), Figure S37 and
Table S8 provides evidence that all Khoe-San groups except the Khwe share a common population
history that is separated from all other populations, supporting the view that these populations
indeed represent a basal population lineage in the human species. Also, we find a common history
between the East African hunter-gatherer groups Hadza and Sandawe that was not apparent in
previous studies e.g. (8, 10). We also find support for a division of the Khoe-San groups into a
Northern and a Southern group. Together with previous studies finding that non-Africans are more
closely related to West Africans and/or East Africans than the Khoe-San e.g. (7, 8, 102, 116), our
results suggest that the historical roots of much of today’s population structure in Africa dates back
prior to the out-of-Africa expansion.

5.1.3 Robustness of concordance tests in the presence of gene flow

We investigated the robustness of the C-statistic in the presence of admixture using coalescent
simulations (117). We considered a model where 4 populations A, B, C and D shared a history
where populations A and B diverged T years ago from an ancestral population, which in turn had
diverged T × 2 years ago from C, and before that, the ancestors of these populations diverged T × 3
years ago from D. We considered two different models of admixture (Figure S33): (1) an admixture
fraction c is contributed by population B to population C (2) an admixture fraction c is contributed
from population C to population B. In both cases, the admixture occurred 500 years ago. We assumed
an effective population size of 10,000 individuals and a generation time of 25 years. We generated 10
gene-copies from each population and sampled a random gene-copy at each SNP for each population.
We simulated 1 million independent SNPs and computed C from the observed frequencies of each
topology. We compared the results of either using a randomly sampled copy from population D to
estimate the topology between (A,B,C), or alternatively using the ancestral allele instead of the allele
found in population D.

We find that for model 1, the method is robust to admixture fractions up to c = 0.5. That
the approach is not robust for values of c > 0.5 is not surprising since in that case, population
C is expected to share > 50% of it’s genome with population B, more recently than the split of
population A and population B (Figure S34A and S34B). For model 2, the method is more sensitive
to admixture, with the wrong topology (C < 0) being inferred for c ≥ 0.4 (Figure S34C and S34D),
but such high levels of admixture might not be very common. For the present study, most admixture
is expected to be from Bantu-speaking groups and their relatives into hunter-gatherer groups, which
under the hypothesis that hunter-gatherer groups diverged from other populations relatively early
is most similar to model 1. Reassuringly, we also find similar results using both the ancestral allele
and an allele from a basal population lineage (Figure S34), suggesting that analyses using 4 human
populations or alternatively 3 human populations and chimpanzee are both useful.

5.1.4 Non-Africans share the most recent history with East Africans

Due to computational constraints, non-Africans were not included in the supertree topology inference
above. Here, we show evidence that they share the most recent history with East Africans, and
thus many population divergences between extant African populations predate the divergence and
expansion of modern humans outside of Africa.
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We performed 1,029 concordance tests of the form (chimpanzee,(African,(Hadza,non-African))
(Figure S35) with 21 sub-Saharan African populations (all except the Hadza) and 49 non-African
populations (all except HapMap African Americans). We find that all 980 tests not involving the
Maasai as the other African group were significantly supported (Z > 3).

In the tests involving Maasai, the C-statistic was positive in 40 cases (21 of which were significant
at Z > 2) and negative in 9 cases (1 of which was significant at Z < −2). The single topology which
was rejected was (chimpanzee,(Maasai,(Hadza,Bedouin)) for which the Maasai was inferred to share a
more recent history with Bedouins. The remaining 8 tests that were not positive were Brahui, Druze,
HapMap GIH (Gujarati Indians), Hazara, Makrani, Palestinian, Pathan, and HapMap Tuscans. We
suggest that this is due to the recent admixture in the Maasai from a Middle Eastern source (118).

We conclude that East Africans, represented by Hadza and Maasai groups in our data, are the
closest sub-Saharan African relatives to non-Africans in our data.

5.2 Population divergence time estimation

The framework used for inferring population topology above also allows estimation of genetic drift
in specific branches of the population tree. Since the expected fraction of concordant topologies
increases proportional to the time between population divergence events, we can estimate the length
T (measured in units of 2Ne generations where Ne is the effective number of diploid individuals) of
this population divergence time using simple coalescent model e.g. (112). We have

Pconcordant =
Nconc

Nconc +Ndisc1 +Ndisc2
, (3)

where Nconc is the number of concordant genealogies, Ndisc1 is the number of discordant genealogies
(one of two types), and Ndisc2 is the number of discordant genealogies (of the other type). We denote
Ndisc = Ndisc1 +Ndisc2. Furthermore,

E(Pconcordant) =
2e−T

3
, (4)

and an estimator of T̂ is thus,

T̂ = − log
(3− 3Pconcordant

2

)
. (5)

To implement this method, for each locus (total ∼270k), we randomly sample two gene copies from
a particular population (pop1), randomly sample one gene copy from a second population (pop2),
and extract the chimpanzee gene copy. We infer a genealogical topology only in those cases where
two copies are identical, but differ from the other two (one of which is the chimpanzee – representing
the ancestral state), which are also identical, i.e., the sample configuration {2}{2} (the remaining
configurations {1}{3}, and {0}{4} are not informative). We score sites where the two copies from
pop1 share a derived allele not found in the pop2 sample as ’concordant’ and the remaining two
configurations that allow a topology to be inferred ’discordant’ (that one of the samples in pop1
share the same allele as the sample in pop2). When two copies from the same population are
sampled in this way, the internode time T in the framework outlined above becomes equal to the
total divergence time between pop1 and pop2. We use the equation above to estimate T and obtain
confidence intervals in a maximum likelihood framework (112) using

Log(L(T )) = Nconc ×
(
1− 2e−T

3

)
−Ndisc × 2e−T

3
. (6)

For a more detailed description of the approach, see (112,113).
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5.2.1 Comparisons between San and Mbuti show no discrepancy with resequenc-
ing data

Since the estimation of demographic parameters using SNP array data can be heavily influenced by
ascertainment bias, we focused our analyses on relative divergences between pairs of populations that
are expected to be equally affected by ascertainment bias. This is likely to be the case for comparisons
between different Khoe-San groups that have little evidence of gene flow from other populations, as
the results shown above suggest that they are approximately symmetrically related to populations
used in the ascertainment panel (populations of European, East Asian, and West African [Yoruban]
descent). We also hypothesized that this could be the case for comparisons between these Khoe-San
groups and Mbuti, since the Mbuti appear to share the least recent population history with the
groups mainly used for ascertainment, second only to Khoe-San (12).

To test this hypothesis, we compared estimates of FST computed on our ∼270k SNP data set
(with SEs computed using a block-jackknife over contiguous blocks of 2,000 SNPs) for Ju/’hoansi,
Mbuti, Biaka, Mandenka & Luhya with previous estimates based on 40 resequenced regions of 2 kb
each in samples from these populations (12). While SEs are not available for the previously published
estimates, we find them largely concordant with our estimates (Figure S36). However, FST estimates
between Ju/’hoansi (San) and one of Luhya, Mandenka and Biaka are notable exceptions, with FST

based on our SNP-data appearing to be overestimated in each of these cases (Figure S36). This
could likely be due to ascertainment bias under-represnting variation in the San. However, ˆFST

between Mbuti and Ju/’hoansi computed on our SNP-data (0.09952 ± 0.00079 (± 1 SE)) and the
estimate based resequencing data (0.09705) are highly similar. This suggests that ascertainment bias
has a similar effect on both these populations, and that estimates of genetic differentiation between
San and Mbuti are relatively robust to the complex ascertainment scheme behind the ∼270k SNPs
common to the various SNP arrays.

To explore this further, we simulated divergence models between San and Mbuti, and San and
Mandenka based on their estimated demographic history (12) using the software ms (117), applying
different thresholds for Minor Allele Frequency (MAF). MAF thresholds are motivated by the sim-
plified assumption that ascertainment bias can be viewed as an overrepresentation of common alleles
in populations related to the ascertainment panel. By applying a MAF threshold to all populations
(including those more distantly related to the ascertainment panel), we hope to aquire a set of SNPs
that are common in all populations.

Briefly, the simulated model (12) included a San effective population size of 20,000 individuals,
an Mbuti effective size of 5,000 individuals, and a divergence between the two 110 kya (∼0.1 coales-
cent time units). We assumed an ancestral effective population size of 10,000 individuals. We also
included a change in the Mbuti effective size at 32 kya to 15,000 individuals. For Mandenka, we
assumed an Ne of 17,000 that was reduced to 15,000 at 48 kya. We sampled 100,000 independent
SNPs from the same number of chromosomes as in our SNP data. The ms command line for the
Ju/’hoansi-Mbuti divergence model was:

ms 64 100000 -s 1 -I 2 38 26 -n 2 0.25 -en 0.0145 2 3 -ej 0.05 1 2 -eN 0.05 0.5

And for Ju/’hoansi-Mandenka:

ms 82 100000 -s 1 -I 2 38 44 -n 2 0.85 -en 0.0145 2 0.88 -ej 0.02225 1 2 -eN 0.002225

0.5

We find that the results for the Ju/’hoansi-Mbuti are largely consistent between our empirical SNP
data and data simulated under the models over the range of MAF thresholds applied (Figure S36 B
and C). In contrast, the Ju/’hoansi-Mandenka comparisons show more discrepancy, with a similar
overestimation of Ju/’hoansi-Mandenka differentiation as suggested by the empirical data above.
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5.2.2 Choice of populations

Since the topology inferred above suggest that the ancestral population of Khoe-San groups share
a history separated from that of all other human populations, the chronological divergence time
between Khoe-San and Mbuti is expected to be the same as between Khoe-San and all other human
populations (ignoring later gene flow). Motivated by the observation above that differentiation
between San and Mbuti is relatively unaffected by ascertainment bias, we use the Mbuti in place of
other non-Khoe-San populations. To estimate the divergence time between the two major Khoe-San
groups as indicated by our analyses, we chose the Ju/’hoansi to represent the Northern San and the
�=Khomani and Karretjie to represent Southern Khoe-San). To investigate the divergence time of
Mbuti to other non-Khoe-San groups, we chose East African Hadza, which are also a hunter-gatherer
group and show less evidence of admixture with pastoralist groups compared to other hunter-gatherer
groups in the data set (Biaka and Sandawe), but we provide evidence below of possible gene flow
between the Hadza and San that could influence this estimate. In the version of our dataset where
admixed individuals had been excluded, the Ju/’hoansi, Karretjie, �=Khomani, Mbuti and Hadza
have the least evidence of admixture from neighbouring pastoralists of the hunter-gatherer groups
in our data set (Figures S17, S19, and S20) and thus these populations were used for all following
analyses.

5.2.3 Divergence between San and Mbuti

We estimate a divergence time between Ju/’hoansi and Mbuti of T̂ = 0.083 (95% ML CI: 0.075-
0.091) (Table S9). This quantity is measured in units of time appropriate to the coalescent effective
population size over the relevant time period in Ju/’hoansi. Assuming a generation time of 28
years and an average Ne of 10,000-30,000 individuals in the Khoe-San, this would correspond to a
chronological date between 46,000 and 140,000 years ago (T×2Ne×g, where g is the generation time),
or for an Ne of 21,000 individuals (11) 97,600 years ago (95% ML CI: 88,200-107,000). While based
on ascertained SNPs, this range is compatible with a recent study using shotgun sequencing data
where the Yoruba-San population divergence time was estimated to 67,000-164,000 years ago (7).
It is also compatible with the results of two other studies based on sequence data that also allowed
for gene flow in their models (11, 12), which estimated the divergence time between San and other
populations to 53,000-187,000 years ago (12), and 108,000-157,000 years ago (11).

5.2.4 Divergence within the Khoe-San relative to their divergence to other groups

Interestingly, we find that the divergence between Northern San (represented by Ju/’hoansi) and
Southern San (represented by �=Khomani (A) and Karretjie) is T̂=0.029 (95% CI: 0.021-0.035),
approximately 1/3 as far back in time as the divergence of Khoe-San from other populations, sug-
gesting population separation within the Khoe-San that dates back approximately 35,300 years (95%
CI: 25,600-42,600) under the same assumptions on Ne and generation time as above. While gene
flow with Bantu-speakers could possibly influence this estimate, we found a similar estimate when
using only the Southern San individual most distant from Bantu-speakers in the PCA ( �=Khomani
(B):19; T̂=0.027, (95% CI: 0.020-0.035; Table S9) and only Karretjie (Table S9).

While ascertainment bias makes it difficult to accurately estimate effective population size using
the SNP data, we can scale divergence times within the Khoe-San with divergence to the Mbuti, for
which chronological estimates are available (see above). Since no significant evidence for changes in
the effective population size in the Northern Khoe-San lineage has been found (12), these coalescent
time estimates are expected to scale approximately linearly with chronological time. To investigate
the possible robustness to ascertainment bias in these relative estimates, we also applied a range
of MAF thresholds to each population (see above), and took the average estimate of T̂ over 10
repetitions to circumvent the increased sampling bias when more SNPs were filtered out. We find
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that population divergence times between the Northern and Southern San are between 1/3 and 2/5
of the time of the first divergence from other populations. This relative estimate is robust to MAF
threshold and choice of populations for scaling (Figure S38), and is in the range of the divergence
between Mbuti and Hadza measured in the Mbuti time scale. However, we caution that a recent
reduction in effective population size of the Mbuti (12) might inflate this estimate, together with
more complex gene flow between the populations (see below).

Furthermore, within the Southern San ( �=Khomani (A) and Karretjie) we find evidence suggesting
a divergence approximately 1/10 of the time back to the Khoe-San divergence from other populations
(Figure S38), suggesting that divergence even among relatively closely related Khoe-San populations
could reach back on the order of 10 thousand years.

5.2.5 Comparison with FST

The genealogical approach has the advantage of allowing the estimation to focus on one branch
of a divergence model, ignoring genetic drift that has occurred in parallel lineages. However, to
facilitate comparisons and validate our approach we also estimated the relative divergence time
between Southern and Northern San (Ju/’hoansi and Karretjie) using an FST -based approach. FST

can be re-scaled to be proportional to the total genetic drift that separates two populations Ta−b
(measured in units of 2Ne generations) as follows

Ta−b = − log(1− FST ). (7)

We can thus use FST to estimate a relative divergence time as

TJu/′hoansi−Karretjie/2

TJu/′hoansi−Mbuti/2
. (8)

We find that the intra-Khoe-San divergence also in this case is approximately 1/3 of the time back
to the ancestral population of all modern humans. While this is likely an underestimate due to the
recent decrease in Ne in the Mbuti (and could also be affected be gene flow), it broadly confirms our
findings from above.

5.2.6 Discussion

To our knowledge, three previous studies have used genetic data to estimate a population divergence
time between the San and other human populations (7, 11, 12), two of which allowed for gene flow
after isolation (11, 12). Here, despite being limited by our use of ascertained SNP array data, we
were interested in the scale of divergence between the newly studied groups and other more well-
studied groups. We were reaffirmed in that we had found an approach that is relatively robust to
ascertainment bias in that our estimates of genetic divergence were similar to previous studies (see
above), but can not exclude some remaining influence.

Population divergence time between Khoe-San and other populations: Assuming a gener-
ation time of 28 years, that the ancestors of the Khoe-San were isolated at a single point in time from
the ancestors of other groups (including the Mbuti), and that the harmonic mean of the effective
population size in the Ju/’hoansi is 21,000 individuals, we estimate a divergence of about 100,000
years (>88,000 years). We identify two main factors that could affect this estimate: (i) gene flow be-
tween the Khoe-San and other human groups more closely related to the Mbuti, and (ii) calibration
of mutation rates affecting the effective population size inferred by previous studies (11, 12). Both
these factors are expected to lead to an underestimation of the divergence time. Previous studies
have indeed inferred low rates of gene flow between the Khoe-San and other African populations
such as the Mbuti (11, 12), and the slightly lower estimate on the coalescent scale obtained here
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(0.075-0.091 compared to approximately 0.1 in previous studies (11,12)) could be a reflection of not
taking gene flow into account. Moreover, recent studies have cast doubt on mutation rates assumed
of most studies to date e.g. (119). If mutation rates are overestimated, the effective population size
assumed here could be an underestimate, leading us to also underestimate the chronological popu-
lation divergence time. A third factor that, in contrast to the other two, lead to an overestimation
of the population divergence time of the Khoe-San to other groups is admixture from more basal
(’archaic’) human population lineages (120). An important direction of future research is thus to
investigate the extent of ancestral structure in these populations, but assuming that such contri-
butions are relatively minor (120), we suggest that the majority of the ancestry present Khoe-San
groups today is from a population that diverged from a population lineage leading to most of the
ancestry of all other modern humans at least 100,000 years ago. This is compatible with Helicobacter
pylori (HP) strain variation suggesting a coalescence time of hpAfrica2 (the strain associated with
Khoe-San) with all other HP strains at 88,000-116,000 years ago (121). Furthermore, the Khoe-San
associated mtDNA haplogroup, L0d, coalesces around 100,795 (±10,317) years ago (the divergence
time of L0d, however, is deeper, 152,384 (±12,698) years ago) (5).

Population divergence time between Northern and Southern Khoe-San: In contrast to the
divergence time between the Khoe-San and other human groups, no previous genetic studies have
attempted to estimate a population divergence time between different Khoe-San groups. Scaling time
according to the magnitude of genetic drift in the Ju/’hoansi, the most well-studied San group, we
estimate that the divergence between Northern- and Southern San groups is approximately 35,000
years ago (>25,000 years ago), under the same assumptions as above. We furthermore find that the
ratio between this date and the earlier divergence from other populations is about 1/3 for a range of
thresholds on MAF. A similar time frame (between 32,000 and 47,000 years ago) was obtained for the
coalescence of the northern and southern isolates of hpAfrica2 (the Khoe-San associated Helicobacter
pylori strain) – the southern isolates were associated in this case with the �=Khomani group and the
northern isolates with the !Xun and Khwe groups (121). Moreover, archaeological evidence of San
material culture has been found to date back approximately 44,000 years (122).

This estimate is also confounded by the two main factors mentioned above, both expected to
result in underestimation of the divergence time, the magnitude of which depending on calibration
and/or the rate of gene flow between Northern San and Southern San. However, an additional factor
that could potentially lead to an overestimation of divergence time is Bantu-related admixture in
the Southern San or the Northern San. For instance, parts of the genome of admixed Southern San
individuals (introgression of Bantu-speaker ancestry) will encompass the oldest population divergence
among modern humans (≥100,000 years ago) and lead to overestimation of the population divergence.
The extent of this effect is unknown, but our analysis suggest that the individuals with the least
evidence of admixture gives consistent results and that our inference here is relatively robust to such
admixture. Since many details of the demographic history and contact between Khoe-San groups
are not well-known, the estimated chronological dates should be seen in this context, however, the
data clearly points to deep structure between Southern and Northern Khoe-San groups.

5.3 Evidence for gene flow between sub-Saharan hunter-gatherer
groups

The concordance test-based framework employed above is designed to capture the major historical
flow of ancestry of sub-Saharan African populations, but we also note inconsistencies compared to a
basic tree model, indicating gene-flow. Table S8 and Table S10 report the results of several D-tests
between the two discordant categories which, under the hypothesis of no gene-flow, is expected to be
consistent with 0. In addition, we applied the allele frequency based estimator of D (7, 123), which
has more power but is potentially affected by changes in genetic drift through population history.
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We used equation S15.2 of (7) with the chimpanzee allele denoting the ancestral state to perform a
number of tests of topologies including sub-Saharan hunter-gatherer groups, excluding loci at which
the minor allele frequency was less than 10% in any of the three populations other than chimpanzee.

The sub-Saharan African hunter-gatherer groups in our data could be divided into three main
groups: Southern African Khoe-San, Central African Pygmy groups, and East African hunter-
gatherers (Hadza and Sandawe). From each of these three groups, we focused on the Ju/’hoansi, the
Mbuti and the Hadza as the populations with the least evidence of recent admixture from neigh-
bouring pastoralists. Broadly, we find evidence of gene flow between the East Africans and both
the Khoe-San and Central African Pygmy groups. There was evidence of gene flow between the
Ju/’hoansi and non-Pygmies (Hadza, Sandawe, Maasai, and Yoruba), but the strongest connec-
tion is with the Hadza, both in terms of the magnitude of D and in direct tests of the topology
(chimpanzee,(Ju/’hoansi,(Hadza,[Sandawe, Maasai, or Yoruba]))) (Table S10). Prehistoric connec-
tions between East, Central and Southern African hunter-gatherers has also been proposed based on
Y-chromosome haplogroup A and B data (66,124).

Similarly, we find evidence for gene flow between the East African Hadza and Central African
Mbuti Pygmies, for example in the topology (chimpanzee,(Mbuti,(Hadza,Yoruba))). Thus, assuming
that the broad topology inferred above reflects the major population history of the groups, our
analyses provide evidence of gene-flow between East African hunter-gatherers and both Southern
African Khoe-San and Central African Pygmy groups. Since the Khoe-San show more affinity to the
Hadza compared to the Mbuti in a direct test, there is presently no evidence of gene flow between
the Mbuti and the Khoe-San, and any such gene flow must have had less impact than the gene flow
between East Africans and the Khoe-San.

We see evidence of inconsistencies in four different tests of the form (chimpanzee,(Ju/’hoansi,
(Mbuti,[Hadza, Sandawe, Maasai, or Yoruba]))). Since the D-statistic deviates the greatest from 0
in the case of the Hadza, followed by the Maasai, Sandawe and finally Yoruba, this could possibly
be due gene flow between the Hadza and the Ju/’hoansi that produces indirect similarity to East
and West Africans over the Mbuti (correlated with the distance from e.g. Hadza). An alternative
explanation could be that the Mbuti have ancestry from a human group that is more basal (in terms
of divergence) than the Khoe-San, which could produce an apparent excess of ancestral alleles. This
has also been suggested by recent studies (6,120).
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6 Summary statistics and genetic diversity

6.1 Haplotype diversity

Heterozygosity at individual SNPs on standard genotyping arrays is highly subject to ascertainment
bias, and does not accurately capture genetic diversity in Africans (9). To circumvent this and exploit
the ability of recombination to generate genetic diversity, we analyzed haplotype heterozygosity and
haplotype richness (number of alleles), at haplotype windows from 1kb to 100kb in size (with 1kb
increments) in each population using the phased data (global set of individuals, 270k SNPs, no
admixed individuals).

We divided the genome into non-overlapping windows of size S, and for each window:

1. We downsampled the total number of chromosomes to n=14 (note: a new random draw from
the population was performed in each window).

2. We excluded SNPs with minor allele frequency ∼10%.

3. Windows with more than 5 SNPs were randomly down-sampled to 5 SNPs. Windows with less
than 5 SNPs were discarded.

4. We computed expected heterozygosity (’Haplotype heterozygosity’ ) H using each unique hap-
lotype i as a separate allele (total number of alleles k) as

H = 1−
k∑

i=1

p2i (9)

5. We counted the number of distinct haplotypes (’Haplotype richness’ ). Since this value is for a
draw of 14 randomly sampled chromosomes no sample size correction is needed for comparison
between populations.

This procedure was repeated 10 times for each population and the average over replicates was taken
for the two summary statistics.

Haplotype diversity in human populations have been investigated previously (3,10,125–128) but
not simultaneously on a genome-wide and worldwide scale. We find that haplotype richness and
heterozygosity (Figures S40 and S53, Table S11, and Table S12) mirror previous analysis of genetic
varation showing gradients of microsatellite variation (19), haplotype variation (125), and linkage
disequilibrium (3), which all decrease as a function of distance from Africa. In addition, we are able
to replicate previously observed (126,127,129) regional gradients of variation over Asia (Figure S53)
as well as Europe and the Levant (Figure S57). However, no clear gradient or pattern of variation
appears in Africa (see also Figure 3 in the main text), and our results suggest that the greatest
diversity is often found in populations that have a great deal of ancestry related to the Bantu-
expansion. We also find that our estimates for pairs of populations known to be from the same
ethnic groups are highly similar (Figure S41).

6.2 Private haplotypes

Using the same strategy for creating haplotypes, we also computed the number of private haplo-
types (3, 125, 128, 130). We note that the sampling strategy has a great impact of levels of private
haplotypes. For instance, an extreme example here is the two �=Khomani samples that represent one
population (which may be easy enough to handle by merging the two samples), but there are more
difficult cases, such as �=Khomani and Nama. However, a few things can be noted from the distri-
butions of private haplotypes. The greatest levels of unique haplotypes are found in the two Pygmy
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groups Mbuti and Biaka, which is not surprising given the isolation of these two groups (both from
other populations and from each other). Second, despite the dense sampling of Khoe-San groups
in this study, the /Gui and //Gana show an extraordinary level of private haplotypes (Figure S42
and S43). Third, the patterns seen here are similar to the results of (128), who investigated a much
smaller set of SNPs (a few thousand SNPs) for a large sub-Saharan African panel of populations.

6.3 Linkage Disequilibrium

We measured linkage disequilibrium (LD) by the correlation coefficient, r2, between all pairs of SNPs.
All populations were sub-sampled to 14 chromosomes (randomly without replacement) for each pair
of SNPs. Pairs of SNPs containing at least one SNP with a minor allele frequency (MAF) less than
10% (corresponding to 1 of 14 chromosomes) were removed. For each population, we computed the
mean r2 and the mean distance between pairs of SNPs for all SNP pairs within bins of size b; a
bin centered on distance x contains all pairs of distinct SNPs in the interval (x− b/2, x+ b/2]. The
effect of the choices of MAF-cutoff and bin size has previously been investigated and found to have
basically no impact on observed patterns of LD and relative levels of LD (128).

6.3.1 Southern Africa dataset (2.3M SNPs)

LD, as measured by mean r2 values for SNP pairs in physical distance bins, declines with increasing
physical distance between SNPs for all 9 populations (Figures S44 and S45). The Bantu-speakers
(South Africa) has the lowest level of LD, followed by the Khwe, !Xun and �=Khomani (A). The Nama
had the greatest level of LD, followed by the /Gui and //Gana, Herero, Ju/’hoansi, and Karretjie.

6.3.2 Global dataset (270k SNPs)

We computed r2 based on the ∼270k SNP set, see Figures S46 and 3 (main text).

6.3.3 Inferring effective population size from LD

There are a few approaches to infer Ne from LD information, including (131, 132), and we chose
an alternative direct and transparent approach in order to capture information of Ne from LD. To
summarize information on Ne from the pattern of LD decay over increasing physical distance, we
use an approach to simulate data from a constant size model (for various choices of population size)
and fit the simulated LD decay curves to empirical LD decay curves. We define here “effective
population size” as a single parameter represented by the average genetic drift effect during the
history of the population. That is to say, we infer the constant population size that best reproduce
some genetic pattern observed in the data. We used the r2-decay curves shown in Figure 3C (main
text) for comparison to data simulated under standard neutral model with constant population sizes.
We simulate SNP data using the software ms (117). The simulations were conducted to mimic the
empirical data (populations with fewer than 7 individuals were excluded from this analysis) as close
as possible by:

• sampling 7 diploid individuals from each population,

• removing SNPs with Minor Allele Frequency (MAF) < 0.1,

• compute fit of curves for physical distances between pairs of SNPs up to 100kb,

• use the same binning strategy for computing r2 as described above.

We simulated data on a grid of θ (40, 60, 80, . . . , 1000) and ρ values (20, 40, 60, . . . , 1000) and we used
10 million pairs of SNPs to obtain smooth r2 curves for each combination of θ and ρ. the fit between
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population curves and simulated curves was measured by computing the − log10 of the relative Mean
Square Error (MSE). Six examples of such fits are showed as heat-maps in Figure S47. The fit is
independent of θ. By averaging the ρ values leading to the best fit over each θ value, and using a
recombination rate of 1.5 × 10−8 (15), we compute the population sizes of the constant standard
neutral model that best approximate each population (Figure S48). The “effective population sizes”
estimated by this method are greater than the effective population sizes derived from methods based
on genetic diversity. In particular, the result suggests that African effective population sizes span
between 11,000 and 17,000 (except for Hadza which has a much smaller effective population size).
The black curve shows the values of − log10(MSE). Populations have different degrees of agreement to
the constant model. Hadza, for example, has a low − log10(MSE), suggesting a strong departure from
the constant population size model, while the Colombian population seem to be well approximated
by such a model.

The advantage of using LD is mainly to provide us with effective population size estimates that
are independent of the mutation rate. When more whole-genome sequences are available, a very
similar similar approach can be performed, together with statistics such as genetic diversity, and it
will be interesting to compare the effective population size estimates using the two different types of
statistics.

6.4 Runs of homozygosity

Long runs of homozygous haplotypes (RoH) are a frequent characteristic of human genomes. Such
runs of homozygosity are created when identical parental haplotypes are inherited. The length of
the haplotype is dependent on the number of generations since the last common ancestor of the
haplotype. Therefore very long runs are caused by recent inbreeding and shorter runs are due to
shared ancestry a longer time back in the past. When RoH stretches are subset into classes of
increasing lengths (i.e. 0.5-1Mb, 1-2 Mb, 2-4Mb, 4-8Mb, etc.), the shortest run classes could be
used as a representation of past population history. The shorter the ”run class” the longer time
back in the past it represents. It has been observed previously, that if only the shorter classes are
considered (ruling out recent inbreeding), African populations have the shortest average “cumulative
RoH (cRoH) per individual” and the average cRoH (of the short class) of populations increase with
distance from Africa (133). Previous studies have shown the short class RoH to be a good predictor
of Ne in populations (small average cRoH in populations indicates large Ne), while the longer classes
represents past consanguinity in populations (10,133).

To calculate the prevalence of long runs of homozygosity (RoH) for population groups, the
different groups were first down-sampled to seven individuals before a 10% minimum allele frequency
cutoff was applied. An exception is the Bantu-speakers (Southern Africa - HGDP), who had a
smaller sample size and were thus represented by only six individuals. RoH was calculated with
PLINK v1.07 (32,134) under the following parameters: sliding window of 5Mb, one heterozygote per
window allowed and a minimum RoH length of 500kb and 25 SNPs per window. To ensure that the
length of an RoH is not artificially increased due to local low SNP density, the minimum density was
set to 50 kb/SNP and the maximum gap between two consecutive SNPs was set to 100 kb. These
parameters were similar to parameters used previously in RoH studies (10, 133). PLINK was run
for each population separately. Since phased/imputed datasets were used and each population was
screened in a separate RoH run (no merging of datasets), the dataset contained no missing data,
which was previously noted to be a problem for RoH scans (10). The RoH runs was repeated 50
times, each time sampling (without replacement) a random set of 7 individuals from each population.

Table S13 show a sorted list of the average cRoH per population (0.5-1Mb class) averaged over
the 50 repeats of sub-sampling for African groups (results depicted in Table S13 are represented
as a heat map in main text Figure 2H). The result of one of the 50 repeats is also represented by
violin plots in the main text Figure 2D. Figure S49 shows the cRoH of 50 repeats of sub-sampling
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7 individuals from each population for the global dataset. Figure S50 show the average cRoH of
classes of different lengths of RoH as well as an all-inclusive class (for one of the 50 sub-samples) for
African populations. Figure S51 show the number of RoH as a function of cRoH of populations and
Figure S52 the number of RoH as a function of cRoH for individuals separately (for one of the 50
sub-samples) for African populations.

Two west African groups had the shortest average cRoH followed by the East African Maasai
(Table S13). The Hadza group had a much higher cRoH indicative of a population bottleneck, which
was noted before (10). The bottleneck in the Hadza is probably not due to recent inbreeding as the
Hadza had high cRoH in most of the cRoH length classes (Figure S50). It was discussed before
that the African farmers had much shorter average cRoH than the African hunter gatherers (133).
However, here we see that, while the northern San groups, /Gui and //Gana, Nama, and the two
Pygmy groups had generally higher average cROH, the Southern San, Karretjie group and �=Khomani
(A) group, are towards the lower end of average population cRoH. The Karretjie group had a lower
average cRoH than several farming groups, for instance all of the the Southern African Bantu-
speakers. The study by Kirin et al. (133), however only included the HGDP Pygmy and Ju’/hoansi
(northern San) groups. Populations that experienced recent inbreeding are represented in the larger
classes of the barplot (Figure S50) and can be seen to diverge to the right of the diagonal in the
plot of number of RoH vs. cRoH (Figure S51) for example the Khwe, /Gui and //Gana and the
Sandawe. However, sometimes only single inbred individuals in a population can skew population
cRoH values. In the individual plot of cRoH against number of RoH (Figure S52), one can observe
that there are single Khwe, Sandawe and /Gui and //Gana individuals that probably have an effect
on their populations’ representation in the longer cRoH class.

6.5 Summary and comparison of summary statistics and genetic
diversity

We assessed the geographic distribution of the four summary statistics (Haplotype Heterozygosity,
Haplotype Richness, ρ (= 4Ne) estimated from LD, and Runs of Homozygosity (RoH)) as well as
correlations between them. We find that all four statistics are significantly correlated with distance
from East Africa in non-African populations, with Pearson correlation coefficients ranging from 0.72
for RoH to -0.94 for Haplotype Heterozygosity (Figures S53-S56). Further, in most statistics we also
see inter-regional patterns in Asia and Europe that match those previously observed (3, 125–128)
(Figures S53-S57).

Finally, we find that the two haplotype statistics and the statistic based on LD are all highly
intercorrelated (R > 0.85; Figure S58). The RoH statistic also displays a non-significant negative
relationship with the other statistics, as expected, and the discrepancy probably stems from RoH
being better at capturing consanguinity in some populations, as well as possibly some effect of
ascertainment bias in West Africans (when applying the 10% MAF filter to west African groups
around 40,000 more SNPs are retained compared to hunter-gatherer groups, which lead to a higher
SNP density that in the end affects the calls of RoH – with more RoH being called in the less
dense population datasets). We do not find compelling evidence pinpointing East Africa (135,136),
Southern Africa (10), or any other region as having clearly higher diversity that could indicate the
origin of an expansion of modern humans.

6.6 Frequency spectrum

We characterize the frequency spectra based on SNP chip data (both the set of ∼270k SNPs and
the set of ∼2.3M SNPs described above) and compared to the frequency spectra from sequence
data (’The HOMINID’ data) (137, 138). Both the SNP chip data and the sequence data contain
individuals from the same populations and the same sample collection, in some cases even the same
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individuals. These comparisons can give important information about the effect of ascertainment
bias on SNP chip data.

The investigated populations that have a sample size greater than 7 individuals were randomly
sub-sampled to 7 individuals (14 gene copies) to allow direct comparisons among populations. The
frequency spectra from the sequence data is computed as an average of sub-sampling 7 individuals
100 times. The presented frequency spectra are all based on the autosomes and frequency spectra
are relative. Thus, among a total of x SNPs (variable positions for the sequence data), there are
x1 SNPs have 1 derived allele among the 14 sampled chromosomes, ..., x13 SNPs have 13 derived
alleles among the 14 sampled chromosomes. The relative frequency of category “1” (1 derived allele)
is x1/x, and so on.

6.6.1 Frequency spectra for ∼270k SNPs and ∼2.3M SNPs

Frequency spectra computed from the ∼270k SNPs (Figures S59, S60, and S61). Figure S62 show
the frequency spectra for the dense (2.3M) set of SNPs.

6.6.2 Comparison with ‘HOMINID’ sequence data

The ‘HOMINID’ data consists of French Basque, Biaka, Han, Mandenka, Melanisian, Papuan, and
Ju/’hoansi (denoted ‘San’ in HGDP and in the HOMINID data. The same populations have been
genotyped with the 650k Illumina SNP-chip (4) (270k SNPs remaining in our data as described
above). We have also genotyped the Ju/’hoansi using the 2.5M Illumina SNP chip, and the Ju/’hoansi
can therefore be compared across two SNP-genotyping panels and sequence data. Figures S64 and
S63 show the frequency spectra for the HOMINID sequence data and our two versions of SNP-chip
data. Figure S65 shows the sum of squared differences between the Hammer sequence data and our
SNP-chip sequence data.

6.6.3 Some remarks on the frequency spectra

Populations that are geographically and/or genetically distinct from the ascertained populations
(which are known to be European, East Asian and West African populations) display frequency
spectra that are less flat, presumably due to the weaker effect of ascertainment bias in these popu-
lations. We also note, in accordance with previous observations, that African frequency spectra are
less flat (but not for Hadza, likely due to heavy recent bottleneck) compared to non-African spectra
(Figure S60). Two main African groups crystallize – roughly corresponding to hunter-gatherers and
pastoralists. A third group contains Biaka and Khwe, two groups that show shared ancestry with
Bantu-speaking groups (Figure S61). Finally, we note that the effect (measured as the difference
between the frequency spectra of a particular SNP-chip set and the frequency spectra from sequence
data) of ascertainment bias is substantially lower for the ∼2.3M SNP set compared to the ∼270k
SNP set (Figures S64 and S65). Furthermore, by filtering out singletons and doubletons (removing
e.g. alleles with a minor allele frequency less than some threshold as we do for most analyses in
this paper) most of the well-known effect of ascertainment bias (e.g. greater diversity in ascertained
populations) are equalized and will have little effect for relative population comparisons.
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7 Selection

7.1 FST -based scans

To search for evidence of genomic regions that are particularly differentiated between groups we per-
formed FST scans across the genome. We excluded individuals with putative evidence of admixture.
All analyses were based on 2,293,320 autosomal SNPs. We contrasted the top observed FST -value
in each pairwise comparison with the genome-wide estimate of FST (see main text). In addition, we
made two comparisons between groups of populations, see below.

7.1.1 Khoe-San vs Bantu-speakers

We computed FST between Khoe-San groups (!Xun, Karretjie, �=Khomani (A), Ju/’hoansi, Nama
and /Gui and //Gana) and Bantu-speakers from Southern Africa (Bantu-speakers (S. Africa) and
Herero) across the genome. Figure S66 shows a box plot with the distribution of the FST values for
single SNPs. Tables S15 summarizes the results for the top 20 greatest FST values. The SNP with the
greatest FST in the entire genome was rs1322784 (FST = 0.65), a SNP that has previously been as-
sociated with Asperger syndrome (http://www.snpedia.com/index.php/Rs1322784). In addition,
the top 20 SNPs contained 3 SNPs from the same region on chromosome 11 (rs4372467 FST = 0.62;
kgp31391 FST = 0.60; kgp12532905 FST = 0.60), that harbors a gene, DISC1, involved in neuron
activity (http://www.ncbi.nlm.nih.gov/nuccore/NM 014715). The ETS1 gene on chromosome 1
also had three SNPs that were among the top 20 greatest FST values. This gene is a transcription
factor that regulate numerous genes.

7.1.2 Nama vs San

The Nama (a Khoe group) is believed to have transitioned from a hunter-gatherer lifestyle to a
pastoralist mode of subsistence prior to the arrival of Bantu-speaking pastoralist to the southern parts
of Africa, while the other groups (San) kept to a hunter-gatherer lifestyle. We therefore conducted a
separate scan looking for regions with unusually high differentiation between the Nama (Khoe) and
San groups (!Xun, Karretjie, �=Khomani (A), Ju/’hoansi and /Gui and //Gana).

Figure S67 shows a box plot with the distribution of FST values. Table S15 summarizes the
results for the top 20 greatest FST results. Here, we found that 10 of the 13 top SNPs were from
a region on chromosome 16 (position 13658506 to 13813289). Figures S68, S69, S70, S71, and
4C-D (main text) show clearly the high FST values for this region on chromosome 16. No gene was
identified within this region. However, the region is located 200kb upstream of the ERCC4 gene in an
active enhancer region. Mutations in the ERCC4 gene have been linked to Xeroderma Pigmentosum
Complement group F (XPF). People suffering from XPF have a 3-fold increased sensitivity to the
lethal effects of ultraviolet light. However XPF has mild symptoms comparing to other Xeroderma
Pigmentosum subclasses. Cells from XP F patients are slightly UV-sensitive and exhibit low levels
of repair initially after UV-irradiation (http://omim.org/entry/278760). Accordingly, mutation
carriers show slightly high sun sensitivity of the skin. The mild clinical symptoms consist of numerous
pigmented freckles and mild skin lesions. Skin cancers in mutation carriers are elevated (23, 139).
Since the SNPs with elevated FST values do not directly overlap with the ERCC4 gene region, a
direct link cannot be inferred. The SNPs however are located 200kb upstream of the gene in a region
that has been marked as an active binding site to transcription enhancers (H3K27Ac histone mark),
through CHiP seq assays in various cell lines.

The SNP with the greatest FST value that was located inside a gene was contained within the
CSNK2A1P gene. Polymorphisms within this gene has been implicated to play an oncogenic role in
lung cancer (140).
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7.2 Inferring genome-local ancestry for regions of interest

We further investigated the region on chromosome 16 in the Nama that showed high FST values
in the Nama vs. San comparisons. To see if this region was possibly introduced by a neighboring
population group into the Nama we used a genome-local clustering approach (24), to infer the
ancestry of local genome regions in the Nama. We compared the Nama individuals to various
populations, including Khoe-San populations and Bantu-speaking populations in the dense genotype
dataset (∼2.3M SNPs). We ran CHROMOPAINTER (24) for each of the 14 Nama recipient chromosome
16 haplotypes for 10 iterations. Each of the 10 iterations had 50 prior EM iterations for optimizing
the following three parameters; recombination scaling constant (Ne), copying proportions, mutation
(emission) probabilities. Each of the eight other (excluding ’Coloured’ populations) populations in
the dense genotype dataset (∼2.3M SNPs) were considered as a possible donor population (Bantu-
speakers (South Africa), Herero, Khwe, Ju/’hoansi, !Xun, /Gui and //Gana, �=Khomani, Karretjie).
Thus each SNP position in the 14 chromosome 16 Nama haplotypes was assigned probabilistically
to one of these eight donor populations. The result of assignment from 10 iterations in the 14
Nama haplotypes were summarized by plotting the population assignment fraction (140 possible
assignments per SNP for the Nama: 10 iterations x 14 haplotypes). The chromosome-wide assignment
of Nama to each of the eight donor populations are shown in Figure S68 and in Figure S69 the
assignments to the 6 San donor population is summarized. The main text Figure 4D is similar
to Figure S69, except that 200-SNP windows have been used in the main text Figure to smooth
lines. Figure S70 and S71 shows enlarged versions of the region of interest for San donor populations
separate and summarized into one respectively.

Population assignments via CHROMOPAINTER indicated that the region of interest might be due
to admixture from the Bantu-speakers (South Africa) group. Population assignment results from
23 populations in the global dataset were less conclusive due to low SNP coverage over the region,
however, these analyses also indicated the Bantu-speakers (South Africa) were the most likely donor.

7.3 Searching for selective sweeps based on extended regions of
haplotype homozygosity

We scanned the genome for regions of extended haplotype homozygosity using the integrated hap-
lotype statistic iHS (20) which can detect selective sweeps that have not yet reached fixation in a
population. Following the approach described in (43), we chose the top 10 windows from 7 popula-
tions (Nama, Herero, and /Gui and //Gana were excluded due to small sample size). Among these
70 windows, those that had at least one |iHS| value among the genome wide top 10 constituted our
candidate windows (Table S16).

Peak on chromosome 10 for Ju/’hoansi
A particularly interesting region is found for Ju/’hoansi, it spanned 69.8 to 70.0Mb on chromosome
10 (Figure S72 and S73, and main text Figure 4A) and overlaps the MYPN (myopalladin) gene,
which is associated with muscle mass growth and the function of striated muscles (21, 141), and a
polymorphism in the gene has been found to change musculature in mammals (142). The iHS peak
in this window coincides with a 7SK snRNA, which controls the transcription of many genes, proba-
bly also MYPN, and suppression of these genes has been shown to cause enlarged muscle cells (143).
Although the signal for a selective sweep is strongest in the Ju/’hoansi, we also find significant signals
in Bantu-speakers (South Africa) and �=Khomani. The signal can also be detected in other groups,
including non African populations, suggesting that the selective sweep is either old or reoccurring.
All genes that overlap the candidate region are listed in Table S17.
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Peak on chromosome 1 for Karretjie
A strong signal of selection is also found on chromosome 1, in the Karretjie (Figure S74), probably
connected to the HHAT (hedgehog acyltransferase) gene, which encodes a signaling molecule that
governs SHH (Sonic hedgehog) signaling (144). The SHH and the hedgehog signaling pathway is one
of the most studied developmental pathways and plays a key role in the development of a wide range
of organs, morphology and the nervous system. The HHAT gene is furthermore involved in the orga-
nization and morphology of the developing embryo and has also been implicated in melanoma (145)
and Crimean-Congo hemorrhagic fever (146). All genes that overlap the candidate region are listed
in Table S18.

Peak on chromosome 6 for Karretjie
The iHS signal peaks inbetween the genes PRL and HDGFL1 and are upstream of both (PRL on
minus strand and HDGFL1 on positive strand). Of these two genes, PRL seems the more likely can-
didate for a selective sweep. PRL encodes the anterior pituitary hormone prolactin. This secreted
hormone is a growth regulator for many tissues, including cells of the immune system. It may also
play a role in cell survival by suppressing apoptosis, and it is essential for lactation. Moreover, (147)
suggested an important role for PRL in regulating adipose tissue metabolism during lactation. All
genes that overlap the candidate region are listed in Table S19.

Peak on chromosome 6 for �=Khomani (A)
A strong signal of selective sweeps is found on chromosome 6 (around 27.4Mb) near, but not overlap-
ping, the major histocompatibility complex (MHC, located between 29.9 and 33.1 Mb). This peak
is particularly pronounced in �=Khomani and Karretjie (Figure S76 and S77 and main text Figure
4B), and constitutes the most prominent peak across the entire genome and among all investigated
populations. All genes that overlap the candidate region are listed in Table S20. There are several
genes associated with the immune system surrounding the peak, including PRSS16 and POM121L2,
which have been suggested to protect against infectious diseases. The strong signal is unique to
Southern Khoe-San (Figure S76 S77 and main text Figure 4B), who had early and extensive contact
with European colonists (in contrast to northern Khoe-San). The contact led to exposure to new
and introduced infectious diseases and historic reports note, for example, several waves of smallpox
epidemics in the years 1713, 1755 and 1760 during which a large proportion (up to 90%) of the Cape
Khoe group died, while others fled to the interior spreading the infection (18). Such a drastic pop-
ulation reduction caused by disease could leave footprints in the genome, potentially as the strong
signature of selection around some immune genes that we observe in the Southern Khoe-San, but the
signature could also be caused by adaptation to general disease exposure that is known to increase
with the transition to a sedentary lifestyle.

Peak on chromosome 1 for Khwe
This peak spans a 2.6 Mb region and appears to consist of more than one peak perhaps reflecting
several selective sweeps (Figure S78). All genes that overlap the candidate region are listed in Ta-
ble S21. Picking out a single gene among the 20 genes is difficult but if only protein coding genes
with known function are considered, there are 11 genes remaining. Among these, genes that stand
out include 3 genes associated with mental phenotypes (SLC30A10, BPNT1, RAB3GAP2 ), 3 genes
encoding mitochondrial proteins (IARS2, MARC1, MARC2 ), and one gene involved in the immune
system (HLX ). Mutations in RAB3GAP2 are associated with Martsolf syndrome and Warburg Micro
syndrome (148). The diagnostic symptoms of this syndrome include mental retardation, cataracts,
short stature, primary hypogonadism, and minor digital and cephalic abnormalities. Other features
included brachycephaly, short philtrum, low posterior hairline, scoliosis, talipes valgus, flat feet, and
lax finger joints (149).
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Peak on chromosome 4 for Khwe
The location of the peak suggests that the selected gene should be one of the genes numbered 3 to
9 in Figure S79. Among these, number 6 is a psesudo gene while number 5 is of unknown function.
The remaining 5 genes are two immune system genes (IL2 and IL21 ), a gene whose nonfunctionality
is the cause of Bardet-Biedl syndrome type 12 (BBS12 ), and a fibroblast growth factor gene (FGF2 )
implicated in a multitude of physiologic and pathologic processes, including limb development, an-
giogenesis, wound healing, and tumor growth. NUDT6 is the antisense gene of FGF2 and may
regulate FGF2 expression. The region harboring IL2 and IL21 has also been implicated in celiac
diseases (150) Bardet-Biedl syndrome is a genetically heterogeneous, autosomal recessive ciliopathy
characterized by progressive retinal degeneration, obesity, cognitive impairment, polydactyly, and
kidney anomalies (151) and the link to obesity seems especially strong for BBS12 (152). All genes
that overlap the candidate region are listed in Table S22.

Peak on chromosome 10 for Bantu-speakers (South Africa)
All genes that overlap the candidate region are listed in Table S23. The location of the peak suggests
that the selected gene should be one of the genes with number 2 to 7 in Figure S80. Among these, 3
genes are particularly interesting. Mutations in RAB18 are associated with Warburg micro syndrome
type 3 (153). This provides a link to RAB3GAP which has also been implicated for Warburg micro
syndrome (see peak on chromosome 1 for Khwe above). The phenotype of Warburg micro syndrome
type 3 (similar to the Martsolf syndrome) include microphthalmia, microcephaly, pericardial edema,
delayed jaw formation, a reduced overall body size, and a general developmental delay. MKX codes
for a homeobox protein and studies in mice suggest that this protein may be a regulator of tendon
development (154). BAMBI negatively regulates TGF-beta signaling and is potentially related to
pigmentation (155) as well as adipogenesis (156).

7.4 Other regions of phenotypic interest

Other regions which do not show up in selection scans but have been linked to specific phenotypes in
previously studied populations are discussed in this section. There are two such regions of interest
discussed in more detail here, which are also mentioned or discussed in the main text in context of
lifestyle factors.

7.4.1 Lactase Persistense

The first region is a region on chromosome 2, which contains the LCT gene and has been associated
with Lactase Persistence (LP) in adults (157). A specific East African LP SNP (158) and putative
underlying haplotype (159) have been identified previously and high frequencies of the SNP and
haplotype have been reported in the East African Maasai group (158, 159). Here we report the
frequencies of the putative LP haplotype in all African populations in our 270 K dataset (Table
S24). We observe that the Maasai group has the highest frequency of the putative LP haplotype
(40.4%), followed by the Nama (35.7%). Indeed previous studies reported that Lactase Persistence
is common in Nama (50% in adults) compared to San groups (e.g. <10% in Ju/’hoansi (18)). The
pastoralist Bantu-speaking populations, on the other hand, have lower frequencies and the West
African Niger-Kordofanian farmers lack the putative LP haplotype. This reinforces the hypothesis
that the first introduction of pastoralism into Southern Africa (through the Khoe associated culture)
was from a group with East African ancestry. The second wave of pastoralists moving into Southern
Africa (Bantu-speakers that expanded from West Africa) did in fact not carry this LP haplotype at
high frequencies. Low frequencies in Eastern and Southern African Bantu-speakers might be due to
admixture with local pastoralist East Africans and Southern African Khoe groups.
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7.4.2 Muscle Performance

The second phenotype of interest has to do with muscle performance. A selection signal (particularly
strong in the Ju/’hoansi) associated with theMYPN gene, that play a role in muscle mass growth (21),
is discussed in the main text. Another interesting gene (also discussed in the main text) associated
with muscle performance is the ACTN3 gene (22). A specific SNP (rs1815739 C) in this gene has
been directly associated with fast twitching muscles and elite athletic performance. It has been
noted that Africans carry this SNP in high frequencies (160). For our African dataset we found that
Khoe-San populations, in fact, carry the highest frequencies of this functional SNP (Figure S81).
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8 Pastoralism in Southern Africa

Taking together various lines of evidence presented in the main article as well as preceding supple-
mentary sections, we propose that pastoralism was first introduced to Southern Africa via cultural
diffusion and later via demic diffusion. The Nama – a Khoe group that traditionally had a pastoralist
lifestyle in contrast to the hunter-gatherer lifestyle of the San groups – shows great genetic similarity
to the descendants of Southern San groups, such as �=Khomani and Karretjie (main text Figs. 1 and
2). The Nama individuals contain a small distinct genetic ancestry component that is shared with
East African groups, in particular the pastoralist Maasai (16% averaged across individuals assuming
11 clusters, main text Fig. 2B) and not the Sandawe or Hadza. This “East African” component is
also present at lower levels in the two �=Khomani groups (9.3% and 4.5%) and the Karretjie (4.5%)
– although less evenly distributed among individuals compared to the Nama –, but basically absent
(<1%) from the !Xun, the Ju/’hoansi and the /Gui and //Gana.

Furthermore, formal tests of “treeness” (7,123) were also highly significant in favor of gene flow
in the topology ([chimpanzee or Mandenka], Maasai),(Ju/hoansi, Nama) (D > 3%, Z-score > 8).
We also investigated the evidence of gene-flow between East African groups (Hadza and Maasai)
and the Khoe (Nama) and San (Ju/’hoansi) by applying TREEMIX v.1.03 (116) to these populations
(Figure S82). We rooted the ancestry graph using Ju/’hoansi and Nama, allowed for two migration
edges and computed SEs based on blocks of 2,000 SNPs. Allowing more migration edges resulted in
a migration from the base of the Maasai branch to its tip, and thus did not change the inference.
The resulting tree suggests gene flow from the Maasai to the Nama (point estimate of 27.9%), and
separate and lower level of gene flow from the Ju/’hoansi to the Hadza (point estimate of 10.7%).
While these precise quantities may be uncertain, this illustrates that although there is evidence of
low amounts of gene flow from East African hunter-gatherers and San groups, the affinity between
the Nama and pastoralist Maasai is a separate and more distinct signal.

Further supporting this association; lactase persistence is common in Nama (50% in adults)
compared to San groups (e.g. <10% in Ju/’hoansi (18)) and, interestingly, we found that the Nama
carries high frequencies of a haplotype putatively associated with lactase persistence in the Maasai
(159). This haplotype is rare in pastoralist Southern African Bantu-speakers, suggesting that the
genetic basis of lactase persistence in the Nama has an East African origin (Table S24).

Thus – consistent with some linguistic hypotheses on the origin of the Khoe-Kwadi language-
group (51) and with Y-chromosome haplogroup similarities (104) between East African and Khoe-
San groups – our genome-wide population-genetic data suggest that the pastoralist Nama originate
from a Southern San group that adopted pastoralism, with limited introgression from a group that
migrated to Southern Africa from East Africa, potentially bringing pastoralist practices, but who
were later assimilated by the resident populations.

The population structure analyses of sub-Saharan African populations showed a clear signal of
the range expansion of West Africans who today live in most areas of Africa (main text Figs. 1 and
2). South-eastern Bantu-speaking groups arrived in Southern Africa around 1,000 years BP as part
of the “Bantu expansion” driven by the development and spread of agriculture (105). At the time
of European colonization, the eastern parts of Southern Africa were occupied by Bantu-speaking
groups but rock-paintings and archaeological remains indicate that Khoe-San groups had previously
occupied these regions (106). On the contrary, in the western parts of Southern Africa, many
indigenous Khoe-San groups still exist today and Bantu-speakers arrived only a few hundred years
ago. In south-eastern Bantu-speakers (South Africa), the distinct fraction of Southern Khoe-San
ancestry (main text Fig. 2) indicates assimilation of local Khoe-San populations during the “Bantu
expansion”, whereas the south-western Bantu-speakers (Herero) display a much smaller fraction of
Khoe-San ancestry. There is also ample evidence of gene flow into the Khoe-San groups from Bantu-
speaking groups in essentially all sampled Khoe-San groups (main text Fig. 2).

To summarize, the different patterns of admixture in Southern African groups have implications
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on whether new cultures and technologies, such as farming practices, spread in Southern Africa
via cultural or demic diffusion (2, 161, 162). Pastoralism, first appearing in Southern Africa about
2,000 years ago (161–163), was potentially introduced by a small group of migrants from East Africa
that were assimilated by local hunter-gatherers, who changed to a pastoralist lifestyle. The second
introduction, via the “Bantu expansion”, led to a much more dramatic impact on the indigenous
peoples of Southern Africa, which can be seen in the genomes of current Southern Africans.
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9 Scan for evidence of selective sweeps in the ancestors

of modern humans

We devised an approach for searching for selective sweeps in the ancestral population of two extant
populations by detecting patterns of high derived allele frequencies in both populations (Figure S83).
In contrast to targeting the ancestral population of two populations, we could look for unusually high
derived allele frequencies in a single population, but the top outliers would many times be more recent
selective events. If a selective sweep occurred in the ancestral population, derived allele frequencies at
linked SNPs will be swept to high frequency or possibly fixed. When the two descendant populations
become isolated and selection at the locus subsides, allele frequencies are once again expected to be
subject to random genetic drift, but the effect of the sweep may be detected for quite some time.
However, two alternatives to ancestral selection for producing high aPBS values would be either
convergent selection or more recent selection in both populations mediated by gene flow.

To search for evidence of selective sweeps in early modern humans, we use the FST -based frame-
work of (164) to estimate the ancestral population branch statistic (aPBS) as the ’ancestral branch’
in the topology (chimpanzee,(Khoe-San, Bantu-speakers)). We estimated pairwise FST between each
population using eqn. 5.3 in (107) and the transformed FST to the coalescent time scale as

Ta−b = − log(1− FST ) (10)

and define the aPBS statistic (164) as:

aPBS =
TKhoeSan−chimpanzee + TBantuSpeakers−chimpanzee − TKhoeSan−BantuSpeakers

2
. (11)

Bantu-speakers were represented by Herero and Bantu-speakers (South Africa) (n=27 individuals),
whereas Khoe-San where represented by Ju/’hoansi, !Xun, /Gui and //Gana, Karretjie, �=Khomani
(A), and Nama (n=73). Admixed individuals were excluded. We computed an average aPBS statistic
for windows extending 10 SNPs to each side of each focal SNP, obtaining estimates for a total of
956,579 SNPs (SNPs for which FST or aPBS were undefined due to monomorphy were excluded).
The mean aPBS over all loci was -0.0212 and the standard deviation was 0.27. We define ’peak
regions’ as consecutive runs of SNPs with aPBS values over 0. We excluded regions with an average
of less than 1 SNP per 50 kb, obtaining a total of 25,851 peak regions ranging from 1 to 900kb (shown
in Figure 4F in the main text).

9.1 The top candidates for selection in early modern humans

Figure S84 shows the aPBS values across the human genome and Table S25 indicates the top 20
identified candidate regions for selection in the ancestors of modern humans. The top candidate for
selection in early modern humans is located in a region immediately upstream of the ROR2 gene
involved in regulating bone and cartilage development, and a gene (SPTLC1 ) involved in heredi-
tary sensory neuropathy (main text Figure 4F, Table S25; Figure S85). Mutations within ROR2
are known to cause autosomal recessive brachydactyly type B (shortening of digits) and Robinow
syndrome, a skeletal dysplasia with a set of symptoms that include short stature and limbs, char-
acteristic facial morphology and vertebral segmentation. Furthermore, ROR2 is up-regulated by
FOXP2 (165), the only gene presently known to be involved in speech and language disorders with
Mendelian inheritance (166), and which appears to have undergone accelerated evolution in the hu-
man lineage (167). The second greatest aPBS value (main text Figure 4F, Table S25; Figure S86) is
observed immediately upstream of SULF2 that encodes a signaling enzyme that regulates cartilage
development (168), and phenotypes associated with mutations in SULF2 include skeletal malforma-
tions (169) and distorted brain development (25). Notably, three of the top five candidate regions
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for selection in early modern humans contain genes that have been found to be involved in aspects
of skeletal development (ROR2, SULF2 and RUNX2 ). The largest of all 25,851 regions (∼900kb)
(main text Figure 4F, Table S25; Figure S88) comprises the gene RUNX2, which is implicated in
a syndrome known as craniocladial dysplasia. Interestingly, RUNX2 variation has been associated
with phenotypic differences between anatomically modern and archaic humans (7), such as frontal
bossing, clavical morphology and a bell-shaped rib cage (26) as well as regulating the closure of the
fontanel which is crucial for brain expansion (27). The region spanning RUNX2 was also identified
as the 13th best candidate for selection in early modern humans in an analysis using the Neandertal
draft genome (7). Furthermore, some morphological features, such as short stature and increased
space between the eyes (hypertelorism), are observed in both craniocladial dysplasia and Robinow
syndrome cases.

The two other genes in the top 5 candidate list for putative selection in early modern humans
comprise SDCCAG8 (Figure S87), involved in retinal-renal ciliopathy (170) Bardet-Beidl syndrome
(171), microcephaly (28), and obesity/weight loss (172). Finally, the fifth candidate, LRAT (Figure
S89), is putatively associated with Alzheimer’s disease (29). Including SULF2, three of the top five
candidate regions are thus associated with neuronal development.

Finally, we note that the 2.3M SNPs used in this analysis do not capture all genetic variation in
African populations (in particular the Khoe-San). An even better view of possible selection in the
ancestors of modern humans will thus be available from multiple complete genomes.

9.2 TMRCA of candidate regions for selection in two complete
genomes

To investigate whether the candidate regions for selection had atypical time to most recent common
ancestor (TMRCA) compared to the rest of the genome, we estimated TMRCA of the two complete
diploid genomes from a San individual and a Bantu-speaking individual from Southern Africa se-
quenced by ref. (9). We used an alignment with the chimpanzee genome provided by the authors (9)
and a simple estimator of TMRCA (173) and applied it to 5,057 regions of 20 kb each which were
separated by at least 5,000,000 bp to attain a view of the genome-wide distribution of TRMCAs
between chromosomes of the two genomes. Additionally, we estimated TMRCA in regions extending
10 kb to either side of the top SNP in each aPBS peak (also total 20 kb). We find that while two
genomes only offer a limited view, the analysis does not provide evidence for TMRCAs around aPBS
peaks to be atypical compared to the rest of the genome (Figure S90).
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Figures

Figure S1: Fraction of SNPs that share no allele (X-axis) and fraction of SNPs that share two alleles
(Y-axis) for pairs of individuals from the Ju/’hoansi and the HGDP San. One individual from each
pair marked in red were removed from further analysis.
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Figure S2: Fraction of SNPs that share no allele (X-axis) and fraction of SNPs that share two alleles
(Y-axis) for pairs of individuals from Herero and the Bantu-speakers (Southern Africa + Kenya –
HGDP. One individual from each pair marked in red were removed from further analysis.)
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Figure S3: Fraction of SNPs that share no allele (X-axis) and fraction of SNPs that share two alleles
(Y-axis) for pairs of individuals from the �=Khomani (A) and the �=Khomani (B). One individual
from each pair marked in red were removed from further analysis.
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Figure S4: PCA for Southern African individuals based on ∼ 2.3M SNPs.
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Figure S6: PCA for a world-wide set of individuals based on ∼ 270k SNPs.
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Figure S7: PCA for a world-wide set of individuals (admixed individuals removed) based on ∼ 270k
SNPs.
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Figure S8: PCA for sub-Saharan individuals (admixed individuals removed) based on ∼ 270k SNPs.
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Figure S9: PCA transformed to geography using Procrustes analysis.
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Figure S11: Histograms of the absolute value of the principal components coordinates.
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Figure S12: Population PCA for three groups: Southern Khoe-San, Pygmies, and Bantu-speakers.
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Figure S13: Projecting Khwe (green), and /Gui and //Gana (blue) onto two axes defined by South-
ern Khoe-San, Pygmies, and Bantu-speakers.
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Figure S14: Projecting the global set of populations onto two axes defined by Southern Khoe-San,
Pygmies, and Bantu-speakers.
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Figure S16: Population structure for Southern African individuals based on ∼ 2.3M SNPs and
assuming 2 to 9 clusters.

66



K = 2

K = 3

K = 4

K = 5

K = 6

K = 7

K = 8

H
er

er
o

B
an

tu
-s

pe
ak

er
s 

(S
ou

th
 A

fr
ic

a)

K
hw

e

K
B

1
/G

ui
 a

nd
 //

G
an

a

!X
un

Ju
/’h

oa
ns

i

N
am

a

≠
K

ho
m

an
i

K
ar

re
tji

e
Figure S17: Population structure for Southern African individuals (admixed individuals removed)
based on ∼ 2.3M SNPs and assuming 2 to 8 clusters.

67



C
ol

ou
re

d 
(W

el
lin

gt
on

)

C
ol

ou
re

d 
(C

ol
es

be
rg

)

K
ar

re
tji

e

≠
K

ho
m

an
i (

A
)

≠
K

ho
m

an
i (

B
)

N
am

a
Ju

/’h
oa

ns
i

Ju
/’h

oa
ns

i (
H

G
D

P)
!X

un
/G

ui
 a

nd
 //

G
an

a
M

bu
ti

B
ia

ka
K

hw
e

H
ad

za

Sa
nd

aw
e

M
aa

sa
i

B
an

tu
-s

pe
ak

er
s 

(S
ou

th
 A

fr
ic

a)
B

an
tu

-s
pe

ak
er

s 
(S

ou
th

er
n 

A
fr

ic
a 

- H
G

D
P)

H
er

er
o

Lu
hy

a

B
an

tu
-s

pe
ak

er
s 

(K
en

ya
 - 

H
G

D
P)

Yo
ru

ba
 (H

ap
M

ap
)

Yo
ru

ba
 (H

G
D

P)

M
an

de
nk

a
A

fr
ic

an
 A

m
er

ic
an

M
oz

ab
ite

B
ed

ou
in

Pa
le

st
in

ia
n

D
ru

ze

Tu
sc

an
 (H

ap
M

ap
)

Tu
sc

an
 (H

G
D

P)
Sa

rd
in

ia
n

N
or

th
 It

al
ia

n
Fr

en
ch

 B
as

qu
e

Fr
en

ch

Eu
ro

pe
an

 (N
or

th
w

es
te

rn
)

O
rc

ad
ia

n

R
us

si
an

A
dy

ge
i

M
ak

ra
ni

B
al

oc
hi

B
ra

hu
i

K
al

as
h

Pa
th

an

Si
nd

hi

B
ur

us
ho

G
uj

ar
at

i I
nd

ia
n

H
az

ar
a

U
yg

ur
Xi

bo
Ya

ku
t

Tu
M

on
go

la
D

au
r

H
ez

he
n

O
ro

qe
n

C
am

bo
di

an
La

hu
Yi

zu
N

ax
i

D
ai

Tu
jia

M
ia

oz
u

Sh
e

H
an

 (H
G

D
P)

H
an

 (H
ap

M
ap

)

Ja
pa

ne
se

 (H
G

D
P)

Ja
pa

ne
se

 (H
ap

M
ap

)

M
el

an
es

ia
n

Pa
pu

an
Pi

m
a

M
ay

a
C

ol
om

bi
an

K
ar

iti
an

a
Su

ru
i

K = 2

K = 7

K = 6

K = 5

K = 4

K = 3

K = 10

K = 9

K = 8

K = 15

K = 14

K = 13

K = 12

K = 11

Figure S18: Population structure for a worldwide set of individuals based on ∼ 270k SNPs assuming
2 to 15 clusters.
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Figure S19: Population structure for a worldwide set of individuals (admixed individuals removed)
based on ∼ 270k SNPs assuming 2 to 15 clusters.
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Figure S20: Population structure for sub-Saharan individuals (admixed individuals removed) based
on ∼ 270k SNPs assuming 2 to 15 clusters.
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Figure S22: Population structure for sub-Saharan individuals (admixed individuals removed) assum-
ing 2 to 12 clusters. The population structure inference was based on haplotypes, or combinations
of SNP variants, instead of SNPs.
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Figure S23: Distograms of the pairwise FST values computed from ∼ 270k SNPs for the global
dataset.
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Figure S24: Unrooted neighbor-joining population tree based on pairwise (log transformed: − log(1−
FST )) FST values computed from ∼ 270k SNPs. Geographic regions of the populations are indicated
in the tree.
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Figure S25: Distograms of the pairwise FST values for the (A) sub-Saharan dataset and (B) sub-
Saharan dataset excluding Hadza.

75



� ���� ���� ���� ���� ���� ����

�
��

�
�
��

�
�
��

�
�
��

�

�
��������������
�
�����������
�������"��
�#
������$��
�%

��������
���
��������"#


$
�
�

&'����*�����,�;�����*�������


<�=�'��;>�'?��*���������

Figure S26: Genetic distance (FST ) as a function of geographic distance (great circle distance) for
all sub-Saharan African populations.
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Figure S27: Genetic distance (FST ) as a function of geographic distance (great circle distance) for
all sub-Saharan African populations excluding Bantu-speaking populations.
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Figure S28: Distograms of the pairwise FST values for Southern African populations based on ∼2.3M
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Figure S29: Un-rooted neighbor-joining population tree of Southern African populations based on
pairwise (log transformed: − log(1− FST )) FST values computed from ∼ 2.3M SNPs.
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Figure S30: Predictive error for each of the 20 first principal components and each of the 7 models.
The error was calculated using a 5-fold cross-validation procedure.
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Figure S31: Predictive error averaged over the 10 first principal components for each of the 7
models. A: Sub-Saharan dataset, B: Southern Africa dataset, C: Southern Africa dataset without
Bantu-speakers
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Figure S32: Inferred topology using all sub-Saharan African populations and ∼ 270,000 SNPs.
Branch lengths are not related to divergence time or genetic distance.
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Figure S33: Illustration of models used to investigate the effect of recent admixture on the C-
statistic.
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Figure S34: Results of simulations investigating the effect of admixture on the C-statistic. While
C > 0, the true topology is correctly inferred. For illustration of the models see Figure S33.
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Figure S35: Illustration of the 1,029 four-taxon tests of the hypothesis that East African Hadza
are the closest relatives to non-Africans in the data analyzed here. All 980 concordance tests not
involving the Maasai as the other African group were significantly supported (Z > 3). Note that
”Africans” in this Figure are not a monophyletic grouping (see above), but tested individually the
grouping (chimpanzee,(African,(Hadza,non-African)) is robust.
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Figure S36: Comparisons between FST estimated using our SNP data and the results of ref. (12).
In A), pairwise FST between all populations present in both this study and ref. (12) are presented,
with SEs for this study given (estimated using a block jackknife approach). The largest discrepancies
are between San and pastoralist populations, but FST s between San and Mbuti are almost identical.
In B), FST computed based on simulations of a demographic model inferred for San and Mbuti are
given stratified by a minor allele frequency threshold in each population (MAF), and compared to
our estimates on empirical SNP data using the same threshold. In C), the same comparison as in B)
is made between San and Mandenka.
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Figure S37: Inferred topology using all sub-Saharan African populations and ∼ 270,000 SNPs.
Divergence time estimates for chosen nodes are given. See Table S9 and the text for details. Branch
lengths are not related to divergence time or genetic distance.
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Figure S38: Divergence times between sub-Saharan African hunter-gatherer populations scaled by
the time back to the ancestral population of all modern humans.
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global set of populations.
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Figure S41: Haplotype heterozygosity (A) and richness (B) for three populations from which we
have two independent samples: West African Yoruba, Southern African �=Khomani, and European
Tuscan.
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Figure S42: Number of private haplotypes as a function of haplotype size in global set of populations.
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Figure S43: Number of private haplotypes as a function of haplotype size in global set of populations.
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Figure S44: Linkage disequilibrium vs. physical distance (<10kb). r2 was calculated for each pair of
SNPs with minor allele frequency greater than or equal to 0.10. The mean r2 within a bin is plotted
as a function of the mean of the distance between pairs of SNPs within the bin. The bin size was
100bp.

94



10 20 30 40 50 60 70 80 90 100
0.1

0.15

0.2

0.25

0.3

0.35

0.4

/Gui and //Gana

Ju/’hoansi

Karretjie

≠Khomani Khwe

Nama

Bantu-speakers (South Africa)

Herero

!Xun

distance (kb)

r2

Figure S45: Linkage disequilibrium vs. physical distance (<100kb). r2 was calculated for each pair
of SNPs with minor allele frequency greater than or equal to 0.10. The mean r2 within a bin is
plotted as a function of the mean of the distance between pairs of SNPs within the bin. The bin size
was 100bp.
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Figure S46: Linkage disequilibrium vs. physical distance (<100kb). r2 was calculated for each pair
of SNPs with minor allele frequency greater than or equal to 0.10. The mean r2 within a bin is
plotted as a function of the mean of the distance between pairs of SNPs within the bin. The bin size
was 5kb.
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Figure S47: Example of 6 heatmaps representing the − log10 of the Mean Square Error between the
observed r2 curves obtained in section 8.2 and the simulated r2 curves as described above.
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Figure S49: Fifty repeats of RoH with random sub-samples (without replacement) of 7 individuals
from each population (0.5-1Mb class). Straight lines are due to populations that contain exactly 7
individuals.
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Figure S50: Distribution of long runs of homozygosity for the African dataset across all length
classes
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Figure S51: The number of runs of homozygosity compared to the total length in RoH for popula-
tions
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Figure S52: The number of runs of homozygosity compared to the total length in RoH for individuals
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Figure S53: Haplotype heterozygosity at 50kb in the Old World. Geographical distribution (A) and
as a function distance from East Africa (Addis Ababa) in non-Africans (B). Populations associated
with the Bantu-expansion are shown as diamonds in (A).
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Figure S54: Haplotype richness at 50kb in the Old World. Geographical distribution (A) and as a
function distance from East Africa (Addis Ababa) in non-Africans (B). Populations associated with
the Bantu-expansion are shown as diamonds in (A).
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Figure S55: ρ = 4Ner estimated from LD in the Old World. Geographical distribution (A) and as a
function distance from East Africa (Addis Ababa) in non-Africans (B). Populations associated with
the Bantu-expansion are shown as diamonds in (A).
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Figure S56: Runs of homozygosity in the Old World. Geographical distribution (A) and as a
function distance from East Africa (Addis Ababa) in non-Africans (B). Populations associated with
the Bantu-expansion are shown as diamonds in (A).
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Figure S57: Haplotype (50kb) heterozygosity (A), haplotype richness (50kb) (B), Rho from LD (C),
and Runs of Homozygosity averaged over 50 replicates (D) recapitulate previously observed patterns
in West Eurasian populations (126,129).
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Figure S58: Pairwise correlations between summary statistics in sub-Saharan African populations.
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Figure S59: Frequency spectra for non-Africans. Populations (and related populations) used in
ascertainment panels (European and Asian) are shown in blue. Populations that are geographically
and/or genetically distinct from the ascertained populations (red – Colombian, Karitiana, Pima,
Surui, Melanesian, and Papuan) display frequency spectra that are less flat, presumably due to the
weaker effect of ascertainment bias in these populations.
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Figure S60: Frequency spectra for sub-Saharan African populations (red) and non-sub-saharan
African populations (blue) based on ∼270k SNPs.
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Figure S61: Frequency spectra for African populations based on ∼270k SNPs. The populations (red)
displaying the most “flat” spectra are West and East African populations (or Bantu-speaking pop-
ulations from Southern African of West African origin): Sandawe, Luhya, Bantu-speakers (Kenya –
HGDP), Bantu-speakers (Southern Africa), Herero, Yoruba (HapMap), Mandenka, Yoruba (HGDP),
and Massai. Intermediate spectra are found for the Biaka and Khwe populations (blue), which are
hypothesized to have substantial (non-recent) admixture with Bantu-speaking groups. The indige-
nous Southern African Khoe-San populations (�=Khomani (A), �=Khomani (B), /Gui and //Gana,
Ju/’hoansi, Karretjie, Nama, !Xun) and the central African Mbuti display the least flat frequency
spectra (yellow).
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Derived count

Figure S62: Frequency spectra for Southern African populations and based on ∼2.3M SNPs.
Ju/’hoansi, Nama, �=Khomani (A), Karretjie, !Xun, /Gui and //Gana (blue), Bantu-speakers (South-
ern Africa), Herero, and Khwe. Note that the Bantu-speaking populations and the Khoe-San pop-
ulations show much more similar frequency spectra for this 10 times larger set of SNPs, compare
e.g. with Figure S61, possibly an indication of that for the larger set of SNPs, the effect on the
Bantu-speaking populations is less pronounced.
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Figure S63: Comparison of frequency spectra for non-African populations. Spectra from sequence
data is shown in black, and spectra from ∼270k SNP data is shown in red.
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Figure S64: Comparison of frequency spectra for African populations. Spectra from sequence data
is shown in black, spectra from ∼270k SNP data is shown in red, and spectra from ∼2.3M SNP data
is shown in yellow. Including admixed individuals has basically no effect on the spectra (dashed vs
solid line).
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Figure S65: The Sum of Squared Differences (SSD) between the HOMINID sequence data and
SNP-chip data.
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Figure S66: Box plot with the distribution of the FST values for Khoe-San vs Bantu-speakers
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Figure S67: Box plot with the distribution of the FST values for Nama vs San.
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Figure S68: The chromosome-wide assignment of Nama to each of the eight donor populations. FST

is represented as grey dots, population assignment over chromosome regions is shown with donor
population colors according to the legend. Thick broken lines are chromosome-wide averages. Thin
broken green line is upper 99th percentile line for assignments to the Bantu-speakers (South Africa)
group
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Figure S69: The chromosome-wide assignment of Nama to the 6 San donor population summarized
(purple) and the two Bantu-speaking populations (green). FST is represented as grey dots. Thick
broken lines are chromosome-wide averages. Thin broken green line is 99th percentile line for assign-
ments to Bantu-speakers (South Africa) group. Thin broken purple line is lower 99th percentile line
for assignments to San groups.

119



�
�
�

�
�

�
�

�
�

�
�
�

~
�
�
?
'�

�

�
�
;

�

=

�
��

�
�

�

�
#

�
�
��
��




�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
Z

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
Z

�
�

��
,

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
,

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
Z

�
�

��
�

�
�

�Z
�

�
�

�Z
�

�
�

�Z
�

�
�

�Z
Z

�
�

�Z
,

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
Z

�
�

��
,

�
�

��
,

�
�

�,
�

�
�

�,
�

�
�

�,
�

�
�

�,
�

�
�

�,
�

�
�

��
�

����#���#�����
�
���
��<�

≠ |��#��
��Q

��?�
|���
`�?
���=�``����
�?`������

|������
�
V���?;����"�����&�?���Q	�
��

[�����
$��

Figure S70: The enlarged view of the region of interest showing the assignment of Nama to each
of the eight donor populations separately. FST is represented as grey dots, population assignment
over chromosome regions is shown with donor population colors according to the legend. Thick
broken lines are chromosome-wide averages. Thin broken green line is upper 99th percentile line for
assignments to Bantu-speakers (South Africa) group.

120



�
�
�

�
�

�
�

�
�

�
�
�

~
�
�
?
'�

�

�
�
;

�

=

�
��

�
�

�

�
#

�
�
��
��




�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
Z

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
Z

�
�

��
,

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
,

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
Z

�
�

��
�

�
�

�Z
�

�
�

�Z
�

�
�

�Z
�

�
�

�Z
Z

�
�

�Z
,

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
�

�
�

��
Z

�
�

��
,

�
�

��
,

�
�

�,
�

�
�

�,
�

�
�

�,
�

�
�

�,
�

�
�

�,
�

�
�

��
�

����#���#�����
�
���
��<�

Q''�&��
V���?;����"�����&�?���Q	�
��

[�����
$��

Figure S71: The enlarged view of the region of interest showing the assignment of Nama to each of
the donor populations with San donor populations summarized into one value. FST is represented
as grey dots, population assignment over chromosome regions is shown with donor population colors
according to the legend. Thick broken lines are chromosome-wide averages. Thin broken green line
is 99th percentile line for assignments to Bantu-speakers (South Africa) group. Thin broken purple
line is lower 99th percentile line for assignments to San groups.
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Figure S72: |iHS| values for Khoe-San and Bantu-speaking populations for chromosome 10
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Figure S73: |iHS| for each SNP (black dots) from position 69.6Mb to 70.2Mb on chromosome 10
in Ju/’hoansi surrounding the muscle gene MYPN. The vertical dashed line shows the position of
the maximum |iHS| value. The orange horizontal bars give the genome wide |iHS| average for the
particular population and the vertical lines indicates the standard deviation. The empirical p-values
for 200kb regions centered on the peak are also given for each population. The locations of genes in
the region are shown by blue rectangles and the gene names are given in Table S17.
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Figure S74: The genes on chromosome 1 from position 210.4-211 Mb corresponding to a candidate
windows in Karretjie. The vertical dashed line shows the position of the maximum |iHS| value. The
orange horizontal bars give the genome wide |iHS| average for the particular population and the
vertical lines indicates the standard deviation. The empirical p-values for 200kb regions centered on
the peak are also given for each population. The locations of genes in the region are shown by blue
rectangles and the gene names are given in Table S18.
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Figure S75: The genes on chromosome 6 from position 22.4-22.6Mb corresponding to a candidate
window in Karretjie. The vertical dashed line shows the position of the maximum |iHS| value. The
orange horizontal bars give the genome wide |iHS| average for the particular population and the
vertical lines indicates the standard deviation. The empirical p-values for 200kb regions centered on
the peak are also given for each population. The locations of genes in the region are shown by blue
rectangles and the gene names are given in Table S19.
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Figure S76: |iHS| values for Khoe-San and Bantu-speaking populations for chromosome 6
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Figure S77: The genes on chromosome 6 from position 26.8-28.0Mb corresponding to a candidate
window in �=Khomani (A) surrounding the immune system genes PRSS16 and POM121L2, including
the numerous tRNA (n=83) and histone (n=21) genes in this region. The vertical dashed line shows
the position of the maximum |iHS| value. The orange horizontal bars give the genome wide |iHS|
average for the particular population and the vertical lines indicates the standard deviation. The
empirical p-values for 200kb regions centered on the peak are also given for each population. The
locations of genes in the region are shown by blue rectangles and the gene names are given in Table
S20.
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Figure S78: The genes on chromosome 1 from position 219.6-222.2Mb corresponding to a candidate
windows in Khwe. The vertical dashed line shows the position of the maximum |iHS| value. The
orange horizontal bars give the genome wide |iHS| average for the particular population and the
vertical lines indicates the standard deviation. The empirical p-values for 200kb regions centered on
the peak are also given for each population. The locations of genes in the region are shown by blue
rectangles and the gene names are given in Table S21.
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Figure S79: The genes on chromosome 4 from position 123.4-123.8Mb corresponding to a candidate
window in Khwe. The vertical dashed line shows the position of the maximum |iHS| value. The
orange horizontal bars give the genome wide |iHS| average for the particular population and the
vertical lines indicates the standard deviation. The empirical p-values for 200kb regions centered on
the peak are also given for each population. The locations of genes in the region are shown by blue
rectangles and the gene names are given in Table S22.
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Figure S80: The genes on chromosome 10 from position 27.8-28.8Mb corresponding to a candidate
window in Bantu-speakers (South Africa). The vertical dashed line shows the position of the maxi-
mum |iHS| value. The orange horizontal bars give the genome wide |iHS| average for the particular
population and the vertical lines indicates the standard deviation. The empirical p-values for 200kb
regions centered on the peak are also given for each population. The locations of genes in the region
are shown by blue rectangles and the gene names are given in Table S23.
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Figure S81: Frequencies of the rs1815739 C variant sorted in decreasing order.
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Figure S82: Ancestry graph estimated using TREEMIX suggesting gene flow between East African
groups and Khoe-San groups
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Figure S83: The aPBS statistic as a function of allele frequencies in the two descendant populations.
Consecutive runs of SNPs with high frequency in two diverged populations are expected to be rare
genome-wide, and can be used as a footprint of selective sweeps in the ancestral population. The
aPBS is designed to capture this type of pattern.
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Figure S84: Manhattan plot of aPBS values for each SNP, which were computed in a window
extending 10 SNPs to each side (total 21 SNPs in each window).
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Figure S85: The top candidate region for selective sweeps in the ancestors of modern humans
identified by the aPBS statistic.
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Figure S86: The second top candidate region for selective sweeps in the ancestors of modern humans
identified by the aPBS statistic.
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Figure S87: The third top candidate region for selective sweeps in the ancestors of modern humans
identified by the aPBS statistic.
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Figure S88: The fourth top candidate region for selective sweeps in the ancestors of modern humans
identified by the aPBS statistic.
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Figure S89: The fifth top candidate region for selective sweeps in the ancestors of modern humans
identified by the aPBS statistic.
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genomes.
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Tables

Table S1: A description of sample groups, including group name, group membership, place of sam-
pling and origin, and number of individuals. Country Abbreviations: AN - Angola, BT - Botswana,
NM - Namibia, and SA - South Africa. A detailed description of the populations and the sampling
process is described in section 2.

Ethnic group name Main population group Place of sampling Place of origin Geno- QC Adm.
(Country) (If different from sampling) typed rem.

Karretjie People San Colesberg (SA) 20 20 12
Colesberg Coloured Coloured Colesberg (SA) 20 20 0
Wellington Coloured Coloured Wellington (SA) 20 20 0
Nama Khoe Windhoek (NM) 20 20 7
/Gui and //Gana San Kutse Game reserve (BT) 20 15 7
Ju/’hoansi San Tsumkwe (NM) 20 18 17
!Xun San Omega camp (NM), Schmidtsdrift (SA) Around Menongue (AN) 20 19 13
Khwe San Omega camp (NM), Schmidtsdrift (SA) Caprivi strip (NM, AN, BT) 18 17 17
�=Khomani San Askham (SA) 40 39 17
Herero Southwestern Bantu-speakers Windhoek (NM) 12 12 8
Bantu-speakers Southeastern Bantu-speakers Various (SA) 20 20 19

(S. Africa) (Zulu, Southern Sotho, Tswana)
Total 230 220 100
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Table S2: Number of individuals removed due to admixture.

Group Panel Comment Removed inds. Remaining inds.
/Gui and //Gana KSP Removed due to European and Bantu-speaking admixture 8 7
Ju/’hoansi KSP Removed due to European and Bantu-speaking admixture 1 17
Karretjie KSP Removed due to European and Bantu-speaking admixture 8 12
�=Khomani (A) KSP Removed due to European and Bantu-speaking admixture 22 17
Nama KSP Removed due to European and Bantu-speaking admixture 13 7
!Xun KSP Removed due to European and Bantu-speaking admixture 6 13
Bantu-speakers (S. Africa) KSP Removed due to European and Khoe-San admixture 1 19
Herero KSP Removed due to European and Khoe-San admixture 4 8
Coloured (Colesberg) KSP Whole group removed 20 0
Coloured (Wellington) KSP Whole group removed 20 0
Hadza HENN Removed due to European and Bantu-speaking admixture 10 7
�=Khomani (B) HENN Removed due to European and Bantu-speaking admixture 16 11
Sandawe HENN Removed due to European and Bantu-speaking admixture 4 24
Total 133 142
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Table S3: Population information.
Panel Population Country Region Sample size Excl. adm. Lat (N) Long (E)

Henn �=Khomani (B) South Africa AFRICA 27 11 -26.974138 20.794373

Hgdp San Namibia AFRICA 2 2 -21 20

KSP Khwe Angola AFRICA 17 17 -17.363921 22.950439

KSP !Xun Angola AFRICA 19 13 -14.628943 17.666016

KSP /Gui and //Gana Botswana AFRICA 15 7 -23.650898 24.6698

KSP Ju/’hoansi Namibia AFRICA 18 17 -19.597399 20.494995

KSP Nama Namibia AFRICA 20 7 -22.558559 17.072754

KSP Karretjie South Africa AFRICA 20 12 -30.712638 25.101013

KSP �=Khomani (A) South Africa AFRICA 39 17 -26.974138 20.794373

KB1 KB1 Namibia AFRICA 1 1 -22.558559 17.072754

Hgdp Biaka Cent. Afr. Rep. AFRICA 22 22 4 17

Hgdp Mbuti Congo AFRICA 13 13 1 29

Henn Hadza Tanzania AFRICA 17 7 -3.382555 36.68335

Henn Sandawe Tanzania AFRICA 28 24 -6.180241 35.744019

HapMap Luhya Kenya AFRICA 80 80 0.617603 34.762115

Hgdp Bantu-speakers (Kenya) Kenya AFRICA 11 11 -3 37

Hgdp Bantu-speakers (S. Africa - HGDP) South Africa AFRICA 6 6 -21 18.7

KSP Herero Namibia AFRICA 12 8 -22.558559 17.072754

KSP Bantu-speakers (South Africa) South Africa AFRICA 20 19 -26.256637 28.037109

HapMap Yoruba (HapMap) Nigeria AFRICA 9 9 8 5

Hgdp Yoruba (HGDP) Nigeria AFRICA 21 21 8 5

Hgdp Mandenka Senegal AFRICA 22 22 12 -12

HapMap Maasai Kenya AFRICA 57 57 -1.321172 36.826172

KSP Coloured (Colesberg) South Africa AFRICA 20 0 -30.712638 25.101013

KSP Coloured (Wellington) South Africa AFRICA 20 0 -33.643282 19.011841

HapMap ASW [African American] USA NA 12 0 NA NA

Hgdp Mozabite Algeria-Mzab MIDDLE EAST 27 27 32 3

Hgdp Druze Israel-Carmel MIDDLE EAST 42 42 32 35

Hgdp Palestinian Israel-Central MIDDLE EAST 46 46 32 35

Hgdp Bedouin Israel-Negev MIDDLE EAST 45 45 31 35

HapMap GIH [Gujarati Indian-American] India C/S ASIA 84 84 23 72

Hgdp Uygur China C/S ASIA 10 10 44 81

Hgdp Xibo China C/S ASIA 9 9 43.5 81.5

Hgdp Balochi Pakistan C/S ASIA 24 24 30.5 66.5

Hgdp Brahui Pakistan C/S ASIA 25 25 30.5 66.5

Hgdp Burusho Pakistan C/S ASIA 25 25 36.5 74

Hgdp Hazara Pakistan C/S ASIA 22 22 33.5 70

Hgdp Kalash Pakistan C/S ASIA 23 23 36 71.5

Hgdp Makrani Pakistan C/S ASIA 25 25 26 64

Hgdp Pathan Pakistan C/S ASIA 22 22 33.5 70.5

Hgdp Sindhi Pakistan C/S ASIA 24 24 25.5 69

HapMap CEU [European (Northwestern)] CEPH EUROPE 17 17 55 -3

HapMap Tuscan (HapMap) Italy EUROPE 88 88 43 11

Hgdp French France EUROPE 28 28 46 2

Hgdp French Basque France EUROPE 24 24 43 0

Hgdp North Italian Italy EUROPE 12 12 46 10

Hgdp Sardinian Italy EUROPE 28 28 40 9

Hgdp Tuscan (HGDP) Italy EUROPE 7 7 43 11

Hgdp Orcadian Orkney EUROPE 15 15 59 -3

Hgdp Russian Russia EUROPE 25 25 61 40

Hgdp Adygei Russia-Caucasus EUROPE 17 17 44 39

HapMap Han (HapMap) China EAST ASIA 84 84 32.5 114

HapMap Japanese (HapMap) Japan EAST ASIA 82 82 38 138

Hgdp Cambodian Cambodia EAST ASIA 10 10 12 105

Hgdp Dai China EAST ASIA 10 10 21 100

Hgdp Daur China EAST ASIA 9 9 48.5 124

Hgdp Han China EAST ASIA 44 44 32.5 114

Hgdp Hezhen China EAST ASIA 9 9 47.5 133.5

Hgdp Lahu China EAST ASIA 8 8 22 100

Hgdp Miaozu China EAST ASIA 10 10 28 109

Hgdp Mongola China EAST ASIA 10 10 48.5 119

Hgdp Naxi China EAST ASIA 8 8 26 100

Hgdp Oroqen China EAST ASIA 9 9 50.5 126.5

Hgdp She China EAST ASIA 10 10 27 119

Hgdp Tu China EAST ASIA 10 10 36 101

Hgdp Tujia China EAST ASIA 10 10 29 109

Hgdp Yizu China EAST ASIA 10 10 28 103

Hgdp Japanese Japan EAST ASIA 28 28 38 138

Hgdp Yakut Siberia EAST ASIA 25 25 70 129.5

Hgdp Melanesian Bougainville OCEANIA 11 11 -6 155

Hgdp Papuan New Guinea OCEANIA 17 17 -4 143

Hgdp Karitiana Brazil AMERICA 13 13 -10 -63

Hgdp Surui Brazil AMERICA 8 8 -11 -62

Hgdp Colombian Colombia AMERICA 7 7 3 -68

Hgdp Maya Mexico AMERICA 21 21 19 -91

Hgdp Pima Mexico AMERICA 14 14 29 -108

- chimpanzee - - 1 1 NA NA

- Human ancestor - - 1 1 NA NA

TOTAL 1745 1612
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Table S4: Description of sample groups.

Group – additional classification Country of origin Main language group Language subgroup Subsistence Sample size (1)

Ju/’hoansi – San Namibia Khoisan-Ju Southeast Hunter-Gatherer 18 (17)

!Xun – San Angola Khoisan-Ju Northwest Hunter-Gatherer 19 (13)

/Gui and //Gana – San Botswana Khoisan-Khoe Kalahari Hunter-Gatherer 15 (7)

Karretjie – San, Khoe South Africa Khoisan-Tuu, Khoisan-Khoe !Ui and KhoeKhoe Hunter-Gatherer and Herder 20 (12)

�=Khomani (A) – San, Khoe South Africa Khoisan-Tuu, Khoisan-Khoe Taa and KhoeKhoe Hunter-Gatherer and Herder 39 (17)

Nama – Khoe Namibia Khoisan-Khoe KhoeKhoe Herder 20 (7)

Khwe – San Angola, Namibia Khoisan-Khoe Kalahari Hunter-Gatherer 17 (17)

Coloured (Colesberg) South Africa Indo-European Germanic Mixed 20 (0)

Coloured (Wellington) South Africa Indo-European Germanic Mixed 20 (0)

Herero Namibia Niger-Kordofanian Bantoid Farmer 12 (8)

Bantu-speakers (South Africa) South Africa Niger-Kordofanian Bantoid Farmer 20 (19)

Ju/’hoansi (HGDP) Namibia Khoisan-Ju Southeast Hunter-Gatherer 22 (2)

KB1 – San (Schuster et al. 2010) Namibia Khoisan-Tuu - Hunter-Gatherer 1 (1)

�=Khomani (B) (Henn et al. 2011) South Africa Khoisan-Tuu, Khoisan-Khoe Taa and KhoeKhoe Hunter-Gatherer and Herder 272 (11)

Biaka – Pygmy (HGDP) Central African Rep. Niger-Kordofanian Adamawa-Ubangi Hunter-Gatherer 22 (22)

Mbuti – Pygmy (HGDP) Dem. Rep. of Congo Nilo-Saharan Central Sudanic Hunter-Gatherer 13 (13)

Hadza (Henn et al. 2011) Tanzania Khoisan-Hadza Hadza Hunter-Gatherer 17 (7)

Sandawe (Henn et al. 2011) Tanzania Khoisan-Sandawe Sandawe Hunter-Gatherer 28 (24)

Bantu-speakers (Kenya - HGDP) Kenya Niger-Kordofanian Bantoid Farmer 11 (11)

Luhya (HapMap) Kenya Niger-Kordofanian Bantoid Farmer 80 (80)

Bantu-speakers (S. Afr. - HGDP) S. Africa, Namibia Niger-Kordofanian Bantoid Farmer 62 (6)

Yoruba (HGDP) Nigeria Niger-Kordofanian Defoid Farmer 21 (21)

Yoruba (HapMap) Nigeria Niger-Kordofanian Defoid Farmer 9 (9)

Mandenka (HGDP) Senegal Niger-Kordofanian Mande Farmer 22 (22)

Maasai (HapMap) Kenya Nilo-Saharan Eastern Sudanic Herder 57 (57)

1 Number of individuals remaining after removing recently admixed individuals.
2 Individuals that were identical or related to individuals in this study were removed.
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Table S5: Internal classification of the Khoisan linguistic group (51) and population samples typed
in the present study. (Only groups represented in this study are listed in “Language Name” column).

Lineages and branches Language name (Güldemann, 2008) Group name present study
Ju- �=Hõa
– �=Hõa
– Ju (= Northern Khoisan)
—- Northwest !’O!Xũu, !Xũu !Xun
—- Southeast Ju/’hoan Ju/’hoansi
Khoe-Kwadi
– Kwadi
– Khoe (= Central Khoisan)
—- KhoeKhoe
—— North Nama-Damara Nama
—— South !Ora, Cape varieties Coloured Populations from SA1

—- Kalahari
—— East
———– Shua - -
———– Tshwa - -
—— West
———– Kxoe Khwe Khwe
———– G//ana G//ana, G/ui /Gui and //Gana
———– Naro - -
Tuu (= Southern Khoisan)
– Taa-Lower Nossob
—- Taa N/amani �=Khomani2

—— West
—— East
—- Lower Nossob - -
– !Ui /Xam Karretjie People3

Hadza Hadza Hadza
Sandawe Sandawe Sandawe

1 Khoe-San ancestry from the Coloured populations included in the present study is expected to originate
mainly from the !Ora, Cape Khoe and, /Xam.

2 Most of the �=Khomani do not speak their original language anymore but are expected to be descendants of
the Taa division of Khoisan (see discussion below). They however have ancestry from the Nama (KhoeKhoe
branch) as well (recorded during sampling).

3 The Khoe-San ancestry of the Karretjie People is expected to come mostly from the /Xam (see discussion
below and (92)), however input from the !Ora (KhoeKhoe branch) is also possible.
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Table S6: Number of assignments to the most common or major mode (out of 100 cluster assignments
at each K) for ADMIXTURE runs of all datasets. Number of assignments to the most common minor
mode are shown in brackets. Only the major mode for each K value and dataset was plotted in
DISTRUCT.

Cluster Southern Africa Southern Africa Global Global African African Haplotypes
Admixed Included Admixed Removed Admixed Included Admixed Removed Admixed Removed Admixed Removed

K2 100 (0) 100 (0) 100 (0) 100 (0) 100 (0) 100 (0)
K3 100 (0) 89 (7) 100 (0) 100 (0) 100 (0) 92 (8)
K4 83 (9) 62 (18) 67 (32) 69 (30) 93 (7) 100 (0)
K5 76 (14) 22 (20) 62 (34) 51 (44) 84 (8) 22 (19)
K6 39 (13) 19 (13) 92 (6) 85 (15) 59 (28) 19 (11)
K7 19 (12) 16 (11) 96 (4) 100 (0) 56 (26) 15 (10)
K8 10 (9) 24 (9) 52 (37) 81 (12) 54 (33) 18 (15)
K9 11 (8) 9 (8) 53 (26) 29 (25) 99 (1) 19 (16)
K10 15 (14) 1 (1) 46 (15) 29 (18) 54 (37) 40 (4)
K11 - - 37 (20) 20 (15) 55 (13) 12 (6)
K12 - - 26 (23) 20 (18) 27 (12) 2 (1)
K13 - - 35 (18) 33 (11) 11 (10) 1 (1)
K14 - - 26 (19) 27 (24) 7 (6) -
K15 - - 29 (14) 39 (8) 6 (4) -
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Table S7: Pairwise FST values for Southern African populations based on ∼2.3M SNPs.

Population /Gui and //Gana Ju/’hoansi Karretjie �=Khomani (A) Khwe Nama KB1 Bantu-sp. (SA) Herero
/Gui and //Gana - - - - - - - - -
Ju/’hoansi 0.030669 - - - - - - - -
Karretjie 0.021889 0.030668 - - - - - - -
�=Khomani (A) 0.016593 0.024944 0.008153 - - - - - -
Khwe 0.032460 0.054815 0.038459 0.036431 - - - - -
Nama 0.023614 0.032110 0.012486 0.005825 0.034896 - - - -
KB1 0.008443 0.030106 0.012018 0.002574 0.014715 0.010682 - - -
Bantu-sp. (SA) 0.043182 0.075007 0.047835 0.049021 0.013312 0.047884 0.027286 - -
Herero 0.067025 0.103509 0.074932 0.074070 0.022786 0.071365 0.054495 0.015385 -
!Xun 0.021442 0.016284 0.023812 0.019739 0.030203 0.023578 0.011733 0.045820 0.067016
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Table S8: Sixteen four-population topologies supported by concordance tests featuring both
Ju/’hoansi, Mbuti, and chimpanzee as an outgroup. All tests support a common origin of
San and Khoe groups (save the Khwe) separate from that of other populations. Significant
C- (Z > 2) and D-tests (|Z| > 2) are shown in bold text.
A,B,C,D N(A(B(C,D)) N(A(C(B,D)) N(A(D(B,C)) C ZC D ZD

chimp,Ju/’hoansi,Mbuti,Biaka 11,676 10,789 10,792 0.039 6.76 0.000 -0.02

chimp,Ju/’hoansi,Mbuti,Sandawe 12,085 11,685 10,794 0.017 2.88 0.040 6.42

chimp,Ju/’hoansi,Mbuti,Hadza 9,974 9,451 8,872 0.027 3.93 0.032 4.31

chimp,Ju/’hoansi,Mbuti,Maasai 12,519 11,462 10,957 0.044 7.33 0.023 3.82

chimp,Ju/’hoansi,Mbuti,Mandenka 11,896 11,224 10,763 0.029 4.97 0.021 3.02

chimp,Ju/’hoansi,Mbuti,Yoruba (HGDP) 12,014 11,058 10,901 0.041 6.02 0.007 1.02

chimp,Ju/’hoansi,Mbuti,Luhya 12,312 11,441 10,954 0.037 6.24 0.022 3.99

chimp,Ju/’hoansi,Mbuti,Bantu-speakers (Kenya - HGDP) 12,005 10,918 10,722 0.047 7.28 0.009 1.37

chimp,Ju/’hoansi,Mbuti,Bantu-speakers (South Africa) 11,758 11,234 10,922 0.023 3.86 0.014 2.06

chimp,Ju/’hoansi,Mbuti,Herero 11,652 10,912 10,561 0.033 5.21 0.016 2.84

chimp,Ju/’hoansi,Mbuti,Bantu-speakers (S. Africa - HGDP) 11,272 10,795 10,462 0.022 3.26 0.016 2.62

chimp,Mbuti,Ju/’hoansi,!Xun 11,568 10,771 10,597 0.036 5.70 0.008 1.29

chimp,Mbuti,Ju/’hoansi,/Gui and //Gana 11,180 10,561 10,398 0.028 4.58 0.008 1.15

chimp,Mbuti,Ju/’hoansi,Nama 11,102 10,674 10,263 0.020 3.14 0.020 2.77

chimp,Mbuti,Ju/’hoansi,Karretjie 11,333 10,745 10,603 0.027 3.88 0.007 1.00

chimp,Mbuti,Ju/’hoansi,�=Khomani (A + B) 11,581 10,849 10,671 0.033 5.39 0.008 1.27

148



Table S9: Estimated population divergence times.

Ingroup Outgroup Nconc Ndisc Fraction Nconc T̂ 95% CI
Ju/’hoansi Mbuti 15,857 25,199 0.39 0.083 0.075-0.091
Ju/’hoansi Karretjie 13,935 25,505 0.35 0.030 0.023-0.038
Ju/’hoansi Karretjie+�=Khomani (A) 13,966 25,701 0.35 0.029 0.021-0.035
Ju/’hoansi �=Khomani (B) 13,507 24,968 0.35 0.027 0.020-0.034
Karretjie Mbuti 15,778 26,707 0.37 0.059 0.051-0.066
Karretjie Ju/’hoansi 14,022 26,432 0.35 0.020 0.013-0.027
Karretjie �=Khomani (A) 13,812 26,890 0.34 0.009 0.002-0.016
Mbuti Ju/’hoansi 17,014 24,995 0.41 0.114 0.106-0.122
Mbuti Karretjie 17,262 25,502 0.40 0.111 0.104-0.119
Mbuti Hadza 16,342 28,018 0.37 0.054 0.047-0.061
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Table S10: Evidence for gene flow between sub-Saharan African hunter-gatherers. Significant
C- (Z > 2) and D-tests (|Z| > 3) are shown in bold text. Df refers to allele frequency based
estimate of D rather than estimates based on single gene copies from each population. SNPs
refer to the number of SNPs for which the minor allele frequency was at least 10% in each
included population.
B,C,D N(B(C,D)) N(C(B,D)) N(D(B,C)) C ZC D ZD Df ZDf SNPs

Ju/’hoansi Mbuti Hadza 9,974 9,451 8,872 0.027 3.93 0.032 4.31 0.034 15.69 83,203

Ju/’hoansi Mbuti Sandawe 12,085 11,685 10,794 0.017 2.88 0.040 6.42 0.024 15.30 108,762

Ju/’hoansi Mbuti Maasai 12,519 11,462 10,957 0.044 7.33 0.023 3.82 0.026 15.47 109,637

Ju/’hoansi Mbuti Yoruba 12,014 11,058 10,901 0.041 6.02 0.007 1.02 0.013 7.85 104,986

Ju/’hoansi Mbuti Biaka 11,676 10,789 10,792 0.039 6.76 0.000 -0.02 -0.0026 -1.70 105,368

Ju/’hoansi Hadza Sandawe 11,386 9,418 9,835 0.073 10.35 -0.022 -3.21 -0.014 -8.73 93,004

Ju/’hoansi Hadza Maasai 11,797 9,711 9,769 0.094 13.97 -0.0030 -0.43 -0.011 -6.21 93,642

Ju/’hoansi Hadza Yoruba 11,185 9,303 9,862 0.063 11.70 -0.029 -4.62 -0.024 -12.35 88,785

Mbuti Hadza Sandawe 11,842 10,089 10,622 0.054 9.66 -0.026 -3.85 -0.014 -7.88 99,452

Mbuti Hadza Yoruba 11,590 10,114 10,230 0.062 9.76 -0.0057 -0.77 -0.012 -6.77 95,778
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Table S11: Haplotype Heterozygosity at 50 kb.
Population Haplotype Heterozygosity at 50 kb
Khwe 81.82%
Bantu-speakers (South Africa) 81.56%
Biaka 81.33%
Sandawe 81.26%
Luhya 81.26%
Maasai 81.16%
Bantu-speakers (Kenya - HGDP) 81.13%
!Xun 80.99%
/Gui and //Gana 80.95%
Yoruba (HGDP) 80.95%
Yoruba (HapMap) 80.95%
�=Khomani (A) 80.86%
Herero 80.80%
�=Khomani (B) 80.75%
Mandenka 80.71%
Nama 80.63%
Karretjie 80.59%
Mbuti 80.43%
Ju/’hoansi 80.27%
Mozabite 77.52%
Makrani 77.24%
Sindhi 77.14%
Palestinian 77.07%
Bedouin 76.92%
Balochi 76.90%
Brahui 76.79%
Pathan 76.79%
Gujarati Indian 76.70%
Tuscan (HGDP) 76.61%
Uygur 76.61%
Burusho 76.56%
Hazara 76.45%
Tuscan (HapMap) 76.33%
Adygei 76.24%
Druze 76.20%
North Italian 75.94%
French 75.93%
Russian 75.87%
French Basque 75.78%
Orcadian 75.57%
Sardinian 75.49%
Cambodian 74.94%
Tu 74.93%
Xibo 74.81%
Mongola 74.80%
Tujia 74.76%
Kalash 74.45%
Han 74.41%
Yizu 74.38%
Daur 74.35%
Hezhen 74.26%
Dai 74.24%
Oroqen 74.18%
Naxi 74.17%
Japanese 74.14%
Miaozu 74.13%
Yakut 74.09%
She 73.81%
Hadza 73.48%
Lahu 73.27%
Maya 71.45%
Melanesian 70.72%
Papuan 70.50%
Colombian 68.32%
Pima 67.71%
Karitiana 64.08%
Surui 62.28%
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Table S12: Haplotype Richness at 50 kb.
Population Haplotype Richness at 50kb
Khwe 7.75
Bantu-speakers (South Africa) 7.68
Biaka 7.63
�=Khomani (A) 7.59
/Gui and //Gana 7.59
Luhya 7.57
Bantu-speakers (Kenya - HGDP) 7.56
!Xun 7.56
�=Khomani (B) 7.55
Sandawe 7.54
Maasai 7.54
Karretjie 7.52
Yoruba (HGDP) 7.50
Mbuti 7.47
Yoruba (HapMap) 7.47
Mandenka 7.44
Herero 7.44
Nama 7.44
Ju/’hoansi 7.36
Mozabite 6.63
Makrani 6.61
Sindhi 6.58
Palestinian 6.58
Bedouin 6.54
Balochi 6.52
Pathan 6.50
Uygur 6.49
Tuscan (HGDP) 6.49
Brahui 6.48
GIH 6.48
Hazara 6.43
Burusho 6.43
Tuscan (HapMap) 6.42
Adygei 6.38
Druze 6.37
French 6.34
NorthItalian 6.33
Russian 6.30
French Basque 6.29
Sardinian 6.23
Cambodian 6.22
Orcadian 6.22
Tu 6.21
Mongola 6.19
Xibo 6.18
Tujia 6.18
Han 6.12
Yizu 6.08
Daur 6.08
Dai 6.06
Japanese 6.05
Hezhen 6.04
Oroqen 6.04
Miaozu 6.04
Naxi 6.03
Yakut 5.97
She 5.95
Kalash 5.89
Lahu 5.81
Hadza 5.67
Maya 5.56
Papuan 5.50
Melanesian 5.48
Colombian 4.93
Pima 4.77
Karitiana 4.19
Surui 3.95
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Table S13: cRoH of the 0.5Mb-1Mb class averaged over 50 repeats of sub-sampling 7 individuals
per population.

Group cRoH (0.5-1Mb class)
Mandenka 4.748
Yoruba (HapMap) 5.392
Maasai 5.870
Yoruba (HGDP) 6.932
Luhya 7.502
Bantu-speakers (Kenya - HGDP) 7.614
Karretjie 7.749
Bantu-speakers (Southern Africa - HGDP) 9.955
�=Khomani (A) 10.011
Bantu-speakers (South Africa) 10.295
Khwe 11.176
Sandawe 11.649
�=Khomani (B) 12.874
Mbuti 14.718
Biaka 15.026
Nama 15.056
/Gui and //Gana 15.777
!Xun 16.059
Ju’/hoansi 17.108
Herero 17.858
Hadza 59.226
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Table S14: Top SNPs in the Khoe-San vs. Bantu-speakers scan for differentiation.

Chr Position SNP FST Gene in region

1 231928935 rs1322784 0.650320 DISC1
11 42414566 rs7127426 0.623931 none
12 76079002 rs10879959 0.622062 none
13 113110994 kgp6935620 0.616207 none
11 128382804 rs4372467 0.615883 ETS1
11 42413902 kgp12503088 0.613696 none
6 125928408 kgp4333469 0.611340 none
2 37909108 rs11683907 0.607130 none
1 231942379 kgp6919041 0.603243 DISC1
7 17725680 rs11765014 0.602502 none
11 128390012 kgp31391 0.599873 ETS1
11 128379964 kgp12532905 0.599873 ETS1
12 79523492 rs7967341 0.594879 none
3 10973088 kgp2203756 0.594185 SLC6A11
8 78846655 kgp12386959 0.593370 none
6 125954417 kgp5383057 0.592617 none
2 164370435 rs10193051 0.592617 none
8 21761443 rs11135701 0.592411 none
11 42777692 kgp8365438 0.588026 none
1 85563456 kgp1601239 0.585833 WDR63
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Table S15: Top SNPs in the San vs Nama scan for differentiation.

Chr Position SNP FST Gene in region

16 13809776 kgp10343152 0.896853 none
16 13813704 kgp10516300 0.882824 none
16 13813289 rs7188713 0.882824 none
16 13658506 rs2001025 0.829805 none
16 13664726 kgp9620268 0.799884 none
11 11409067 rs11021826 0.785613 CSNK2A1P
16 13813090 kgp7916144 0.774886 none
14 78027686 kgp7290943 0.774886 SPTLC2
9 8865925 rs10977327 0.750659 PTPRD
16 13670907 kgp4664202 0.744456 none
16 13709785 kgp1477861 0.742857 none
16 13703693 rs7184684 0.742857 none
16 13666011 rs4632116 0.721744 none
6 9806230 rs17613393 0.718730 none
6 9804986 rs9476916 0.718730 none
3 70396582 kgp177491 0.718730 none
18 5186508 kgp11852213 0.718730 C18orf42
17 77007553 kgp3851511 0.718730 none
17 73035793 rs4435292 0.718730 ATP5H
11 117566167 kgp2427704 0.718730 DSCAML1
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Table S16: The 7 regions that were among the top 10 according to empirical p-value, following
(43), that also harbored top 10 |iHS| values.

population chromosome start (Mb) end (Mb) position of max |iHS|
Ju/′hoansi 10 69.8 70 69.90
Karretjie 1 210.4 211 210.70
Karretjie 6 22.4 22.6 22.49

�=Khomani (A) 6 26.8 28.0 27.28
Khwe 1 219.6 222.2 220.59
Khwe 4 123.4 123.8 123.56

Bantu-speakers (South Africa) 10 27.8 28.8 28.15
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Table S17: The genes on chromosome 10 from position 69.8-70 Mb corresponding to the only
candidate windows in Ju/’hoansi. A single star (*) denotes non-coding RNA. See also Figure
S73.

number in Figure gene strand start end distance to position of max |iHS|
1 SIRT1 + 69644426 69678147 231655
2 HERC4 - 69681655 69835103 74699
3 MYPN + 69865875 69971773 0
4 7SK∗ + 69917835 69918165 -8033
5 ATOH7 - 69990351 69991870 -80549
6 PBLD - 70042416 70092684 -132614
7 HNRNPH3∗ + 70091767 70102953 -181965
8 RUFY2 - 70100863 70167051 -191061
9 DNA2 - 70173820 70196998 -264018
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Table S18: The genes on chromosome 1 from position 210.4-211 Mb corresponding to one
of two candidate windows in Karretjie. A single star (*) denotes non-coding RNA. See also
Figure S74.

number in Figure gene strand start end distance to position of max |iHS|
1 SYT14 + 210267666 210337633 363427
2 C1orf133∗ - 210404803 210407466 293594
3 SERTAD4 + 210406194 210416440 284620
4 HHAT + 210501595 210849638 0
5 KCNH1 - 210851656 211192598 -150596

158



Table S19: The genes on chromosome 6 from position 22.4-22.6Mb corresponding to a second
candidate window in Karretjie. A single star (*) denotes non-coding RNA. See also Figure
S75.

number in Figure gene strand start end distance to position of max |iHS|
1 LINC00340∗ + 22205413 22214734 276536
2 PRL - 22287472 22303082 188188
3 HDGFL1 + 22569677 22570750 -78407
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Table S20: The genes on chromosome 6 from position 26.8Mb-28.0Mb corresponding to the
only candidate window in �=Khomani (A). See also Figure 4 in the main text, which does
not include any of the numerous tRNA (n=83) and histone (n=21) genes in this region. The
distributions of the latter are included in Figure S77. A single star (*) denotes non-coding
RNA while two stars(**) denote pseudo genes.

number in Figure gene strand start end distance to position of max |iHS|
1 ABT1 + 26598492 26600277 675073
2 DQ786258 - 26634610 26637135 638215
3 ZNF322 - 26634610 26659980 615370
4 GUSBP2∗∗ - 26839265 26924333 351017
5 DQ596042 + 26864472 26864826 410524
6 DQ587763 - 26864775 26864804 410546
7 DQ571494∗ - 26866009 26867685 407665
8 LINC00240 + 26924771 26991753 283597
9 LOC100270746∗ - 26987144 26988085 287265
10 BC014312 - 27092761 27100572 174778
11 MIR3143∗ + 27115404 27115467 159883
12 PRSS16 + 27215501 27224399 50951
13 POM121L2 - 27276841 27280011 -1491
14 VN1R10P∗∗ + 27292539 27293741 -17189
15 ZNF204P∗∗ - 27325601 27343153 -50251
16 ZNF391 + 27356523 27369227 -81173
17 BC132797 + 27356537 27357613 -81187
18 AX747641 + 27357717 27358702 -82367
19 ZNF184 - 27418520 27440897 -143170
20 LOC100507173∗ + 27661813 27678001 -386463
21 LOC100131289∗ + 27729522 27730966 -454172
22 FKSG63 + 27793689 27794715 -518339
23 BC016143 - 27794098 27794504 -518748
24 OR2B2 - 27878962 27880174 -603612
25 OR2B6 + 27925018 27925960 -649668
26 ZNF165 + 28048481 28057340 -773131
27 AK309286 - 28058453 28105071 -783103
28 ZSCAN12P1∗∗ + 28058928 28063493 -783578
29 AK127889 - 28089572 28105071 -814222
30 ZSCAN16 + 28092386 28097856 -817036
31 ZNF192 + 28109715 28125236 -834365
32 AK311106 + 28129569 28131289 -854219
33 DQ581281 + 28134728 28134756 -859378
34 TOB2P1∗∗ - 28183115 28186707 -907765
35 ZNF193 + 28193028 28198266 -917678
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Table S21: The genes on chromosome 1 from position 219.6-222.2 Mb corresponding to one of
two candidate windows in Khwe. A single star (*) denotes non-coding RNA while two stars
(**) denote pseudo genes. See also Figure S78.

number in Figure gene strand start end distance to position of max |iHS|
1 SLC30A10∗ - 219858768 220131989 0
2 RNU5F-1 + 220046618 220292777 0
3 EPRS - 220141941 220220000 -63753
4 BPNT1 - 220230823 220263191 -152635
5 IARS2 + 220267454 220321383 -189266
6 MIR215∗ - 220291194 220291304 -213006
7 MIR194-1∗ - 220291498 220291583 -213310
8 DM119532 + 220291547 220291569 -213359
9 RAB3GAP2 - 220321609 220445843 -243421
10 SNORA36B∗ - 220373883 220374018 -295695
11 AURKAPS1∗∗ - 220439520 220441057 -361332
12 MARK1 + 220701567 220837799 -623379
13 C1orf115 + 220863627 220872499 -785439
14 MARC2 + 220921675 220957596 -843487
15 MARC1 + 220960038 220987741 -881850
16 U6atac + 220999117 220999235 -920929
17 BC045735 + 221002596 221005770 -924408
18 HLX + 221052742 221058400 -974554
19 C1orf140∗ - 221503269 221509638 -1425081
20 DUSP10 - 221874763 221915516 -1796575

161



Table S22: The genes on chromosome 4 from position 123.4-123.8 Mb corresponding to a
second candidate window in Khwe. Two stars (**) denotes denote pseudo genes. See also
Figure S79.

number in Figure gene strand start end distance to position of max |iHS|
1 KIAA1109 + 123200929 123283914 276912
2 ADAD1 + 123300120 123350947 209879
3 IL2 - 123372625 123377650 183176
4 IL21 - 123533782 123542211 18615
5 BC045668 + 123540137 123610315 0
6 CETN4P∗∗ - 123651343 123653613 -90517
7 BBS12 + 123653856 123666098 -93030
8 FGF2 + 123747862 123819390 -187036
9 NUDT6 - 123813798 123844159 -252972
10 SPATA5 + 123844224 123978443 -283398
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Table S23: The genes on chromosome 10 from position 27.8-28.8 Mb corresponding to the
only candidate window in Bantu-speakers (South Africa). A single star (*) denotes non-coding
RNA. See also Figure S80.

number in Figure gene strand start end distance to position of max |iHS|
1 PTCHD3 - 27687116 27703297 259417
2 RAB18 + 27793248 27829099 133615
3 MKX - 27961802 28034778 0
4 ARMC4 - 28101096 28287977 -138382
5 MPP7 - 28339922 28591995 -377208
6 LOC220906∗ - 28808845 28821460 -846131
7 WAC + 28821421 28912041 -858707
8 BAMBI + 28966423 28971868 -1003709
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Pop Haplotype Count Total N Percentage
Maasai 46 114 40.4
Nama 5 14 35.7
�=Khomani (B) 6 22 27.3
�=Khomani (A) 5 34 14.7
Sandawe 4 48 8.3
Karretjie 2 24 8.3
Batu-speakers (South Africa) 3 38 7.9
Luhya 12 160 7.5
/Gui and //Gana 1 14 7.1
Bantu-speakers (Kenya - HGDP) 1 22 4.5
Khwe 1 34 2.9
Ju/’hoansi 1 34 2.9

Table S24: Frequencies of putative East African lactase persistence haplotype in African populations
(African populations not shown have frequency of 0).
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Table S25: Top 20 identified candidate regions for selection in the ancestors of modern humans.
Genes discussed in the main text are bolded.

Rank Location (hg19) Span (bp) SNPs Peak aPBS Genes

1 chr9:94682448-94939615 257,167 52 2.92 LINC00475,LOC100128076,ROR2,SPTLC1

2 chr20:46565023-46626596 61,573 31 2.60 BX648826
3 chr1:243470453-243608642 138,189 30 1.78 MIR4677,SDCCAG8
4 chr6:44802718-45701338 898,620 184 1.62 RUNX2,MIR586,SUPT3H
5 chr4:155436137-155811101 374,964 134 1.54 RBM46,PLRG1,DQ266889,LRAT,FGG,FGA,FGB

6 chr11:128686102-128770473 84,371 50 1.52 KCNJ1,C11orf45,KCNJ5
7 chr16:62644640-62873194 228,554 67 1.50 -
8 chr1:92205244-92312300 107,056 52 1.50 TGFBR3,Metazoa SRP
9 chr2:207659531-207798923 139,392 48 1.40 FASTKD2

10 chr7:104368522-104514314 145,792 55 1.38 LOC645591,LHFPL3
11 chr5:30747852-30880852 133,000 61 1.37 -
12 chr17:66801331-67096691 295,360 102 1.36 ABCA6,MIR4524A,ABCA8,ABCA9
13 chr12:32097486-32156444 58,958 49 1.36 C12orf35

14 chr6:37452608-37556504 103,896 76 1.36 CCDC167,MIR4462
15 chr16:83425303-83493961 68,658 65 1.33 -
16 chr11:309127-867621 558,494 131 1.32 1

17 chr1:38208000-38442352 234,352 50 1.30 2

18 chr3:74395632-74563488 167,856 72 1.29 CNTN3
19 chr9:101332364-101460788 128,424 56 1.28 GABBR2
20 chr14:85606755-85887140 280,385 142 1.26 7SK,Mir 548

1 B4GALNT4, PTDSS2, LOC143666, AX748330, ANO9, TALDO1, TMEM80, HRAS, PIDD, RASSF7, CD151, PKP3, RNH1,

CEND1, BC031953, C11orf35, BC048998, DEAF1, PNPLA2, RPLP2, SCT, IFITM3, IFITM2, IFITM1, PHRF1, BC040735,
SLC25A22LRRC56, TSPAN4, POLR2L, EPS8L2, SNORA52, AK126635, MIR210HG, IRF7, DRD4, MIR210, CDHR5,
JA429539, Metazoa SRP, SIGIRR, CHID1, EFCAB4A, PDDC1

2 INPP5B, C1orf122, MTF1, YRDC, SF3A3, EPHA10, MANEAL, SNORA63
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