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Figure S1a: Haplotype plots over a 54.6 kb region of chromosome 2, showing the haplotype block surrounding the East 
African LP-variant for the merged dataset. All individuals containing the G variant at the 136,608,746 position in the southern 
African dataset has been extracted and only haplotypes containing the G variant at the 136,608,746 position (known from 
southern African only datasets above) was visualized together with all MKK haplotypes (without any filtering). The consensus 
sequence, showing the major allele in the Nama population, is presented on top of the figure. Haplotypes of individuals are 
shown below the consensus sequence and positions that differ from the consensus sequence are colored red, while positions 
similar to the consensus sequence are shown in blue. The Y axis indicates the population groups to which haplotypes belong to 
and the X-axis, the base pair number of the SNPs on chromosome 2.  



 

 
 
Figure S1b: Haplotype plot for southern African individuals over a 54.6 kb region of chromosome 2, showing the haplotype 
block surrounding the European LP-variant. Individuals containing the European variant, 13910T, at position 136,608,646 on 
chromosome 2 (homozygous and heterozygous) were extracted. Thereafter the haplotypes of these individuals were sorted 
according to the variant they contain at position 136,608,646 and visualized here. The consensus sequence, showing the major 
allele in the Coloured Wellington population, is presented on top of the figure. Haplotypes of individuals are shown below the 
consensus sequence and positions that differ from the consensus sequence are colored red, while positions similar to the 
consensus sequence are shown in blue. The Y axis indicates the population groups to which haplotypes belong to and the X-
axis, the base pair number of the SNPs on chromosome 2. The position of the European LP-variant is highlighted in green on 
the X-axis. A green block outlines the common haplotype background, or haplotype block, associated with the European LP-
variant. 
 
 

 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S1c: Haplotype plots over a 54.6 kb region of chromosome 2, showing the haplotype block surrounding the European 
LP-variant for the merged dataset. All individuals of the southern African dataset containing the T variant at position 
136,608,646 have been extracted and their haplotypes sorted according to the variant at the 136,608,646 position before 
visualization together with all CEU haplotypes (without any filtering). The consensus sequence, showing the major allele in the 
Coloured Wellington population, is presented on top of the figure. Haplotypes of individuals are shown below the consensus 
sequence and positions that differ from the consensus sequence are colored red, while positions similar to the consensus 
sequence are shown in blue. The Y axis indicates the population groups to which haplotypes belong to and the X-axis, the base 
pair number of the SNPs on chromosome 2. The position of the European LP-variant is highlighted in green on the X-axis.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S2: Genome local ancestry inference surrounding the LCT and MCM6 genes (positions highlighted red on X-axis) 
using parental populations of Ju’/hoansi San (red), East African Maasai (blue), West African Yoruba (green) and European 
HapMap CEU (yellow) populations. X-axis show the position along chromosome 2 and bars along the Y-axis are the 14 Nama 
chromosomes, the Y-axis for each individual shows the number of assignments to each of the four parental populations. 
Symbols on the right indicate whether the 14010C mutation was present in the particular individual (each individual is 
represented by two horizontal bars – chromosomes). Symbols are $ for homozygous for 14010C; # for heterozygous for 14010, 
+ for homozygous for 14010G (variants were typed separately via sequencing the LCT control region).



 

 
 
Figure S3: Full ADMIXTURE results: Genetic clustering analysis. Clustering of 766 individuals from 43 populations (233,363 
SNPs) assuming two to 11 clusters (K=2-11). 



 
 

 
 
Figure S4: TREEMIX results. A) Tree of Khoe-San populations with comparative East and West African populations, assuming 3 
migration edges. B) Tree of Khoe-San populations with comparative European, East and West African populations, assuming 6 
migration edges. 



 
 
Figure S5: PCA results. A) First 4 principal components (PCs) including all Khoe-San populations together with East African, 
West African and European comparative populations. B) First two PCs of only the Nama together with East African, West African 
and European comparative populations. 
 
 
 
 
 
 
 



 
Figure S6: Selection scans. |iHS| values in the region chromosome 2 from position 135.5-137.5 Mb including the LCT and MCM6 
genes. Black dots are individual |iHS| values while the gray line is an average over 30 SNPs with a 1 SNP step length. The orange 
horizontal bars give the genome wide |iHS| average for the particular population and the vertical lines indicate the standard 
deviation. The locations of genes in the region are shown by blue rectangles and the gene names are given above. 

 

 



 

Figure S7: The estimated selection coefficient for allele 14010C in the Nama population using the formula of Ohta and Kimura 
(1975) [S1]. The red dashed curve shows the result if a short time to the admixture event (38.532 generations) is assumed and the 
blue dashed curve show the estimated selection coefficient if the admixture event occurred 47.944 generations ago. In both cases 
the admixture proportion is fixed at 13 % and the frequency of 14010C in the current-day Nama population is 0.3571. The X-axis 
is the (unknown) frequency of 14010C in the East African parental population at the time of the admixture event. The dotted 
vertical line shows the greatest known frequency of the 14010C variant in any population (0.578 in the Maasai) while the 
horizontal dashed lines shows the selection coefficients obtained (using an additive model) in Tishkoff et al [S2] for different East 
African population. 

 

 

  



Supplementary Tables 

Table S1: Population information 

Group name 
Group 
code 

Main group Linguistic classification 
Place of sampling 

(country)¹ 

Place of origin (if 
different from place 

of sampling) 

N (with 
DNA chip 

data)² 

N (without 
DNA chip 

data)³ 
N total 

Askham Coloured KHO 
Coloured (Descendants of 
the ≠Khomani, Nama and 
Griqua) 

Khoe - KhoeKhoe - North - 
Nama-Damara 

Askham (SA)   19 1 20 

Wellington Coloured CAC Coloured Afrikaans (non African) Wellington (SA) 20 0 20 

/Gui, and //Gana⁴ GUG San (Khoe-speaking) Khoe - Kalahari - West - G//ana - 
G//ana, G/ui 

Kutse Game Reserve (BT) 
 

15 5 20 

Ju/'hoansi JOH San Ju - Northeast - Ju/'hoan Tsumkwe (NM) 18 2 20 

Colesberg Coloured COL Coloured Afrikaans (non African) Colesberg (SA) 20 0 20 

Karretjie People5 KAR 
San  (Probable descendants 
of the /Xam) 

Probable descendants of: Tuu - 
!Ui - /Xam 

Colesberg (SA) 
 

20 0 20 

≠Khomani KHO 
San  (Descendants of San 
and Khoe groups) 

Historical language: Tuu - N/u Askham (SA) 
 

20 0 20 

Khwe KWE San (Khoe-speaking) 
Khoe - Kalahari - West - Kxoe - 
Khwe Omega Camp (NM) and 

Schmidtsdrift (SA) 

Caprivi strip and 
surrounding regions 
(AN, BT, NM) 

17 2 19 

Manyanga DRC Bantu-speakers Bantu-speakers (central African) Luozi (DRC) 0 11 11 

Nama NAM Khoe Khoe - KhoeKhoe - North - 
Nama-Damara 

Windhoek (NM) 
 

20 2 22 

Southeastern Bantu-speakers SEB Bantu-speakers Bantu-speakers (southeastern) Various (SA) 20 21 41 

         -- Sotho-Tswana SEB 10 6 16 

         -- Zulu SEB 10 15 25 

Southwestern Bantu-
speakers (Herero) 

HER Bantu-speakers (Herero) Bantu-speakers (southwestern) Windhoek (NM) 
 

12 2 14 

!Xun XUN San Ju - Northwest - /Xũu 
Omega Camp (NM) and 
Schmidtsdrift (SA) 

Region surrounding 
Menongue (AN) 

19 1 20 

¹Country abbreviations: AN - Angola, BT - Botswana, DRC - Democratic Republic of Congo, NM - Namibia, SA - South Africa 
²Those individuals were part of a previously published autosomal SNP study [S3] 
³Those individuals were not part of the autosomal SNP study mentioned above but were part of a previously published  mtDNA studies [S4, 5]  
4The GUG group is a mixed group of San and Bantu-speaking people who had ancestries from both /Gui and //Gana San groups as well as the Kgalagari Bantu-speaking group 
5See [S6] for more information on this group 

 

 

 

 



Table S2: Polymorphism frequencies in LP-control region in different datasets  

    
All individuals included    

(total: 267) 
    

Individuals with available 
genome-wide data (sum: 220) 

  
Individuals with genome-wide 

data (recently admixed  
individuals removed)   (sum: 117) 

Group name N  13910T 13913C 14010C 
Predicted LP-

phenotype 
frequency (%) 

N  13910T 13913C 14010C N  13910T 13913C 14010C 

Askham Coloured 20 0.05 0.050 0.225 50 19 0.053 0.053 0.237 8  0.000 0.0625 0.25 

Wellington Coloured 20 0.175 0.000 0.100 45 20 0.175 0.000 0.100 0 

/Gui and //Gana 20 0.000 0.000 0.075 15 15 0.000 0.000 0.067 7 0.000 0.000 0.071 

Ju/'hoansi 20 0.000 0.025 0.025 5 18 0.000 0.028 0.028 17 0.000 0.029 0.029 

Colesberg Coloured 20 0.050 0.025 0.025 15 20 0.050 0.025 0.025 0 

Karretjie People 20 0.000 0.025 0.100 20 20 0.000 0.025 0.100 12 0.000 0.042 0.083 

≠Khomani 20 0.025 0.075 0.050 15 20 0.025 0.075 0.050 9 0.000 0.000 0.11 

Khwe 19 0.000 0.000 0.026 5 17 0.000 0.000 0.029 17 0.000 0.000 0.029 

Manyanga 11 0.000 0.000 0.000 0 0 0 

Nama 22 0.068 0.023 0.205 50 20 0.075 0.025 0.200 7 0.000 0.071 0.357 

South-eastern Bantu-speakers 41 0.024 0.000 0.073 17 20 0.000 0.000 0.075 19 0.000 0.000 0.079 

       --Sotho-Tswana 16 0.000 0.000 0.063 13 10 0.000 0.000 0.050 9 0.000 0.000 0.056 

       --Zulu 25 0.040 0.000 0.080 20 10 0.000 0.000 0.100 10 0.000 0.000 0.100 

South-western Bantu-speakers (Herero) 14 0.000 0.000 0.000 0 12 0.000 0.000 0.000 8 0.000 0.000 0.000 

!Xun 20 0.000 0.050 0.050 10 19 0.000 0.053 0.053 13  0.000 0.077 0.038 

 

 

 

 



Table S3: Formal tests of admixture and dating of admixture times. 
Parental 

Populations 
(Pop1, Pop2) 

Admixed 
Population 

Main group Dataset 
Admixture 

Time 
(generations) 

Time in 
years  

(29 y/gen) 
SE 

SE 
(years) 

f3 
admixture 

test 

 
SE 

 
Z-

score 
YRI, Juhoansi Nama Khoe dense (>2 M SNPs) 38.239 1108.9 2.610 75.7 0.000010 0.000415 0.025 
MKK, Juhoansi Nama Khoe dense (>2 M SNPs) 39.415 1143.0 2.545 73.8 -0.005609 0.000438 -12.809 
YRI, Juhoansi Khwe San dense (>2 M SNPs) 24.762 718.1 2.628 76.2 -0.015065 0.000220 -68.589 
YRI, Juhoansi Xun San dense (>2 M SNPs) 25.201 730.8 2.738 79.4 -0.011763 0.000335 -35.122 
YRI, Juhoansi GuiGanaKgal San dense (>2 M SNPs) - - - - -0.004115 0.000490 -8.396 
YRI, Juhoansi Khomani San+Khoe dense (>2 M SNPs) 14.295 414.6 3.250 94.3 -0.002745 0.000367 -7.473 
YRI, Juhoansi Karretjie San dense (>2 M SNPs) 7.381 214.0 1.939 56.2 -0.000041 0.000419 -0.097 
YRI, Juhoansi SEBantu Bantu-speakers dense (>2 M SNPs) 27.860 808.0 2.549 73.9 -0.009431 0.000192 -49.133 
YRI, Juhoansi SWBantu Bantu-speakers dense (>2 M SNPs) 37.476 1086.8 3.241 94.0 0.003993 0.000372 10.728 

   

YRI, Juhoansi,  Nama Khoe small (~230 K SNPs) 39.106 1134.1 3.607 104.6 -0.000261 0.000482 -0.541 
MKK, Juhoansi,  Nama Khoe small (~230 K SNPs) 40.453 1173.1 3.542 102.7 -0.005901 0.000478 -12.352 
TYGRAY, Juhoansi Nama Khoe small (~230 K SNPs) 42.680 1237.7 4.136 119.9 -0.012271 0.000568 -21.603 
AMHARA, Juhoansi Nama Khoe small (~230 K SNPs) 43.738 1268.4 4.206 122.0 -0.012062 0.000558 -21.602 
AFAR, Juhoansi Nama Khoe small (~230 K SNPs) 43.377 1257.9 4.206 122.0 -0.012162 0.000570 -21.345 

   

AFAR, Juhoansi Khwe San small (~230 K SNPs) 30.728 891.1 1.660 48.1 -0.013165 0.000379 -34.748 
AFAR, Juhoansi Xun San small (~230 K SNPs) 28.908 838.3 2.102 61.0 -0.010519 0.000450 -23.376 
AFAR, Juhoansi GuiGhanaKgal San small (~230 K SNPs) 24.658 715.1 3.340 96.9 -0.002431 0.000641 -3.790 
AFAR, Juhoansi ColouredAskham Mixed ancestry small (~230 K SNPs) 24.691 716.0 3.142 91.1 -0.008602 0.000655 -13.133 
AFAR, Juhoansi Khomani San+Khoe small (~230 K SNPs) 14.665 425.3 1.936 56.1 -0.011994 0.000537 -22.329 
AFAR, Juhoansi Karretjie San small (~230 K SNPs) 6.934 201.1 0.849 24.6 -0.004001 0.000581 -6.885 
AFAR, Karretjie Juhoansi San small (~230 K SNPs) 45.872 1330.3 2.819 81.8 0.036483 0.000773 47.214 

   

YRI, Juhoansi Khwe San small (~230 K SNPs) 24.534 711.5 1.618 46.9 -0.015328 0.000292 -52.510 
YRI, Juhoansi Xun San small (~230 K SNPs) 26.033 755.0 1.741 50.5 -0.011955 0.000379 -31.542 
YRI, Juhoansi GuiGhanaKgal San small (~230 K SNPs) 20.073 582.1 3.024 87.7 -0.004282 0.000569 -7.525 
YRI, Juhoansi ColouredAskham Mixed ancestry small (~230 K SNPs) 16.796 487.1 2.726 79.1 -0.003846 0.000503 -7.643 
YRI, Juhoansi Khomani San+Khoe small (~230 K SNPs) 14.192 411.6 2.249 65.2 -0.002931 0.000427 -6.862 
YRI, Juhoansi Karretjie San small (~230 K SNPs) 7.269 210.8 0.947 27.5 -0.000387 0.000476 -0.813 
YRI, Karretjie Juhoansi San small (~230 K SNPs) 50.526 1465.3 3.848 111.6 0.032537 0.000639 50.933 

  



Table S4: Population information of populations used in admixture analyses.  

Population Name 
Origin of 

the samples 
Language family 

Linguistic 
Subdivision 

Place of sampling 
Nb of 

samples 

Food 
production / 
subsistence 

African Ancestry [S7] Mixed Mixed Southwest USA 12 - 

Biaka Pygmies [S8] Niger-Congo 
Benuo-Congo-

speaking (Bantu) 
Central African 

Republic 
22 

Hunter-
gatherers 

Mbuti Pygmies [S8] Nilo-Saharan 
Central Sudanic-

speaking 
Democratic Republic of 

Congo 
13 

Hunter-
gatherers 

Afar [S9] Afro-Asiatic Cushitic-speaking 
Ethiopia (Wag Hemra 

zone) 
12 Pastoralist 

Amhara [S9] Afro-Asiatic Semitic-speaking Ethiopia (Amhara zone) 26 Agriculturalist 

Anuak [S9] Nilo-Saharan 
Eastern-Sudanic-
speaking (Nilotic) 

Ethiopia (Gambella) 23 Mixed Farming 

Ari Blacksmith [S9] Afro-Asiatic Omotic-speaking Ethiopia (South Omo) 17 Agriculturalist 

Ari Cultivators [S9] Afro-Asiatic Omotic-speaking Ethiopia (South Omo) 24 Agriculturalist 

Bantu (Kenya) [S8] Niger-Congo 
Benuo-Congo-

speaking (Bantu) 
Kenya 11 

Agriculturalist 
and Pastoralist 

Ethiopian Somali [S9] Afro-Asiatic Cushitic-speaking 
Ethiopia (Somali 

region) 
17 Pastoralist 

Gumuz [S9] Nilo-Saharan 
Eastern-Sudanic-
speaking (Nilotic) 

Ethiopia (Beni-Shangul 
Gumuz) 

19 Pastoralist 

Hadza [S10] isolated language Hadza Tanzania 7 
Hunter-

gatherers 

Sandawe [S10] Khoisan-Sandawe Sandawe Tanzania 24 
Hunter-

gatherers 

Luhya [S7] Niger-Congo 
Benuo-Congo-

speaking (Bantu) 
Luhya in Webuye, 

Kenya 
30 Agriculturalists 

Maasai [S7] Nilo-Saharan 
Eastern-Sudanic-

speaking 
Maasai in Kinyawa, 

Kenya 
30 

Farmers and 
Herders 

Oromo [S9] Afro-Asiatic Cushitic-speaking 
Ethiopia (Oromia 

region) 
21 

Agriculturalist / 
Mixed Farming 

/ Pastoralist 

Somali [S9] Afro-Asiatic Cushitic-speaking diverse origins 23 - 

South Sudanese [S9] Afro-Asiatic Cushitic-speaking diverse origins 24 - 

Tigray [S9] Afro-Asiatic Semitic-speaking Ethiopia (Tigray region) 21 Agriculturalist 

Wolayta [S9] Afro-Asiatic Omotic-speaking Ethiopia (Wolayta zone) 8 Agriculturalist 

Mozabite [S8] Afro-Asiatic Berber-speaking Algeria 27 Herders 

Mandenka [S8] Niger-Congo Mande Senegal 22 
Agroculturalist, 

Herders 

Yoruba [S8] [S8] Niger-Congo Atlantic-Congo Nigeria 21 - 

Yoruba [S7] [S7] Niger-Congo Atlantic-Congo Nigeria 9 - 

Bantu (South Africa) [S8] Niger-Congo 
Benuo-Congo-

speaking (Bantu) 
South Africa 6 

Agriculturalist 
and Pastoralist 

South Eastern Bantu-sp [S3] Niger-Congo 
Benuo-Congo-

speaking (Bantu) 
South Africa 19 Farmer 

Herero [S3] Niger-Congo 
Benuo-Congo-

speaking (Bantu) 
Namibia 8 

Farmer and 
Herder 

Coloured Askham [S3] Indo-European Germanic South Africa 7 
Mixed Farming 

Pastoralism 

/Gui and //Gana [S3]  Khoisan Khwadi-Khoe Botswana 7 
Hunter-gatherer 

and Farmers 

≠Khomani [S10] [S10] 
Indo-European 

Khoisan 
Germanic 

Tuu 
South Africa 11 

Hunter-gatherer 
and Herders 

Ju/'hoansi [S3] Khoisan Ju Namibia 17 Hunter-gatherer 

Karretjie People [S3] Indo-European Germanic South Africa 12 
Hunter-gatherer 

and Herders 

≠Khomani [S3] [S3] 
Indo-European 

Khoisan 
Germanic 

Tuu 
South Africa 10 

Hunter-gatherer 
and Herders 



 

Khwe [S3] Khoisan Khwadi-Khoe 
Namibia and South 

Africa 
17 Hunter-gatherer 

Nama [S3] Khoisan Khwadi-Khoe Namibia 7 Herder 

San [S8] Khoisan Ju Namibia 2 
Hunter-

gatherers 

Xun [S3] Khoisan Ju 
Namibia and South 

Africa 
13 Hunter-gatherer 

Han [S8] Sino-Tibetan Sinitic China 30 - 

Gujarati Indians [S7] Indo-European Indo-Iranian USA 30 - 

European Ancestry [S7] Indo-European Germanic USA (CEPH collection) 17 - 

Bedouin [S8] Afro-Asiatic Semitic-speaking Israel 30 - 

Druze [S8] Afro-Asiatic Semitic-speaking Israel 30 - 

Palestinian [S8] Afro-Asiatic Semitic-speaking Israel 30 - 

 

 

  



 

SUPPLEMENTAL INTRODUCTION 

Lactase Persistence 
Most adult humans cannot digest lactose (“milk sugar”), since the enzyme lactase is down-regulated after 
weaning. Sometimes, however, down-regulation does not occur; this is called “lactase persistence” (LP). 
Investigations on populations from different geographic regions revealed that the distribution of the LP-
phenotype is heterogeneous [S11, S12]. In Europe, a south-east to north-west cline is observed, with high 
frequencies of LP-phenotype in the north-west [S13]. In most human populations, however, frequencies of 
LP-phenotype are intermediate to low, but in eastern Africa, high frequencies have been observed mostly in 
pastoralist groups, and the frequencies can be very different between neighboring (pastoralist/non-
pastoralist) groups [S2, S13].  

Genetic variants associated with LP have been identified and they are all located in introns 9 and 13 of the 
MCM6 gene, upstream of the lactase gene (LCT) [S12]. The particular LP associated variants are usually 
restricted to specific geographic areas; 13910C>T in Europe and in certain groups in Africa (e.g. the Fulani), 
13915T>G in eastern Africa and in the Middle East and 14010G>C in eastern Africa [S11, S14-S16].  

 

SUPPLEMENTAL EXPERIMENTAL PROCEDURES  

Sampling 
DNA samples used in this study have been collected during previous studies [S3, S4, S17]. The project was 
approved by the Human Research Ethics Committee (Medical) at the University of the Witwatersrand, 
Johannesburg (Protocol Number: M050902), the Working Group of Indigenous Minorities in Southern 
Africa (WIMSA) and the South African San Council. DNA was collected from adult individuals from 
different locations in southern Africa and one population group in the Democratic Republic of Congo 
(DRC). The following groups (see also Table 1 and Table S1) were sampled: San groups: !Xun, Khwe, /Gui 
and //Gana, Ju/'hoansi, Karretjie people, ≠Khomani. Khoe group: Nama. Bantu-speakers: Sotho-Tswana, 
Zulu, Herero, Manyanga (DRC) and South African Coloured groups from Askham, Wellington and 
Colesberg. 

Individuals were grouped according to self-identification and birth place of their close ancestors and DNA 
was extracted [S3]. Dense DNA SNP-chip data were available for all the groups, except the Manyanga [S3], 
but not necessarily for all individuals within the groups (Table S1). 

Sanger Sequencing of 360 bp in the LCT regulatory region 
A 360-bp region located in intron 13 of MCM6 was sequenced in 267 individuals; this region contains SNPs 
proven to be or suspected to be associated with LP (13910C>T; 13915T>G; 14010G>C). The method and 
primer design was adapted from [S18]. Modifications to the primers include addition of a M13 tail to the 
forward and reverse primers to allow for sequencing with the BigDye® Direct Cycle Sequencing Kit 
(Applied Biosystems). Samples were amplified by Polymerase Chain Reaction (PCR) and sequenced with 
the BigDye® Direct Cycle Sequencing Kit (Applied Biosystems) according to manufacturer's protocol with 
some modification. The PCR program was run on a 3700 thermal cycler and modified by increasing the 
length of the different steps (hold: 7 min at 96 ºC, 35 cycles: denaturation 1 min at 94 ºC – annealing 2 min 



 

at 62 ºC – elongation 2 min at 68 ºC, final elongation 5 min at 72 ºC) and the primer concentration was 
increased to 5µM. Between the PCR and the Cycle Sequencing Reaction, a 1.5% agarose gel was run for a 
few samples to check the PCR products. The samples were cleaned using the BigDye Xterminator® 
Purification Kit (Applied Biosystems) according to manufacturer’s instructions before being run on a 3730xl 
DNA analyzer (Applied Biosystems). 

Sequence processing 
The sequences were first checked on Sequence Scanner v1.0 (Applied Biosystems) and then processed using 
Sequencher® version 5.1 sequence analysis software (Gene Codes Corporation, Ann Arbor, MI USA) while 
applying following parameters: ends trimming, trimming to reference, alignment to a reference sequence 
(obtained from UCSC), secondary base call. All called SNPs were confirmed by manual checks. 

Calculation of phenotype frequencies 
Based on genotype frequencies of known LP mutations (13910T and 14010C), we calculated the predicted 
phenotype frequencies (Table 1, all homozygous and heterozygous individuals for these two variants were 
counted as being LP since the LP trait is genetically dominant and we assumed full penetrance and 
expressivity [S19]). Thus, although no direct phenotypes were available for this study, the predicted LP-
phenotypes presented for the Nama, Ju/’hoansi and southeastern Bantu-speakers were very similar to 
previously published phenotype data of LP [S8-S10] (Table1 - note that the populations are the same 
between the present and previous studies [S8-S10], but the individuals are not necessarily the same). 

Phasing 
We combined LP-associated SNPs sequenced in this study and DNA SNP-chip data from chromosome 2 for 
220 individuals [S3]. In total, 192,606 markers were phased using HAPI-UR [S20]. A genetic map was 
prepared using the latest genetic map for the human reference build 37, downloaded from the HapMap 
Project home page (http://hapmap.ncbi.nlm.nih.gov/downloads/recombination/2011-01_phaseII_B37/). 
Three iterations of HAPI-UR were run and combined into a consensus phased dataset according to the 
author’s suggestion.  

The data was then merged using PLINK [S21] with phased data for chromosome 2 of the 1000 Genome 
project dataset (data obtained for the whole genome from: ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp 
/technical/working/20120131_omni_genotypes_and_intensities/). Both 1000 Genome Project and 
Schlebusch et al., dataset [S3] were typed with the Illumina Omni 2.5 M SNP chip and thus had very high 
marker overlap. The merged dataset contains 183,934 markers for chromosome 2. In order to compare 
southern African haplotypes with other haplotypes, 50 European individuals (CEU), and 25 individuals of 
each of the following three African populations were randomly selected: Maasai (Kenya, MKK), Luhya 
(Kenya, LWK) and Yoruba (Nigeria, YRI).  

Haplotype Plots 
Haplotype plots for phased haplotypes were constructed making use of the phased datasets described above 
and custom scripts in R. Only subsets of haplotypes (see below) were extracted from merged and phased data 
for visualization by haplotype plots in order to make visualization easier. The consensus sequence (at the top 
of the plot) is the major allele at each locus for a given population (see below). For the southern African data 
additional SNPs were available (that is not in the 1000 Genome SNP data that was merged with our dataset) 



 

because we sequenced the LP region. Thus the merged version of our dataset (1000 Genomes + Schlebusch 
et al) had three SNP less than the southern African dataset alone. 

Figure 2 (Haplotype plots of the East African LP-variant in the southern African dataset) shows all 
individuals containing the C variant at position 136,608,746 (East African LP-variant) on chromosome 2 
(homozygous and heterozygous) and their haplotypes sorted according to the variant at the 136,608,746 
position (the consensus sequence displays the major allele in the Nama). Figure S1b (Haplotype plots of the 
European LP-variant in the southern African dataset) shows all individuals containing the T variant at 
position 136,608,646 (European LP-variant) on chromosome 2 (homozygous and heterozygous) and their 
haplotypes sorted according to the variant at the 136,608,646 position (the consensus sequence displays 
major allele in the Coloured Wellington group). 

In order to investigate the relationships for the MCM6-LCT region of the southern African haplotypes with 
haplotypes from other populations, 125 European and African individuals [S22] were merged with the 
southern African data. For Figure S1a (Haplotype plots of the East African LP-variant for merged data), all 
individuals containing the G variant at the 136,608,746 position in the southern African dataset were 
extracted and only haplotypes containing the G variant at the 136,608,746 position (known from southern 
African only datasets above) was visualized together with all MKK haplotypes (without any filtering) against 
consensus sequence (major allele in Nama). For Figure S1c (Haplotype plots of the European LP-variant for 
merged data), all individuals of the southern African dataset containing the T variant at position 136,608,646 
were extracted and their haplotypes sorted according to the variant at the 136,608,646 position before 
visualization together with all CEU haplotypes (sorted by the 136,608,646 position, without any filtering) 
against consensus sequence (major allele in Coloured Wellington).   

Two high frequency haplotypes were observed among individuals in the merged dataset, one haplotype was 
associated with the European LP-variant and the CEU population (northwestern European ancestry; all 
southern African gene-copies with this haplotype carried the 13910T allele, Supplementary Figure S1c), and 
the second major haplotype was associated with the East African LP-variant and the MKK population 
(HapMap Maasai population from Kenya). Thus, this haplotype analysis reveals that the 13910T and 
14010G alleles found in southern Africans share a common haplotype background with European and East 
African individuals respectively.  

Population structure analysis 
Data from different datasets were combined in order to obtain a dataset containing genome-wide SNPs for 
766 individuals from 43 populations. Data were obtained from: Schlebusch et al., [S3], Henn et al., [S10], 
HapMap III [S7], and the Human Genome Diversity Project [S8]; merging of these four datasets was 
described in [S3]. The combined global dataset (~270k SNPs) from Schlebusch et al., was then merged with 
the East African, Pagani et al., dataset [S9]. A-T and C-G SNPs were removed from the Pagani et al., dataset 
before merging to the Schlebusch et al., dataset. SNPs that still mismatched after a single strand flip were 
excluded (from the Pagani et al., dataset). The merged dataset were then filtered to contain only overlapping 
SNPs and a merged dataset of 233,363 SNPs was then used in following analyses. Only selected comparative 
groups were retained in the merged dataset for ADMIXTURE analysis; selected populations are listed with 
background information in Table S4.  



 

ADMIXTURE [S23] analyses were performed in order to cluster individuals based on SNP genotypes. 
Default settings and a random seed were used. Up to 10 values of K, the number of clusters, were tested 
(K=2 to K=11). A total of 100 iterations of ADMIXTURE were run for each value of K and the iterations 
were analyzed using CLUMPP [S24] for each K to identify common modes among replicates; the 
LargeKGreedy algorithm with 1,000 repeats was used. Pairs of replicates yielding a symmetric coefficient 
G’>=0.9 were considered to belong to common modes. The most frequent common modes were selected and 
CLUMPP was run a second time for all values of K containing the most frequent common mode 
(LargeKGreedy algorithm, 10,000 repeats). The results were visualized using DISTRUCT (Rosenberg 2004). 
Note: The Niger-Congo component in most Khoe-San groups is almost absent because the southern African 
individuals with clear and very recent Bantu-speaker (and European) admixture had been filtered out since 
those individuals would only obscure the older admixture events [S3]. Indications of recent admixture is 
easily identified by investigating the variance of the Khoe-San- and Bantu-speaker ancestry-components, see 
[S3] for a formal treatment of this filtering. 

Estimating admixture dates 
We used ADMIXTOOLS (ROLLOFF analysis) [S25] to estimate the linkage disequilibrium (LD) decay due 
to admixture and thereby infer dates of admixture. Default parameters were used. Various ROLLOFF decay 
curves were estimated using different populations as the two parental reference populations (Table S3). Two 
datasets were used. A dense dataset (2,178,988 SNPs) that consisted of the 1000 Genome Project Illumina 
Omni 2.5 M typed data (ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/technical/working/ 
20120131_omni_genotypes_and_intensities/) merged with the Schlebusch et al. [S3] dataset also typed with 
the Illumina Omni 2.5 M SNP chip. The less dense dataset (233,363 SNPs) were the same as the dataset used 
in the ADMIXTURE runs described above and contained the Pagani et al. [S9] East African data. The 
standard error was estimated with a jackknife procedure implemented in the ROLLOFF package. 
Generations were converted to years using 29 years per generation. 

Selection scans using iHS 
We used the SNP data from Schlebusch et al. [S3] to investigate if there is any evidence of selection in the 
LCT region as revealed by the integrated haplotype statistic iHS [S26]. Following the approach described in 
Pickrell et al. [S27] we divided the whole genome into 200 kb non-overlapping windows and counted how 
many of the iHS values in each window were either larger than 2 or smaller than -2 (|iHS|>2). After binning 
windows according to the approximate total number of iHS values they contained,  the empirical p-value of a 
window is computed as the proportion of genome wide windows (in the same bin) that have the observed or 
a larger number of |iHS| values larger than 2. The p-values in the window where LCT is located 
(chromosome 2: 136,400,000-136,600,000) were; Nama 0.0355, /Gui and //Gana 0.0196, Ju/’hoansi 0.1941, 
Karretjie 0.6784, ≠Khomani 0.7135, Khwe 0.0128, !Xun 1.00, South-eastern Bantu speakers 0.1070 and 
Herero 0.2704. The p-values in the window where MCM6 is located (chromosome 2: 136,600,000-
136,800,000) were; Nama 0.1604, /Gui and //Gana 0.0817, Ju/’hoansi 0.2895, Karretjie 1, ≠Khomani 0.3531, 
Khwe 0.4632, !Xun 0.076, South-eastern Bantu-speakers 0.4600 and Herero 0.2198. Figure S6 show |iHS| 
values for chromosome 2 over the region that includes the LCT and MCM6 genes. 

  



 

SUPPLEMENTAL DISCUSSION 

Singleton variants  
Besides, the four variants, discussed in the main text, three additional singleton variants in the LP-regulatory 
region were identified. The rare polymorphism 14156C>A (rs189102118) was found in a Nama individual 
and confirmed by sequencing with the reverse primer. The two other polymorphisms were 14091C>T in a 
Karretjie sample and 13937G>A (rs4988234) in a Sotho sample. These two polymorphisms were previously 
identified; 14091C>T in the Xhosa, a Bantu-speaking population [S28] and 13937G>A in a Brazilian 
population [S29]. 

Haplotype plots 
For 220 of the individuals that had LP control region sequence we investigated a genome-wide and very 
dense SNP data set [S3]. The polymorphisms obtained from sequencing the LP control region were merged 
with SNP data and phased (see EXPERIMENTAL PROCEDURE). Subsequently, for these 220 individuals, 
we extracted 39 SNPs flanking the known LP SNPs (spanning a 54.6 kb region). This region constituted the 
minimal region that contained a clear haplotype block for both the European and East African mutations in 
southern African individuals. The resultant dataset of 440 chromosomes contained a total of 15 
chromosomes with 13910T and 37 chromosomes with 14010C (Table S2), and they are illustrated in Figures 
2 and S1b. For the European LP mutation (Figure S1b), all 15 gene-copies that carry the T allele (at position 
136,608,646 in hg19) are located on a common haplotype block that stretches from position 136,594,286 to 
136,641,126 (a 46,8 kb long region). One haplotype has a single difference from the common haplotype 
(possibly a point mutation) at position 136,616,754. Among the gene-copies that carry the east African 
variant (Figure 2), 36 of 37 appear on the same haplotype background stretching some 52 kb (from position 
136,591,537 to position 136,643,555). Only two single mutations in two different chromosomes among the 
36 chromosomes deviate from the common haplotype background. One other haplotype with the east African 
variant existed with 4 differences from the common haplotype; however these 4 differences were located 
towards the peripheries of the haplotype block and may be the result of recombination. Using SNP data from 
50 individuals of northwestern European descent (the HapMap CEU population) and 25 individuals from the 
East African Maasai [S22], we confirm that the 13910T variant found among southern Africans share a 
common haplotype background with northwestern European individuals, and that the 14010G variant found 
among southern Africans share a common haplotype background with Maasai individuals (Figures S1a and 
S1c respectively).  
 
Local ancestry inference 
We further investigated the region containing the LCT and MCM6 genes on chromosome 2 in the Nama. To 
see if this region was possibly introduced by a neighboring population group into the Nama we used a 
genome-local clustering approach [S30], to infer the ancestry of local genome regions in the Nama. We 
compared the Nama individuals using selected parental populations, including San (Ju’/hoansi), West-
African (Yoruba), East African (Maasai) and European (CEU) in the genotype dataset used in ADMIXTURE 
analysis. We ran CHROMOPAINTER [S30] for each of the 14 Nama recipient chromosome 2 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. 
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 four donor populations are shown in 
Figure S2. In all cases where an East African allele was observed in an individual (through sequencing of the 
region) one or both chromosomes were predominantly assigned to the East African Maasai parental 
population (opposed to West-African, European and San parental populations). This further supports that the 
specific region in chromosome 2, surrounding the LCT control region, was contributed by an East African 
population to the Nama. Note that one Nama individual that did not carry the 14010C variant had haplotypes 
in this region assigned to the Maasai parental population; however there are haplotypes (in the particular 
region) among the Maasai that are very similar and that only differ at position 14010. 
 
Complimentary population structure inference 
To provide complimentary population structure analyses we performed Principal Components Analysis 
(PCA) [S31, S32] and TREEMIX [S33] analysis on selected populations from the dataset used for the 
ADMIXTURE analysis.  

PCA was performed with EIGENSOFT [S31, S32] with the following parameters: r2 threshold of 0.2, 
population size limit of 20, no outlier removal, 10 inferred PCs. Figure S5A shows the first four principal 
components (PCs) of an analyses that included all Khoe-San populations together with West African and 
European comparative populations. The first PC distinguishes between European and African populations, 
the second PC between West and Southern Africans, the third PC between East Africans and Europeans and 
the fourth between northern and southern Khoe-San populations. On PC1, the Nama individuals and some of 
the San individuals are located closer to Europeans and/or East Africans. On PC 3 it becomes clear that 
although some of the southern San had European admixture, the admixture component in the Nama cause 
them to group closer to East Africans than to Europeans on PC3.  In figure S5B, where only the Nama was 
included together with comparative populations, the first two PCs indicated that the Nama grouped with East 
Africans rather than West Africans or Europeans. Thus in addition to ADMIXTRE analysis, PCA supported 
an East African admixture component rather than a European and/or West African component in the Nama.   

Further support of East African admixture was provided by TREEMIX analyses [S33] on the Nama, San and 
comparative populations. TREEMIX was run with on various combinations of populations allowing for a 
number of different admixture edges (Figure S4). The ancestry graph was rooted using all Khoe-San groups 
and SEs were computed based on blocks of 2,000 SNPs. In figure S4A, the ancestry graph, that included 
East African and West African comparative populations with three allowed admixture edges, showed 
admixture from West Africans (Yoruba) into the Maasai (MKK - point estimate of 38.3%) and !Xun (point 
estimate of 19.0%). The third admixture edge supports admixture from East Africans (Tygray and Afar) into 
the Nama (point estimate of 9.9%). When Europeans are included (Figure S4B) and with 6 allowed 
admixture edges, West African admixture is seen for all East African populations and the !Xun. In this case 
the Nama again displayed admixture from East Africans (point estimate of 9.6%), while European admixture 
is seen in the ≠Khomani (point estimate of 8.7%). Thus in addition to ADMIXTURE and PCA analysis, 
TREEMIX also support East African admixture into the Nama that can be distinguished from European and 
West African admixture. 

Rejecting neutrality based on the frequency of the 14010C variant in the Nama population 
Here we show that genetic drift is unlikely explain the observed high frequency of allele 14010C in the 
Nama population. We assume that the admixture event in the Nama population with an East African 



 

population took place at least 38.532 generations ago and at most 47.944 generations ago [times based on the 
best candidates for the admixture population in Table S3 (Tygray, Amhara or Afar) with 38.532 = 42.680 - 
4.136 (mean minus one standard error when Tygray is the parental population) and 47.944 = 43.738 + 4.206 
(mean plus one standard error when Amhara is the parental population)]. To translate these times in 
generations into coalescent time units, we divide by 2Ne where Ne is the effective (diploid) population size 
in the Nama population during the time since the admixture event. Assuming an effective population size of 
at least 5,000 and at most 20,000, time measured in coalescent units translates to at least 38.532/(2×20 000) 
= 0.0009633 and at most 47.944/(2×5 000)=0.0047944. Hence, we assume that the time to the admixture 
event in coalescent units is less than 0.0048. 

We used simulations to investigate how likely it is to observe at least 5 copies of the 14010C allele in a 
sample of size 14 (the observed sample configuration in the Nama sample when recently admixed 
individuals where removed) given that the time in coalescent units is 0.0048 and the admixture proportion is 
13% (based on ADMIXTURE results – see main text). The simulations were performed for different 
frequencies of the 14010C variant in the admixed population 0.0048 coalescent time units ago (the frequency 
was at most 0.13 since we can assume that 14010C has an East African origin). Assuming 13% 14010C at 
the admixture time is an extreme upper bound since the greatest observed frequency of 14010C in any 
population is 0.578 (see Kenyan Maasai in Table S1 in Tishkoff et al [S2]) and 0.13 is obtained if the 
incoming East African population at the admixture time had a frequency of 1 for the 14010C variant. 
Moreover, if 14010C has been under strong positive selection in the admixing East African population, it 
likely had a lower frequency at the time of admixture than what is observed today. Note that the probability 
to observe at least 5 copies of the 14010C allele will be even lower for times smaller than 0.0048 showing 
that genetic drift is unlikely to explain the high number of observed 14010C alleles in the Nama sample. The 
simulations were performed in R using the following algorithm: 

i) Starting with 14 lineages, simulate the number of lineages left after 0.0048 time units, n 

ii) draw k, the number of 14010C among these n nlineages from a binomial distribution Bin(n,freq) 
where freq is the frequency of 14010C in the admixed population 

iii) increase k by 1 with probability k/n and set n to n+1 

iv) if n<14 (the sample size of the Nama sample), go to iii) 

This was repeated 1,000,000 times for freq=0.13 and among these simulations, 31,393 had a final k larger or 
equal to 5 corresponding to a (simulated) p-value of 0.034 (see also Sjödin et al. [S34] for a more thorough 
account of this methodology). We note that freq = 0.13 is an extreme upper bound and that the (simulated) p-
value of neutrality decreases with freq (e.g. P = 0.0045 for freq = 0.078 corresponding to the more realistic 
assumption of a frequency of 0.6 in the East African population at the time of admixture). At any rate, the 
simulations clearly show that neutrality can be rejected for any frequency of 14010C in the admixing East 
African population given that the time in coalescent units is 0.0048 and the admixture proportion is 13%.     

Estimating a selection coefficient for the 14010C variant in the Nama population 
Given that the observed high frequency of 14010C in the Nama population is not due to genetic drift, it may 
be caused by strong positive selection. We assume that the site is under purely additive positive selection. In 



 

this case we can ignore the effect of genetic drift and rely on the deterministic formula (by Ohta and Kimura 
[S1]) 

1  

to estimate the selection coefficient s. Here, Xt is the frequency of 14010C in the Nama population today 
(excluding recently admixed individuals) which we will set to 5/14 = 0.357. The relevant time t (in 
generations) is set to either 38.532 generations ago or 47.944 (see above) and freq is the same parameter as 
above. Using these criteria, we can solve for s in the formula above. Since freq = 0.13x where x is the 
frequency of 14010C in the parental East African population at the time of admixture, we plot the estimated 
value of s as a function of x instead of freq to easier relate it to the observed frequencies of 14010C in East 
African populations today (Figure S7). Although x is unknown, it is likely to be (possibly much) less than the 
frequency found in Maasai today (0.578 is the greatest observed frequency of the 14010C allele that we 
know of), suggesting that the selection coefficient for the positive selection of 14010C in the Nama 
population is similar to (or greater than) the estimate by Tishkoff et al. [S2] for other East African 
populations (also using a model of additive positive selection). 
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