
Figure 1-figure supplement 2. An example of hierarchical clustering to chose two groups of similar individuals from the
Fula based on a PCA of the Gambia. Projected onto a PCA of Gambian genetic variation where each point represents an individual,
all Fula individuals are coloured, with the colour depicting their cluster assignment, based on the MClust clustering algorithm. We chose
individuals from the green (D) and light blue (E) clusters to maximise the representation of Fula genetic variation. Note that the majority of
the individuals from the other 6 Gambian ethnic groups occur in the right arm of the PCA. An analogous process was preformed for all ethnic
groups from the MalariaGEN dataset where more than 50 individuals were available.
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Figure 1-figure supplement 3. fineSTRUCTURE analysis of the full dataset. We show the tree output from a single run of the
fineSTRUCTURE algorithm. To aid reading, the tree has been split in two, East and Southern African groups are on the left, West and Central
West African groups are on the right. Leaves are labelled by the identity of the individuals within them, with the total number of individuals in
the clusters shown in parentheses. Leaves are coloured by the country of origin (as in Fig. 1-figure supplement 1) and branches are coloured by
the final ancestry region that the clusters were assigned to. Note that although Malawi and Cameroon individuals were located in a clade with
mostly East African individuals, they were assigned to Southern and Central West African ancestry regions, respectively. Clades containing
outlying individuals from the Fula and Mandinka are also shown.

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted February 1, 2016. ; https://doi.org/10.1101/038406doi: bioRxiv preprint 

https://doi.org/10.1101/038406
http://creativecommons.org/licenses/by-nc-nd/4.0/


JOLA

am
pl

itu
de

 x
10

−4

● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●0

0.8

1.6
1: CEU 2: PEL 3: IBS

FULAI

am
pl

itu
de

 x
10

−4 ●

● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●0

1.4

2.8
1: TSI 2: GBR 3: CEU

AKANS

am
pl

itu
de

 x
10

−4

● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ●0

0.5

1
1: WOLAYTA 2: IBS 3: AMHARA

MOSSI

am
pl

itu
de

 x
10

−4

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●0

1.2

2.4
1: MALINKE 2: GUMUZ 3: FIN

YORUBA

am
pl

itu
de

 x
10

−4

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●0

1.2

2.4
1: GUMUZ 2: HERERO 3: /GUI//GANA

MALAWI

am
pl

itu
de

 x
10

−4 ●

● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●0

0.2

0.4
1: JU/'HOANSI 2: TSI 3: !XUN

CHONYI

am
pl

itu
de

 x
10

−4 ●
● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●0

0.8

1.7
1: TSI 2: GBR 3: CEU

MZIGUA

am
pl

itu
de

 x
10

−4 ●
●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●0

0.7

1.3
1: TSI 2: IBS 3: CEU

JU/'HOANSI

am
pl

itu
de

 x
10

−4

● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
● ●0

2

3.9
1: TSI 2: IBS 3: CEU

Figure 3-figure supplement 1. Weighted LD amplitudes for a selection of 9 ethnic groups. For a given test population we show the
amplitude (± 1 s.e.) computed using a test population and every other population as the second reference. Plotted are the fitted amplitudes
for each set of curves with the population used labelled beneath, with populations ordered by amplitude. A large number of population showed
a similar profile to (A), that is with Eurasian populations showing the highest amplitudes. Other populations, e.g. Malawi, obtained the
largest amplitudes from an African population.
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Figure 3-figure supplement 2. Comparison of weighted LD amplitude scores across all African ethnic groups. For a given
test population we computed the ALDER amplitude (y-axis intercept) using the test population and every other population as the second
reference. We then ranked the amplitudes across a given test population: populations who gave the top-ranked (i.e. largest) amplitude are in
green, with those beneath a rank 15 shown in grey. This analysis shows that for many populations the reference populations giving the largest
amplitudes (i.e. have the highest rank) are often non-African groups.
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Figure 3-figure supplement 3. Comparison of the minimum distance to begin computing admixture LD. For each of the 48
African populations as a target, we used ALDER to compute the minimum distance over which short-range LD is shared with each of the 47
other African and 12 Eurasian reference populations. Here we show boxplots showing the distribution of minimum inferred genetic distances
(y-axis) over which LD is shared for each of the reference populations separately (x-axis). We performed two analyses using weighted LD, one
using these values of the minimum distance inferred from the data, and another where this distance was forced to be 0.5cM (dotted red line).
The comparisons show that all African populations share LD correlations at distances > 0.5cM with all other African populations. Note that
ALDER computes LD correlations at distances < 2cM.
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Figure 3-figure supplement 4. Comparison of the minimum distance to begin computing admixture LD split by region.
As in Figure 3-figure supplement 3 except distances are stratified by region. The comparisons show that all African populations share LD
correlations at distances > 0.5cM with all other African populations. Note that ALDER computes LD correlations at distances < 2cM.
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Figure 3-figure supplement 5. Results of the MALDER analysis computing weighted admixture decay curves from 0.5cM.
As in the main analyses, the algorithm was run independently three times with the HAPMAP, YRI, and CEU genetic maps. The main
results shown here are from the HAPMAP analysis. For each population, we show the ancestry region identity of the two populations involved
in generating the MALDER curves with the greatest amplitudes (which are the closest to the true admixing sources amongst the reference
populations) for at most two events. The sources generating the greatest amplitude are highlighted with a black box. Populations are ordered
by ancestry of the admixture sources and dates estimates which are shown ± 1 s.e. (B) Comparison of dates of admixture ± 1 s.e. for
MALDER dates inferred using the HAPMAP recombination map and a recombination map inferred from European (CEU) individuals from
Hinch et al. [2011]. We only show comparisons for dates where the same number of events were inferred using both methods. Point symbols
refer to populations and are as in Figure 1. (C) as (B) but comparing with an African (YRI) map.
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Figure 3-figure supplement 6. Results of MALDER for all populations using an African specific recombination map. We used
MALDER to identify the evidence for multiple waves of admixture in each population. (A) For each population, we show the ancestry region
identity of the two populations involved in generating the MALDER curves with the greatest amplitudes (which are the closest to the true
admixing sources amongst the reference populations) for at most two events. The sources generating the greatest amplitude are highlighted
with a black box. Populations are ordered by ancestry of the admixture sources and dates estimates which are shown ± 1 s.e. (B) Comparison
of dates of admixture ± 1 s.e. for MALDER dates inferred using the HAPMAP recombination map and a recombination map inferred from
European (CEU) individuals from Hinch et al. [2011]. We only show comparisons for dates where the same number of events were inferred
using both methods. Point symbols refer to populations and are as in Figure 1. (C) as (B) but comparing with an African (YRI) map.
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Figure 3-figure supplement 7. Results of MALDER for all populations using a European specific recombination map. We
used MALDER to identify the evidence for multiple waves of admixture in each population. (A) For each population, we show the ancestry
region identity of the two populations involved in generating the MALDER curves with the greatest amplitudes (which are the closest to
the true admixing sources amongst the reference populations) for at most two events. The sources generating the greatest amplitude are
highlighted with a black box. Populations are ordered by ancestry of the admixture sources and dates estimates which are shown ± 1 s.e. (B)
Comparison of dates of admixture ± 1 s.e. for MALDER dates inferred using the HAPMAP recombination map and a recombination map
inferred from European (CEU) individuals from Hinch et al. [2011]. We only show comparisons for dates where the same number of events
were inferred using both methods. Point symbols refer to populations and are as in Figure 1. (C) as (B) but comparing with an African (YRI)
map.
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Figure 4-figure supplement 1. Admixture source inference by GLOBETROTTER after sequentially removing local surro-
gates from the analysis. In addition to the Full analysis, we show the inferred composition of admixture sources for different, restricted
surrogate analyses. Components and y-axis labels are coloured by ancestry region. In each case we show admixture sources inferred by
GLOBETROTTER for a single date of admixture.
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Figure 4-figure supplement 2. Admixture source inference by GLOBETROTTER after sequentially removing local surro-
gates from the analysis. The results are the same as Figure 4-figure supplement 1, but only Niger-Congo speaking groups are coloured. We
highlight Malawi components in black, and Cameroon (Bantu and Semi-Bantu) in red.
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Figure 6-figure supplement 1. Gene-flow in Africa over the last 2,000 years. Using the results of the GLOBETROTTER analysis
we show the connections between different groups in sub-Saharan Africa over time. For each population, we inferred the date of admixture
and the composition of the admixing sources. We link each recipient population to its donor components using arrows, the size of which is
proportional to the amount it contributes to the admixture event. Arrows are coloured by country of origin, as in Figure 4 in the main text.
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Supplementary File 1 A note on ethnolinguistic groupings

The results of the population genetic analysis shows that population structure is largely the result of

ethno-linguistic similarity, which itself is largely but not completely correlated with geographical prox-

imity. These divisions are shown below and referred to in the text, together with the latest Ethnologue

classification‡ of the languages spoken, where possible.

1. 1st major Niger-Congo speaking group from West Africa: Gambian and Malian ethnic groups

• Niger-Congo, Mande {Mandinka, Malinke, Bambara}

• Niger-Congo, Atlantic-Congo, Atlantic, Northern, Senegambian, Fula-Wolof {Fula, Wollof}

• Niger-Congo, Atlantic-Congo, Atlantic, Northern, Senegambian, Serer {Serere, Serehule}

• Niger-Congo, Atlantic-Congo, Atlantic, Northern, Bak {Jola}

2. 2nd major Niger-Congo speaking group from West Africa: Ghana/BF/Nigerian ethnic groups:

• Niger-Congo, Atlantic-Congo, Atlantic, Volta-Congo, Kwa{Akan, Yoruba}

• Niger-Congo, Atlantic-Congo, Atlantic, Volta-Congo, North, Gur {Mossi, Kasem, Namkam?}

3. A Central and Eastern African Niger-Congo / “Bantoid” speaking group, split into two sub-

divisions:

(a) North Western

• Niger-Congo, Atlantic-Congo, Atlantic, Volta-Congo, Benue-Congo, exNarrow-Bantu

{Cameroon: Bantu, Semi-Bantu?}

(b) Eastern

• Niger-Congo, Atlantic-Congo, Atlantic, Volta-Congo, Benue-Congo, Bantoid, South-

ern, Narrow-Bantu, Central, I {Masaba-Luhya?}
• Niger-Congo, Atlantic-Congo, Atlantic, Volta-Congo, Benue-Congo, Bantoid, South-

ern, Narrow-Bantu, Central, E {Mijikenda (Kenya)}
• Niger-Congo, Atlantic-Congo, Atlantic, Volta-Congo, Benue-Congo, Bantoid, South-

ern, Narrow-Bantu, Central, F-G {Tanzania}
• Niger-Congo, Atlantic-Congo, Atlantic, Volta-Congo, Benue-Congo, Bantoid, South-

ern, Narrow-Bantu, Central, N {Malawi (Chewa)}

4. Afroasiatic and Nilo-Saharan speakers from the Horn of Africa:

• Afroasiatic, Cushitic {Afar, Somali, Oromo}

• Afroasiatic, Semitic {Amhara, Tigrayan}
‡information accessed on 28th July 2014 at https://www.ethnologue.com/
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• Afroasiatic, Omotic {Ari, Wolayta}

• Nilo-Saharan, Komuz {Gumuz}

• Nilo-Saharan, Eastern Sudanic, Nilotic {Maasai}

• Nilo-Saharan, Eastern Sudanic, Nilotic {Anuak}

• Nilo-Saharan {Sudanese}

5. Khoesan and Bantu speaking groups from Southern Africa

(a) Khoesan

• Khoesan, Southern Africa, Northern {Ju/’hoansi, !Xun}
• Khoesan, Southern Africa, Central {Nama}
• Khoesan, Southern Africa, Central, Tshu-Khwe, Northwest {/Gui//Gana, Khwe}
• Khoesan, Southern Africa, Southern {6=Khomani}
• uncertain {Karretijie}

(b) Southern Bantu speakers

• Niger-Congo, Atlantic-Congo, Atlantic, Volta-Congo, Benue-Congo, Bantoid, South-

ern, Narrow-Bantu, Central, R {Herero}
• Niger-Congo, Atlantic-Congo, Atlantic, Volta-Congo, Benue-Congo, Bantoid, South-

ern, Narrow-Bantu, Central, S {Amaxhosa, SEBantu}
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Source Data

Figure 1-Source Data 1. Overview of sampled populations describing the continent, region, numbers of individuals used,
and the source of any previously published datasets.

Ancestry Region Country Ethnic Group Origin N(phased) IBD REL N(final)

Western Africa Niger-Congo Gambia JOLA this study 147 0 31 116
Western Africa Niger-Congo Gambia MANJAGO this study 47 0 0 47
Western Africa Niger-Congo Gambia SEREHULE this study 47 0 0 47
Western Africa Niger-Congo Gambia SERERE this study 50 0 0 50
Western Africa Niger-Congo Gambia WOLLOF this study 135 0 27 108
Western Africa Niger-Congo Gambia MANDINKAI this study 60 0 28 32
Western Africa Niger-Congo Gambia MANDINKAII this study 71 0 0 71
Western Africa Niger-Congo Gambia FULAI this study 97 0 25 72
Western Africa Niger-Congo Gambia FULAII this study 79 0 0 79
Western Africa Niger-Congo Mali BAMBARA this study 50 0 0 50
Western Africa Niger-Congo Mali MALINKE this study 49 0 0 49
Central West Africa Niger-Congo BurkinaFaso MOSSI this study 50 0 0 50
Central West Africa Niger-Congo Ghana AKANS this study 50 0 0 50
Central West Africa Niger-Congo Ghana KASEM this study 50 0 0 50
Central West Africa Niger-Congo Ghana NAMKAM this study 50 0 0 50
Central West Africa Niger-Congo Nigeria YORUBA 1KG 161 0 60 101
East Africa Niger-Congo Cameroon BANTU this study 50 0 0 50
East Africa Niger-Congo Cameroon SEMI-BANTU this study 50 0 0 50
East Africa Niger-Congo Kenya LUHYA 1KG 100 9 0 91
East Africa Niger-Congo Kenya CHONYI this study 47 0 0 47
East Africa Niger-Congo Kenya KAUMA this study 97 0 0 97
East Africa Niger-Congo Kenya KAMBE this study 42 0 0 42
East Africa Niger-Congo Kenya GIRIAMA this study 46 0 0 46
East Africa Niger-Congo Tanzania MZIGUA this study 50 0 0 50
East Africa Niger-Congo Tanzania WABONDEI this study 48 0 0 48
East Africa Niger-Congo Tanzania WASAMBAA this study 50 0 0 50
East Africa Nilo-Saharan Kenya MAASAI 1KG 31 0 0 31
East Africa Nilo-Saharan Sudan SUDANESE Pagani 2012 24 0 0 24
East Africa Nilo-Saharan Ethiopia GUMUZ Pagani 2012 19 0 0 19
East Africa Nilo-Saharan Ethiopia ANUAK Pagani 2012 23 0 0 23
East Africa Nilo-Saharan Somalia SOMALI Pagani 2012 40 0 0 40
East Africa Afroasiatic Ethiopia ARI Pagani 2012 41 0 0 41
East Africa Afroasiatic Ethiopia AFAR Pagani 2012 12 0 0 12
East Africa Afroasiatic Ethiopia TIGRAY Pagani 2012 21 0 0 21
East Africa Afroasiatic Ethiopia AMHARA Pagani 2012 26 0 0 26
East Africa Afroasiatic Ethiopia WOLAYTA Pagani 2012 8 0 0 8
East Africa Afroasiatic Ethiopia OROMO Pagani 2012 21 0 0 21
South Africa Niger-Congo Malawi MALAWI this study 100 0 0 100
South Africa Niger-Congo Namibia HERERO Schlebusch 2012 12 0 0 12
South Africa Niger-Congo SouthAfrica SEBANTU Schlebusch 2012 20 0 0 20
South Africa Niger-Congo SouthAfrica AMAXHOSA Peterson 2013 15 0 0 15
South Africa KhoeSan SouthAfrica KARRETJIE Schlebusch 2012 20 0 0 20
South Africa KhoeSan SouthAfrica 6=KHOMANI Schlebusch 2012 39 0 0 39
South Africa KhoeSan Namibia NAMA Schlebusch 2012 20 0 0 20
South Africa KhoeSan Namibia KHWE Schlebusch 2012 17 0 0 17
South Africa KhoeSan Angola !XUN Schlebusch 2012

Peterson 2013
33 0 0 33

South Africa KhoeSan Botswana /GUI //GANA Schlebusch 2012 15 0 0 15
South Africa KhoeSan Namibia JU/’HOANSI Schlebusch 2012

Peterson 2013
37 0 0 37

Europe Finland FIN 1KG 100 0 0 100
Europe NorthEurope CEU 1KG 104 0 2 102
Europe Britain GBR 1KG 101 1 3 97
Europe Spain IBS 1KG 150 0 50 100
Europe Italy TSI 1KG 100 1 0 99
Asia India GIH 1KG 100 2 0 98
Asia Vietnam KHV 1KG 121 1 21 99
Asia China CDX 1KG 100 8 0 92
Asia China CHB 1KG 101 0 1 100
Asia China CHS 1KG 150 7 50 93
Asia Japan JPT 1KG 100 0 0 100
Americas Peru PELII 1KG 105§ 0 0 16

3699 29 298 3283

§89 admixed Peruvians and 517 individuals from five other 1KG American populations were removed from further analysis
after phasing
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Figure 2-Source Data 2. Pairwise FST for Eurasian populations. We used smartpca to compute FST for each pair
of populations, upper left diagonal, together with standard errors computed using a block jacknife. FST has been multiplied
by 1000
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Figure 2-Source Data 4. Pairwise TV D for Eurasian populations. TV D has been multiplied by 1000
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