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ABSTRACT 

 

Evolution and historical events over the past 300 000 years have contributed in shaping the 

gene pool of sub-Saharan African populations. By examining patterns of Y chromosome 

variation, through the screening of single nucleotide polymorphisms (SNPs) and short 

tandem repeats (STRs), the present study aimed to characterise the phylogeography of 

ancient African Y chromosome haplogroups found in populations across sub-Saharan 

Africa, as well as understand the genetic affinities of these populations. 

 

In order to screen the large number of the markers required, seven multiplex single base 

extension assays were developed. These were used to refine the resolution of Y 

chromosomes commonly found in Africa, but also included a few markers to delineate the 

common non-African Y chromosome haplogroups, following a hierarchical screening 

process. In total, 1667 males were screened, and these data were compiled together with 

comparative published data. 

 

The resultant SNP and STR dataset was used in illustrating, more specifically, the 

phylogeographies of haplogroups A and B. The wide geographic distribution of 

haplogroup A, together with its position at the root of the phylogeny and high diversity, 

support an early diversification of the haplogroup into its subclades, which subsequently 

spread across Africa. The distribution of major haplogroup B subclades, however, are 

possibly due to post-glacial migrations in the case of haplogroup B-M112, and recent 

population expansions, leading to the common presence of haplogroup B-M152 across 

sub-Saharan Africa. The spread of haplogroup E, however, created the biggest impact on 
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African populations; with its expansion likely resulting in the diminished presence of many 

of the subclades of haplogroups A and B. 

 

The Y chromosome compositions of present sub-Saharan African populations are, thus, the 

result of several diversification events, followed by migration, and mixing of population 

groups, over the course of modern human existence. 
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1 INTRODUCTION 

 

1.1 Molecular anthropology and the haploid marker 

 

Anthropology is the study of humanity, our physical and cultural similarities and 

differences over time. To this end scholars have utilized many tools within the disciplines 

of human anatomy, archaeology, linguistics and history to reconstruct the human historical 

record. During the past century, however, the field of genetics has witnessed an upsurge in 

its application to anthropological questions, documenting the similarities and differences 

between people, and offering a clearer image of humanity’s past.  Given that human 

genome variation evolves over time due to several factors - among them mutation, genetic 

drift, migration and selection - the genome has retained some of the record of these 

historical and evolutionary events. Recently, whole genome approaches have become 

useful in answering questions related to the origin and diversification of modern humans 

(Lawson, et al., 2012). This is due to higher resolution screening and better computational 

analyses. For over two decades, however, the uniparentally inherited marker systems – 

mitochondrial DNA (mtDNA) and the non-recombining region of the Y chromosome 

(NRY) (Fig. 1.1) – have been used to answer questions regarding human origins and the 

subsequent demographic events leading to current peoples and populations (Underhill and 

Kivisild, 2007). The utility of haploid systems such as mtDNA and the NRY when 

examining origins and affinities is due to a lack of meiotic recombination, unlike the rest of 

the genome. This results in the inheritance of intact haplotypes through generations, which 

change only by mutation, thus preserving a simpler record of their history. Additionally, 

their uniparental modes of inheritance – maternal in the case of mtDNA; paternal in the 
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case of the NRY – allows for the elucidation of specifically female or male contributions to 

the shaping of the human gene pool. The NRY and mtDNA continue to be important 

sources of information; especially in light of their detailed and well-defined human 

phylogenies, which clearly represent both the clinality and discreteness that characterises 

human diversity. 

 

 

Figure 1.1: Schematic of the human Y chromosome (Hurles and Jobling, 2001) 

 

1.2 Y chromosome nomenclature and the Y phylogeny 

 

While the first polymorphism on the Y chromosome was recorded in 1985 (Casanova, et 

al., 1985), it was only toward the end of the twentieth century that enough markers were 

compiled to generate well-resolved Y chromosome phylogenies (Underhill, et al., 2000; 

Hammer, et al., 2001; Underhill, et al., 2001). The usage of multiple independent naming 

systems, however, made it difficult to compare results between them. A standard 

nomenclature was established by the Y Chromosome Consortium (YCC) (Y Chromosome 

Consortium [YCC], 2002), which resolved the global pattern of Y chromosome variation 
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into 18 major haplogroups that were classified using capital letters A through to R. This 

was revised by Karafet, et al. (2008) to a Y chromosome haplogroup phylogeny that 

contained 311 branches delineated by approximately 600 markers (primarily bi-allelic) and 

included an additional two haplogroups (S and T), increasing the major haplogroup 

number to 20 (Fig. 1.2). Currently, the Y chromosome phylogeny is kept up to date by the 

International Society of Genetic Genealogy (ISOGG), as new publications and the 

discovery of more variation improve its resolution. 

 

Due to the lower effective population size of the Y chromosome – 25% of any autosome 

and 33% of the X chromosome – it is known to be more susceptible to genetic drift 

(Jobling and Tyler-Smith, 2003). The increased effect of drift results in accelerated 

differentiation of Y chromosomes from different populations (Seielstad, Minch and 

Cavalli-Sforza, 1998). This has resulted in strong concordance between Y chromosome 

haplogroups and the geographic distributions of populations and adds to the Y 

chromosome’s utility in reconstructing the history and migrations of humans over time. 

 

1.3 Y chromosome haplogroups of Africa 

 

Of the 20 major Y chromosome haplogroups, only three exhibit substantial presence 

throughout Africa, viz. haplogroups A, B and E. While haplogroups A and B represent the 

oldest splits in the Y chromosome phylogeny, it is haplogroup E that has attained highest 

frequencies, with some subclades spreading out of Africa into the Middle East and Europe. 
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Figure 1.2: An abbreviated Y chromosome phylogeny showing the major Y chromosome 

haplogroups, from Karafet, et al. (2008). 
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1.3.1 Haplogroup A 

 

Haplogroup A was the first to branch off the Y chromosome phylogeny, and is regarded as 

the oldest haplogroup. Initially it was defined by the presence of the M91 mutation 

(Underhill, et al., 2000). Karafet, et al. (2008) then reinforced the branch by introducing 

the P97 mutation alongside M91. All lineages within haplogroup A were considered 

monophyletic (defined by M91 and P97) until 2011, when Cruciani, et al. (2011) 

resequenced sections of the Y chromosome in a subset of individuals, which resulted in the 

detection of 146 bi-allelic variants (Fig. 1.3A). These variants, when incorporated into the 

existing Y chromosome phylogeny, drastically modified its basal backbone (Fig. 1.3B). 

These modifications showed that haplogroup A was, instead, composed of a number of 

polyphyletic clades, with M91 and P97 phylogenetically equivalent to one of these clades. 

The deepest split separated haplogroup A1b from a monophyletic clade comprised of 

haplogroups A1a, A2, A3 and BT. 

 

Haplogroup A1a then separated out, leaving a monophyletic clade containing A2, A3 and 

BT. Haplogroup A1b has since been renamed to A0 (ISOGG 2012) in order to preserve as 

much of the current Y chromosome haplogroup nomenclature as possible. Furthermore 

Mendez, et al. (2013) discovered a new haplogroup, named A00, which was even older 

than haplogroup A0. One of the consequences of the modified phylogeny was the deeper 

time to most recent common ancestor (TMRCA) at 338 thousand years ago (kya). 

 

The subclades of haplogroup A (Fig. 1.4) exhibit strong geographic structuring. 

Haplogroup A00 was initially found in an African American individual; however, it is also 

found at low frequencies in Cameroon (Mendez, et al., 2013). 
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Figure 1.3: (A) Revised backbone of the human Y chromosome phylogeny, based on 146 

newly discovered bi-allelic variants (Cruciani, et al., 2011). (B) Comparison of the Y 

chromosome phylogeny backbones as reported in Cruciani, et al. (2011) (left) and Karafet, 

et al. (2008). 
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While haplogroup A0 (A0a1a, based on the P114 mutation) has been found in Cameroon 

and at low frequency in northern Algeria (Cruciani, et al., 2011), haplogroup A1a (A-M31) 

has been found across west Africa (Underhill, et al., 2000; Cruciani, et al., 2002; 

Gonçalves, et al., 2003; Wood, et al., 2005; Rosa, et al., 2007; Cruciani, et al., 2011). 

Haplogroup A1b1b2b (A-M13) has its strongest presence in east Africa - Sudan, Ethiopia, 

Tanzania, Kenya - (Underhill, et al., 2000; Cruciani, et al., 2002; Semino, et al., 2002; 

Luis, et al., 2004; Wood, et al., 2005; Tishkoff, et al., 2007; Hassan, et al., 2008) and at 

lower frequencies in Cameroon (Cruciani, et al., 2002; Wood, et al., 2005). In contrast, 

haplogroup A1b1b2a (A-M51) occurs at its highest frequencies among the Khoe-San 

populations of southern Africa (Underhill, et al., 2000; Cruciani, et al., 2002; Wood, et al., 

2005; Naidoo, et al., 2010) as well at lower frequencies in neighbouring Southeastern 

Bantu speakers (Naidoo, et al., 2010) and the South African Coloured population 

(Quintana-Murci, et al., 2010). Haplogroup A1b1a1 (A-M14), thought to be found 

exclusively among the Khoe-San (Underhill, et al., 2000; Cruciani, et al., 2002; Wood, et 

al., 2005), has been found in an ancestral form among central African Pygmy populations 

(Batini, et al., 2011a). 

 

Figure 1.4: An abbreviated haplogroup A phylogeny (for the full ISOGG 2013 haplogroup 

A phylogeny, see appendix A). 
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1.3.2 Haplogroup B 

 

After haplogroup A, haplogroup B is regarded as one of the oldest haplogroups. While 

Karafet, et al. (2008) defined the haplogroup using M60 (Underhill, et al., 2000), M181 

(Underhill, et al., 2001), P85 and P90 (Karafet, et al., 2008), the resequencing done by 

Cruciani, et al. (2011), led to the unearthing of 17 more bi-allelic markers, strengthening 

support for the branch. The subclades of haplogroup B (Fig. 1.5) occur throughout sub-

Saharan Africa but also display a high level of geographic structure. Haplogroup B1 (B-

M236) has been found at low frequencies in Cameroon, Burkina Faso (Cruciani, et al., 

2002) and Mali (Underhill, et al., 2000). Most of the diversity present in haplogroup B, 

however, is contained within the haplogroups B2a (B-M150) and B2b (B-M112).  

Haplogroup B2a1a (B-M152) is commonly observed in Africa, enjoying widespread 

distribution at moderate to high frequencies in central Africa, east Africa and southern 

Africa (Underhill, et al., 2000; Cruciani, et al., 2002; Beleza, et al., 2005; Wood, et al., 

2005; Naidoo, et al., 2010; Batini, et al., 2011a), possibly as a result of the Bantu 

Expansion (Diamond, 1997). It is believed that around 5000 years ago, Bantu speakers 

from a region that is now northwest Cameroon / southern Nigeria, began a migration that 

resulted in the spread of Bantu languages throughout sub-Saharan Africa. Haplogroup B-

M112, while found at lower frequencies overall, compared to B-M150, occurs at high 

frequencies among hunter-gatherer populations such as Pygmies (Eastern and Western), 

Khoe-San and Hadza, with some lineages segregating specifically to each of these groups 

(Underhill, et al., 2000; Cruciani, et al., 2002; Knight, et al., 2003; Tishkoff, et al., 2007; 

Batini, et al., 2011a). 
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Figure 1.5: An abbreviated haplogroup B phylogeny (for the full ISOGG 2013 haplogroup 

B phylogeny, see appendix B). 

1.3.3 Haplogroup E 

 

While haplogroup E is the most common African haplogroup, it is the sister clade to the 

Asian haplogroup D, as both have the Y Alu Polymorphism (YAP) in common. While 

individuals bearing the ancestral paragroup, DE*, have been found in Africa (Weale, et al., 

2003; Rosa, et al., 2007) and Asia (Shi, et al., 2008) it is commonly accepted that 

haplogroup E arose in Africa; possibly in east Africa. The branch is defined, currently, by 

as many as 25 mutations (ISOGG 2013), and while 56 distinct sub-haplogroups were 

recorded in 2008 (Karafet, et al., 2008), the past few years has seen substantial 

restructuring and additions within haplogroup E. It has obtained the highest frequencies of 

any major haplogroup in Africa; however, most of these numbers are accounted for by 

members of the E1b1 (E-P2) subclade (Fig. 1.6). Haplogroup E1a (E-M33) has been 
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observed primarily in north and west Africa (Underhill, et al., 2000; Bosch, et al., 2001; 

Cruciani, et al., 2002; Semino, et al., 2002; Gonçalves, et al., 2003; Arredi, et al., 2004; 

Luis, et al., 2004; Wood, et al., 2005; Rosa, et al., 2007), with minor occurrences in 

Portugal (Gonçalves, et al., 2005) and Italy (Battaglia, et al., 2009) as well. Its highest 

frequency was found in Mali (Underhill, et al., 2000; Wood, et al., 2005). Haplogroup E2 

(E-M75) is present throughout sub-Saharan Africa at low to moderate frequencies 

(Underhill, et al., 2000; Cruciani, et al., 2002; Gonçalves, et al., 2003; Luis, et al., 2004; 

Wood, et al., 2005; Rosa, et al., 2007). While no basal E1b1* (E-P2*) examples have been 

found, surviving branches of this haplogroup, E1b1a (E-V38) and E1b1b (E-M215), have 

been found throughout Africa. Haplogroup E1b1a, previously defined by M2 (which now 

defines E1b1a1), occurs at its highest frequencies and diversity in west Africa (Cruciani, et 

al., 2002; Semino, et al., 2002; Gonçalves, et al., 2003; Rosa, et al., 2007). 

 

While its prevalence decreases clinally from west to east across Africa, E-V38 and its 

subclades are still found at frequencies above 50% in many parts of central, east and 

southern Africa (Underhill, et al., 2000; Cruciani, et al., 2002; Wood, et al., 2005). The 

mutations V38 and V100 currently define haplogroup E1b1a (Trombetta, et al., 2011), but 

the lineages within the E-M2 subclade are still the most commonly found. The most 

significant of these lineages, whose high frequencies characterise the Bantu Expansion, are 

haplogroup E1b1a1a1f1a1 (E-U174) - on an E-M191 background - and haplogroup 

E1b1a1a1g (E-U175) (de Filippo, et al., 2011).  
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Figure 1.6: Y chromosome haplogroup E1b1 phylogeny as proposed in Trombetta, et al. 

(2011). 
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Haplogroup E1b1b, more particularly its major subclade E1b1b1 (E-M35.1), is the only 

African haplogroup to have attained appreciable frequencies outside of Africa. Much of its 

European and Middle Eastern distribution is accounted for by haplogroup E1b1b1a1 (E-

M78) (Cruciani, et al., 2007), though this haplogroup is thought to have arisen in northeast 

Africa. The northwest African presence of E1b1b1 is represented by E1b1b1b1a (E-M81), 

which is associated mainly with Berber populations (Bosch, et al., 2001). It has found its 

way into Europe as well, with a minor presence in the Iberian Peninsula. In 2008, the 

M293 marker was discovered (Henn, et al., 2008), which was found to characterise a major 

proportion of haplogroup E1b1b1 variation from east Africa into southern Africa. 

Haplogroup E1b1b1b2b (E-M293) was found to occur at high frequencies among certain 

Tanzanian populations and Southern African Khoe-San populations, and is possibly 

associated with the spread of pastoralism from east Africa into southern Africa (Henn, et 

al., 2008). 

 

1.3.4 Non-African haplogroups in Africa 

 

While haplogroups A, B and E comprise the majority of Y chromosome variation in 

Africa, some haplogroups which diverged outside of Africa, and found more commonly 

among Eurasians, have been found at varying frequencies among African populations. This 

could be due to relatively recent admixture, as is the case with South African Coloured 

populations (Quintana-Murci, et al., 2010) and many north African populations (Arredi, et 

al., 2004), or due to an ancient back-migration. It has been suggested that an ancient back-

migration could account for the presence of a subclade of haplogroup R1b, R-V88, in north 

Africa (Algeria, Egypt and Morrocco) and central Africa (Chad, Cameroon, Niger and 

Nigeria) at appreciable frequencies, especially in northern Cameroon where it occurs at 
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frequencies of 9-95% among certain populations (Cruciani, et al., 2002; Cruciani, et al., 

2010). 

 

Henceforth any reference to a haplogroup will be based on marker nomenclature (e.g. A-

M51) to avoid confusion and complicated names (e.g. E1b1b1b2a1a1). 

 

1.4 Screening of markers 

 

Over the years a number of different techniques such as denaturing High Performance 

Liquid Chromatography (dHPLC) and resequencing were used to discover Y chromosome 

polymorphisms (Underhill, et al., 2000; Hammer, et al., 2003; Karafet, et al., 2008). These 

methods, together with other polymerase chain reaction (PCR) and restriction fragment 

length polymorphism (RFLP) assays, have been utilised in the genotyping of Y 

chromosomes in several populations. In most labs, however, these techniques were not 

adopted due to equipment limitations and cost. This prompted the development of other 

genotyping techniques (Sobrino, Brión and Carracedo, 2005); which have increased the 

resolution at which Y chromosomes are examined. Of these methods, single base extension 

(SBE) – otherwise known as minisequencing – was chosen for use in this study. The 

principle of the method lies in the extension of a “detection” primer that has annealed 

immediately 3’ of the single nucleotide polymorphism (SNP) of interest using a 

fluorescently labelled dideoxynucleoside-triphosphate (ddNTP) that is complementary to 

the SNP of interest (Syvänen, 1999) (Fig. 1.7). Due to its convenience and relative 

affordability, SBE is now used in many genetic and forensic applications. In this study 

SBE assays were used to refine the resolution of Y chromosome haplogroups commonly 

found in Africa, having also incorporated a few bi-allelic markers to delineate the common 
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non-African Y chromosomes following a hierarchical screening process. While many Y 

chromosome bi-allelic markers have not attained the frequencies needed to be classified as 

SNPs, for convenience the abbreviation, SNP, will be used from hereon when referring to 

bi-allelic markers. 

 

 

 

 

 

Figure 1.7: Diagram illustrating the principle and steps of the SBE technique. The 

detection primer anneals to the PCR product immediately upstream of the SNP. A 

fluorescently labelled ddNTP is then attached to the primer during extension. 
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1.5 Human Phylogeography 

 

In 1987, Avise and colleagues attempted to unite the fields of phylogenetics and population 

genetics and in the process the concept of phylogeography resulted. Phylogeography is the 

study of the principles and processes governing the geographical distribution of 

genealogical lineages (Avise, et al., 1987), and was conceived to be “the phylogenetic 

analysis of geographically contextualised genetic data for testing hypotheses regarding the 

causal relationship among geographic phenomena, species distributions, and the 

mechanisms driving speciation” (Avise, et al., 1987). While this was an attempt to bridge 

the gap between micro-evolutionary processes and macro-evolutionary differences among 

species, phylogeography was found to be extremely useful in the examination of intra-

species diversity and distribution, including that of modern humans. 

 

Initially, mtDNA was the molecule of choice for phylogeographic application; however the 

Y chromosome has also been aptly utilized. The rapid discovery of markers on the Y 

chromosome within the last decade has allowed for the application of phylogeographic 

methods to human Y chromosome diversity over most of the globe; especially Europe (Di 

Giacomo, et al., 2004; Underhill, et al., 2010; Myres, et al., 2011), Asia (Sahoo, et al., 

2006; Shi, et al., 2008), and Africa (Cruciani, et al., 2002; Cruciani, et al., 2004; Semino, et 

al., 2004; Batini, et al., 2011a). 
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1.6 Study Objectives 

 

Evolution and recent historical events over the past 200 000 to 300 000 years have 

contributed in shaping the gene pool of sub-Saharan African populations. Using patterns of 

Y chromosome variation, it is possible to examine how males have contributed in shaping 

the gene pool among sub-Saharan African populations. The present study aimed to 

characterise the phylogeography of ancient African Y chromosome haplogroups, especially 

those within haplogroups A and B, through the examination and analysis of high resolution 

genetic data; generated from the screening of SNP and short tandem repeat (STR) markers 

in sub-Saharan African males. 

 

The project entailed: 

• Optimizing multiplex PCR and SBE assays for the high-throughput genotyping 

of Y chromosome markers. 

• Screening for SNP and STR markers in 1667 male individuals to resolve Y 

chromosome haplogroups and haplotypes in a number of sub-Saharan African 

populations. 

• Examining the range distribution of Y chromosome haplogroups, and inferring 

their evolutionary histories and the genetic affinities of sub-Saharan African 

populations. 
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2 SUBJECTS AND METHODS 

 

2.1 Subjects 

 

DNA samples from 1667 males from sub-Saharan Africa were analysed in the present 

study (Table 2.1). All DNA samples were collected with the subjects’ informed consent, 

and this research was approved by the Human Research Ethics Committee (Medical) at the 

University of the Witwatersrand, Johannesburg (Protocol Numbers. M090576 / M050906; 

appendix C). Sampling was done by collecting peripheral blood in EDTA-tubes or through 

buccal swabs, from volunteers.  

 

The sample included at least 105 ethnicities from 16 countries. However, due to the low 

sample numbers of some ethnicities, individuals were assigned a group identity (Table 2.1) 

for use in some of the analyses. The group identity was based on geographic, ethnic and/or 

linguistic self-affiliation. To illustrate, the !Xun and Ju|’hoansi, both Northern Khoisan (Ju) 

speakers, were assigned to the Northern Khoe-San group; while the Biaka and Mbenzele, 

who are Pygmy populations in the Central African Republic (CAR), were assigned to the 

Western Pygmy group. 

 

Additional data from ongoing projects in the Human Genomic Diversity and Disease 

Research Laboratory (HGDDRL), as well as published Y chromosome data on other sub-

Saharan African populations (Cruciani, et al., 2002; Semino, et al., 2002; YCC, 2002; 

Knight, et al., 2003; Luis, et al., 2004; Moran, et al., 2004; Wood, et al., 2005; Gonçalves, 

Spínola and Brehm, 2007; Rosa, et al., 2007; Tishkoff, et al., 2007; Hassan, et al., 2008; 
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Berniell-Lee, et al., 2009; Coelho, et al., 2009; de Filippo, et al., 2010; Gomes, et al., 2010; 

Batini, et al., 2011a) were included to increase sample numbers or as comparative data in 

the analyses (see Appendix D). 



 19

Table 2.1: Details of populations examined in the present study 

Assigned Group ID N Country Ethnicity Language Group n 

Central African Central Bantu 164 Congo Bembe Central Bantu 1 

Mixed Central Bantu speakers Central Bantu 2 
Democratic Republic of Congo Bamboma Central Bantu 2 

Fulero Central Bantu 1 

Havu Central Bantu 1 

Kango Central Bantu 1 

Kanyok Central Bantu 1 

Lemfu Central Bantu 1 

Luba Central Bantu 22 

Lunda Central Bantu 3 

Manyanga Central Bantu 93 

Mbala Central Bantu 2 

Nande Central Bantu 1 

Ndibu Central Bantu 6 

Ngongo Central Bantu 1 

Nombe Central Bantu 1 

Ntandu Central Bantu 4 

Pelende Central Bantu 1 

Pende Central Bantu 3 

Shi Central Bantu 1 

Songe Central Bantu 2 

Songo Central Bantu 2 

Suku Central Bantu 1 

Swahili Central Bantu 3 

Yombe Central Bantu 3 

Rwanda Banyarwanda Central Bantu 5 
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Table 2.1 cont.: Details of populations examined in the present study 

Assigned Group ID N Country Ethnicity Language Group n 

Central African Ubangian 87 Central African Republic Banda Ubangian 1 

Gbaya Ubangian 32 

Kpatili Ubangian 3 

Lagba Ubangian 3 

Nzakara Ubangian 30 

Sangha-Sangha Ubangian 11 

Yakoma Ubangian 1 

Yakpa Ubangian 1 

Zande Ubangian 4 

Democratic Republic of Congo Ngbandi Ubangian 1 
Northwest Bantu 32 Central African Republic Mpiemo Northwest Bantu 3 

Democratic Republic of Congo Kusu Northwest Bantu 1 

Libinza Northwest Bantu 1 

Lokele Northwest Bantu 1 

Mongo Northwest Bantu 5 

Ngombe Northwest Bantu 3 

Ntomba Northwest Bantu 1 

Ohendo Northwest Bantu 1 

Sakata Northwest Bantu 2 

Sengele Northwest Bantu 1 

Teke Northwest Bantu 1 

Tetela Northwest Bantu 4 

Yaka Northwest Bantu 2 

Yansi Northwest Bantu 6 
Western Pygmy 41 Central African Republic Biaka Northwest Bantu 23 

Mbenzele Northwest Bantu 18 
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Table 2.1 cont.: Details of populations examined in the present study 

Assigned Group ID N Country Ethnicity Language Group n 

Nigerian mixed Benue-Congo 7 Nigeria Igbo Benue-Congo 4 

Urhobo Benue-Congo 1 

Yoruba Benue-Congo 2 
East African Central Bantu 177 Tanzania Swahili Central Bantu 17 

Uganda Banyarwanda Central Bantu 1 

Fumbira Central Bantu 11 

Ganda Central Bantu 2 

Hororo Central Bantu 21 

Kiga Central Bantu 77 

Konjo Central Bantu 6 

Nyankole Central Bantu 40 

Soga Central Bantu 1 

Tooro Central Bantu 1 

East African Nilotic 1 Uganda Acholi Nilotic 1 
South East African Central Bantu 4 Malawi Ngoni Central Bantu 1 

Nyanja Central Bantu 2 

Tonga Central Bantu 1 
Southern African Central Bantu 71 Zambia Bemba Central Bantu 17 

Kaonde Central Bantu 3 

Kunda Central Bantu 1 

Mambwe Central Bantu 1 

Mwanga Central Bantu 3 

Ngoni Central Bantu 3 

Nkoya Central Bantu 1 

Nsenga Central Bantu 2 

Nyanja Central Bantu 25 

Tonga Central Bantu 13 

Tumbuka Central Bantu 2 
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Table 2.1 cont.: Details of populations examined in the present study 

Assigned Group ID N Country Ethnicity Language Group n 

Southeastern Bantu 343 Tanzania Tsonga Southeastern Bantu 1 
Lesotho Sotho Southeastern Bantu 7 

Southern Ndebele Southeastern Bantu 1 

Mozambique Tsonga Southeastern Bantu 1 
South Africa Hlubi Southeastern Bantu 1 

Pedi Southeastern Bantu 13 

Sotho Southeastern Bantu 81 

Mixed Southeastern Bantu speakers Southeastern Bantu 57 

Southern Ndebele Southeastern Bantu 6 

Swazi Southeastern Bantu 4 

Tsonga Southeastern Bantu 9 

Tswana Southeastern Bantu 24 

Venda Southeastern Bantu 4 

Xhosa Southeastern Bantu 36 

Zulu Southeastern Bantu 63 
Zambia Lozi Southeastern Bantu 27 

Shona Southeastern Bantu 2 
Zimbabwe Northern Ndebele Southeastern Bantu 3 

Shona Southeastern Bantu 3 
Southwestern Bantu 112 Namibia Herero Southwestern Bantu 45 

Himba Southwestern Bantu 25 

Ovambo Southwestern Bantu 42 
Dama 30 Namibia Dama Central Khoisan (Khoi) 29 

South Africa Dama Central Khoisan (Khoi) 1 
Central Khoe-San 74 Angola Khwe Central Khoisan (Khoi) 51 

Botswana Naro Central Khoisan (Khoi) 2 

Namibia Nama Central Khoisan (Khoi) 17 

South Africa Nama Central Khoisan (Khoi) 4 
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Table 2.1 cont.: Details of populations examined in the present study 

Assigned Group ID N Country Ethnicity Language Group n 

Khoe-San/Bantu admixed 21 Botswana |Gui-||Ghana-Kgalagari Central Khoisan / Southeastern Bantu 21 
Northern Khoe-San 121 Angola !Xun Northern Khoisan (Ju) 80 

Namibia Ju|’hoansi Northern Khoisan (Ju) 41 
Southern Khoe-San 41 South Africa /Xam Southern Khoisan (Tuu) 1 

Khomani Southern Khoisan (Tuu) 40 

South African Coloured 148 South Africa South African Coloured Indo-European 148 

South African Cape Malay 17 South Africa Cape Malay Indo-European 17 

European Descent 156 South Africa South African White Indo-European 156 

Indian Descent 20 South Africa South African Indian Indo-European + Dravidian 20 
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2.2 Methods 

 

Details of reagents and recipes used are listed in Appendix E and G. 

  

2.2.1 DNA extraction 

 

DNA from EDTA-blood was extracted using the salting-out method (Miller, Dykes and 

Polesky, 1988) and the Gentra Puregene Buccal Cell Kit (Qiagen, Germany) was used to 

extract DNA from buccal swabs according to the manufacturer’s instructions.  

 

DNA was quantified using the NanoDrop ND-1000 Spectrophotometer (Lab-VIEW®, 

Coleman Technologies Inc, FL, USA) and diluted to the required concentrations using 

double distilled water (ddH2O). 

 

2.2.2 Y chromosome molecular methods 

 

Individuals in the sample were screened for Y chromosome variation by genotyping both 

haplogroup-defining SNPs and STR markers. 

 

i. SNP genotyping 

Seven multiplex SBE assays, which incorporated 60 Y chromosome SNPs described in the 

YCC phylogeny 2003 (Jobling and Tyler-Smith, 2003), were developed. These resolved 61 

Y chromosome haplogroups (Table 2.5).  
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Primer design 

The sequences of the regions encompassing the polymorphisms were taken from GenBank. 

The PCR and SBE primers were designed using Primer3 software (Rozen and Skaletsky, 

2000), before aligning them to human genomic sequences using the NCBI BLAST 

alignment tool to confirm template specificity. The screening software, AutoDimer 

(Vallone and Butler, 2004) was used to check for primer-dimer and hairpin loop formation. 

HPLC-purified primers were purchased via Roche from Metabion, diluted to 100µM, and 

frozen. 

 

PCR primer lengths ranged from 20 to 27 mers; and GC percentage varied between 30% 

and 60%. Amplicons were designed to differ slightly in size to distinguish them following 

agarose gel electrophoresis to check the success of the PCR. In total, 53 pairs of PCR 

primers were designed encompassing all 60 SNPs (Table 2.2). Fewer pairs of primers were 

needed, as some SNPs were co-amplified on the same amplicons (M13 and M14; M40 and 

M41; M58 and M155; M123 and M281; M81 and M154; M85, M148 and M149). 

 

Poly-C or Poly-GACT tails of differing lengths were added to the 5’ end of most SBE 

primers (Table 2.3), so as to differentiate between them during capillary electrophoresis. 

SBE primer lengths ranged from 25 to 80 mers, and differed in size from each other by 

four to five mers.  
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Table 2.2: PCR primer sequences, amplicon lengths and final concentrations 

SNP Primer (5’ – 3’) Fragment 

size (mers) 

Concentration 

(µM) 

Assay 

Forward Reverse 

M170 CTAGTATGCTTCACACAAATGCG GACCACACAAAAACAGGTCCTC 390 0.08 YSNP1 

M207 AAGGGCAAGCAAAATAGCAATAC TGTTCGCTGCTACGAATCTTT 363 0.08  

M201 CATGGGTAATTCGGTTGTTACC CTAAACATCATGGTGTGACGAAC 331 0.08  

M168 GGTTTGAATGAGACTGGGTCA TGGTAATCTCATAGGTCTCTGACTG 295 0.08  

M343 AGGTAGGAGGATCCAAAGCTGA CACCTTTGTCCTCTTGCTCTTT 276 0.08  

M9 TGCAGCATATAAAACTTTCAGGAC TTCCTCATTTTTGAAGCTCGTG 241 0.08  

M69 TCAGCCATTTCACCAAAACTCT CTGAAGAAACAAACCTACCTGGAA 233 0.08  

M89 CCAAGCTGGTGAGTCTTATCCT GCAGAATAGCTGCTCAGGTACA 215 0.08  

M172 CAGAAGATGCCCCATTATATCCT ACTCCATGTTGGTTTGGAACAG 208 0.08  

M198 TAGGCACTTGGGAACTTACACTC TTCTTGTGATAGCATGCCGTTT 178 0.08  

SRY10831 CATCCAGTCCTTAGCAACCATT AATGACACAAGGCACCACATAG 163 0.08  

P28 TTTTGAGAGAAGACAAGGGGGATA TTGGAGGGACATTATTCTCCTGA 559 0.20 Hg-A 

M13-M14a ATCACGCCCCTCTCATTGTC AGCTCTAGATAAAAGCACATTGACAC
C 

457 0.08  

M91 GATCACAAAGACCTGGACAGATTACA AACGGAAATGCCAAGAATCGTA 429 0.05  

M31 GCTGAAACAATAGTTCTTCACAATGG CAGTCCTATGCATAATGCCGTGT 400 0.03  

M114 GCCTTGATTTTCTTCGTACTTCATAAG CCAGTTTCTCACTGAGTTCATTCCTT 370 0.06  

M28 GGGCTTCAGTTCTTGACGCTAC CCGTCTTAATTTTGCGGTATTCAA 329 0.04  

M51 AAACCACACCTGTCTTACCAGAGC CTGTTCCCCAGTTTTCAATCTCC 293 0.04  

M171 GGCTGTGTGGAGTATGTGTTGG CAAATATCCTGCCCCAGCTTAGT 217 0.04  

M118 TCCCTTGAAATTAAGGACAACAACT CATTCTTCTCAACCAGCTGACACT 167 0.06  

M43 GACTCCATAAGCAAAAGGTCATCAA AAAAGAAGTTGAGGACTGGAGCA 518 0.12 Hg-B 

M112 GGCCATGCTAACAGAGATCTGAC CACAGTTCAATTCTTGTCTGTTGC 493 0.08  

M152 AAGCAAAAAGCTCCTTCTGAGGT CAGAAGGTGGATCAGGGTAGAAA 381 0.08  

M182 CATTTTTGTGTCAGGTATCCTTTGT CAAGACGGCGTATCAACTCAAG 368 0.12  

M108 GCTTTTCTAACACCACCCATGAC TATGTGATAGAGGTGGCTTTAAGTGG 342 0.08  

M150 CCAGGCTAGCAGTGGAGATGAA AGGGTGGACTGCTGACCTACTTT 312 0.08  

M146 TTACAGGTGGAATGGGGTGTTAC GAGAAGAACTGCCTTCCATGACATA 279 0.08  

M60 CCTGATGTGGACTCAACCTTGTA TGTTCATTATGGTTCAGGAGGAG 250 0.08  
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Table 2.2 cont. : PCR primer sequences, amplicon lengths and final concentrations 

SNP Primer (5’ – 3’) Fragment 

size (mers) 

Concentration 

(µM) 

Assay 

Forward Reverse 

M211 CACTGCACACACTACACTGACCAC ATGTTGATTGGGTAGAGCCCTTT 386 0.06 Hg-B2b 

P6 TATTAGGGAAATCACTCAGGATGGT TCTACGAATGTTTAACCTCAGATACC
G 

343 0.12  

P8 AGTTGTTGGAAAGCCTCTGTTCA TGATACTAGACGTGGCATCTTGTCA 313 0.06  

M115 TGCCATGCTTGTTTCTTAATCCA AACTATGTTGCACATCAGCCTCA 270 0.12  

P7 GGCCAAAGCCTAGAATGAAATTG AAGTGCTTGTCCAAGGCAGTATAA 228 0.16  

M30 ACAAATCATGAGCTTACAGAACCTG GGCACAGCCAGATAACCCTACA 200 0.12  

M40-M41a TAGCTGGTATGACAGGGGATGAT GGGTAGGATAGGCTAGCTATTACGC 435 0.08 Hg-E 

M2 GGAGAAGAACGGAAGGAGTTCTAA ACTTGCCAGAGACTTCCAGTTTG 372 0.12  

M85b GAACTGGCATCCAATACTAGCTGA TCACCTCTTTTGTATTGGCTTCTTC 350 0.08  

P2 TGGTCTGGTAACACCCATAAAGGT GCAGTTTTCTCAGATGCTTCTCCTA 335 0.08  

M35 GCCTAAAGAGCAGTCAGAGTAGAATG GAGAATGAATAGGCATGGGTTCA 303 0.08  

M75 GTCACATTCCACACATCAAGAAAACT GTGAATCTCTGCCCAGAAAAGAAAA 274 0.12  

M44 ATTGGATATGGAAGCCAGTCTCA ATGTGTTTGAGGACCACCCTAGA 250 0.12  

M33 GGCTTCTGTTCAATTTTCCTTTGAT TTATTTGTTGAAGCCCCCAAGAG 223 0.08  

M10 GTTCAAGACAATGAAGGGAGAGACT TGACATTGACCTGCAGCATAGG 520 0.08 Hg-E1b1ba 

M191 GAGCAAGTACAGCGAGCAGTAAG GGTTTAACACAATGCAGGTCAATTC 480 0.08  

M154b CAATGGAGGCTATAGGTGATTGC CTGTTTGTTCATGGAGATGTCTGTA 461 0.08  

M149b GAACTGGCATCCAATACTAGCTGA TCACCTCTTTTGTATTGGCTTCTTC 350 0.06  

M116 TATGAAGTACGAAGAAAATCAAGGCTA TGGGTAGAAAAACTGCAAGTAGATGA 328 0.12  

M58-M155a TGGGCCTGACCTCTTAACTTGTA CATAATAAGCTAAGAAACATCCAGCC
T 

293 0.06  

M81b CAATGGAGGCTATAGGTGATTGC CTGTTTGTTCATGGAGATGTCTGTA 461 0.10 Hg-E1b1b1 

M123-M281a CTAATTCATGCTCTCAGGGGAAA ATAACCTCTGGAAGTGTGTCTTTACCT 404 0.10  

M107 AATCCCACCTCACATACACATAAGC AGGGGTTGACAAGAAAAAGGAATA 386 0.06  

M148b GAACTGGCATCCAATACTAGCTGA TCACCTCTTTTGTATTGGCTTCTTC 350 0.08  

M78 ATGGCTGTATGGGTTTCTTTGACT CGGAATATGGACAGTCATCGTATT 330 0.08  

M165 CAAGTCAGCAAGGAGTAGGTGGA TTGCACTGACACAAGTTATCTCCCT 293 0.08  

M34 GATAACCTCATTGTGGAGAGCACTT ATGCTAAAGCAAGTAACCCTGTGG 254 0.10  

M136 ACCAACCGTATTACCTTCTCCTCA CATGAGTCCAAAGTATAGTGGGCTA 226 0.10  

a Due to the close proximity of the SNPs, a single amplicon was used. 

b Again, a single amplicon was used for these SNPs, however, in different assays. 
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Multiplex PCRs 

Primer design was verified by performing simplex PCR, using a GeneAmp PCR system 

9700 (Life Technologies, CA, USA), for each of the primer pairs. Thereafter, the multiplex 

PCRs were optimized to work with DNA at a concentration of 10ng/µl (see Table A2), and 

were catalysed using FastStart Taq DNA Polymerase (Roche, Basel, Switzerland). 

Relative primer concentrations were adjusted in order to obtain balanced amplification of 

amplicons within each multiplex. The thermal cycler programs were as follows: one cycle 

at 95ºC for six minutes, 35 cycles at 95ºC for 30 seconds, 54 ºC (for YSNP1), 55ºC (for 

Hg-A, Hg-B, Hg-B2b, Hg-E, and Hg-E1b1a) or 61ºC (for Hg-E1b1b1) for 30 seconds, 

extending at 72 ºC for 30 seconds, and a final extension of 72ºC for ten minutes. In order to 

confirm that the multiplex PCRs produced the required amplification products, 5µl of each 

multiplex PCR product was electrophoresed on a 2% Metaphore® agarose gel (Cambrex, 

NJ, USA). 

 

Multiplex SBE 

Excess PCR primers and dNTPs were eliminated from the PCR product mixture, following 

amplification, using an enzymatic purification method. One unit of Exonuclease I (Exo I) 

(New England Biolabs, MA, USA) and 0.5 units of Shrimp Alkaline Phosphatase (SAP) 

(USB, OH, USA) were added to five microlitres of amplification product, and the resultant 

mixture incubated for one hour at 37ºC, followed by 15 minutes at 75ºC. 

 

The multiplex SBE reactions were performed in a final volume of 5µl, comprised of 1.5µl 

purified amplification product, 1.5µl of double distilled water, 1µl of SNaPshot Multiplex 

Ready Reaction Mix (Life Technologies, CA, USA), and 1µl of SBE primer mix, specific 
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to the assay being conducted (see table 2.3 for final primer concentrations). The thermal 

cycler program was as follows: 96ºC for 10 seconds, 50ºC for 5 seconds, and 60ºC for 30 

seconds, for 35 cycles. 

 

Following the SBE reaction, excess ddNTPs were removed through the addition of 0.5U of 

SAP to the 5µl SBE product. The mixture was incubated for one hour at 37ºC, followed by 

15 minutes at 75 ºC. 

 

Capillary electrophoresis 

Following post-extension treatment, 2µl of SBE product was mixed with 0.5µl of the 

internal size standard, GS120LIZ (Life Technologies, CA, USA), and 7.5µl Hi-Di 

formamide (Life Technologies, CA, USA). This was then run on a 3130xl Genetic 

Analyzer (Life Technologies, CA, USA). The SNaPshot protocol was originally optimized 

for use with POP-4 polymer; modifications recommended by Applied Biosystems were 

incorporated for use with POP-7 polymer (Applied Biosystems Manual P/N: 4367258). 

The resultant electropherograms (Fig. 3.1) were analyzed using GeneMapperID v3.2 

software (Life Technologies, CA, USA). 

 

Assay validations 

Some of the markers used in the SBE assays were validated using a set of control samples, 

previously screened using RFLP assays. Those markers for which samples of known 

haplogroup were unavailable were sequenced in order to confirm the presence of the 

polymorphism. The above procedures were discussed in Naidoo, et al. (2010) (see 

Appendix F). 
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Table 2.3: SBE primer sequences and final concentrations 

SNP  SBE Primer (5’ – 3’) Size 

(mers) 

Concentration 

(µM) 

Assay 

SRY10831 FW (C)3CTCTTGTATCTGACTTTTTCACACAGT 30 0.10 YSNP1 

M168 FW (C)12TGGAGTATGTGTTGGAGGTGAGT 35 0.40  

M89 RV (GACT)2(C)10CAACTCAGGCAAAGTGAGAGAT 40 0.40  

M201 FW (GACT)2(C)9AGATCTAATAATCCAGTATCAACTGAGG 45 0.40  

M69 FW (GACT)4(C)11GGAGGCTGTTTACACTCCTGAAA 50 0.40  

M170 FW (GACT)4(C)9ACTATTTTATTTACTTAAAAATCATTGTTC 55 0.80  

M172 FW (GACT)7(C)12CCAAACCCATTTTGATGCTT 60 0.40  

M9 FW (GACT)8(C)11AAACGGCCTAAGATGGTTGAAT 65 0.40  

M207 FW (GACT)8(C)11GCAAATGTAAGTCAAGCAAGAAATTTA 70 0.80  

M198 FW (GACT)9(C)9TCAGTATACCAATTAATATTTTTGAAAGAG 75 0.80  

M343 FW (GACT)13(C)9AGAGTGCCCTCGTGTTCCA 80 0.40  

M91 FW CCTACATTGCTATTCTGTTTTTTTT 25 0.60 Hg-A 

M31 RV (C)8CCACTGCTGTTCTGTCTACCA 29 0.60  

M14 RV (C)5CTTCATTAACTTTTTTAAACTGCTTATA 33 0.60  

M114 RV (C)15AGCTGTACAAGGCTCTTCAAAT 37 0.60  

P28 FW (C)14GGTTAAAAGAAAAAAGCTCTCAGATAG 41 0.40  

M28 RV (C)27TCGAGGTCCTCTGGCATC 45 0.50  

M51 RV (C)29CTCTGATCCCTGTTGGAAGC 49 0.50  

M13 FW (C)31GTAGGTTAAGGGCAAGACGGTTA 54 0.60  

M171 RV (C)32AGGTCTCTGACTGTTCAGTTTTATT 57 0.50  

M118 RV (C)35CAGCTGACACTTGTGTTTTCTTTATA 61 0.20  

M60 FW (C)3TTACATTTCAAAATGCATGACTTAAAG 30 0.40 Hg-B 

M146 RV (C)11CTAAAACCCAGTGTTAATTACCCG 35 0.80  

M182 FW (C)13CTTAAAGCAGTGGTTAATGTAAACAAA 40 0.80  

M150 FW (C)22TGCCCACACACACAGATAGAAGT 45 0.80  

M152 FW (C)23GCTTTCTCCTGATAATGTTCTTCTTCT 50 0.80  

M108 RV (C)27CTTTTCTCTGACATTCAGGTATAGTTTC 55 0.30  

M43 FW (C)39CTCTTTCCATGGCCAACAAAC 60 0.40  

M112 FW (C)38AAAGAGGTGAGATAAAAACAAAGCAGT 65 0.40  
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Table 2.3 cont.: SBE primer sequences and final concentrations 

SNP  SBE Primer (5’ – 3’) Size 

(mers) 

Concentration 

(µM) 

Assay 

P6 FW (C)3TCAATAGAGGTTTCCACAGTTAAGTCT 30 0.10 Hg-B2b 

M115 FW (C)3CAGAGTTTAAATTAGTATTTGATTTCACATTA 35 0.80  

M30 FW (C)14ATCATGTTTTAAGTCCTGACATCTGT 40 0.10  

P7 FW (C)21CCATCACCTGGGTAAAGTGAATTA 45 0.40  

P8 FW (C)27GCAGCTCACCTTTCATTTAGGTC 50 0.20  

M211 FW (C)30TAGGCAAAAGGATGTTAACAACAAG 55 0.80  

M40 RV (C)10TCTTCACCCTGTGATCCGCT 30 0.60 Hg-E 

M33 FW CGATCTGTTCAGTTTATCTCATAAGTTACTAGTTA 35 0.30  

M44 RV (C)11AGGAAATCTCCTAACCTTCTAGTACACTG 40 0.40  

M75 FW (C)20AAAAGACAATTATCAAACCACATCC 45 0.10  

M41 FW (C)30TGGCCAACATGGTGAAACTG 50 0.50  

M85 RV (C)24GCTTGTGTTCTATTAAGTGTAGTTTTGTTAG 55 0.20  

P2 RV (GACT)8(C)8AGGTGCCCCTAGGAGGAGAA 60 0.40  

M2 RV (GACT)9(C)6CCCTTTATCCTCCACAGATCTCA 65 0.60  

M35 RV (GACT)10(C)9TTCGGAGTCTCTGCCTGTGTC 70 0.80  

M58 FW (C)5ATTTATTGTCTTCTGCAGAATTGGC 30 0.10 Hg-E1b1a 

M116 FW (C)5GCTTTCTGAAAAAATAATTTCAAACTGATA 35 0.40  

M149 FW (C)9CTAACAAAACTACACTTAATAGAACACAAGC 40 0.10  

M154 RV (C)16GTGTTACATGGCCTATAATATTCAGTACA 45 0.40  

M155 RV (C)23AATTCAGAATATTTCATCTCTGGTCAC 50 0.40  

M10 FW (C)26AATTTTTTTGTTTATTCCCAATGATCTTA 55 0.50  

M191 FW (GACT)5(C)10ATTTACATTTTTTTCTTTACAACTTGACTA 60 0.40  

M78 FW AATTGATACACTTAACAAAGATACTTCTTTC 31 0.80 Hg-E1b1b1 

M148 RV (C)7TTTCTAGGTAACGTATGTAGACATTTCTG 36 0.80  

M81 FW (C)15AGAGGTAAATTTTGTCCTTTTTTGAA 41 0.80  

M107 FW (C)18TAAGCCAACGTATTAACCTTCTAATTTC 46 0.20  

M165 RV (C)20AAATATTTCAGGTAAAACCACTCTATTAGTA 51 0.40  

M123 FW (C)27AAAGTCACAGTATCTGAACTAGCATATCA 56 0.80  

M34 FW (GACT)7(C)13GCCTGGCTTCCACCCAGGAG 61 0.20  

M136 RV (GACT)8(C)12GGTGAGCAGCATTGAGGAAGAC 66 0.10  

M281 RV (GACT)8(C)11AGGTTGCACAAACTCAGTATTATTAAAC 71 0.80  

FW = forward orientation RV = reverse orientation 
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ii. Other SNP genotyping assays 

While most of the individuals were resolved to their terminal haplogroup branches using 

the abovementioned SBE assays, 50 were resolved using RFLP assays where those SNPs 

were not included in the SBE assays (Table 2.4). Also, 181 individuals from !Xun, Dama, 

Herero, Himba, Khwe and Ovambo populations which were genotyped previously using 

only RFLP assays were included in the study, in order to increase sample sizes and 

improve representation of some of these populations. As such, the level of haplogroup 

resolution for these individuals may, potentially, be lower than that of the other samples in 

the dataset. Details of reagents and conditions for the RFLP assays are listed in Appendix 

G. Additionally, the SNPs M6 and M49 were genotyped using ABI Taqman® assays in a 

7900HT Fast Real-Time PCR System (Life Technologies, CA, USA). Details of reagents 

and conditions for the Taqman® assays (Life Technologies, CA, USA) are listed in 

Appendix G. In total, 72 Y chromosome haplogroups were screened for. 

 

Table 2.4: Y chromosome SNPs genotyped using RFLP assays in the present study 

Marker Haplogroup Aternate Name 

M11 L L-M11 

M130 C C-M130 

M175 O O-M175 

M74 PQ PQ-M74 

P12F2 J J-P12F2 

 

iii. STR screening 

STR markers were genotyped in order to generate haplotypes for use in examining intra-

haplogroup variation.  
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Table 2.5: Y chromosome SNPs and respective haplogroups included in the SBE assays 

Assay SNP Haplogroup Alternate Name Assay SNP Haplogroup Alternate Name 

YSNP1 SRY10831 BT (or R1a1)  Hg-E M40 E E-M40 

 M168 CT   M33 E1a E-M33 

 M89 F F-M89  M44 E1a1 E-M44 

 M201 G G-M201  M75 E2 E-M75 

 M69 H H-M69  M41 E2a E-M41 

 M170 I I-M170  M85 E2b1 E-M85 

 M172 J2 J-M172  P2 E1b1 E-P2 

 M9 K K-M9  M2 E1b1a1 E-M2 

 M207 R R-M207  M35.1 E1b1b1 E-M35.1 

 M198 R1a1a R-M198     

 M343 R1b R-M343 Hg-E1b1a M58 E1b1a1a1a E-M58 

     M116.2 E1b1a1a1b E-M116.2 

Hg-A M91 BT   M149 E1b1a1a1c E-M149 

 M31 A1a A-M31  M154 E1b1a1a1g1c E-M154 

 M14 A1b1a1 A-M14  M155 E1b1a1a1d E-M155 

 P28 A1b1a1a1 A-P28  M10 E1b1a1a1e E-M10 

 M114 A1b1a1a2a A-M114  M191 E1b1a1a1f1a E-M191 

 M28 A1b1b1 A-M28     

 M51 A1b1b2a A-M51 Hg-E1b1b1 M78 E1b1b1a1 E-M78 

 M13 A1b1b2b A-M13  M148 E1b1b1a1c1 E-M148 

 M171 A3b2a* A-M171  M81 E1b1b1b1a E-M81 

 M118 A1b1b2b1 A-M118  M107 E1b1b1b1a1 E-M107 

     M165 E1b1b1b1a2a E-M165 

Hg-B M60 B B-M60  M123 E1b1b1b2a E-M123 

 M146 B1a B-M146  M34 E1b1b1b2a1 E-M34 

 M182 B2 B-M182  M136 E1b1b1b2a1a1 E-M136 

 M150 B2a B-M150  M281 E1b1b2 E-M281 

 M152 B2a1a B-M152     
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Table 2.5 cont.: Y chromosome SNPs and respective haplogroups included in the SBE assays 

Assay SNP Haplogroup Alternate Name Assay SNP Haplogroup Alternate Name 

 
M108 

B2a2 (or 
B2b1a1b1) 

B-M108.1 (or B-M108.2) 
    

 M43 B2a2a B-M43     

 M112 B2b B-M112     

        

Hg-B2b P7 B2b1a B-P7     

 M115 B2b1a1a B-M115     

 M30 B2b1a1b B-M30     

 M211 B2b1a1c B-M211     

 P8 B2b1a2 B-P8     

  P6 B2b1b B-P6         
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STR genotyping was performed in 1236 individuals, using the AmpFlSTR® YFiler™ PCR 

Amplification Kit (Life Technologies, CA, USA) which included 17 STR markers – 

DYS19, DYS385a, DYS385b, DYS389I, DYS389II, DYS390, DYS391, DYS392, 

DYS393, DYS437, DYS438, DYS439, DYS448, DYS456, DYS458, DYS635, and GATA 

H4. In addition, 250 individuals were genotyped using the PowerPlex® Y System 

(Promega, WI, USA) which included 12 STR markers - DYS19, DYS385a, DYS385b, 

DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, and 

DYS439. These were done prior to the adoption of AmpFlSTR® YFiler™ protocol in the 

lab. Details of reagents and conditions for the AmpFlSTR® YFiler™ and PowerPlex® Y 

multiplex systems are listed in Appendix G. 

 

The 181 low resolution individuals mentioned in section 2.2.2.ii were also not screened 

using either of the above two kits. They were genotyped for 7 STR markers previously - 

DYS19, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393 – using an in-house 

protocol. Due to their low resolution, these samples were excluded from some analyses. 

 

The DYS389 STR locus is composite in nature; DYS389I is contained within DYS389II 

(Kayser, et al., 1997). The locus contains phylogenetically informative regions as well as 

fast evolving regions that obscure structure. To account for this DYS389I was subtracted 

from DYS389II to give DYS389c, thus excluding some of the obscuring information. 

DYS389I and DYS389c were then used in the analyses. The DYS385a/b duplicated loci 

were excluded from the analyses due to difficulties in distinguishing between the two loci, 

as they are co-amplified. A result of this co-amplification is the inability to individually 

assign allele sizes to the each of the loci (alleles are called as an ordered pair). Thus, their 

use could potentially affect the results of the analyses (Balaresque, et al., 2006). 
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2.3 Data Analyses 

 

The SNPs genotyped in the abovementioned assays were used to allocate the Y 

chromosomes in the dataset to haplogroups according to the nomenclature of ISOGG 2013, 

and haplogroup frequencies were calculated. 

 

2.3.1 Population affinities 

 

Relationships among the populations examined in the present study were analysed based 

on haplogroup frequency data and STR haplotype data. In order to include the maximal 

number of samples and populations in the analysis, a seven-STR haplotype (DYS19, 

DYS389I, DYS389c, DYS390, DYS391, DYS392, and DYS393) was used. Inter-

population distances were calculated by generating a pairwise Fst distance matrix from 

haplogroup frequency data and a pairwise Rst (Slatkin, 1995) distance matrix from STR 

haplotype data. Both matrices were calculated, and checked for correlation using a Mantel 

test in Arlequin v3.5.1.2 (Excoffier and Lischer, 2010). The matrices were then visualized 

through multidimensional scaling (MDS) plots and cluster analysis in PAST v.2.10 

(Hammer, Harper and Ryan, 2001). Exact tests of population differentiation (Raymond and 

Rousset, 1995) were performed using Arlequin v3.5.1.2, based on both haplogroup 

frequency data and STR data. Apportionment of variation in the different population 

groups was tested by conducting AMOVA analysis. This was also implemented in 

Arlequin v3.5.1.2. 
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2.3.2 Phylogeographic analyses 

 

Haplogroup frequency spatial surfaces were generated using the Kriging procedure 

(Delfiner, 1976) in SAGA-GIS v2.0.6 (www.saga-gis.org). Haplotype diversity was 

estimated using Arlequin v3.5.1.2 while mean STR allelic variance was estimated using R 

v2.1.3.1 (Busby, G. and Capelli, C., personal communication, 2011). The haplotype 

diversity and variance analyses were conducted using a ten-STR haplotype (DYS19, 

DYS389I, DYS389c, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438 and 

DYS439). 

 

Phylogenetic relationships within haplogroups were investigated by sequentially 

performing reduced-median and median-joining (RM-MJ) procedures (Bandelt, et al., 

1995; Bandelt, Forster and Röhl, 1999; Polzin and Daneshmand, 2003) using Network 

4.6.0.0 (Fluxus-engineering.com, http://www.fluxus-engineering.com/sharenet.htm). STR 

markers were weighted proportionally to the inverse of STR allelic variance (Cruciani, et 

al., 2004), while SNPs (when used) were given maximum weighting to compensate for the 

orders of magnitude differences in mutation rate between STRs and SNPs. The haplotypes 

were coloured according to the legends in the figures, and circle sizes were proportional to 

absolute frequency, with the smallest representing n = 1. The networks were constructed 

based on a 15 STR haplotype (DYS19-DYS389I-DYS389c-DYS390-DYS391-DYS392-

DYS393-DYS437-DYS438-DYS439-DYS448-DYS456-DYS458-DYS635-GATA H4) –

plus SNPs if present within the haplogroup – or a reduced 10 STR haplotype (DYS19-

DYS389I-DYS389c-DYS390-DYS391-DYS392-DYS393-DYS437-DYS438-DYS439) 

which allowed for the incorporation of lower resolution comparative data into the analyses. 

The exceptions to this included the A-M51 network and the B-M112 networks, which 
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omitted DYS448 (A-M51) and DYS439 (B-M112). This was due to the presence of null 

alleles at these loci in the populations used for the networks. 

 

TMRCA for haplogroups were estimated using the Bayesian Analysis of Trees With 

Internal Node Generation program (BATWING) (Wilson, Weale and Balding, 2003). This 

estimate was done assuming the population growth model with exponential growth from an 

initially constant-size population without population structure. Weakly informative priors 

were used for N, the effective population size before expansion [gamma(1,0.0001): mean = 

10000, SD = 10000]; α, the rate of growth per generation [gamma(2,400): mean = 0.005, 

SD = 0.0035]; and β, the time in coalescent units when exponential growth began [ 

gamma(2,1): mean = 2, SD = 1.41] (Wilson, Weale and Balding, 2003; Xue, et al., 2006). 

Forty unique event polymorphisms (UEPs) were included in the analysis. The same 

mutation rate was assumed for all UEP loci. A stepwise mutation model (SMM) was 

assumed for the STR loci (DYS19-DYS389I-DYS389c-DYS390-DYS391-DYS392-

DYS393-DYS437-DYS438-DYS439), with locus-specific mutation rates used 

[gamma(35,15225), gamma(34,13474), gamma(49,13445), gamma(31,14747), 

gamma(38,14621), gamma(6,14553), gamma(14,13399), gamma(3,9808), 

gamma(51,9782), gamma(12,9787)], which were taken from the Y chromosome Haplotype 

Reference Database (YHRD), release 37 (Willuweit, Roewer, International Forensic Y 

Chromosome User Group 2007, www.yhrd.org/). Generation time was assumed to be 25 

years, and median values of posterior data were used in the estimations. In total, 2.4 

million Markov chain Monte Carlo (MCMC) samples were collected. A 300k burn-in was 

used. Equilibration was determined by examining ‘lltimes’ and effective ancestral 

population, ‘N’ (Haber, et al., 2011), and by examining median and 95% confidence 

intervals (CI) of N and lltimes for various subsets of sequential sample segments. 
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Additional unpublished population data from the HGDDRL, listed in appendix D, was 

included in the TMRCA analysis. 
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3 RESULTS 

 

3.1 SBE assay development 

 

3.1.1 SNP Selection and Screening Strategy: 

 

Seven multiplex SBE assays, which incorporated 60 Y chromosome markers described in 

the YCC Phylogeny 2003 (Jobling and Tyler-Smith, 2003) were developed, which 

resolved 61 Y chromosome haplogroups. The first multiplex, YSNP1, consisted of the 

markers SRY10831, M168, M89, M201, M69, M170, M172, M9, M207, M198, and M343 

(Fig. 3.1A). YSNP1 resolved Y chromosomes into either the African haplogroups (A, B, or 

E) or Eurasian haplogroups found occasionally in African males. NB: The marker, 

SRY10831, initially resolves haplogroup BR; while its reversion is used to define 

haplogroup R1a. 

 

Any sample found to harbour the ancestral state at all markers within YSNP1 was screened 

using the multiplex assay, Hg-A. This multiplex consisted of the markers, M91, M31, 

M14, M114, P28, M28, M51, M13, M171, and M118 (Fig. 3.1B); and was used to resolve 

the sub-clades of haplogroup A. Samples found to be derived at SRY10831, but ancestral 

at all other markers within YSNP1 were screened using the multiplex assay, Hg-B. This 

multiplex consisted of M60, M146, M182, M150, M152, M108, M43, and M112 (Fig. 

3.1C), and resolved the sub-clades of haplogroup B. Those samples with the derived allele 

at M112 were screened further using the multiplex assay, Hg-B2b, which contained the 

markers P6, M115, M30, P7, P8, and M211 (Fig. 3.1D), providing resolution of 
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haplogroup B2b samples to the terminal branches of the phylogeny. While M108 recurs in 

haplogroup B2b, resolving haplogroup B2b1a1b1 its presence in the Hg-B multiplex assay 

would be sufficient to resolve both its occurrences in haplogroup B; negating the need to 

include it in the Hg-B2b assay. 

 

Those samples found to be derived at SRY10831 and M168, while remaining ancestral at 

all other markers within YSNP1, could be assigned to haplogroups C, D, or E. These 

samples were then screened using the Hg-E multiplex assay, which consisted of M40, 

M33, M44, M75, M41, M85, P2, M2, and M35 (Fig. 3.1E). Samples found to be derived 

for M2 or M35 would fall into haplogroups E1b1a or E1b1b1, respectively. E1b1a Y 

chromosomes were further resolved using the assay, Hg-E1b1a; a multiplex comprised of 

the markers M58, M116, M149, M154, M155, M10, and M191 (Fig. 3.1F). Those Y 

chromosomes assigned to haplogroup E1b1b1 were screened further using the multiplex 

assay, Hg-E1b1b1, which consisted of the markers M78, M148, M81, M107, M165, M123, 

M34, M136, and M281 (Fig. 3.1G). When a terminal haplogroup could not be assigned to 

a sample after screening with the SBE assays, further screening was done using RFLP and 

Taqman® assays. This hierarchical screening approach facilitated the resolution of the 

relevant haplogroup in an individual after one, two, or at most, three reactions, depending 

on the haplogroup present.  

 

 

 

 



 42

 

Figure 3.1: Electropherogram and phylogeny of (A) YSNP1, (B) Hg-A, (C) Hg-B, (D) Hg-

B2b, (E) Hg-E, (F) Hg-E1b1a, and (G) Hg-E1b1b1 



 43

3.1.2 PCR Optimization 

While PCR primer concentrations were initially 0.02µM – 0.04µM, these were increased or 

decreased incrementally, in order to obtain relatively equal amplification of amplicons in 

the multiplex PCR (table 2.2). The marker P28, in the Hg-A assay, initially experienced 

low amplification after multiplexing. This was rectified by increasing the final 

concentration of the P28 PCR primers to 0.2µM, and decreasing the buffer concentration to 

0.8X. The annealing temperature was also optimized to ensure maximum product yield and 

to minimize formation of spurious products. A spurious amplification product was found to 

occur in the Hg-E1b1b1 assay; which was eliminated by increasing the annealing 

temperature to 61°C. 

 

3.1.3 SBE Optimization 

The SBE primers designed for the seven SBE assays, ranging from 25 to 80 bases in 

length, were designed to differ by four to five bases within each assay (Table 2.3). This did 

not always reflect in the electropherogram, with a lack of uniform separation in most of the 

assays. This resulted in a few extension products (e.g. M85 and P2 in Hg-E, M168 and 

M89 in Hg-YSNP1) co-migrating (Fig. 3.1). Fortunately this did not interfere with 

interpretation of results. The estimated lengths of extension products in the 

electropherogram (based on mobility) differed from the designed lengths, on average by 

four bases.  

 

While the generation of aspecific peaks did occur occasionally, this was usually due to 

insufficient purification of the PCR products resulting in the incorporation of the PCR 

primers or dNTPs into the SBE reaction. The presence of one permanent aspecific peak did 



 44

occur, however, in the Hg-B2b assay (a red peak between the P8 and M211 peaks). This 

peak seemed to be linked to the P7 primer.  

 

To intensify peak heights, the number of cycles in the SBE reaction program was increased 

from 25 to 35.  

 

3.1.4 Validation of SBE assays 

The seven SBE assays were validated using samples whose haplogroup status was 

previously determined. Additionally, sequencing was performed to confirm the presence of 

alleles for 15 mutations not screened for before the use of these SBE assays. These 

included M14, M114, M152, P6, P7, P8, M33, M44, M85, M58, M154, M34, M201, 

M198, and M343. 

 

3.2 Population Affinity Analysis 

 

The genetic relationships among the populations were assessed in the present study. 

Populations with less than 15 individuals were excluded from the analysis, which resulted 

in 25 population groups, including those from published comparative data. Haplogroup 

frequencies are listed in Table 3.1. Haplogroups that were not present in the sample were 

not included in the table, while some haplogroups were condensed into their ancestral 

branches for the population affinity analysis. Some of these haplogroups will be examined 

in more detail in later sections. The African-specific haplogroups A and B accounted for 

5.7% and 10% of the total sample, respectively. While they were scattered across sub-

Saharan Africa, both showed only a minor presence in the west African sample. 
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Haplogroup E comprised the majority of Y chromosomes in the total sample (~74%) and 

was widespread across sub-Saharan Africa. The Asian haplogroup C, notably, was found at 

low frequencies in East African Central Bantu speakers (0.4%) and East African Nilotic 

speakers (2.0%), aside from its presence in South African Coloured and South African 

Indian populations. With regard to the other non-African haplogroups, members of the 

super-haplogroup F, haplogroups F*, G, H, I and J (excluding super-haplogroup K), 

occurred at low frequencies in sub-Saharan Africa (0.1% - 1.4%), with most of these Y 

chromosomes found in the non-African populations groups (Cape Malay, European 

descent and Indian descent). Still, haplogroup I found its way into numerous southern 

African populations. 

 

Similar to haplogroup F and its subclades, most Y chromosomes belonging to haplogroup 

K and its subclades, K*, L, O, P, R and T were found in the non-African population 

groups. The presence of haplogroup R-M343 at low to moderate frequencies in central 

African, west African (1.2% - 6.9%) and southern African (0.3% - 16.2%) populations was 

a notable exception. 

 

The subclades of haplogroup A often displayed differing regional distributions. 

Haplogroup A-M13 was found mainly in east African populations at low frequencies 

(0.4% - 3%), though rising to 26% in East African Nilotic speakers. It was also found in 

Central African Ubangian speakers at 3.5%. Its sister-clade, haplogroup A-M51, however, 

was found only in southern African populations at frequencies ranging from 4.7% to 

36.6%. The highest frequencies occurred in the Khoe-San populations (Central – 18.9%; 

Northern – 31.4%, Southern – 36.6%).
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Table 3.1: Y chromosome haplogroup frequencies for sub-Saharan African populations 
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Haplogroup A-M14 was, again, found among the southern African Khoe-San speakers 

(upto to 21.5% in the Northern Khoe-San) and the Dama at 3.3%, while a low level 

presence in central Africa (2.9% - 3.5%) was also noted, though these were in different 

subclades. Haplogroups A-M31 and A-P108 appeared to be the rarest members of 

haplogroup A, of those subclades found in the sample. Haplogroup A-M31 was found only 

in the West African mixed Atlantic speakers at moderate frequency (4.9%), while A-P108 

was found at low frequencies in central African Northwest Bantu speakers and Central 

African Ubangian speakers (0.6% and 1.2% respectively). 

 

Haplogroup B, while twice as common as haplogroup A, was represented in sub-Saharan 

Africa by its two main subclades, B-M150, and B-M112. While neither of these showed 

much of a presence in west Africa, both were found throughout central, east and southern 

Africa. Despite both their substantial distributions, a clear difference was observed in the 

distributions of haplogroups B-M150 and B-M112 among population groups. While 

haplogroup B-M112 was found at its highest frequencies (Sandawe – 13.4%; Northern 

Khoe-San – 17.4%; Hadza – 53.7%) in Khoe-San speakers (east African and southern 

African), East African Cushitic speakers (25%) and Western Pygmy populations (49%), 

haplogroup B-M150 was found more commonly among Bantu speakers and other 

agriculturalist populations. An exception to this was its very high frequency (52.4%) in the 

admixed Khoe-San/Bantu speakers from Botswana. 

 

As mentioned previously, haplogroup E was the most commonly occurring haplogroup in 

sub-Saharan Africa. Most of its distribution, however, was due to the near ubiquitous 

presence of its subclade, haplogroup E-M2, which reached a frequency of 62.5% in the 

total sample. Its highest frequencies were found in Bantu speaking populations and other 
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members of the Niger-Congo linguistic group, though appreciable levels were found in 

most other sub-Saharan African populations. The other haplogroup E subclades were found 

at much lower frequencies overall, with only haplogroups E-M35 and E-M75 reaching 

5.3% and 4.5% respectively. Most E-M35 Y chromosomes were found in east African 

populations, and also reached appreciable levels in southern African Khoe-San 

populations. Haplogroup E-M75 reached moderate frequencies in central, east and 

southern Africa, with only a minor presence in west Africa. The highest frequencies were 

seen in Bantu speakers and Nilotic speakers. 

 

Exact tests of population differentiation were used in combination with Fst genetic 

distances on haplogroup frequency data and Rst genetic distances on STR haplotype data 

(See appendix H for the matrices). In order to include the maximal number of samples and 

populations in the analysis, a seven-STR haplotype (DYS19, DYS389I, DYS389II, 

DYS390, DYS391, DYS392, and DYS393) was used to generate the Rst distance matrix. 

The data from the two types of datasets (Fst and Rst) correlated well when compared using 

a Mantel test. The relationship between the Fst distances and Rst distances were confirmed 

(p < 0.00001) with a correlation coefficient (r) of 0.755 between the two matrices, while 

57% of the Fst distance was explained by the Rst distance. 

 

The two distance matrices were used to construct MDS plots (Figs. 3.2 and 3.3) and trees 

based on cluster analysis (Figs. 3.4 and 3.5) 

 

In both the Fst and Rst MDS plots, the non-African populations (Cape Malay, European 

descent, Indian descent), separated from the African populations, though with greater 

separation in the Rst MDS plot. The Bantu speakers and their linguistically related 
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populations - Ubangian speakers, Nigerian mixed Benue-Congo speakers, Mandinka, and 

mixed Atlantic speakers - all clustered closely together, with the exception of the the 

Western Pygmy who were either Bantu or Ubangian speakers. Finally the Khoisan 

speakers and east African populations (non-Bantu speakers) clustered loosely in the centre 

of the plots, together with the South African Coloured population (as well as the 

aforementioned Western Pygmy). The clustering appeared to be stronger in the Rst MDS 

plot. 
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Figure 3.2: MDS plot of Fst distances between populations. See List of Abbreviations for a description of population codes. 
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Figure 3.3: MDS plot representing Rst distances between populations. See List of Abbreviations for a description of population codes. 
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Figure 3.4: Cluster analysis tree representing Fst distances between populations. See List of Abbreviations for a description of population codes. 
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Figure 3.5: Cluster analysis tree representing Rst distances between populations. See List of Abbreviations for a description of population codes.
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For the cluster analysis, while the Fst tree displayed two major clades, with the European, 

Indian and Cape Malay populations grouping with the non-Bantu speaking populations, the 

Rst tree separated these non-African populations out as a third major clade. As with the 

MDS plots, both Fst and Rst distances grouped the Bantu speakers and related populations 

into one clade. One of the key differences between the Fst and Rst trees was the placing of 

the Dama population. In the Fst tree, they were placed among the Bantu speaker clade. In 

the Rst tree, however, the Dama were placed in the non-Bantu speaker clade. The trees also 

displayed differences in structure within the non-Bantu-speaker clade. While the Nilotic 

and Cushitic populations grouped together in both the trees, the positions of the other 

populations within the clade were not consistent between the trees. 

 

The exact tests of population differentiation based on haplogroup frequencies, indicated 

that most populations were significantly different from each other, with the exception of 

the Bantu speakers and their linguistically related populations (Ubangian speakers, 

Nigerian mixed Benue-Congo speakers, Mandinka, and mixed Atlantic speakers); and the 

Dama and the South African Coloured population (p = 0.17141 ± 0.0131). Exact tests of 

population differentiation based on STR data, however, appeared to be more sensitive. 

Thus, even the Bantu speakers appeared to be mostly significantly different from each 

other (see Appendix H). 

 

To test the apportionment of variation in the different population groups, AMOVA 

analysis was conducted to see how much variation was contained among defined groupings 

of populations (inter-group), then within these defined groupings (inter-population), and 

finally within the populations themselves (intra-population) (Table 3.2). The inter-group 

variation was highest when the groups reflected the major clades of the Rst clustering tree 
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(grouping A) in both the AMOVA based on haplogroup frequency data (Fst) (26.59%) and 

the AMOVA based on STR haplotype data (Rst) (15.80%). When groupings were based on 

the Fst clustering tree (Grouping B), the inter-group variation from the Fst AMOVA was 

lower (20.47%), and decreased to 11.46% in the Rst AMOVA. When grouping based on 

linguistic classification, values for inter-group variation were slightly higher than those 

based on the Fst clusering tree (Fst AMOVA – 22.74%; Rst AMOVA – 12.38%). In order 

to ascertain the effect of Bantu speakers on apportionment of variation, AMOVA was 

performed, excluding the Bantu-speaker group. This resulted in a drastic decrease in inter-

group variation (Fst AMOVA – 7.99%; Rst AMOVA – 4.92%). Only grouping based on 

geographic region resulted in a similar drastic lowering of inter-group variation (Fst 

AMOVA – 4.95%; Rst AMOVA – 5.51%). 
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Table 3.2: Fst and Rst AMOVA analysis based on various groupings 
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3.3 Phylogeography 

 

The previous section examined the relationships among some sub-Saharan African 

populations, on the basis of shared Y chromosome heritage. This section will focus in 

detail on the evolution and distribution of ancient Y chromosome haplogroups, more 

specifically, haplogroups A and B and the subclades they are comprised of; in order to gain 

insight into their origins and subsequent spread across Africa. 

 

3.3.1 Haplogroup A  

 

Following publication of Cruciani, et al. (2011), large-scale changes have been made to the 

Y chromosome phylogeny, and in particular, haplogroup A in 2012. The discovery of those 

mutations, and subsequent others (Scozzari, et al., 2012; Mendez, et al., 2013) have 

resulted in a refining of the basal branching structure of the phylogeny along with an 

updating of all haplogroup A names. 

 

Haplogroup A is now a polyphyletic group, whose branches are strongly supported by the 

discovery of numerous SNPs (Cruciani, et al., 2011; Scozzari, et al., 2012; Mendez, et al., 

2013). Its most basal member is haplogroup A00 (Mendez, et al., 2013); which split from 

the monophyletic clade, A0-T. Within A0-T, haplogroup A0 then separated out leaving 

A1-T; which is comprised of the clades, A1 and BT. Haplogroup A1 has been resolved 

further into haplogroups A1a (A-M31) and A1b (A-P108). 
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i. Haplogroup A-M14 

Haplogroup A-M14 is a subclade of haplogroup A-P108. While not as rare as haplogroups 

A-P114 and A-M31, haplogroup A-M14 was found in only 60 individuals (Table 3.3). The 

majority of these (50) were found in southern Africa within Khoe-San or Khoisan speaking 

populations. Appreciable numbers were found in the Ju|’hoansi from Namibia, the !Xun 

from Angola (and South Africa) and in an admixed Khoe-San/Bantu population, the 

|Gui+||Ghana+Kgalagari, from Botswana. Notably, it was also found to be present in small 

numbers in central Africa (10 individuals). 

 

This presence of haplogroup A-M14 outside of southern Africa was made more surprising 

by the fact that these A-M14 chromosomes exhibited ancestral states at markers (M6, and 

M49) found to be derived in all southern African A-M14 chromosomes. This confirmed 

the existence of at least one independent subclade of haplogroup A-M14 outside of 

southern Africa. In central Africa, these A-M14* chromosomes (Fig. 3.6B) were found 

among the Baka of Cameroon and Gabon, and the Gbaya of CAR. The two Forro of São 

Tomé & Príncipe were possibly also members of A-M14*, though they were not screened 

for markers beyond M14. The southern African cohort of A-M14 consisted solely of M6-

derived chromosomes. While these were also derived for M49, for convenience, M6 will 

be used to designate the haplogroup. Haplogroup A-M6 (Fig. 3.6C), however, was 

resolved into 3 subclades, A-M114, A-P28 and A-M6*. These subclades exhibited little 

population specificity within Khoe-San populations, however, they occurred most 

frequently in the Northern Khoe-San (the !Xun and Ju|’hoansi). Haplogroup A-M114 was 

also found in a single Khomani individual, while haplogroup A-P28 singletons occurred in 

the Dama and the Nama. The 10 |Gui+||Ghana+Kgalagari individuals were not screened for 

M114 and P28, and so were not placed into subclades. 
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Table 3.3: Haplogroup A-M14 frequencies in sub-Saharan African populations 

        Hg A2 Subclades of A2 (%) 

Reference1 Country Population N n % A2-M14* A2-M6* A2-M114 A2-P28 

B2 Angola !Xun 64 5 7.8   3.1  

A Angola !Xun 80 12 15.0  1.3 5.0 8.8 

E3 Botswana |Gui-||Ghana-Kgalagari 65 10 15.4  15.4   

A Botswana Naro 2 1 50.0  50.0   

E Cameroon Baka 63 2 3.2 3.2    

A Central African Republic Gbaya 32 3 9.4 9.4    

E4 Gabon Baka 33 3 9.1 9.1    

A Namibia Dama 29 1 3.4    3.4 

A Namibia Ju|’hoansi 41 14 34.1  7.3 9.8 17.1 

A Namibia Nama 19 1 5.3    5.3 

E Namibia San 5 1 20.0  20.0   
C Namibia Tsumkwe San 11 4 36.4  27.3  9.1 
D5 São Tomé and Príncipe Forro 68 2 2.9     

A South Africa Khomani 46 1 2.2     2.2   
 

1  A = Present Study; B = Cruciani, et al. (2002); C = YCC (2002);  D = Gonçalves, Spínola and Brehm (2007); E = Batini, et al. (2011a). 

2  Cruciani, et al. (2002) did not screen markers M6 and P28. 

3  Batini, et al. (2011a) did not screen for markers M114 and P28. 

4  Haplogroup A samples from Berniel-Lee, et al. (2009) were screened further in Batini, et al. (2011a). 

5  Chromosomes from Gonçalves, Spínola and Brehm (2007) were not sub-classified, due to the low number of markers screened. 
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Figure 3.6: (A) Phylogeny of haplogroup A-L419 (A1b1) and its subclades, with TMRCA 

estimates indicated by the boxes surrounding the markers used in the BATWING analysis. 

Frequency distributions of (B) haplogroup A-M14*, (C) A-M6, (D) A-M51, and (E) A-

M13. 
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To better examine the phylogenetic relationships among the A-M14 chromosomes in 

African populations, a RM-MJ network was constructed based on three SNP-15 STR 

haplotypes (Fig. 3.7). The network displayed two distinct branches of A-M14*, each 

containing one of two populations, Baka Pygmies, and Gbaya, respectively. The A-M6 

branches showed that most A-M6* haplotypes were closely related; apart from one, which 

appeared to be related to the root of the A-M114 cluster. The most common subclade, 

haplogroup A-P28, appears to have undergone a demographic expansion, characterised by 

the star-like cluster of haplotypes. Upon incorporating |Gui+||Ghana+Kgalagari individuals 

into a low-resolution A-M14 network (data not shown); they clustered closely with the 

other Khoe-San groups. 

 

Mean allelic variance and haplotype diversity indices were calculated for the major 

population groups, geographic regions, and for haplogroups A-M14, A-M14* and A-M6 

(Table 3.4). Regionally, central Africa showed the highest levels of variance (0.455) yet 

the lowest haplotype diversity (0.607), yet the variance estimates within Central African 

Ubangian speakers and Western Pygmy groups, which comprised the central Africa 

sample, were extremely low (0.033 and 0.000 respectively). Southern Africa (allelic 

variance: 0.311; haplotype diversity: 0.879) and southwest Africa (allelic variance: 0.225; 

haplotype diversity: 0.886) both showed comparable levels of variance. The allelic 

variance of the paragroup A-M14* (0.455) was also higher than haplogroup A-M6 (0.286).
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Figure 3.7: RM-MJ network of A-M14 based on a 3 SNP-15 STR haplotype (M6-M114-P28-DYS19-DYS389I-DYS389c-DYS390-DYS391-

DYS392-DYS393-DYS437-DYS438-DYS439-DYS448-DYS456-DYS458-DYS635-GATA H4) with reduction threshold = 2 and Epsilon = 0. 
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With a TMRCA of 28.2 kya (CI 95%: 18.3 – 44.4 kya), the mutations defining haplogroup 

A-M14 was substantially older than those defining its subclade A-M6, which had a 

TMRCA of 7.5 kya (CI 95%: 4.7 – 12.4 kya) (Fig. 3.6A). 

 

 

 
 

 

Table 3.4: Allelic variance and haplotype gene diversity estimates of haplogroup A-M14, 

based on population groups, regions and subclades. 

Group n Allelic Variance (CI 95%) Haplotype Gene Diversity (sd) 

Central African Ubangian 3 0.033 0.000 - 0.033 0.667 0.314 

Central Khoe-San 2 0.3 0.000 - 0.300 1.000 0.500 

Dama 1 - - - - 

Khoe-San/Bantu admixed 10 0.233 0.149 - 0.300 0.822 0.097 

Northern Khoe-San 26 0.239 0.172 - 0.302 0.914 0.039 

Southern Khoe-San 1 - - - - 

Western Pygmy 5 0.000 0.000 - 0.000 0.000 0.000 

      

central Africa 8 0.455 0.213 - 0.536 0.607 0.164 

southwest Africa 28 0.225 0.158 - 0.287 0.886 0.049 

southern Africa 12 0.311 0.205 - 0.425 0.879 0.075 

      

A-M14 48 0.369 0.291 - 0.453 0.944 0.019 

      

A-M6 40 0.286 0.235 - 0.339 0.933 0.026 

A-M14* 8 0.455 0.213 - 0.536 0.607 0.164 
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ii. Haplogroup A-M51 

While haplogroup A-M51 was observed to be the dominant haplogroup A subclade in 

southern Africa, it was found in only 159 individuals (Table 3.5). Its distribution was also 

restricted, solely, to southern Africa (Fig. 3.6D), from the west in Angola to the east in 

Mozambique, and south into South Africa. Haplogroup A-M51 reached its highest 

frequencies in Khoe-San populations such as the !Xun, the Ju|’hoansi, the Khomani of 

South Africa, and the Nama of Namibia (and South Africa); thus exhibiting a relatively 

even distribution across Northern, Central and Southern Khoe-San groups. It was also 

observed at low frequencies in the |Gui+||Ghana+Kgalagari, the South African Coloured 

population, the Dama from Namibia, and in a number of Southeastern Bantu speakers. 

Within these Bantu speaking groups, haplogroup A-M51 was found at varying frequencies, 

with the highest found in the Sotho population at 7.4%, and the lowest in Mozambique at 

0.3%. 

 

The phylogenetic relationships among the A-M51 chromosomes in southern African 

populations were examined using a RM-MJ network, which was constructed based on a 14 

STR haplotype (Fig. 3.8). At this level of resolution, the high diversity within haplogroup 

A-M51 became apparent, not only overall but also within all of the populations 

represented. Only a few shared haplotypes were present, with the South African Coloureds 

displaying haplotypes in common with Southern Khoe-San, Northern Khoe-San and 

Southeastern Bantu speakers. Also, the major |Gui+||Ghana+Kgalagari haplotype was 

shared equally with Southeastern Bantu speakers.



 65

Table 3.5: Haplogroup A-M51 frequencies in sub-Saharan African populations 

        Hg A-M51 

Reference1 Country Population N n % 

B Angola !Xun 64 18 28.1 

A Angola !Xun 80 28 35.0 

B Angola Khwe 26 3 11.5 

A Angola Khwe 51 7 13.7 

D Botswana |Gui-||Ghana-Kgalagari 65 4 6.2 

A Botswana |Gui-||Ghana-Kgalagari 21 1 4.8 

D Botswana mixed Bantu-speakers 15 1 6.7 

D Mozambique mixed Central Bantu speakers 303 1 0.3 

A Namibia Dama 29 2 6.9 

A Namibia Ju\'hoansi 41 10 24.4 

A Namibia Nama 19 6 31.6 

D Namibia San 5 1 20.0 

C Namibia Tsumkwe San 11 2 18.2 

A South Africa Khomani 46 15 32.6 

A South Africa mixed Southeastern Bantu speakers 63 2 3.2 
A South Africa Nama 11 2 18.2 
A South Africa Pedi 127 2 1.6 
A South Africa Sotho 189 14 7.4 
A South Africa South African Coloured 313 21 6.7 
A South Africa Swazi 56 2 3.6 
A South Africa Tsonga 136 1 0.7 
A South Africa Tswana 187 7 3.7 

D South Africa Xhosa 65 1 1.5 
A South Africa Xhosa 175 3 1.7 
A South Africa Zulu 402 5 1.2 

 
1  A = Present Study; B = Cruciani, et al. (2002); C = YCC (2002); D = Batini, et al. (2011a)
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Figure 3.8: RM-MJ network of A-M51 based on a 14 STR haplotype (DYS19-DYS389I-DYS389II-DYS390-DYS391-DYS392-DYS393-

DYS437-DYS438-DYS439-DYS456-DYS458-DYS635-GATA H4) with reduction threshold = 2 and Epsilon = 0. 
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Few major clusters appeared, apart from ones specific to either Northern Khoe-San or 

Southeastern Bantu speakers (this cluster also contained the haplotype shared with the 

|Gui+||Ghana+Kgalagari). 

 

Mean allelic variance and haplotype diversity indices were calculated for the major 

population groups, geographic regions, and for haplogroup A-M51 (Table 3.6). Most 

population groups exhibited similar variance and diversity estimates, apart from the 

|Gui+||Ghana+Kgalagari, which were lowest (allelic variance: 0.420; haplotype diversity: 

0.700). Regionally, southern Africa (allelic variance: 0.636; haplotype diversity: 0.977) 

was similar to southwest Africa (allelic variance: 0.671; haplotype diversity: 0.953), with 

both only slightly lower than the overall estimate (allelic variance: 0.678; haplotype 

diversity: 0.983). 

 

The TMRCA of haplogroup A-M51 was estimated at 14.5 kya (CI 95%: 10.4 – 21.4 kya) 

(Fig. 3.6A). 

 

Table 3.6: Allelic variance and haplotype gene diversity estimates of haplogroup A-M51 

based on population groups and regions 

Group n Allelic Variance (CI 95%) Haplotype Gene Diversity (sd) 

Central Khoe-San 9 0.636 0.305 - 0.903 1.000 0.052 

Khoe-San/Bantu admixed 5 0.420 0.000 - 0.630 0.700 0.218 

Northern Khoe-San 28 0.613 0.522 - 0.685 0.926 0.025 

South African Coloured 21 0.610 0.393 - 0.922 0.967 0.026 

South East African Central Bantu 1 - - - - 

Southeastern Bantu 38 0.581 0.409 - 0.777 0.963 0.021 

Southern African Central Bantu 1 - - - - 

Southern Khoe-San 15 0.689 0.530 - 0.782 0.943 0.040 

      

southeast Africa 1 - - - - 

southwest Africa 35 0.671 0.573 - 0.786 0.953 0.018 

southern Africa 82 0.636 0.531 - 0.759 0.977 0.009 

      

A-M51 118 0.678 0.599 - 0.776 0.983 0.005 
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iii. Haplogroup A-M13 

Haplogroup A-M13 was found to be the most common subclade of haplogroup A, and 

occurred in 287 individuals (Table 3.7). While most common in east Africa (Fig. 3.6E), 

especially Ethiopia and Sudan, its distribution reached as far as Guinea-Bissau on the west 

coast, albeit in only one individual. In Sudan, haplogroup A-M13 was found at its highest 

frequencies in East African Nilotic speakers such as the Dinka, Shilluk, Borgu and Nuer, 

as well the Nuba, who speak both Eastern Sudanic and Kordofanian languages. In 

Ethiopia, the Ethiopian Jews were found to harbour the highest frequencies, with low to 

moderate frequencies in various other Afro-Asiatic speakers. In Uganda and Kenya, it was 

also found most often in Nilotic speakers such as the Karamajong and the Maasai. Outside 

of east Africa, haplogroup A-M13 numbers fell, with only 24 individuals found in central 

Africa, and 11 individuals found in west Africa. Notably, the Nilotic thread continued into 

central Africa, where A-M13 was found in the Alur of the DRC, and in linguistically 

related Nilo-Saharan populations such as the Kanuri from Cameroon. In west Africa, 10 

individuals were found in Nigeria, while one was present in Guinea-Bissau. Haplogroup A-

M13 has two known subclades, A-M171 and A-M118, which were screened for in the 

present study. Haplogroup A-M171 was found in two Ubangian speakers from CAR, while 

haplogroup A-M118 was found in a Ugandan Central Bantu speaker.  

 

 The phylogenetic relationships among the A-M13 chromosomes in African populations 

were examined using a RM-MJ network, which was constructed based on a 10 STR 

haplotype (Fig. 3.9). It appeared that while most East African Nilotic speakers were found 

to cluster closely with each other, the group still harboured a diverse array of A-M13 

haplotypes. All Nigerian haplotypes, while distinct from each other, clustered closely, 

together with primarily central African groups. Afro-Asiatic groups i.e. the Chadic, 
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Cushitic, Semitic and Omotic groups were present throughout the network, with little 

clustering within each of these populations. A 15 STR network (data not shown) revealed a 

breaking up of the Nilotic cluster. 

 

Mean allelic variance and haplotype diversity indices were calculated for the major 

population groups, geographic regions, and for haplogroup A-M13 (Table 3.8). 

Regionally, east Africa (allelic variance: 0.381; haplotype diversity: 0.973) and west Africa 

(allelic variance: 0.380; haplotype diversity: 0.978) showed similar levels of variance with 

central Africa (allelic variance: 0.283; haplotype diversity: 0.978) being slightly lower. 

Within east Africa the highest levels of variation was found in East African Cushitic 

speakers (allelic variance: 0.393; haplotype diversity: 0.933). The East African Nilotic 

speakers, while containing the most numbers of A-M13 individuals displayed an estimated 

variance of only 0.298. 
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Table 3.7: Haplogroup A-M13 frequencies in sub-Saharan African populations 

        Hg A-M13 

Reference1 Country Population N n % 

B Cameroon Fulbe 17 2 11.8 

K Cameroon Kanuri 12 3 25.0 

K Cameroon Mandara 30 3 10.0 

F Cameroon Mandara 28 4 14.3 
B Cameroon mixed Adamawa-speakers 18 1 5.6 
B Cameroon mixed Chadic-speakers 15 1 6.7 
B Cameroon mixed Nilo-Saharan-speakers 9 2 22.2 

K Cameroon Tupuri 9 1 11.1 

F Cameroon Tupuri 9 2 22.2 

A Central African Republic Banda 1 1 100.0 
A Central African Republic Lagba 3 1 33.3 
A Central African Republic Nzakara 30 1 3.3 

F Democratic Republic of Congo Alur 9 2 22.2 

F Democratic Republic of Congo Hema 18 1 5.6 

F Democratic Republic of Congo Mbuti 47 1 2.1 

D Egypt Arabs 147 4 2.7 

F Egypt Egyptian 92 3 3.3 

K Ethiopia Amhara 49 5 10.2 

C Ethiopia Amhara 48 7 14.6 

F Ethiopia Amhara 18 3 16.7 

K Ethiopia Dawro 78 6 7.7 

B Ethiopia Ethiopian Jews 22 9 40.9 

E Ethiopia mixed Ethiopians 242 41 16.9 

F Ethiopia mixed Semitic-speakers 20 1 5.0 

K Ethiopia Oromo 37 7 18.9 

C Ethiopia Oromo 78 8 10.3 

F Ethiopia Oromo 9 1 11.1 
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Table 3.7 cont.: Haplogroup A-M13 frequencies in sub-Saharan African populations 

        Hg A-M13 

Reference1 Country Population N n % 

G Guinea-Bissau Balanta 26 1 3.8 

K Kenya Elmolo 23 3 13.0 

F Kenya Kikuyu & Kamba 42 1 2.4 

F Kenya Luo 9 1 11.1 

K Kenya Maasai 81 5 6.2 

F Kenya Maasai 26 7 26.9 

D Kenya mixed Bantu-speakers 29 4 13.8 
K Kenya Samburu 34 1 2.9 
K Kenya Turkana 53 7 13.2 
K Nigeria Idoma 47 1 2.1 
K Nigeria Igala 40 2 5.0 
K Nigeria Tiv 54 1 1.9 
K Nigeria mixed Nigerians - 6 - 

I Sudan Beja 42 2 4.8 

I Sudan Borgu 26 9 34.6 

I Sudan Dinka 26 16 61.5 

I Sudan Fur 32 10 31.3 

I Sudan Gaalien 50 3 6.0 

I Sudan Hausa 32 4 12.5 

I Sudan Masalit 32 6 18.8 

K Sudan mixed Sudanese 35 2 5.7 

I Sudan Nuba 28 13 46.4 

I Sudan Nuer 12 4 33.3 

I Sudan Shilluk 15 8 53.3 

H Tanzania Datog 35 1 2.9 

H Tanzania Sandawe 68 3 4.4 

D Tanzania Wairak (Iraqw) 43 3 7.0 

F Uganda Ganda 26 2 7.7 
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Table 3.7 cont.: Haplogroup A-M13 frequencies in sub-Saharan African populations 

        Hg A-M13 

Reference1 Country Population N n % 

J Uganda Karamojong 118 39 33.1 
A Uganda Kiga 77 1 1.3 

 
1  A = Present Study; B = Cruciani, et al. (2002); C = Semino, et al. (2002); D = Luis, et al. (2004); E = Moran, et al. (2004); F = Wood, et al. 

(2005); G = Rosa, et al. (2007); H = Tishkoff, et al. (2007); I = Hassan, et al. (2008); J = Gomes, et al. (2010); K = Batini, et al. (2011a)
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Figure 3.9: RM-MJ network of A-M13 based on a 10 STR haplotype (DYS19-DYS389I-DYS389II-DYS390-DYS391-DYS392-DYS393-

DYS437-DYS438-DYS439) with reduction threshold = 2 and Epsilon = 0. 
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The TMRCA of haplogroup A-M13 was estimated at 14.5 kya (CI 95%: 10.4 – 21.4 kya) 

(Fig. 3.6A). 

 

 

 

 

 

Table 3.8: Allelic variance and haplotype gene diversity estimates of haplogroup A-M13 

based on population groups and regions 

Group n Allelic Variance (CI 95%) Haplotype Gene Diversity (sd) 

Central African Chadic 3 0.267 0.000 - 0.267 0.667 0.314 

Central African Gur 1 - - - - 

Central African Nilo-Saharan 3 0.400 0.000 - 0.467 1.000 0.272 

Central African Ubangian 3 0.167 0.000 - 0.267 1.000 0.272 

East African Central Bantu 2 0.000 0.000 - 1.100 1.000 0.500 

East African Cushitic 10 0.393 0.231 - 0.537 0.933 0.077 

East African Nilotic 49 0.298 0.225 - 0.366 0.943 0.024 

East African Omotic 6 0.147 0.067 - 0.197 0.933 0.122 

East African Semitic 5 0.320 0.120 - 0.550 1.000 0.127 

Nigerian Mixed Benue-Congo 10 0.382 0.231 - 0.566 0.978 0.054 

Sandawe 2 0.050 0.000 - 0.050 1.000 0.500 

Sudanese 2 0.250 0.000 - 0.250 1.000 0.500 

      

central Africa 10 0.283 0.200 - 0.349 0.978 0.054 

east Africa 76 0.381 0.329 - 0.434 0.973 0.010 

west Africa 10 0.380 0.232 - 0.563 0.978 0.054 

      

A-M13 96 0.409 0.365 - 0.455 0.982 0.007 



 75

3.3.2 Haplogroup B 

 

Unlike haplogroup A, haplogroup B is monophyletic, with support for the branch 

strengthened by the number of mutations defining it (Underhill, et al., 2001; Karafet, et al., 

2008; Cruciani, et al., 2011). That the majority of individuals within haplogroup B are 

contained in the subclades B-M150 and B-M112, was reflected strongly in the present 

study, with none of the other haplogroups, B-M236*, B-M146 and B-M182*, found. We, 

however, did find individuals in haplogroup B (derived for M60) that did not belong in any 

of its known subclades. Two were found among Ubangian speakers from CAR, and one in 

a Manyanga individual from DRC. 

 

i. Haplogroup B-M150 

Haplogroup B-M150 was found to be relatively common, and occurred in 528 individuals 

across sub-Saharan Africa in over 100 different populations (Table 3.9). Most haplogroup 

B-M150 individuals were found in southern Africa (Fig. 3.10B), with very high frequency 

among the |Gui-||Ghana-Kgalagari of Botswana. It was also quite common among 

Southeastern Bantu speakers across southern Africa. B-M150 was also found quite often in 

central Africa, with low to moderate frequencies reached in many populations across 

Cameroon and DRC, including the Pygmy populations (Biaka from CAR, Baka and 

Bakola from Cameroon, and Mbuti from DRC). In east Africa most B-M150 chromosomes 

were found in Uganda among the Karamajong. Only a few B-M150 chromosomes were 

found in west Africa, in Mali, Nigeria and Benin. 
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Haplogroup B-M152 was the most commonly observed subclade of B-M150. In fact, of 

the B-M150 chromosomes found in the present study, all were observed to be haplogroup 

B-M152, throughout sub-Saharan Africa. In the published literature, while only a few 

attempted to discriminate lineages within B-M150, it is possible that most of those found 

were indications of a presence of B-M152. Of those samples, found to be ancestral for the 

M152 mutation (or M109 in some cases), most belonged to B-M218* in the Karamajong 

of Uganda, together with a surprising absence of B-M152/M109. This population was also 

found to harbour B-G1, a newly discovered sister clade to B-M152. 

 

Individuals bearing B-M150* chromosomes were found within the Mbuti in eastern DRC, 

the Tupuri of Cameroon, the Baka of CAR, the Luo and the Kikuyu and Kamba in Kenya, 

and the Dogon of Mali. Of these, however, only the Mbuti (Cruciani, et al., 2002) were 

tested for M218. Due to the strong presence of B-M218* in east Africa, among the 

Karamajong, it is possible that some or all east African M150* Y chromosomes may be 

derived for M218. The non-B-M218 subclades of B-M150 viz. B-M108.1 and its subclade 

B-M43 were only found in a few individuals in Ethiopia and Mali, respectively, as reported 

in Underhill, et al. (2000). 

 

To examine the phylogenetic relationships among the B-M150 chromosomes in African 

populations, RM-MJ networks were constructed based on 15 STR haplotypes (Fig. 3.11) 

and 10 STR haplotypes (Fig. 3.12). The reduced 10 STR haplotype incorporated the lower 

resolution comparative data into the analyses. Due to the large number of populations 

containing B-M150 chromosomes, samples were split based on either country (15 STR) or 

broad geographic region (10 STR). 
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Table 3.9: Haplogroup B-M150 frequencies in sub-Saharan African populations 

        Hg B-M150 Subclades of B-M150 (%) 

Reference1 Country Population N n % B-M150* B-M218* B-M152 

J2 Angola Ngangela 11 1 9.1 9.1   

J Angola Nyaneka-Nkhumbi 75 3 4.0 4.0   

J Angola Ovimbundu 96 7 7.3 7.3   

L 2 Benin mixed Beninese 125 1 0.8 0.8   

A Botswana |Gui-||Ghana-Kgalagari 21 11 52.4   52.4 
L Botswana |Gui-||Ghana-Kgalagari 65 35 53.8 53.8   
L Botswana mixed Southeastern Bantu speakers 15 4 26.7 26.7   
L Cameroon Baka 63 3 4.8 4.8   

G Cameroon Bakola 33 2 6.1   6.1 

L Cameroon Bakola 30 2 6.7 6.7   

I 2 Cameroon Bakola 22 4 18.2 18.2   

L Cameroon Bassa 42 1 2.4 2.4   

B Cameroon Ewondo 29 3 10.3   10.3 

L Cameroon Ewondo 26 3 11.5 11.5   

B Cameroon Fali 39 7 17.9   17.9 
L Cameroon Fali 35 8 22.9 22.9   
L Cameroon Kanuri 12 1 8.3 8.3   
L Cameroon Mandara 30 1 3.3 3.3   

G Cameroon Mandara 28 1 3.6   3.6 

B Cameroon mixed Adamawa-speakers 18 2 11.1  5.6 5.6 

E2 Cameroon mixed Bantu-speakers 14 1 7.1 7.1   

L Cameroon mixed Cameroonian 290 4 1.4 1.4   

B Cameroon mixed Chadic-speakers 15 1 6.7   6.7 

L Cameroon Ngumba 31 6 19.4 19.4   

G Cameroon Ngumba 31 7 22.6   22.6 

I Cameroon Ngumba 24 8 33.3 33.3   

B Cameroon Ouldeme 21 1 4.8   4.8 

         



 78

Table 3.9 cont.: Haplogroup B-M150 frequencies in sub-Saharan African populations 

        Hg B-M150 Subclades of B-M150 (%) 

Reference1 Country Population N n % B-M150* B-M218* B-M152 

L Cameroon Ouldeme 10 2 20.0 20.0   

G Cameroon Ouldeme 13 4 30.8   30.8 

L Cameroon Tupuri 9 1 11.1 11.1   
G Cameroon Tupuri 9 1 11.1 11.1   
G Central African Republic Baka 18 1 5.6 5.6   
G Central African Republic Biaka 31 1 3.2   3.2 

A Central African Republic Biaka 24 1 4.2   4.2 

L Central African Republic Biaka 21 1 4.8 4.8   

B Central African Republic Biaka 20 1 5.0   5.0 

A Central African Republic Nzakara 30 1 3.3   3.3 
L Congo Babinga 20 1 5.0 5.0   
L Congo Beti 36 1 2.8 2.8   
L Congo Teke 38 1 2.6 2.6   
A Democratic Republic of Congo Bamboma 2 1 50.0   50.0 
A Democratic Republic of Congo Luba 22 1 4.5   4.5 

B Democratic Republic of Congo Mbuti 12 1 8.3 8.3   

L Democratic Republic of Congo Mbuti 33 3 9.1 9.1   

G Democratic Republic of Congo Mbuti 47 5 10.6 10.6   
A Democratic Republic of Congo Teke 1 1 100.0   100.0 
A Democratic Republic of Congo Yansi 6 1 16.7   16.7 
A Democratic Republic of Congo Yombe 3 1 33.3   33.3 

G Egypt Egyptian 92 2 2.2   2.2 

C2 Ethiopia Amhara 48 1 2.1 2.1   

L Ethiopia Dawro 78 1 1.3 1.3   

F2 Ethiopia mixed Ethiopians 242 2 0.8 0.8   
I Gabon Akele 50 1 2.0 2.0   
I Gabon Benga 48 2 4.2 4.2   
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Table 3.9 cont.: Haplogroup B-M150 frequencies in sub-Saharan African populations 

        Hg B-M150 Subclades of B-M150 (%) 

Reference1 Country Population N n % B-M150* B-M218* B-M152 

I Gabon Duma 46 2 4.3 4.3   
I Gabon Eshira 42 6 14.3 14.3   
I Gabon Eviya 24 5 20.8 20.8   
I Gabon Fang 60 1 1.7 1.7   
I Gabon Galoa 47 1 2.1 2.1   
I Gabon Kota 53 2 3.8 3.8   
I Gabon Makina 43 6 14.0 14.0   
I Gabon Ndumu 36 1 2.8 2.8   
I Gabon Nzebi 57 4 7.0 7.0   
I Gabon Obamba 47 2 4.3 4.3   
I Gabon Punu 58 5 8.6 8.6   
I Gabon Shake 43 6 14.0 14.0   

I Gabon Tsogo 60 5 8.3 8.3   
G Kenya Kikuyu & Kamba 42 1 2.4 2.4   
G Kenya Luo 9 2 22.2 11.1  11.1 
G Kenya Maasai 26 2 7.7   7.7 

E Kenya mixed Bantu speakers 29 1 3.4 3.4   

L Kenya Samburu 34 1 2.9 2.9   

G Mali Dogon 55 4 7.3 7.3   
L Mali mixed Malian 54 1 1.9 1.9   
L Mozambique mixed Central Bantu speakers 303 29 9.6 9.6   
A Namibia Herero 45 1 2.2   2.2 
A Namibia Himba 25 3 12.0   12.0 
L Nigeria Igala 40 2 5.0 5.0   
L Nigeria Tiv 54 1 1.9 1.9   

E Rwanda Hutu 69 2 2.9 2.9   
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Table 3.9 cont.: Haplogroup B-M150 frequencies in sub-Saharan African populations 

        Hg B-M150 Subclades of B-M150 (%) 

Reference1 Country Population N n % B-M150* B-M218* B-M152 

E Rwanda Tutsi 94 1 1.1 1.1   
A South Africa Khomani 46 1 2.2   2.2 
A South Africa mixed Southeastern Bantu speakers 63 5 7.9   7.9 
A South Africa Pedi 127 29 22.8   22.8 
A South Africa Sotho 189 20 10.6   10.6 
A South Africa South African Coloured 313 16 5.1   5.1 
A South Africa Southern Ndebele 36 2 5.6   5.6 
A South Africa Swazi 56 5 8.9   8.9 
A South Africa Tsonga 136 13 9.6   9.6 
A South Africa Tswana 187 53 28.3   28.3 
A South Africa Venda 110 23 20.9   20.9 

L South Africa Xhosa 65 3 4.6 4.6   

A South Africa Xhosa 175 11 6.3   6.3 

A South Africa Zulu 402 32 8.0   8.0 

H2 Tanzania Mbugwe 15 1 6.7 6.7   

H Tanzania Sandawe 68 1 1.5 1.5   

D2 Tanzania Sukuma  32 3 9.4 9.4   

E Tanzania Wairak (Iraqw) 43 1 2.3 2.3   

G Tanzania Wairak (Iraqw) 9 1 11.1   11.1 

K Uganda Karamojong 118 25 21.2  16.9  
A Uganda Nyankole 40 1 2.5   2.5 
A Zambia Bemba 17 1 5.9   5.9 
A Zambia Kaonde 3 1 33.3   33.3 
A Zambia Lozi 27 3 11.1   11.1 
A Zambia Nyanja 25 1 4.0   4.0 

A Zimbabwe mixed Southeastern Bantu speakers 75 6 8.0   8.0 

G Zimbabwe Shona 49 5 10.2     10.2 
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1  A = Present Study ; B = Cruciani, et al. (2002) ; C = Semino, et al. (2002); D = Knight, et al. (2003); E = Luis, et al. (2004); F = Moran, et al. 

(2004); G = Wood, et al. (2005); H = Tishkoff, et al. (2007); I = Berniell-Lee, et al. (2009); J = Coelho, et al. (2009); K = Gomes, et al. (2010); 

L = Batini, et al. (2011a) 

2  Chromosomes from Batini, et al. (2011a), Berniell-Lee, et al. (2009), Coehlo, et al. (2009), Knight, et al. (2003), Luis, et al. (2004) Moran, et 

al. (2004), Semino, et al. (2002) and Tishkoff, et al. (2007) were only screened for M150. 
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Figure 3.10: (A) Phylogeny of haplogroup B-M182 (B2) and its subclades, with TMRCA 

estimates indicated by the boxes surrounding the markers used in the BATWING analysis. 

Frequency distributions of (B) B-M150 (C) B-M112, (D) B-P6, and (E) B-P7*. 
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Figure 3.10 cont.: Frequency distributions of (F) B-P8 (G) B-M115, (H) B-M30, and (I) B-

M211.
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It was clear that even at the higher level of resolution most South African haplotypes were 

closely related to each other, with a number of these haplotypes occurring at high 

frequency. Botswanan B-M150 haplotypes, while closely related to South African 

haplotypes, were unique to Botswana, with most individuals found within a few 

haplotypes. Shared haplotypes also occurred between South African individuals and those 

in Zambia and Zimbabwe. Countries such as Uganda and Cameroon contained a number of 

haplotypes displaying high diversity. When the level of resolution was lowered, which 

allowed an increase of samples from central Africa; the levels of expansion within 

southern Africa were reinforced. Notably, southwest African samples were found primarily 

in one cluster, which also displayed shared haplotypes with southern, central and east 

Africans. Even at the lower resolution, the high diversities of haplotypes in central and east 

Africa were apparent. While haplotype sharing did occur between southern, central and 

east Africa, it was quite minimal. 

 

Mean allelic variance and haplotype diversity indices were calculated for the major 

population groups, geographic regions for haplogroup B-M150 (Table 3.10). 

While west Africa appeared to exhibit the highest levels of variance (allelic variance: 

0.433; haplotype diversity: 1.000), this was based on only 3 individuals, and so is unlikely 

to be significant. Central Africa (allelic variance: 0.348; haplotype diversity: 0.980) and 

east Africa (allelic variance: 0.316; haplotype diversity: 0.949) followed, while southern 

Africa (allelic variance: 0.171; haplotype diversity: 0.863), and southwest Africa (allelic 

variance: 0.162; haplotype diversity: 0.936) showed relatively low levels of variance 

within their samples.
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Figure 3.11: RM-MJ network of B-M150 based on a 15 STR haplotype (DYS19-DYS389I-DYS389II-DYS390-DYS391-DYS392-DYS393-

DYS437-DYS438-DYS439-DYS448-DYS456-DYS458-DYS635-GATA H4) with reduction threshold = 1 and Epsilon = 0. 
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Figure 3.12: RM-MJ network of B-M150 based on a 10 STR haplotype (DYS19-DYS389I-DYS389II-DYS390-DYS391-DYS392-DYS393-

DYS437-DYS438-DYS439) with reduction threshold = 1 and Epsilon = 0. 
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Population groups within the regions usually appeared to have lower levels of variance 

than the regions they were found in. Exceptions to this included the Western Pygmy group 

who had the highest variance overall (allelic variance: 0.505; haplotype diversity: 0.985) 

and the South African Coloured populations (allelic variance: 0.417; haplotype diversity: 

0.942). While the |Gui-||Ghana-Kgalagari of Botswana showed highest frequencies of B-

M150, they also exhibited one of the lowest levels of diversity (allelic variance: 0.061; 

haplotype diversity: 0.588). 

 

The TMRCA of haplogroup B-M150 was estimated at 14.2 kya (CI 95%: 11.3 – 17.9 kya) 

(Fig. 3.10A). 
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Table 3.10: Allelic variance and haplotype gene diversity estimates of haplogroup B-M150 

based on population groups and regions 

Group n Allelic Variance (CI 95%) Haplotype Gene Diversity (sd) 

Central African Adamawa 8 0.064 0.000 - 0.121 0.464 0.200 

Central African Central Bantu 3 0.133 0.000 - 0.267 1.000 0.272 

Central African Chadic 3 0.200 0.000 - 0.200 0.667 0.314 

Central African Gur 1 - - - - 

Central African Nilo-Saharan 1 - - - - 

Central African Ubangian 1 - - - - 

East African Central Bantu 5 0.270 0.020 - 0.430 0.900 0.161 

East African Nilotic 26 0.274 0.224 - 0.319 0.920 0.027 

East African Omotic 1 - - - - 

Eastern Pygmy 2 0.000 0.000 - 0.000 0.000 0.000 

Khoe-San/Bantu admixed 46 0.061 0.041 - 0.084 0.588 0.071 

Nigerian mixed Benue-Congo 3 0.433 0.000 - 0.700 1.000 0.272 

Northwest Bantu 69 0.263 0.213 - 0.325 0.974 0.009 

Sandawe 1 - - - - 

South African Coloured 16 0.417 0.137 - 0.821 0.942 0.041 

South West African Central Bantu 1 - - - - 

Southeastern Bantu 206 0.151 0.110 - 0.210 0.832 0.026 

Southern African Central Bantu 7 0.214 0.086 - 0.329 1.000 0.076 

Southern Khoe-San 1 - - - - 

Southwestern Bantu 12 0.161 0.107 - 0.181 0.924 0.058 

Western Pygmy 12 0.505 0.250 - 0.689 0.985 0.040 

      

central Africa 100 0.348 0.282 - 0.434 0.980 0.006 

east Africa 33 0.316 0.265 - 0.368 0.949 0.019 

southwest Africa 13 0.162 0.106 - 0.182 0.936 0.051 

southern Africa 276 0.171 0.133 - 0.224 0.863 0.019 

west Africa 3 0.433 0.000 - 0.700 1.000 0.272 

      

B-M150 425 0.268 0.235 - 0.307 0.939 0.009 
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ii. Haplogroup B-M112 

While haplogroup B-M112 is quite widespread and has been observed in central, east and 

southern Africa (Fig. 3.10C, Table 3.11), the majority, around two thirds of all B-M112 

chromosomes, have been found in groups that recently were, or still are, hunter-gatherer 

populations (HGPs). These include the Baka and Bakola from Cameroon and Gabon, the 

Biaka and Mbenzele from CAR, the Mbuti from DRC, the !Xun from Angola (and South 

Africa), the Ju|’hoansi from Namibia, as well as the Hadza and Sandawe from Tanzania. 

Many of these populations have high frequencies of B-M112 and its subclades (Table 

3.11). Many of the pastoral or agricultural groups (food-producing populations = FPPs) in 

whom B-M112 occurs are often from the same countries as their hunter-gatherer 

neighbours. 

 

The subclades of haplogroup B-M112 exhibited substantial geographic structure and 

population specificity (Table 3.11 and Fig. 3.10). Haplogroups B-P6 and B-P8 (Fig. 3.10D 

and F) occurred mostly in the !Xun and Ju|’hoansi of Angola and Namibia, respectively. 

Haplogroup B-P6 chromosomes were also found among the South African Coloured 

population; as well the Namibian Herero and the |Gui-||Ghana-Kgalagari from Botswana; 

though these were rare occurrences. A solitary B-P8 chromosome was found in the 

Angolan Khwe. Haplogroup B-M115 (Fig. 3.10G) was extremely specific, having been 

found only in the Mbuti of northeastern DRC. 
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Table 3.11: Haplogroup frequencies of B-M112 and its subclades in the populations studied 

    Hg B-M112 Subclades of B-M112 (%) 

Reference1 Country Population N n % M112* P6 M115 M30* M108.2 P7* P8 M211 

A Angola !Xun 80 9 11.3 1.3 6.3     3.8  
B Angola !Xun 64 5 7.8 7.8        
A Angola Khwe 51 1 2.0       2.0  
H4 Angola Kuvale 26 3 11.5 11.5        
H Angola Nyaneka-Nkhumbi 75 3 4.0 4.0        
K Botswana Khoe-San/Bantu admixed 65 1 1.5  1.5       
K Cameroon Baka 63 23 36.5    6.3  23.8 2  6.3 
K Cameroon Bakola 30 3 10.0 6.7   3.3     
E5 Cameroon Bakola 33 1 3.0 3.0        
B6 Cameroon mixed Nilo-Saharan 9 2 22.2    22.2     
E Central African Republic Baka 18 12 66.7      66.7   
A Central African Republic Biaka 24 16 66.7 4.2   29.2  12.5  20.8 
B Central African Republic Biaka 20 6 30.0 5.0   5.0    20.0 
K Central African Republic Biaka 21 4 19.0 4.8   4.8    9.5 
E Central African Republic Biaka 31 15 48.4 3.2     45.2   
B Central African Republic Lissongo 4 1 25.0     25.0    
A Central African Republic Mbenzele 18 6 33.3    5.6  27.8   
K Central African Republic Mbenzele 42 5 11.9    2.4  9.5 2   
A Central African Republic Nzakara 30 1 3.3      3.3   
A Central African Republic Sangha-Sangha 11 2 18.2 18.2        
A Democratic Republic of Congo Manyanga 93 1 1.1        1.1 
B Democratic Republic of Congo Mbuti 12 3 25.0 16.7  8.3      
E Democratic Republic of Congo Mbuti 47 20 42.6 21.3     21.3   
K Democratic Republic of Congo Mbuti 33 17 51.5 27.3  24.2      
G3 Gabon Baka 33 21 63.6    9.1  45.5 2  9.1 
G Gabon Duma 46 1 2.2      2.2   
G Gabon Shake 43 1 2.3      2.3   
K Kenya Maasai 81 5 6.2 4.9     1.2   
A Malawi mixed Central Bantu speakers 8 1 12.5      12.5   
K Mozambique mixed Central Bantu speakers 303 14 4.6 2.3     2.3   
A Namibia Ju|’hoansi 41 12 29.3  24.4     4.9  
A Namibia Dama 29 1 3.4 3.4        
A Namibia Herero 45 2 4.4 2.2 2.2       
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Table 3.11 cont.: Haplogroup frequencies of B-M112 and its subclades in the populations studied. 

    Hg B-M112 Subclades of B-M112 (%) 

Reference1 Country Population N n % M112* P6 M115 M30* M108.2 P7* P8 M211 

K Namibia San 5 3 60.0  40.0     20.0  
D5 Rwanda Hutu 69 1 1.4 1.4        
D Rwanda Tutsi 94 13 13.8 13.8        
A South Africa mixed Southeastern Bantu speakers 63 2 3.2 3.2        
A South Africa Tswana 187 1 0.5 0.5        
A South Africa Tsonga 136 2 1.5 1.5        
A South Africa Pedi 127 1 0.8 0.8        
A South Africa Nama 11 1 9.1 9.1        
A South Africa South African Coloured 313 6 1.9  1.3    0.6   
F Tanzania Burunge 24 6 25.0 25.0        
F Tanzania Datog 35 1 2.9 2.9        
F Tanzania Hadza 57 29 50.9 50.9        
C5 Tanzania Hadza 23 12 52.2 52.2        
A Tanzania mixed Tanzanians 34 4 11.8 5.9     5.9   
F Tanzania Sandawe 68 9 13.2 13.2        
F Tanzania Sukuma  30 2 6.7 6.7        
C Tanzania Sukuma  32 2 6.3 6.3        
F Tanzania Turu 20 1 5.0 5.0        
E Tanzania Wairak (Iraqw) 9 1 11.1      11.1   
D Tanzania Wairak (Iraqw) 43 2 4.7 4.7        
J5 Uganda Karamojong 118 13 11.0 11.0        
I5 Zambia Bisa 33 1 3.0 3.0        
A Zimbabwe mixed Southeastern Bantu speakers 75 1 1.3 1.3        

 

1  A = Present Study; B = Cruciani, et al. (2002); C = Knight, et al. (2003); D = Luis, et al. (2004); E = Wood, et al. (2005); F = Tishkoff, et al. 

(2007); G = Berniel-Lee, et al. (2009); H = Coelho, et al. (2009); I = de Filippo, et al. (2010); J = Gomes, et al. (2010); K = Batini, et al. (2011a) 

2  Those chromosomes found by Batini, et al. (2011a) to be in MSY* have been included under B-P7*. 

3  While Berniell-Lee, et al. (2009) only screened for 50f2, most chromosomes were resolved further by Batini, et al. (2011a). 

4  While Coehlo, et al. (2009) only screened for M112, all chromosomes were resolved further by Batini, et al. (2011a). 
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5  Chromosomes from De Filippo, et al. (2010), Gomes, et al. (2010), Knight, et al. (2003), Luis, et al. (2004), and Wood, et al. (2005) were not 

fully sub-classified due to the low number of markers screened, and thus were placed mainly in B-M112* - and B-P7* in the case of Wood, et al. 

(2005). 

6  Cruciani, et al. (2002) did not screen markers P6 and P7, so its B-M112* values are possibly inflated. 
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Haplogroups B-M30 and B-M211 (Fig. 3.10H and I) were commonly found among 

Western Pygmy populations from Cameroon, CAR and Gabon. Additionally, haplogroup 

B-M30 was found in two Nilo-Saharan speakers in Cameroon, and in a single Lissongo 

individual from CAR. Haplogroup B-M211 was also present in a Manyanga individual 

from southwestern DRC. The paragroups of B-M112* and B-P7* showed wider 

geographic distribution, and were found in populations across central, east and southern 

Africa. 

 

To better examine the phylogenetic relationships among the B-M112 chromosomes in 

African populations, RM-MJ networks were constructed based on six SNP – 14 STR 

haplotypes (Fig. 3.13) and nine STR haplotypes (Fig. 3.14) with the former containing 

only the highest resolved chromosomes (the reduced nine STR haplotype incorporated the 

lower resolution comparative data into the analyses). At the higher resolution, the high 

diversity and population structure of B-M112 was apparent, with low levels of haplotype 

sharing. 

 

A lowering of resolution to the nine-STR level resulted in slightly increased haplotype 

sharing. The Hadza shared a few haplotypes with a Tanzanian Datog individual and a 

Tanzanian Sukuma individual observed to be in haplogroup B-P7*. In addition, the 

Western Pygmy (from Cameroon and Gabon) shared a haplotype with a Manyanga 

individual from DRC, while two Hadza shared a haplotype with a !Xun individual. The 

final shared haplotype was between an Mbuti individual and a Southeastern Bantu speaker.
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Figure 3.13: RM-MJ network of B-M112 based on a 6 SNP – 14 STR haplotype (P6-P7-M115-M30-P8-M211-DYS19-DYS389I-DYS389II-

DYS390-DYS391-DYS392-DYS393-DYS437-DYS438-DYS448-DYS456-DYS458-DYS635-GATA H4) with reduction threshold = 2 and 

Epsilon = 0. 
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Figure 3.14: RM-MJ network of B-M112 based on a 9 STR haplotype (DYS19-DYS389I-DYS389II-DYS390-DYS391-DYS392-DYS393-

DYS437-DYS438) with reduction threshold = 2 and Epsilon = 0. 
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Mean allelic variance and haplotype diversity indices were calculated for the major 

population groups, geographic regions, and for haplogroup B-M112 and its subclades 

(Table 3.12).  Regionally, east Africa and southwestern Africa showed the highest levels of 

variance. Notably, the mean STR allelic variance exhibited in the Hadza and Sandawe 

(0.495 and 0.349 respectively) were relatively low in comparison to the east African 

regional estimate (1.011). The levels of variance within the B-M112 subclades appeared to 

correlate with the estimated TMRCAs of each subclade (Fig. 3.10A), with the exceptions 

of haplogroups B-M30 (allelic variance: 0.073; haplotype diversity: 0.314) and B-M211 

(allelic variance: 0.061; haplotype diversity: 0.742), which showed lower variance than 

expected. The paragroup, B-M112*, contained the highest level of variation (allelic 

variance: 0.998; haplotype diversity: 0.974) in comparison to the defined subclades. East 

African B-M112* chromosomes showed highest variance (1.032) when examined 

regionally, while central African B-P7* chromosomes (allelic variance: 0.762; haplotype 

diversity: 0.906) showed highest variance for the paragroup, regionally. 

 

The TMRCAs of haplogroup B-M112 and its subclades were estimated using BATWING 

(Fig 3.10A). With a TMRCA of 14.2 kya (CI 95%: 11.3 – 17.9 kya), the mutations 

defining haplogroup B-M112 were estimated to be around 2400 years older than those 

defining its subclade, haplogroup B-P7, which had a TMRCA of 11.8 kya (CI 95%: 9.4 – 

14.9 kya). Haplogroup B-P6 arose independent of haplogroup B-P7, with a TMRCA of 8.9 

kya (CI 95%: 5.9 – 12.9 kya), with similar times for both haplogroup B-M115 at 8.7 kya 

(CI 95%: 5.2 – 12.1 kya) and haplogroup B-M30 at 8.2 kya (CI 95%: 4.9 – 11.8 kya). 

Haplogroup B-P8 appeared to be a little younger with a TMRCA of 5.2 kya (CI 95%: 2.8 – 

9.3 kya), though haplogroup B-M211 was the youngest at 2.7 kya (CI 95%: 1.4 – 5.7 kya).
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Table 3.12: Allelic variance and haplotype gene diversity estimates of haplogroup B-M112 

based on population groups, regions and subclades 

Group n Allelic Variance (CI 95%) Haplotype Gene Diversity (sd) 

Central African Central Bantu 1 - - - - 

Central African Ubangian 3 0.259 0.000 - 0.259 0.667 0.314 

Central Khoe-San 2 0.000 0.000 - 1.778 1.000 0.500 

Dama 1 - - - - 

East African Central Bantu 7 0.794 0.460 - 1.048 1.000 0.076 

East African Cushitic 6 1.052 0.000 - 1.433 0.600 0.215 

East African Nilotic 19 0.810 0.591 - 1.012 0.842 0.069 

Eastern Pygmy 16 0.838 0.573 - 1.070 0.983 0.028 

Hadza 29 0.495 0.327 - 0.644 0.796 0.049 

Khoe-San/Bantu admixed 1 - - - - 

Northern Khoe-San 21 0.881 0.471 - 1.095 0.929 0.031 

Northwest Bantu 2 0.167 0.000 - 0.167 1.000 0.500 

Sandawe 9 0.349 0.000 - 0.639 0.583 0.183 

South African Coloured 6 1.067 0.100 - 1.348 1.000 0.096 

South East African Central Bantu 13 0.422 0.224 - 0.614 0.962 0.041 

Southeastern Bantu 7 0.434 0.217 - 0.497 0.952 0.096 

Southwestern Bantu 8 0.800 0.440 - 0.980 0.857 0.108 

Western Pygmy 85 0.715 0.640 - 0.781 0.932 0.013 

      

central Africa 107 0.845 0.749 - 0.943 0.955 0.009 

east Africa 70 1.011 0.889 - 1.123 0.939 0.013 

southeast Africa 13 0.420 0.225 - 0.609 0.962 0.041 

southwest Africa 31 1.024 0.758 - 1.193 0.953 0.018 

southern Africa 15 0.817 0.390 - 1.188 0.991 0.028 

      

B-M112 236 1.073 0.999 - 1.149 0.985 0.002 

      

B-M112* 109 0.998 0.909 - 1.089 0.974 0.006 

B-P6 21 0.571 0.338 - 0.697 0.943 0.031 

B-P7* 59 0.811 0.706 - 0.933 0.938 0.016 

B-M115 7 0.291 0.106 - 0.481 0.952 0.096 

B-M30 18 0.073 0.000 - 0.183 0.314 0.138 

B-P8 6 0.119 0.000 - 0.237 0.600 0.215 

B-M211 16 0.061 0.042 - 0.074 0.742 0.073 

      

central African B-M112* 18 0.505 0.423 - 0.563 0.961 0.030 

central African B-P7* 48 0.762 0.668 - 0.842 0.906 0.022 

east African B-M112* 67 1.032 0.911 - 1.147 0.939 0.013 

east African B-P7* 3 0.407 0.000 - 0.704 1.000 0.272 

southern African B-M112* 8 0.448 0.212 - 0.522 0.964 0.077 

southern African B-P7* 2 0.000 0.000 - 0.222 1.000 0.500 

southeast African B-M112* 7 0.513 0.063 - 0.788 0.905 0.103 

southeast African B-P7* 6 0.241 0.085 - 0.296 0.933 0.122 

southwest African B-M112* 9 0.852 0.559 - 0.978 0.889 0.091 
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4 DISCUSSION 

 

4.1 Y chromosome SBE assay development and optimization 

 

While a number of genotyping techniques were used in the production of Y chromosome 

haplogroup data for the study, SBE (Syvänen, 1999) was used to generate most of the data. 

This method was chosen due to its convenience and relative affordability; and allowed us 

to examine Y chromosomes at a high resolution. The seven SBE assays that were 

developed were used to resolve Y chromosomes into haplogroups indigenous to Africa, or 

into a few common Eurasian lineages. 

During development and optimization of the assays, it became apparent that estimated 

lengths of extension products differed from the designed lengths. This difference was 

ascribed to the migration rate of primers (which was influenced by their actual length), 

possible secondary structure (Konrad and Pentoney, 1993), mobility of the dye attached 

(Tu, et al., 1998), and the use of POP-7® polymer. The difference was especially stark for 

the M91 primer, a 25 base primer which appeared 11 bases longer. Despite these 

observations, profiles generated by all the assays were usually easily interpreted. 

 

Since most aspecific peaks were due to insufficient purification, they usually did not 

permanently disrupt the interpretation of results. The one permanent aspecific peak in the 

Hg-B2b assay also caused no disruptions. Its link to the P7 primer may have been due to a 

problem that occurred during the synthesis of that primer. It was also more visible when 

overall peak height was decreased.  
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The increase in cycle number of the SBE reaction program resulted in an improvement in 

overall peak height. Variability of peak heights within some assays, however, was 

unavoidable, despite the adjustment of relative SBE primer concentrations. This was 

possibly influenced by the efficiency of interaction between SBE primers and template 

sequences. 

 

4.1.1 Marker-specific issues 

 

The marker M91, in the Hg-A assay, is a homopolymer length variant associated with a 

single base deletion in a poly-T tract (Underhill, et al., 2001). While the use of SBE in the 

screening of homopolymer variants is not common, the detection of the M91 mutation 

using the SBE method was successful. This was reaffirmed phylogenetically (Capelli, et 

al., 2003; Salas, et al., 2007) by the presence of this mutation exclusively in samples 

belonging to subclades of haplogroup A.  

 

The validation process resulted in the redesign of just two SBE primers, P28 and M35. The 

initial P28 SBE primer did not pick up the mutation, likely due to non-specific primer 

binding; while the initial M35 primer resulted in an extremely low peak height when the 

mutation was present. This was possibly due to the preferential amplification of the 

ancestral allele, or a lower efficiency of binding by the original SBE primer. 

 

Finally, in haplogroups B-P7 and B-M211, P7 showed the presence of two different 

extension products; displaying both the ancestral and derived states, simultaneously. This 

also occurred in haplogroup B-P8, with P8, additionally, exhibiting the same property. The 

presence of both states was confirmed when sequencing was performed. It is thus likely 
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that all samples in haplogroups B-P7*, B-P8 and B-M211 will display two peaks at the 

relevant markers. This was, likely, a consequence of these markers being located within 

paralogous sequence variants (Hammer, et al., 2003). It should be noted that such 

mutations are more susceptible to back-mutation through gene conversion, as it was with 

P25 (Adams, et al., 2006). For this reason more stable markers that resolve these subclades 

of B-P7 would be preferable. 

 

4.2 Population affinities in sub-Saharan Africa 

 

When examining the population affinities of sub-Saharan African populations using two 

measures of genetic distance, Fst and Rst, it was found that while both measures displayed 

strong similarities, a few differences were observed. The grouping of the non-African 

populations (in the MDS and cluster analysis) with the non-Bantu speakers, based on Fst 

distance, contrasted with a strong separation of African and non-African populations when 

using Rst distance. In both cases, however, the strongest cluster appeared to be the Bantu 

speakers and related populations. This is, likely, primarily due to the high frequencies of E-

M2 in these populations.  

 

Another notable difference between the Fst and Rst trees was the placing of the Dama 

population. In the Fst tree, they were placed among the Bantu speaker clade. This may 

have been due to these populations also exhibiting high frequencies of E-M2. In the Rst 

tree, however, the Dama were placed in the non-Bantu speaker clade, possibly indicating 

that while this population has high frequencies of the haplogroups characterising Bantu 

speaking populations, they did not necessarily derive them, at least solely, from Bantu 

speaking populations. 
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While east and southern African non-bantu speakers, and the Western Pygmy population, 

grouped together based on both distances, this may have been caused by the strong 

association observed in the Bantu speakers. This was further corroborated by the AMOVA 

analysis. The removal of the Bantu speakers group, when using linguistic classification, 

resulted in a large decrease (both Fst and Rst) in inter-group variation. 

 

4.3 The phylogeography of haplogroup A in sub-Saharan Africa 

 

While the resolution of the Y chromosome phylogeny has steadily increased over the past 

decade (YCC, 2002; Karafet, et al., 2008), its basal backbone had remained the same. The 

branching pattern and the distribution of haplogroups were used to support an African 

origin of anatomically modern humans (Underhill, et al., 2000), while populations from 

southern and east Africa were thought to have contained the oldest lineages (Hammer, et 

al., 2001; Semino, et al., 2002). It was only following the work of Cruciani, et al. (2011), 

who sought more SNPs to test the robustness of the basal phylogenetic structure, that the 

backbone was called into question. Their findings not only unearthed the polyphyletic 

nature of haplogroup A, but also pushed the estimated age of the oldest human Y 

chromosomes back to 142 kya. This newly estimated age was easier to reconcile with the 

coalescent age for mtDNA (Soares, et al., 2009) and with plausible scenarios of modern 

human origins. Following that, the discovery of haplogroup A00 by Mendez, et al. (2013), 

pushed the oldest human Y chromsosome further back to 338 kya. Haplogroups A00, A-

P114, A-M31 and A-P108*, the deepest clades of the Y chromosome phylogeny, were 

found in central and northwest Africa. However, their frequencies were much lower than 

most other major haplogroups.  
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Haplogroup A00 was found, initially in an African American individual (Mendez, et al., 

2013). Following its discovery, a more comprehensive search placed it among a few 

members of the Mbo of Cameroon (Mendez, et al., 2013). 

 

According to the 2013 ISOGG Y chromosome phylogeny, A-P114 is a subclade of A0, 

haplogroup A0a1a. Haplogroup A0 is now defined by a number of newly discovered 

mutations, the first of which was P305. While much of this data has not yet been 

published, haplogroup A-P114 has been found in the Berbers of Algeria (Cruciani, et al., 

2011), the Bakola of Cameroon (Batini, et al., 2011a; Cruciani, et al., 2011) and in Ghana 

(Scozzari, et al., 2012). No A-P114 chromosomes were found in the present study. 

 

Haplogroup A-M31, while also not found in the present study, appeared more frequently 

than A-P114 in the published literature. With a northwest African distribution, it has been 

found in Mali (Underhill, et al., 2000; Wood, et al., 2005), in a number of populations in 

Guinea-Bissau (Gonçalves, et al., 2003; Rosa, et al., 2007), in Gambia among the 

Mandinka (Wood, et al., 2005), as well as in Cabo Verde (Gonçalves, et al., 2003) and in 

the Berbers of Morocco (Cruciani, et al., 2002; Cruciani, et al., 2011).  

 

While P108 is now regarded as a basal mutation for most of the Y chromosome phylogeny, 

thus defining super-haplogroup A1b (or A1b-T), members of the paragroup, A-P108* 

(A1b*) have been found among central African populations in the Congo, Cameroon and 

Gabon (Batini, et al., 2011a). While we did not test for P108, the present study discovered 

a Y chromosome that was ancestral for all tested haplogroup A markers (apart from M91), 

whose STR haplotype matched A-P108* haplotypes. This were found in a Sangha-Sangha 

individual from CAR. 
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According to Cruciani, et al. (2011), while the discovery and correct placement of these 

lineages on the Y chromosome phylogeny would open up new perspectives on modern 

human evolution, more data would be needed to make stronger inferences. 

 

4.3.1 Haplogroup A-M14 

 

Haplogroup A-M14 was long thought to be exclusive to southern African Khoe-San 

populations (Underhill, et al., 2001; Wood, et al., 2005). It was in 2007, however, that the 

first indication of haplogroup A-M14 in central Africa occurred (Gonçalves, Spínola and 

Brehm, 2007); though, this discovery appeared to pass unnoticed (Batini, et al., 2011a). 

Batini, et al. (2011a) subsequently reported the finding of A-M14 among Baka Pygmies in 

Cameroon and Gabon. The present study reinforced the presence of A-M14 in central 

Africa (in the Gbaya). The fact that these A-M14 Y chromosomes were ancestral for 

markers M6 and M49, confirmed the existence of at least one independent A-M14 

subclade outside of Khoe-San populations. The long branch lengths between the Baka, 

Gbaya populations which harboured A-M14* (Fig. 3.7), however, hint at the possibility 

that there may be more than one subclade within A-M14*. 

 

Based on the absence of derived states for markers, M6 and M49, Batini, et al. (2011a) 

regarded the A-M14* Y chromosomes found in the Baka as an older lineage than those 

found in southern African Khoe-San populations. This was used as evidence of an 

evolutionary link or interaction between Western Pygmies and Khoe-San, whereby the 

presence of A-M14 in the Khoe-San was due to their interactions with a Pygmy group. 

This remains a distinct and plausible possibility, and the discovery of more central African 

A-M14 Y chromosomes strengthens its case, since the presence of different A-M14* 
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lineages in the Gbaya supports a central African origin for Khoe-San A-M14. The high 

allelic variance overall for A-M14*, with very low levels found in Baka and Gbaya 

individually (Table 3.4), indicate that, historically, haplogroup A-M14 may have been 

more frequent and more diverse. 

 

4.3.2 Haplogroup A-M51 

 

Haplogroup A-M51, together with its sister-clade A-M13, has evolved on the backbone of 

P108 (A1b), M32 (A1b1b) and M144 (A1b1b2; defined by seven other markers). It is also 

resolved into 2 further subclades: A-P291 and A-P102 (Karafet, et al., 2008). While 

haplogroup A-M51 was the most common haplogroup A subclade in southern Africa, it’s 

numbers were still quite low in comparison to other haplogroups. The majority (~74%) of 

A-M51 Y chromosomes found were within or descended from Khoe-San populations. 

With high frequencies within the Khoe-San and low frequencies in other surrounding 

populations, it is very likely that haplogroup A-M51 originated within the Khoe-San, as 

supported by previous findings (Underhill, et al., 2000; Cruciani, et al., 2002; Wood, et al., 

2005). The uniform distribution of A-M51 among the Northern, Central and Southern 

Khoe-San suggests that it arose prior to the splitting of these groups, or that gene flow 

between the groups was ongoing for a long period of time. While the Southern Khoe-San 

exhibited the highest allelic variance (Table 3.6), the Central Khoe-San and Northern 

Khoe-San values were not much different, making it difficult to pinpoint a point of origin 

within the Khoe-San. 

 

Frequencies for haplogroup A-M51 among Southeastern Bantu speakers remained well 

below 5%, with the exception of Sotho speakers, in which it reached 7.4%. While at a low 
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frequency in Southeastern Bantu speaking populations, A-M51 occurred more frequently 

than another likely Khoe-San derived haplogroup, B-M112. This is an indication that A-

M51 Y chromosomes in Southeastern Bantu speakers found their way into these 

populations through their interactions with Central and Southern Khoe-San populations, 

who have little to no presence of haplogroup B-M112. The numerous unique A-M51 

haplotypes (Fig. 3.8) within Southeastern Bantu speakers, however, point to them having 

derived these Y chromosomes from populations not found in our dataset. Notably, the 

Southeastern Bantu speakers did share a haplotype with the |Gui-||Ghana-Kgalagari of 

Botswana. It is, thus, possible that this admixed Khoe-San/Bantu group may have 

contributed to A-M51 in Southeastern Bantu speakers. This, however, is not definitive. 

While the |Gui-||Ghana-Kgalagari appear to have a clear maternal link to Khoe-San 

ancestry, with ~90% frequency of L0d (Schlebusch, Lombard and Soodyall, 2013), their 

paternal ancestries appear to be derived primarily from Bantu speakers, with high 

frequencies of haplogroups B-M150 and E-M2 (Table 3.1). It is also quite possible that 

they derived their A-M51 Y chromosomes from Bantu speakers as well; especially when 

the shared haplotype clusters closely with numerous unique Southeastern Bantu speaker 

haplotypes. 

 

4.3.3 Haplogroup A-M13 

 

Haplogroup A-M13 was the dominant haplogroup A subclade in east Africa; with a low 

level presence in central and west Africa. Overall, the largest proportion of A-M13 Y 

chromosomes was found among Nilo-Saharan speaking populations (43%), with most of 

them being Nilotic speakers (37%). Afro-Asiatic speaking populations then comprised 

27.1% of A-M13 Y chromosomes, with most major linguistic phyla represented, viz. 
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Chadic (4.2%), Cushitic (8.5%), Egyptian (1.1%), Omotic (2.1%), and Semitic (11.3%). 

Based on the high numbers of both Nilo-Saharan and Afro-Asiatic A-M13 Y 

chromosomes, as well as comparative levels of diversity, it is difficult to determine the 

source of haplogroup A-M13, out of these two likely groups. The moderate to high 

frequencies of A-M13 among both Afro-Asiatic and Nilo-Saharan populations in east 

Africa, as well as the presence of closely related and shared haplotypes (Fig. 3.9) are 

suggestive of extensive contact and gene flow over a long period of time. This is 

corroborated through autosomal data (Tishkoff, et al., 2009). 

 

While, Nilo-Saharans, and in particular Nilotic speakers, hold the highest frequency of 

haplogroup A-M13 by far, this may be due to recent events. The biggest cluster on the 

RM-MJ network (Fig. 3.9) is composed of very closely related high-frequency East 

African Nilotic haplotypes that show a distinctive expansion pattern. This is strongly 

indicative that a recent rapid expansion occurred which resulted in the generation of a large 

proportion of the Nilotic A-M13; which would imply that while Nilotic populations may 

contain ancient forms of A-M13, they occur at a lower frequency than the more recent 

forms; an observation corroborated by Gomes, et al. (2010). 

 

While east Africa contains the most A-M13 Y chromosomes, the high diversity of central 

and west African forms, together with the potentially bi-directional nature of migration 

along the Sahel (Tishkoff, et al., 2009) increases the potential for the haplogroup to have 

arose anywhere along the belt. The presence of related haplogroup A-M28 (A3a) in east 

Africa (Underhill, et al., 2000; Wood, et al., 2005), however, further supports its claim to 

A-M13. The lack of comparative data for the subclades of haplogroup A-M13, 

haplogroups A-M171 and A-M118, make the analysis of these lineages difficult. While A-
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M171 was found in two central African Ubangian speakers, and A-M118 was found in a 

Ugandan Central Bantu speaker in the present study, little other data exist on these 

subclades apart from the findings of Underhill, et al. (2000) who found A-M118 in six 

Ethiopians and A-M171 in a Sudanese individual. Haplogroup A-M171 was recently 

removed from the ISOGG Y chromosome phylogeny, as until then it was only found in a 

single individual and so was regarded as a private mutation. Its presence in Central African 

Ubangian speakers now makes the case for it to be re-added to the phylogeny. 

 

4.4 The phylogeography of haplogroup B in sub-Saharan Africa 

 

While much younger than the oldest members of haplogroup A (Cruciani, et al., 2011), the 

monophyletic haplogroup B is still regarded as one of the oldest and most diverse of 

haplogroups. While most of this variation is encompassed within its two most common 

subclades, B-M150 and B-M112, individuals in other subclades have been found. 

Haplogroup B-M236* (B1*) was found in two Bamileke individuals from Cameroon 

(Cruciani, et al., 2002), while haplogroup B-M146 (B1a) was found in a Malian individual 

(Underhill, et al., 2000) and in a Mossi individual from Burkina Faso (Cruciani, et al., 

2002). Haplogroup B-M182, which gives rise to both B-M150 and B-M112, also has a 

paragroup, B-M182*. This has been found at low frequencies among the Pygmy 

populations of Cameroon, CAR, and DRC (Wood, et al., 2005). The existence of 

individuals that do not belong to any of its known subclades affirms the existence of more 

diversity to uncover within the haplogroup. While the major subclades of haplogroup B are 

common throughout sub-Saharan Africa; the presence of a number of basal groups such as 

B-M236*, B-M182* and B-M60* in central Africa point to this region as the original 

source of haplogroup B.  
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4.4.1 Haplogroup B-M150   

 

Haplogroup B-M150, or more specifically its subclade B-M152, appeared to be the most 

common branch of haplogroup B in sub-Saharan Africa. While the highest frequencies 

were found among the |Gui-||Ghana-Kgalagari of Botswana and Southeastern Bantu 

speakers, the low levels of variance (Table 3.10) in southern Africa and in the |Gui-

||Ghana-Kgalagari indicate that these high frequencies may be due to the rapid expansion 

of related haplotypes. Consequently, haplogroup B-M152 is regarded as a signature of the 

Bantu Expansion (Gomes, et al., 2010); though it should be noted that Gomes, et al. (2010) 

made use of a different marker (M109) which delineates the same haplogroup. While B-

M152 is found in central Africa at low to moderate frequencies, its variance in the region is 

substantially higher than in southern Africa. Due to its rarity in west and east Africa, a case 

could, thus, be made for the origin of B-M152 in central Africa. 

 

Since only a few studies have discriminated lineages within haplogroup B-M150 (apart 

from B-M152), it remains difficult to infer the origins of these other subclades; including 

the origin of the ancestral B-M150 Y chromosome. The presence of B-M150* (x M218) 

within the Mbuti, however, raises the question of whether the original B-M150 Y 

chromosomes were introduced from Pygmy populations into neighbouring pastoral / 

agricultural groups, before undergoing rapid expansion. 

While the TMRCA for B-M150 was estimated at 14.2 kya, this was based primarily on B-

M152 chromosomes. As a result, this is unlikely to be a clear reflection of the age of 

haplogroup B-M150. A more accurate estimate would require the discovery of more 

individuals belonging to other B-M150 subclades. 
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4.4.2 Haplogroup B-M112 

 

The second most common haplogroup B subclade was that of B-M112, a very diverse 

collection of haplogroups, more so than the previously discussed subclades of haplogroups 

A and B. Defined by the SNP M112 (Underhill, et al., 2000), the haplogroup has been 

resolved further into eleven subclades (Batini, et al., 2011a; Scozzari, et al., 2012) through 

the discovery of the defining markers: M30, M108.2, M115, M129, M169 (Underhill, et 

al., 2000), MSY2.1, P6, P7, P8 (Hammer, et al., 2001), M211 (Underhill, et al., 2001), 

P70, 50f2(P), M192, P112 (Karafet, et al., 2008) and V341 (Scozzari, et al., 2012) (Fig. 

3.10A). The initial splitting of B-M112 resulted in the formation of haplogroups B-P112 

and B-50f2(P) (Scozzari, et al., 2012). Due to the rarity of B-P112, most of the known 

diversity in B-M112 is found in B-50f2(P). Within B-50f2(P), haplogroups B-P7 and B-P6 

diverged from the ancestral B-50f2(P) independently. B-P7 then appears to be ancestral to 

the other subclades, viz., B-MSY2.1 and B-P8. Haplogroups B-M115, B-M30, and B-

M211 cluster within B-MSY2.1 (Batini, et al., 2011a). Finally B-M108.2 is derived from 

B-M30, though this haplogroup has only been observed in a single individual (Underhill, et 

al., 2000; Cruciani, et al., 2002). 

 

Many of the subclades of B-M112 displayed strong geographic structure. While the B-

M112 paragroup, B-M112*, occurs throughout sub-Saharan Africa, it is found at its 

highest frequencies in the Hadza from east Africa. The demonstrated haplotype sharing 

between one of the major B-M112* Hadza haplotypes and a B-P7* Central Bantu speaker 

(with the next closest haplotype also belonging to B-P7*), however, calls into question the 

high frequency of B-M112* in east Africa and in turn the low frequencies of B-P7 in the 

region. The presence of B-M112* in the Southeastern Bantu speakers (0.5 - 3.2%) of 
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southern Africa and the southwestern Bantu speakers (2.2% - 11.5%) of Angola and 

Namibia could have resulted from recent male gene flow from Khoe-San populations into 

these Bantu speakers as they migrated into southern Africa following recent the Bantu 

expansion. This is supported in Coelho, et al. (2009) who found significant levels of 

admixture in the Kuvale and Nyaneka-Nkhumbi from Khoe-San sources, based on both Y 

chromosome and mtDNA. The Southeastern Bantu speakers also show admixture with 

Khoe-San populations, based on the moderate frequencies of the mtDNA haplogroup L0d 

(Schlebusch, Naidoo and Soodyall, 2009), low frequencies of the Y chromosome 

haplogroup A3b1 in these populations (Naidoo, et al., 2010), and a recent genome-wide 

autosomal study that supported Khoe-San admixture into Southeastern Bantu speakers 

(Schlebusch, et al., 2012). While B-M112* exhibited high levels of diversity, the networks 

(Fig.3.13) showed some association of Y chromosome haplotypes among east Africans, 

southeastern Africans, southwestern Africans and Mbuti Pygmies. This suggests a range 

distribution of B-M112* spanning a region between east Africa and southern Africa. The 

Western Pygmy haplotypes appear to be isolated; however, their strong divergence from 

the Ubangian haplotypes indicate historically higher diversity than the present day in 

central African B-M112*. Due to the high diversity and wide distribution of B-M112* 

across sub-Saharan Africa, it was not possible to locate where B-M112 arose. 

 

Haplogroup B-P7 has maintained its greatest presence, along with most of its subclades in 

central Africa, with a scattering of ancestral forms in east and southeastern Africa. Its 

presence in southwestern Africa is constrained to one of its subclades, haplogroup B-P8, 

and only two chromosomes found in southern Africa. It displays highest diversity within 

central Africa, having evolved a number of subclades within the region. Haplogroup B-

MSY2.1 (Batini, et al., 2011a) is the major subclade of B-P7 and is the foundation upon 
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which haplogroups B-M115, B-M30, and B-M211 were derived. Its high frequency in 

central Africa and distinctive absence elsewhere make the case for the evolution of B-

MSY2.1 in central Africa, possibly in the Baka who maintain high frequencies of both B-

MSY2.1 and the ancestral B-P7* (Berniell-Lee, et al., 2009; Batini, et al., 2011a). The 

place of origin for the ancestral B-P7, however, is more difficult to discern. While central 

Africa shows higher frequencies and high diversity of B-P7*, the eastern and southeastern 

African forms show comparable diversity. The stronger presence of B-P7 subclades in 

central Africa provides support for it as the place of origin; however, the levels of diversity 

in southeastern Africa imply that we cannot rule out the presence of as yet undiscovered 

subclades within the paragroup. 

 

The localised distributions of haplogroups B-M115, B-M30, B-M211 and B-P6 point to 

them having arisen and evolved in or close to their current locale. Found only in the Mbuti 

of DRC, haplogroup B-M115 is characterised by the M115 and M169 mutations 

(Underhill, et al., 2000) on a background of P7 and MSY2.1 (Batini, et al., 2011a). A 

separation time of 10 to 15 kya between Western and Eastern Pygmy populations has been 

suggested (Batini, et al., 2011a) based on divergence between B-M115 and B-M30/B-

M211. If no male-mediated gene flow occurred between the groups after 10 000 years, this 

would imply that the B-MSY2.1 chromosomes from which haplogroup B-M115 evolved 

disappeared from the Mbuti population through genetic drift. Both haplogroups B-M30 and 

B-M211 were found primarily among the Western Pygmy populations in central Africa. 

The TMRCA for haplogroup B-M30 also appeared to be older than expected, in 

comparison to its allelic variance (0.073). The older estimate for B-M30, however, seems 

more congruent, allowing time for at least two observed mutational reversions to have 

occurred, i.e. to P7 and M129 (Batini, et al., 2011a). The low allelic variances of B-M30 
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and B-M211 could then be due to a loss of variation as a result of a bottleneck, which has 

been observed at other loci (Patin, et al., 2009; Batini, et al., 2011b). While found primarily 

in the Northern Khoe-San groups of Angola and Namibia, the presence of haplogroup B-

P6 in other populations is unlikely to be due to interactions with the !Xun and Ju|’hoansi, 

as indicated by the distances of the |Gui-||Ghana-Kgalagari and South African Coloured 

haplotypes to the main Northern Khoe-San clusters (Fig. 3.13). The South African 

Coloured individuals likely trace a portion of their ancestry to the Khoe-San populations 

who had previously inhabited the Cape of South Africa (Nurse, Weiner and Jenkins, 1985; 

Schlebusch, et al., 2012). 

 

While the absence of haplogroup B-P8 elsewhere would point to it being autochthonous to 

the Khoe-San of southwestern Africa, we examined several scenarios to evaluate its 

ancestry. The first possibility is that haplogroup B-P7 existed previously among the Khoe-

San forebears at higher frequency and diversity, with this haplogroup drifting to extinction, 

leaving only its subclade, haplogroup B-P8 behind. Another possibility is that B-P8 

evolved from chromosomes derived from interactions between the Khoe-San and central 

African populations, and lastly, haplogroup B-P8 could have evolved from chromosomes 

derived from interactions between the Khoe-San and east African populations; these last 

two options being possible due to the higher frequency and diversity of haplogroup B-P7 in 

central and east Africa. The presence of B-P7* in southern Africa was accounted for by 

only two chromosomes. One of these B-P7* chromosomes appeared to be related to east 

and southeastern African B-P7* chromosomes. The most common B-P8 haplotype 

clustered close to the Sandawe B-M112* chromosomes of Tanzania (Fig. 3.14). While this 

could be regarded as homoplasy, the hidden presence of B-P7 chromosomes among Hadza 

populations brings into question the homogenous nature of haplogroup B-M112 among 
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Tanzanian Khoisan speakers. Another potential source would be the Western Pygmy 

populations of Gabon and Cameroon, which contained B-P7* chromosomes that were 

relatively close haplotypically to the most common B-P8 haplotype (Fig. 3.14), with one 

Northwest Bantu speaker from Gabon even harbouring the distinctive DYS439 NULL 

allele associated mainly with B-P8 chromosomes. As with haplogroup A-M14, Batini, et 

al. (2011a) used the common presence of B-P8 to show evidence of gene flow between 

Khoe-San and Pygmy populations. They estimated the split between the Khoe-San- and 

Pygmy-specific B-P7 lineages at around three to four kya; which falls within the range of 

our estimate for the TMRCA of haplogroup B-P8. 

 

4.5 Potential impact of the Last Glacial Maximum 

 

An examination of TMRCA estimates for the major A and B subclades found in the study 

resulted in an interesting observation. With the exception of haplogroup A-M14, 

haplogroups A-M13, A-M51, B-M150 and B-M112 appeared to have very similar 

TMRCAs (14.2 – 14.5 kya). Seeing that A-M13 and A-M51 are sister clades (with the 

same being true for B-M150 and B-M112), common TMRCAs between them may reflect 

the point at which they split from each other (Platt, D. E. – personal communication, 

2012). However, the same reasoning cannot be used to explain similar TMRCAs across 

haplogroups (e.g. A-M51 versus B-M112). These TMRCAs appear to coincide with the 

end of the Last Glacial Maximum (LGM). During the LGM (19 – 26 kya) the climate in 

Africa was generally colder and more arid, which caused desert and semi-desert areas to 

expand (Clark, et al., 2009). This led to the abandonment of certain areas and population 

contractions into still habitable refugia. The end of the LGM brought about increased 

precipitation and re-colonisation of previously uninhabitable zones (Barham and Mitchell, 
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2008). It might be that these haplogroups emerged following the subsiding of the LGM. 

The possibility also exists that the population contractions and bottlenecks caused by the 

LGM are responsible for the similar TMRCAs, which estimate the point of population 

expansion, and not the ages of the haplogroups. 

 

4.6 Expansion of haplogroup E and its effect on sub-Saharan African 

diversity 

 

While haplogroup E may be the youngest of the major African haplogroups, it has clearly 

contributed substantially to the shaping of the current demography. Haplogroup E-M2 is its 

most frequent subclade at ~63% overall (Table 3.1), and accounts for most of its 

distribution in sub-Saharan Africa. Haplogroups E-M35 (5.3%) and E-M75 (4.5%) then 

account for most of the rest of its distribution, with other forms of haplogroup E occurring 

at negligible frequencies. Even those of haplogroups DE-YAP* and E-M40* in Table 3.1 

are likely to be slightly inflated due to the markers screened in some of the published data 

that these frequencies were obtained from (Tishkoff, et al., 2007; Berniell-Lee, et al., 2009; 

Coelho, et al., 2009). 

 

When considering the origins of haplogroup E, the frequency of its ancestral paragroup (E-

M40/M96*) provides little assistance due to its rarity. It is also possible that any presence 

of the paragroup is representative of, as yet, unknown subclades (de Filippo, et al., 2011). 

While there is still some debate over whether haplogroup E arose in Asia or Africa; the 

discovery of ancestral DE* in Africa (Weale, et al., 2003; Rosa, et al., 2007), and the 
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pushing back of the age estimate of haplogroup E (Karafet, et al., 2008) lend support to an 

African origin. 

 

4.6.1 Haplogroup E-M2 

 

While the mutations V38 and V100 currently define haplogroup E1b1a (Trombetta, et al., 

2011), the lineages within the E-M2 subclade are still the most frequent. The highest 

frequencies of the haplogroup were found in Bantu speakers in central, east and southern 

Africa, as well as in populations speaking related Niger-Congo languages in west and 

central Africa. The high frequency and diversity of E-M2 in west African populations was 

used as evidence for an origin and early expansion of the haplogroup in the region (Rosa, 

et al., 2007). This was further reinforced by de Filippo, et al. (2011), who showed that west 

African populations displayed high frequencies of E-M2*, which exhibited a clinal 

reduction toward east and southern Africa. Thus, the high frequencies of E-M2 in Bantu 

speaking populations across sub-Saharan Africa were representative of identified subclades 

of E-M2, viz. E-U174 and E-U175 (de Filippo, et al., 2011). While haplogroup E-M2 may 

have been responsible for the strong clustering of Bantu speakers and linguistically related 

populations (Figs. 3.2 – 3.5), at both haplogroup and haplotype level, genetic structure was 

missed by not screening for markers U174 and U175. Based on the above, the early 

expansion of haplogroup E-M2 in west Africa may be responsible for the drastic reduction 

in frequency of ancient Y chromosome haplogroups A00, A-P114, A-M31 and A-P108*. 

This may have been compounded by the more recent Bantu Expansion, which resulted in 

the spread of haplogroups E-U174 and E-U175 across sub-Saharan Africa. Their spread 

may have likely resulted in restrictions to the movement and demic growth of haplogroup 

A and B subclades, including those now lost to us through extinction. 
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4.6.2 Haplogroup E-M35 

 

Haplogroup E-M35 is the only African haplogroup to attain appreciable frequencies 

outside of Africa, and while found throughout sub-Saharan Africa, it was nowhere near as 

commonly found as the related haplogroup E-M2. While a few individuals were found in 

central Africa, haplogroup E-M35 has usually been found in northwest Africa, east Africa 

and southern Africa. Although the northwest African presence was represented primarily 

by its subclade, haplogroup E-M81 (Bosch, et al., 2001) in Berber populations, Rosa, et al. 

(2007) found several E-M78 individuals from Guinea-Bisseau in west Africa among 

Atlantic speakers. While a few E-M35* individuals were also found, M81 was not 

screened for, and so may have been present. As E-M78 was also found at low frequency in 

northwest Africa (Bosch, et al., 2001), this may be a likely source for the presence of 

haplogroup E-M35 in the region. In east Africa, haplogroup E-M35 was found in a number 

of populations, with the highest frequencies among Cushitic speakers (41.7%) and the 

Sandawe (32.8%). Relatively low frequencies, however, were found among east African 

Bantu speakers (6.6%). This, together with the low frequencies found among other Bantu 

speakers from central and southern Africa, may indicate that E-M35 found its way into 

Bantu speakers through admixture. It is in east Africa, however, that E-M35 is believed to 

have originated, due to a number of factors, including the presence of its direct ancestral 

clade (E-M215), its high frequency and its diversity in the region (Cruciani, et al., 2004; 

Semino, et al., 2004). In southern Africa, haplogroup E-M35 was found mainly in Khoe-

San populations, with the highest frequencies among Central Khoe-San and Southern 

Khoe-San groups (28.4% and 26.8%, respectively). Haplogroup E-M35 was also found 

among South African Whites, though this presence is mostly derived from their European 

origins. While found at low frequencies in the South African Coloured population (6.8%), 
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this group may derive E-M35 chromosomes from both their Khoe-San and European 

ancestors (Nurse, Weiner and Jenkins, 1985; Schlebusch, 2010). 

 

A major proportion of haplogroup E-M35 variation in east and southern Africa, however, 

has been delineated by the M293 marker (Henn, et al., 2008). Henn, et al. (2008) found 

high frequencies of haplogroup E-M293 among the Datog, Burunge, Sandawe and Hadza 

in Tanzania, while also observing it in the Khwe and !Xun of their southern African 

sample. It also occurred at low frequencies in the Bantu speakers of east and southern 

Africa (Henn, et al., 2008). While our study did not screen for M293, it may be that a 

major proportion of the southern African cohort of E-M35 is comprised of E-M293, seeing 

as Henn, et al. (2008) found all their Khwe and !Xun E-M35* chromosomes to be derived 

for M293. The presence of E-M293 in east and southern Africa was used to associate the 

spread of pastoralism from east Africa to southern Africa, based on a demic diffusion 

model (Henn, et al., 2008). 

 

Based on an examination of haplogroup E-M35* in various southern African Khoe-San 

populations, Schlebusch (2010) deduced that the spread of pastoralism toward the south 

was, however, unlikely to have been a clear-cut demic or cultural diffusion. Haplogroup E-

M35* was found at its highest frequency in the Khwe (Central Khoe-San) at 46%, and so 

the group that introduced pastoralism to southern Africa may have been the ancestors of 

the Khwe. Today, however, the Khwe do not practice a pastoral lifestyle, due to them 

living in a tsetse fly infested area (Schlebusch, 2010). 

Following the Khwe, the next highest frequencies of E-M35* were found in the Khomani 

(Southern Khoe-San) at 27%, and the Nama (Central Khoe-San) at 21%. The presence of 

high frequencies of haplogroup A-M51 in the Nama and Khomani, and haplogroup B-
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M112 in the Nama, however, suggested that there was not a full demic diffusion of 

pastoralists into southern Africa, but rather incorporation into the indigenous hunter-

gatherer populations (Schlebusch, 2010). Nonetheless, it is clear that at least the Nama 

adopted pastoral practices and, like the Khwe, speak a Khoe language. Further south, 

Coloured populations, whose Khoe-San ancestors may have been the southern Khoe 

groups (e.g. Griqua and Cape KhoeKhoe) exhibited much lower frequencies of E-M35* (6-

9%). This suggests that while the Khoe language and pastoralism reached South Africa, the 

male genetic input was lower than further north.  

 

The presence of haplogroup E-M35* in the Northern Khoe-San was represented almost 

solely by the !Xun in Angola (Schlebusch, 2010). With a frequency of 15%, the !Xun 

showed lower levels of E-M35* than the Khomani or Nama; though higher than the South 

African Coloured populations. Notably, the !Xun did not adopt the Khoe language or 

pastoralism from the interactions with the Khwe; though pastoralism in the !Xun 

eventually arrived through contact with neighbouring Bantu speakers (Schlebusch, 2010). 

Their interactions with the Khwe, however, were evidenced not only through the E-M35* 

lineages, but also through high levels (~30%) of mtDNA maternal lineages derived from 

the Khwe (Schlebusch, 2010). Thus, the spread of haplogroup E-M35* (or likely E-M293) 

from east Africa through southern Africa did not directly parallel the spread of pastoralism. 

 

4.7 Admixed populations in sub-Saharan Africa 

 

As a result of human movements and migrations over the last 400 to 600 years, there have 

been increased levels of gene flow between previously separated populations (Winkler, 

Nelson and Smith, 2010). This gene flow between populations, known as admixture, has 
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produced numerous unique admixed populations around the world, with some residing in 

Africa. 

 

The South African Coloured population is one of these unique admixed populations, 

displaying some of the highest levels of recent admixture (Quintana-Murci, et al., 2010). 

From the paternal perspective, the South African Coloured population displayed ancestral 

contributions from African, European and Asian sources. The presence of haplogroups A-

M51 (7.4%) and B-M112 (2.0%, primarily its subclade B-P6) indicated some level of 

Khoe-San input to the South African Coloured paternal ancestry. Haplogroups E-M2 

(35.8%), B-M150 (4.1%) and E-M75 (3.4%) were likely introduced from South African 

Southeastern Bantu speakers. It should be noted however, that the strong presence of E-M2 

in southern African Khoe-San populations, introduces the possibility that, at least some of 

the South African Coloured E-M2 was derived from Khoe-San sources as well. A clearer 

delineation of the subclades within the South African Coloured E-M35 cohort would 

potentially find that those chromosomes were derived from both Khoe-San and European 

forebears. The European input was represented mainly by relatively high frequencies of 

haplogroups R-M343 (16.2%) and I-M170 (8.1%); while Asian haplogroups, such as C-

M130 (2.0%), H-M69 (0.7%), J-M172 (0.7%), L-M11 (0.7%) and O-M175 (2.0%), 

occurred at low levels. These results appeared to correspond to those of Quintana-Murci, et 

al. (2010), who came to similar conclusions regarding the paternal ancestry of the South 

African Coloured population. 

 

As shown previously by the presence of haplogroups A-M51 and B-M112 in southern 

African Bantu speakers, admixture also occurred between them and Khoe-San populations. 

The frequencies of these lineages, however, were relatively low; especially compared to 
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the levels of haplogroup E-M2 found in Khoe-San populations. This was a strong 

indication that male-mediated gene flow between these groups was heavily biased in a 

Bantu speaker to Khoe-San direction, and reinforces previous findings (Hammer, et al., 

2001; Destro-Bisol, et al., 2004; Wood, et al., 2005). The levels of haplogroup E-M2 also 

differed between Khoe-San populations, with the Central Khoe-San (41.9%) exhibiting 

almost double the frequencies found in Southern Khoe-San (22.0%) and Northern Khoe-

San (21.5%) populations. A prior study (Scozzari, et al., 1997) had shown that the Khwe, 

exhibited E-M2 frequencies of 50%. While the Khwe were, linguistically, closer to Khoe 

speaking San, phenotypically, they were similar to neighbouring Bantu-speakers (Nurse 

and Jenkins, 1977; Schlebusch, 2010). This, together with high levels of haplogroup E-

M35 marks the Khwe as an enigmatic group with a complex history, and potentially 

another unique admixed population. It should also be noted that the Khoe-San represent the 

deepest population divergence of humankind (Schlebusch, et al., 2012). Their ancient roots 

allow for the possibility that they derived their E-M2 chromosomes prior to the Bantu 

Expansion. 

 

4.8 Study limitations and potential future directions 

 

As with any study, there are limitations to the inferences that can be made from the results 

obtained. While the non-recombining nature of the NRY allows it to preserve a simpler 

record of its history; this also means that the NRY is regarded as a single locus, and so can 

only provide a limited amout of information pertaining to population processes (Jobling 

and Tyler-Smith, 2003). It should also be noted that the SBE assays used in the study were 

designed, based on an older version of the Y chromosome phylogeny. The phylogeny has 

since been updated numerous times and currently contains many more markers and 
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lineages. Future studies of African Y chromosome haplogroup phylogeography will, likely, 

take this into account and examine the distributions of these additional lineages. An 

example of where this would be useful would be the screening of E-M2 subclades, such as 

E-U174 and E-U175, in southern African Khoe-San populations, in order to investigate the 

origins of their haplogroup E-M2 chromosomes. While de Filippo et al. (2011) studied the 

distribution of these lineages in African populations, their Khoe-San sample was limited 

and did not contain haplogroup E-M2. The present study has shown that E-M2 is found at 

moderate frequencies in Khoe-San populations, which raises the questions of where and 

when they were introduced into these groups. 
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5 CONCLUSION 

 

The examination of the phylogeography of African Y chromosome haplogroups A and B, 

as well as an assessment of the genetic affinities of the major population groups included 

in the study have allowed us the opportunity to elucidate how modern human evolution and 

population movements have contributed in shaping the gene pool among sub-Saharan 

African populations; especially from the male perspective. 

 

The wide geographic distribution of haplogroup A, together with its position at the root of 

the Y chromosome phylogeny, and its extremely high levels of diversity support both an 

early diversification of the haplogroup and early dispersal of its members throughout 

Africa. The spread of the major members of haplogroup B, however, are possibly due to 

post-glacial population movements, in the case of haplogroup B-M112, and more recent 

population expansions, which have led to the common presence of haplogroup B-M152 

across sub-Saharan Africa. It is the spread of haplogroup E, however, which has created 

the biggest impact on African populations. The expansion of its subclade, E-M2, has likely 

resulted in the diminished presence of many of the subclades of haplogroups A and B. 

 

The Y chromosome compositions of present sub-Saharan African populations are, thus, the 

result of several diversification events, followed by migration, and mingling of population 

groups, over the last 300 000 years. It could be said, that most of sub-Saharan Africa 

belongs to a unique admixed population. 
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7 APPENDICES 

7.1 Appendix A 

ISOGG 2013 Y-DNA Haplogroup A and its subclades 

http://www.isogg.org/tree/ISOGG_HapgrpA.html 
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7.2 Appendix B 

ISOGG 2013 Y-DNA Haplogroup B and its subclades 

http://www.isogg.org/tree/ISOGG_HapgrpB.html 
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7.4 Appendix D 

Table A1: Details of additional populations and comparative data examined in the present study 

Country Ethnicity Language Group n Source 

Benin mixed Beninese population - 125 Batini, et al. (2011a) 
Cameroon mixed Cameroonian - 290 Batini, et al. (2011a) 
Cameroon Fali Adamawa 35 Batini, et al. (2011a) 
Cameroon Fali Adamawa 39 Cruciani, et al. (2002) 
Cameroon mixed Adamawa Adamawa 18 Cruciani, et al. (2002) 
Cameroon Fulani (Fulbe) Atlantic 17 Cruciani, et al. (2002) 
Cameroon mixed Bantu speakers Bantu 14 Luis, et al. (2004) 
Democratic Republic of Congo Hema Central Bantu 18 Wood, et al. (2005) 
Rwanda Hutu Central Bantu 69 Luis, et al. (2004) 
Rwanda Tutsi Central Bantu 94 Luis, et al. (2004) 
Cameroon Mandara Chadic 30 Batini, et al. (2011a) 
Cameroon Mandara Chadic 28 Wood, et al. (2005) 
Cameroon mixed Chadic Chadic 15 Cruciani, et al. (2002) 
Cameroon Ouldeme Chadic 21 Cruciani, et al. (2002) 
Cameroon Uldeme Chadic 10 Batini, et al. (2011a) 
Cameroon Uldeme Chadic 13 Wood, et al. (2005) 
Cameroon Tupuri Gur 9 Batini, et al. (2011a) 
Cameroon Tupuri Gur 9 Wood, et al. (2005) 
Cameroon Kanuri Nilo-Saharan 12 Batini, et al. (2011a) 
Cameroon mixed Nilo-Saharan Nilo-Saharan 9 Cruciani, et al. (2002) 
Democratic Republic of Congo Alur Nilotic 9 Wood, et al. (2005) 
Angola/South Africa Khwe Central Khoisan (Khoi) 26 Cruciani, et al. (2002) 
Namibia Nama Central Khoisan (Khoi) 2 HGDDRL 
South Africa Nama Central Khoisan (Khoi) 7 HGDDRL 
Kenya  Kikuyu & Kamba Central Bantu 42 Wood, et al. (2005) 
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Table A1 cont.: Details of additional populations and comparative data examined in the present study 

Country Ethnicity Language Group n Source 

Kenya  mixed Bantu speakers Bantu 29 Luis, et al. (2004) 
Tanzania Mbugwe Central Bantu 15 Tishkoff, et al. (2007) 
Tanzania Sukuma  Central Bantu 32 Knight, et al. (2003) 
Tanzania Sukuma  Central Bantu 30 Tishkoff, et al. (2007) 
Tanzania Swahili Central Bantu 17 HGDDRL 
Tanzania Turu Central Bantu 20 Tishkoff, et al. (2007) 
Uganda Ganda Central Bantu 26 Wood, et al. (2005) 
Sudan Hausa Chadic 32 Hassan, et al. (2008) 
Ethiopia Oromo Cushitic 37 Batini, et al. (2011a) 
Ethiopia Oromo Cushitic 78 Semino, et al. (2002) 
Ethiopia Oromo Cushitic 9 Wood, et al. (2005) 
Sudan Beja Cushitic 42 Hassan, et al. (2008) 
Tanzania Burunge Cushitic 24 Tishkoff, et al. (2007) 
Tanzania WaFiome Cushitic 2 Tishkoff, et al. (2007) 
Tanzania Wairak (Iraqw) Cushitic 43 Luis, et al. (2004) 
Tanzania Wairak (Iraqw) Cushitic 9 Wood, et al. (2005) 
Kenya  Elmolo Cushitic 23 Batini, et al. (2011a) 
Kenya  Luo Nilotic 9 Wood, et al. (2005) 
Kenya  Maasai Nilotic 81 Batini, et al. (2011a) 
Kenya  Maasai Nilotic 26 Wood, et al. (2005) 
Kenya  Samburu Nilotic 34 Batini, et al. (2011a) 
Kenya  Turkana Nilotic 53 Batini, et al. (2011a) 
Sudan Borgu Nilotic 26 Hassan, et al. (2008) 
Sudan Dinka Nilotic 26 Hassan, et al. (2008) 
Sudan Masalit Nilotic 32 Hassan, et al. (2008) 
Sudan Nuer Nilotic 12 Hassan, et al. (2008) 
Sudan Shilluk Nilotic 15 Hassan, et al. (2008) 
Tanzania Datog Nilotic 35 Tishkoff, et al. (2007) 
Uganda Karamojong Nilotic 118 Gomes, et al. (2010) 
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Table A1 cont.: Details of additional populations and comparative data examined in the present study 

Country Ethnicity Language Group n Source 

Ethiopia Dawro Omotic 78 Batini, et al. (2011a) 
Ethiopia Amhara Semitic 49 Batini, et al. (2011a) 
Ethiopia Amhara Semitic 48 Semino, et al. (2002) 
Ethiopia Amhara Semitic 18 Wood, et al. (2005) 
Ethiopia Ethiopian Jews Semitic 22 Cruciani, et al. (2002) 
Ethiopia mixed Semitic Semitic 20 Wood, et al. (2005) 
Sudan Gaalien Semitic 50 Hassan, et al. (2008) 
Democratic Republic of Congo Mbuti Central Sudanic 33 Batini, et al. (2011a) 
Democratic Republic of Congo Mbuti Central Sudanic 12 Cruciani, et al. (2002) 
Democratic Republic of Congo Mbuti Central Sudanic 47 Wood, et al. (2005) 
Egypt Arabs Semitic 147 Luis, et al. (2004) 
Egypt Egyptian Erythraic 92 Wood, et al. (2005) 
Ethiopia mixed Ethiopians - 242 Moran, et al. (2004) 
Tanzania Hadza Hadza 23 Knight, et al. (2003) 
Tanzania Hadza Hadza 57 Tishkoff, et al. (2007) 

Botswana |Gui-||Ghana-Kgalagari 
Central Khoisan / Southeastern 
Bantu 65 Batini, et al. (2011a) 

Mali mixed Malian population - 54 Batini, et al. (2011a) 
Nigeria Idoma Benue-Congo 47 Batini, et al. (2011a) 
Nigeria Igala Benue-Congo 40 Batini, et al. (2011a) 
Nigeria Tiv Benue-Congo 54 Batini, et al. (2011a) 
Nigeria Yoruba Benue-Congo 13 Tishkoff, et al. (2007) 
Angola/South Africa !Xun Northern Khoisan (Ju) 64 Cruciani, et al. (2002) 
Namibia San Northern Khoisan (Ju) 5 Batini, et al. (2011a) 
Namibia Tsumkwe San Northern Khoisan (Ju) 11 YCC (2002) 
Cameroon Bassa Northwest Bantu 42 Batini, et al. (2011a) 
Cameroon Ewondo Northwest Bantu 26 Batini, et al. (2011a) 
Cameroon Ewondo Northwest Bantu 29 Cruciani, et al. (2002) 
Cameroon Fang Northwest Bantu 4 Berniell-Lee, et al. (2009) 
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Table A1 cont.: Details of additional populations and comparative data examined in the present study 

Country Ethnicity Language Group n Source 

Cameroon Ngumba Northwest Bantu 31 Batini, et al. (2011a) 
Cameroon Ngumba Northwest Bantu 24 Berniell-Lee, et al. (2009) 
Cameroon Ngumba Northwest Bantu 31 Wood, et al. (2005) 
Central African Republic Lissongo Northwest Bantu 4 Cruciani, et al. (2002) 
Congo Teke Northwest Bantu 38 Batini, et al. (2011a) 
Congo Beti Northwest Bantu 36 Batini, et al. (2011a) 
Gabon Akele Northwest Bantu 50 Berniell-Lee, et al. (2009) 
Gabon Bekwil Northwest Bantu 5 Berniell-Lee, et al. (2009) 
Gabon Benga Northwest Bantu 48 Berniell-Lee, et al. (2009) 
Gabon Duma Northwest Bantu 46 Berniell-Lee, et al. (2009) 
Gabon Eshira Northwest Bantu 42 Berniell-Lee, et al. (2009) 
Gabon Eviya Northwest Bantu 24 Berniell-Lee, et al. (2009) 
Gabon Fang Northwest Bantu 60 Berniell-Lee, et al. (2009) 
Gabon Galoa Northwest Bantu 47 Berniell-Lee, et al. (2009) 
Gabon Kota Northwest Bantu 53 Berniell-Lee, et al. (2009) 
Gabon Makina Northwest Bantu 43 Berniell-Lee, et al. (2009) 
Gabon Mbaouin Northwest Bantu 1 Berniell-Lee, et al. (2009) 
Gabon Ndumu Northwest Bantu 36 Berniell-Lee, et al. (2009) 
Gabon Nzebi Northwest Bantu 57 Berniell-Lee, et al. (2009) 
Gabon Obamba Northwest Bantu 47 Berniell-Lee, et al. (2009) 
Gabon Okande Northwest Bantu 6 Berniell-Lee, et al. (2009) 
Gabon Orungu Northwest Bantu 21 Berniell-Lee, et al. (2009) 
Gabon Punu Northwest Bantu 58 Berniell-Lee, et al. (2009) 
Gabon Shake Northwest Bantu 43 Berniell-Lee, et al. (2009) 
Gabon Teke Northwest Bantu 48 Berniell-Lee, et al. (2009) 
Gabon Tsogo Northwest Bantu 60 Berniell-Lee, et al. (2009) 
Tanzania Sandawe Sandawe 68 Tishkoff, et al. (2007) 
Sao Tome & Principe Forro - 68 Goncalves, et al. (2007) 
South Africa South African Coloured Indo-European 164 HGDDRL 
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Table A1 cont.: Details of additional populations and comparative data examined in the present study 

Country Ethnicity Language Group n Source 

Malawi mixed Central Bantu speakers Central Bantu 4 HGDDRL 
Mozambique mixed Central Bantu speakers Central Bantu 303 Batini, et al. (2011a) 
Angola mixed Central Bantu speakers Central Bantu 28 Coelho, et al. (2009) 
Angola Ngangela Central Bantu 11 Coelho, et al. (2009) 
South Africa Mixed Southeastern Bantu speakers Southeastern Bantu 6 HGDDRL 
South Africa Northern Ndebele Southeastern Bantu 1 HGDDRL 
South Africa Pedi Southeastern Bantu 114 HGDDRL 
South Africa Shona Southeastern Bantu 1 HGDDRL 
South Africa Sotho Southeastern Bantu 108 HGDDRL 
South Africa Southern Ndebele Southeastern Bantu 30 HGDDRL 
South Africa Swazi Southeastern Bantu 52 HGDDRL 
South Africa Tsonga Southeastern Bantu 127 HGDDRL 
South Africa Tswana Southeastern Bantu 163 HGDDRL 
South Africa Venda Southeastern Bantu 105 HGDDRL 
South Africa Xhosa Southeastern Bantu 65 Batini, et al. (2011a) 
South Africa Xhosa Southeastern Bantu 139 HGDDRL 
South Africa Zulu Southeastern Bantu 339 HGDDRL 
Zimbabwe mixed Southeastern Bantu speakers Southeastern Bantu 69 HGDDRL 
Zimbabwe Shona Southeastern Bantu 49 Wood, et al. (2005) 
Botswana mixed Bantu speakers Bantu 15 Batini, et al. (2011a) 
Zambia Bisa Central Bantu 33 de Filippo, et al. (2010) 
South Africa Khomani Southern Khoisan (Tuu) 6 HGDDRL 
Angola Kuvale Southwestern Bantu 26 Coelho, et al. (2009) 
Angola Nyaneka-Nkhumbi Southwestern Bantu 75 Coelho, et al. (2009) 
Angola Ovimbundu Southwestern Bantu 96 Coelho, et al. (2009) 
Sudan Fur Fur 32 Hassan, et al. (2008) 
Sudan mixed Sudanese - 35 Batini, et al. (2011a) 
Sudan Nuba Eastern Sudanic / Kordofanian 28 Hassan, et al. (2008) 
Mali Dogon Dogon 55 Wood, et al. (2005) 
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Table A1 cont.: Details of additional populations and comparative data examined in the present study 

Country Ethnicity Language Group n Source 

Guinea-Bissau Mandinka Mande 45 Rosa, et al. (2007) 
Guinea-Bissau Balanta Atlantic 26 Rosa, et al. (2007) 
Guinea-Bissau Bijagos Atlantic 21 Rosa, et al. (2007) 
Guinea-Bissau Felupe Djola Atlantic 50 Rosa, et al. (2007) 
Guinea-Bissau Fulbe Atlantic 59 Rosa, et al. (2007) 
Guinea-Bissau Nalu Atlantic 17 Rosa, et al. (2007) 
Guinea-Bissau Papel Atlantic 64 Rosa, et al. (2007) 
Cameroon Baka Ubangian 63 Batini, et al. (2011a) 
Cameroon Baka Ubangian 5 Berniell-Lee, et al. (2009) 
Cameroon Bakola Northwest Bantu 30 Batini, et al. (2011a) 
Cameroon Bakola Northwest Bantu 22 Berniell-Lee, et al. (2009) 
Cameroon Bakola Northwest Bantu 33 Wood, et al. (2005) 
Central African Republic Baka Ubangian 18 Wood, et al. (2005) 
Central African Republic Biaka Northwest Bantu 21 Batini, et al. (2011a) 
Central African Republic Biaka Northwest Bantu 20 Cruciani, et al. (2002) 
Central African Republic Biaka Northwest Bantu 31 Wood, et al. (2005) 
Central African Republic Mbenzele Northwest Bantu 42 Batini, et al. (2011a) 
Congo Babinga Ubangian 20 Batini, et al. (2011a) 
Gabon Baka Ubangian 33 Berniell-Lee, et al. (2009) 
Tanzania Zanzibari Central Bantu 100 HGDDRL 
Madagascar Malagasy Austronesian 100 HGDDRL 
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7.5 Appendix E 

Recipes for reagents and solutions used 

 

Sucrose-Triton X Lysing buffer 

10 ml 1 M Tris-HCl pH8 

5 ml 1 M MgCl2 

10 ml Triton-X 100 

Make up to 1 L with dH2O and autoclave 

Add 109.5 g sucrose just before use 

Keep chilled at 4°C 

 

1 M Tris-HCl 

121.1 g Tris 

1 L dH2O 

Autoclave 

 

1 M MgCl2 

101.66 g MgCl2 

500 ml dH2O 

Autoclave 

 

T20E5 

20 ml 1M Tris-HCl 

10 ml 0.5M EDTA pH8 

Make up to 1 L with dH2O and autoclave 
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0.5 M EDTA 

93.06 g EDTA 

500 ml dH2O 

pH to 8.0 with NaOH and autoclave 

 

10% SDS 

10 g SDS 

100 ml dH2O 

Autoclave 

 

Proteinase K (10 mg/ml) 

100 mg Proteinase K stock (100 mg/ml)* 

10 ml ddH20 

*Available from Roche Diagnostics 

 

Proteinase-K mix 

For 16 extractions: 

400 µl 10% SDS 

16 µl 0.5 M EDTA 

2.8 ml autoclaved dH2O 

Add 800 µl Proteinase K (10 mg/ml stock) just before use 
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Saturated NaCl 

100 ml autoclaved dH2O 

Slowly add 40 g NaCl until absolutely saturated (some NaCl will precipitate out) 

Before use, agitate and let NaCl precipitate out 

 

1 X TE buffer 

10 ml 1 M Tris-HCl pH8 

2 ml 0.5 M EDTA 

Make up to 1 L with dH2O and autoclave 

 

10 X TBE buffer 

108 g Tris 

55 g Boric acid 

7.44 g EDTA 

Make up to 1 L with dH2O and autoclave 

 

1 X TBE (1:10 dilution) 

40 ml 10 X TBE 

Make up to 200ml with ddH20 

 

Bromophenol blue Ficoll dye 

50 ml dH2O 

50 g sucrose 

1.86 g EDTA 

0.1 g bromophenol blue 
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10 g Ficoll 

Dissolve 

Adjust volume to 100 ml with dH2O, stir overnight 

pH to 8.0 

Filter through Whatmann filter paper 

Store at room temperature 

 

10 mg/ml Ethidium bromide (EtBr) 

Add 1 g of ethidium bromide to 

100 ml of ddH2O 

Stir for several hours until completely dissolved 

Store wrapped in aluminum foil at 4°C 

 

1kb size standard 

285 µl 1kb ladder (GibcoBRL) 

143 µl Ficoll dye 

2 400 µl 1 X TE 

 

2.5mM dNTPs 

Use 100 mM premade stocks of dATP, dGTP, dCTP and dTTP (GibcoBRL) 

10 µl of each stock dNTP + 360 µl sterile ddH2O = 400 µl of 2.5 mM dNTPs 
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7.6 Appendix F 

Naidoo, et al. (2010) 
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7.7 Appendix G 

Table A2: PCR reagent mixtures for Multiplex SBE Assays. 

PCR reagent 
YSNP1 Hg-A Hg-B Hg-B2b 

Concentration Concentration Concentration Concentration 

DNA 10ng/µl 10ng/µl 10ng/µl 10ng/µl 
Buffer (10X) 1X 0.8X 1X 1X 

MgCl2 (25mM) 2mM 4mM 3mM 3mM 
dNTPs 2.5mM) 300µM 200µM 200µM 200µM 
Forward primer 

(10µM) 
See Table 2.2 See Table 2.2 See Table 2.2 See Table 2.2 

Reverse primer 

(10µM) 
See Table 2.2 See Table 2.2 See Table 2.2 See Table 2.2 

FastStart Taq 

(5U/µl) 
1U 1U 1U 1U 

ddH2O Made up to 25µl Made up to 25µl Made up to 25µl Made up to 25µl 

 

PCR reagent 
Hg-E Hg-E1b1a Hg-E1b1b1 

Concentration Concentration Concentration 

DNA 10ng/µl 10ng/µl 10ng/µl 
Buffer (10X) 1.25X 1.25X 1.25X 

MgCl2 (25mM 3mM 3mM 3mM 
dNTPs (2.5mM) 200µM 200µM 200µM 
Forward primer 

(10µM) 
See Table 2.2 See Table 2.2 See Table 2.2 

Reverse primer 

(10µM) 
See Table 2.2 See Table 2.2 See Table 2.2 

FastStart Taq 

(5U/µl) 
1U 1U 1U 

ddH2O Made up to 25µl Made up to 25µl Made up to 25µl 
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Table A3: Conditions and concentrations used during Y chromosome RFLP typing 

Marker M11 M130 M175 M74 P12f2 

Mutation A - G C - T no del - del G - A no del - del 

Haplogroup L-M11 C-M130 O-M175 PQ-M74 J-P12f2 

PCR stock solutions      

PCR Buffer (10X) 1X 1X 1X 1X 1X 

MgCl2 (25 mM) 3.5 mM 1.5 mM 1.5 mM 1.5 mM 1.5 mM 

dNTPs (25 mM) 100 µM 100 µM 100 µM 100 µM 100 µM 

primer Forward (10 mM) 0.4 µM 0.4 µM 0.2 µM 0.3 µM 0.3 µM 

primer Reverse (10 mM) 0.4 µM 0.4 µM 0.2 µM 0.3 µM 0.3 µM 

FastStart Taq (5 U/µl) 1 U 1 U 1 U 1 U 1 U 

     
M2-F and M2-R (0.3 uM 

each) 

PCR conditions      

annealing temperature (ºC) 58 50 60 60 58 

Digestion      

PCR product size (bp) 215 91 444 385 p12f2 = 88; M2 = 148 

restriction enzyme Msp I Bsl I Mbo II Rsa I - 

digestion conditions (ºC) 37 55 37 37 - 

gel detection 3% agarose 3% agarose 2% agarose 3% agarose 2% agarose 

ancestral allele - product sizes (bp) 215 (A) 57 + 34 (C) 370 + 74  (no del) 385  (G) 148 + 88 (no del) 

derived allele - product sizes (bp) 193 + 22 (G) 91 (T) 444 (del) 195 + 190  (A) 148 (del) 

     (co-amplification with M2) 
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Table A3 cont.: Conditions and concentrations used during Y chromosome RFLP typing 

Marker M11 M130 M175 M74 P12f2 

References      

Reference: polymorphism Underhill, et al. (1997) Bergen, et al. (1999) Shen, et al. (2000) Shen, et al. (2000) Casanova, et al. (1985) 

Reference: primers Qamar, et al. (2002) Kayser, et al. (2000) Underhill, et al. (2000) Underhill, et al. (2000) Rosser, et al. (2000) 

Reference: PCR-RFLP assay Qamar, et al. (2002) Kayser, et al. (2000) unpublished unpublished - 

 

 

Table A4: Reagents and conditions used during Y chromosome Taqman® assays M6 and M49 

Real-Time   Volume (µl) 

PCR reagents TaqMan® SNP Genotyping Mastermix 2.50 

 TaqMan® Primer mix 0.25 

 DNA (5ng) 1.00 

 Water 1.25 

  5.00 

    

PCR conditions Enzyme Activation 40 cycles 

time 10 min (hold) 15 sec 1 min 

temperature 95 °C  95 °C  60 °C  
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Table A5: Reagents and conditions used during Y-STR screening using AmpFlSTR® YFiler™ PCR Amplification kit 

PCR reagents Volume (µl) 

DNA sample (1ng/µl) 1.00 

AmpflSTR Yfiler PCR reaction mix 2.30 

AmpflSTR Yfiler Primer set 1.25 

AmpliTaq Gold® DNA polymerase 0.20 

ddH2O 1.50 

 6.25 

   

Temperature (and Ramp Speed)  Time (minutes) 

95°C 11:00 

94°C (ramp 100%) 01:00 

30 cycles 61°C (ramp 100%) 01:00 

72°C (ramp 100%) 01:00 

60°C 80:00 

4°C 8
 

   

Detection is performed on a 3130xl Genetic Analyzer (Life Technologies, CA, USA)

Visualisation Reagents Volume (µl) 

Hi-Di® Formamide 8.7 

GS500 LIZ 0.3 

PCR product OR Ladder 1.0 

  10.0 
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Table A6: Reagents and conditions used during Y-STR screening using PowerPlex® Y System kit 

PCR reagents Volume (µl) 

DNA sample (1-2 ng/µl) 1.000 

PowerPlex® Y Buffer (10X) 0.625 

PowerPlex® Y Primer mix 0.625 

AmpliTaq Gold® DNA polymerase 0.125 

ddH2O 3.875 

 6.250 

   

Temperature (and Ramp Speed)  Time (minutes) 

95°C 11:00 

96°C 01:00 

94°C (ramp 100%) 00:30 

10 cycles 60°C (ramp 29%) 00:30 

70°C (ramp 23%) 00:45 

90°C (ramp 100%) 00:30 

20 cycles 58°C (ramp 29%) 00:30 

70°C (ramp 23%) 00:45 

60°C 30:00 

4°C 8
 

   

Detection is performed on a 3130xl Genetic Analyzer (Life Technologies, CA, USA)

Visualistion Reagents Volume (µl) 

Hi-Di® Formamide 8.5 

ILS 600 0.5 

PCR product 1.0 

  10.0 
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Table A7: Reagent suppliers 

Reagent Supplier 

Metaphore® agarose gel 

SNaPshot Multiplex Ready Reaction Mix 

GS120LIZ 

Taqman® Primer mix 

TaqMan® SNP Genotyping Mastermix 

AmpFlSTR® YFiler™ PCR Amplification Kit 

AmpliTaq Gold® DNA polymerase 

Hi-Di® Formamide 

Exonuclease I (Exo I) 

FastStart Taq DNA Polymerase 

PowerPlex® Y System 

ILS 600 

Shrimp Alkaline Phosphatase (SAP) 

(Cambrex, NJ, USA)  

(Life Technologies, CA, USA) 

(Life Technologies, CA, USA) 

(Life Technologies, CA, USA) 

(Life Technologies, CA, USA) 

(Life Technologies, CA, USA) 

(Life Technologies, CA, USA) 

(Life Technologies, CA, USA) 

(New England Biolabs, MA, USA) 

(Roche, Basel, Switzerland) 

(Promega, WI, USA) 

(Promega, WI, USA) 

(USB, OH, USA) 
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7.8 Appendix H 

Table A8:  Fst matrix with p-values (haplogroup frequency data) 

  CMAL CACB CAU CKS DAM EACB EACU EAN EUR 

CMAL 0.000         

CACB 2.453*** 0.000        

CAU 0.781*** 0.061*** 0.000       

CKS 0.335*** 0.530*** 0.181*** 0.000      

DAM 0.499*** 0.153*** 0.004 0.099** 0.000     

EACB 1.189*** 0.032*** 0.014* 0.267*** 0.044* 0.000    

EACU 0.337*** 2.320*** 0.775*** 0.211*** 0.541*** 1.058*** 0.000   

EAN 0.218*** 0.771*** 0.356*** 0.141*** 0.255*** 0.532*** 0.133*** 0.000  

EUR 0.233*** 1.351*** 0.663*** 0.371*** 0.505*** 0.992*** 0.388*** 0.290*** 0.000 

HAD 0.460*** 1.311*** 0.489*** 0.239*** 0.364*** 0.705*** 0.186*** 0.198*** 0.500*** 

IND 0.071* 2.146*** 0.696*** 0.289*** 0.438*** 1.073*** 0.282*** 0.179*** 0.253*** 

KBAD 0.481*** 1.172*** 0.378*** 0.246*** 0.273*** 0.535*** 0.538*** 0.185*** 0.550*** 

NMBC 1.620*** 0.002 0.070* 0.365*** 0.153** 0.045 1.517*** 0.579*** 1.035*** 

NKS 0.247*** 0.723*** 0.320*** 0.082*** 0.188*** 0.488*** 0.200*** 0.144*** 0.333*** 

NWB 1.171*** 0.026*** 0.011* 0.332*** 0.024 0.019*** 1.195*** 0.657*** 1.091*** 

SAND 0.377*** 0.539*** 0.172*** 0.028* 0.124*** 0.242*** 0.152*** 0.125*** 0.417*** 

SEB 0.720*** 0.082*** 0.029** 0.171*** 0.005 0.043*** 0.734*** 0.357*** 0.732*** 

SAC 0.163*** 0.366*** 0.126*** 0.051*** 0.060** 0.230*** 0.227*** 0.117*** 0.175*** 

SACB 1.486*** 0.003 0.033* 0.329*** 0.064* 0.020* 1.435*** 0.520*** 0.982*** 

SKS 0.265*** 1.218*** 0.429*** 0.034* 0.253*** 0.636*** 0.196*** 0.145*** 0.332*** 

SWCB 1.086*** 0.010 0.014 0.249*** 0.024 0.013 1.079*** 0.431*** 0.818*** 

SWB 1.494*** 0.010* 0.017* 0.392*** 0.054* 0.014** 1.476*** 0.677*** 1.165*** 

WAM 1.200*** 0.003 0.021 0.244*** 0.069* 0.001 1.102*** 0.462*** 0.874*** 

WAMA 0.735*** 0.092*** 0.017* 0.138*** 0.022 0.023** 0.667*** 0.352*** 0.682*** 

WPYG 0.435*** 0.791*** 0.325*** 0.251*** 0.242*** 0.493*** 0.298*** 0.215*** 0.490*** 
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Table A8 cont.:  Fst matrix with p-values (haplogroup frequency data) 

  HAD IND KBAD NMBC NKS NWB SAND SEB 

CMAL         

CACB         

CAU         

CKS         

DAM         

EACB         

EACU         

EAN         

EUR         

HAD 0.000        

IND 0.398*** 0.000       

KBAD 0.486*** 0.407*** 0.000      

NMBC 0.889*** 1.294*** 0.961*** 0.000     

NKS 0.165*** 0.207*** 0.260*** 0.518*** 0.000    

NWB 0.789*** 1.084*** 0.455*** 0.050* 0.595*** 0.000   

SAND 0.149*** 0.325*** 0.267*** 0.372*** 0.146*** 0.327*** 0.000  

SEB 0.498*** 0.651*** 0.222*** 0.103** 0.323*** 0.023*** 0.188*** 0.000 

SAC 0.205*** 0.149*** 0.152*** 0.286*** 0.091*** 0.261*** 0.078*** 0.135*** 

SACB 0.851*** 1.277*** 0.686*** 0.034 0.488** 0.007 0.339*** 0.037** 

SKS 0.302*** 0.220*** 0.302*** 0.744*** 0.041** 0.710*** 0.131*** 0.388*** 

SWCB 0.673*** 0.926*** 0.539*** 0.054 0.396*** 0.000 0.260*** 0.023 

SWB 0.908*** 1.363*** 0.638*** 0.027 0.618*** 0.005* 0.381*** 0.043*** 

WAM 0.691*** 1.000*** 0.654*** 0.029 0.415*** 0.020 0.239*** 0.058* 

WAMA 0.470*** 0.657*** 0.362*** 0.092* 0.316*** 0.043 0.128*** 0.041*** 

WPYG 0.026* 0.381*** 0.349*** 0.578*** 0.160*** 0.551*** 0.177*** 0.346*** 
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Table A8 cont.:  Fst matrix with p-values (haplogroup frequency data) 

  SAC SACB SKS SWCB SWB WAM WAMA WPYG  

CMAL          

CACB          

CAU      Abbreviations:   

CKS      *significant difference P<0.05 

DAM      **significant difference P<0.01 

EACB      ***significant difference P<0.001 

EACU          

EAN          

EUR          

HAD          

IND          

KBAD          

NMBC          

NKS          

NWB          

SAND          

SEB          

SAC 0.000         

SACB 0.240*** 0.000        

SKS 0.090*** 0.742*** 0.000       

SWCB 0.184*** 0.000 0.558*** 0.000      

SWB 0.289*** 0.001 0.857*** 0.000 0.000     

WAM 0.209*** 0.010 0.560*** 0.010 0.005 0.000    

WAMA 0.130*** 0.057** 0.373*** 0.038* 0.052*** 0.023 0.000   

WPYG 0.168*** 0.535*** 0.332*** 0.438*** 0.597*** 0.470*** 0.351*** 0.000  
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Table A9:  Exact test of population differentiation (haplogroup frequency data) 

  CMAL CACB CAU CKS DAM EACB EACU 

CACB 0.00000+-0.0000       

CAU 0.00000+-0.0000 0.00017+-0.0002      

CKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000     

DAM 0.00000+-0.0000 0.00051+-0.0004 0.07173+-0.0116 0.00034+-0.0003    

EACB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000   

EACU 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000  

EAN 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

EUR 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

HAD 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

IND 0.00494+-0.0013 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

KBAD 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

NMBC 0.00000+-0.0000 1.00000+-0.0000 0.92937+-0.0035 0.00025+-0.0002 0.24842+-0.0061 0.85531+-0.0098 0.00000+-0.0000 

NKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

NWB 0.00000+-0.0000 0.00142+-0.0003 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SAND 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SEB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00145+-0.0008 0.00000+-0.0000 0.00000+-0.0000 

SAC 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.17141+-0.0131 0.00000+-0.0000 0.00000+-0.0000 

SACB 0.00000+-0.0000 0.50709+-0.0071 0.00041+-0.0001 0.00000+-0.0000 0.00269+-0.0008 0.00085+-0.0004 0.00000+-0.0000 

SKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.02807+-0.0033 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SWCB 0.00000+-0.0000 0.44917+-0.0074 0.18435+-0.0106 0.00000+-0.0000 0.22367+-0.0081 0.02680+-0.0050 0.00000+-0.0000 

SWB 0.00000+-0.0000 0.20119+-0.0099 0.00008+-0.0001 0.00000+-0.0000 0.00120+-0.0007 0.00000+-0.0000 0.00000+-0.0000 

WAM 0.00000+-0.0000 0.12619+-0.0070 0.45179+-0.0112 0.00013+-0.0001 0.00952+-0.0013 0.48000+-0.0138 0.00000+-0.0000 

WAMA 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

WPYG 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 
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Table A9 cont.:  Exact test of population differentiation (haplogroup frequency data) 

  EAN EUR HAD IND KBAD NMBC 

CACB       

CAU       

CKS       

DAM       

EACB       

EACU       

EAN       

EUR 0.00000+-0.0000      

HAD 0.00000+-0.0000 0.00000+-0.0000     

IND 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000    

KBAD 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000   

NMBC 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00005+-0.0000  

NKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

NWB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.68117+-0.0203 

SAND 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00089+-0.0002 

SEB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00418+-0.0010 0.39165+-0.0178 

SAC 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00116+-0.0007 0.05665+-0.0097 

SACB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.51601+-0.0029 

SKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SWCB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.48744+-0.0025 

SWB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.96127+-0.0040 

WAM 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.70627+-0.0028 

WAMA 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.55969+-0.0107 

WPYG 0.00000+-0.0000 0.00000+-0.0000 0.00040+-0.0003 0.00000+-0.0000 0.00000+-0.0000 0.00002+-0.0000 
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Table A9 cont.:  Exact test of population differentiation (haplogroup frequency data) 

  NKS NWB SAND SEB SAC SACB SKS 

CACB        

CAU        

CKS        

DAM        

EACB        

EACU        

EAN        

EUR        

HAD        

IND        

KBAD        

NMBC        

NKS        

NWB 0.00000+-0.0000       

SAND 0.00000+-0.0000 0.00000+-0.0000      

SEB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000     

SAC 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000    

SACB 0.00000+-0.0000 0.48060+-0.0178 0.00000+-0.0000 0.27232+-0.0118 0.00000+-0.0000   

SKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00058+-0.0004 0.00000+-0.0000  

SWCB 0.00000+-0.0000 0.80420+-0.0083 0.00000+-0.0000 0.33088+-0.0164 0.00034+-0.0003 0.62513+-0.0076 0.00000+-0.0000 

SWB 0.00000+-0.0000 0.00011+-0.0001 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.37234+-0.0128 0.00000+-0.0000 

WAM 0.00000+-0.0000 0.00602+-0.0020 0.00079+-0.0005 0.01399+-0.0024 0.00491+-0.0011 0.02470+-0.0020 0.00000+-0.0000 

WAMA 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

WPYG 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 
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Table A9 cont.:  Exact test of population differentiation (haplogroup frequency data) 

  SWCB SWB WAM WAMA  

CACB      

CAU      

CKS      

DAM      

EACB      

EACU      

EAN      

EUR      

HAD      

IND      

KBAD      

NMBC      

NKS      

NWB      

SAND      

SEB      

SAC      

SACB      

SKS      

SWCB      

SWB 0.62088+-0.0144     

WAM 0.05521+-0.0032 0.05385+-0.0073    

WAMA 0.00099+-0.0006 0.00000+-0.0000 0.87150+-0.0037   

WPYG 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000  
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Table A10:  Rst matrix with p-values (STR data) 

  CMAL CACB CAU CKS DAM EACB EACU EAN EUR 

CMAL 0.000         

CACB 1.352*** 0.000        

CAU 0.655*** 0.025** 0.000       

CKS 0.298*** 0.311*** 0.144*** 0.000      

DAM 0.478*** 0.113*** 0.023 0.087** 0.000     

EACB 0.962*** 0.022** 0.032** 0.327*** 0.100** 0.000    

EACU 0.215*** 0.405*** 0.152*** 0.037 0.113** 0.291*** 0.000   

EAN 0.269*** 0.339*** 0.163*** 0.061*** 0.179*** 0.301*** 0.000 0.000  

EUR 0.068* 1.268*** 0.754*** 0.316*** 0.622*** 1.045*** 0.318*** 0.306*** 0.000 

HAD 0.488*** 0.373*** 0.166*** 0.095*** 0.082** 0.334*** 0.100** 0.148*** 0.567*** 

IND 0.016 0.922*** 0.448*** 0.173*** 0.296*** 0.679*** 0.117** 0.163*** 0.171*** 

KBAD 0.499*** 0.343*** 0.165*** 0.126** 0.226*** 0.246*** 0.095* 0.068* 0.606*** 

NMBC 1.363*** 0.000 0.031 0.266*** 0.122** 0.015 0.311*** 0.320*** 1.409*** 

NKS 0.335*** 0.249*** 0.152*** 0.118*** 0.034* 0.295*** 0.188*** 0.295*** 0.436*** 

NWB 0.792*** 0.010** 0.008 0.230*** 0.062** 0.018*** 0.237*** 0.243*** 0.808*** 

SAND 0.244*** 0.142*** 0.038** 0.008 0.011 0.155*** 0.024 0.052*** 0.345*** 

SEB 0.534*** 0.047*** 0.015* 0.106*** 0.048* 0.053*** 0.102** 0.113*** 0.571*** 

SAC 0.176*** 0.239*** 0.101*** 0.025* 0.068** 0.230*** 0.024 0.041*** 0.206*** 

SACB 1.118*** 0.001 0.020*** 0.253*** 0.087** 0.009 0.305*** 0.278*** 1.165*** 

SKS 0.385*** 0.192*** 0.094*** 0.007 0.052* 0.230*** 0.061* 0.108*** 0.560*** 

SWCB 0.804*** 0.045** 0.023 0.100** 0.065* 0.092*** 0.180*** 0.174*** 0.851*** 

SWB 0.942*** 0.034*** 0.019** 0.162*** 0.033* 0.072*** 0.256*** 0.250*** 0.867*** 

WAM 0.907*** 0.014 0.000 0.121*** 0.064* 0.048* 0.161*** 0.156*** 0.960*** 

WAMA 0.792*** 0.029** 0.009 0.137*** 0.063** 0.054*** 0.178*** 0.163*** 0.808*** 

WPYG 0.250*** 0.182*** 0.079*** 0.103*** 0.050* 0.140*** 0.063* 0.102*** 0.432*** 
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Table A10 cont.:  Rst matrix with p-values (STR data) 

  HAD IND KBAD NMBC NKS NWB SAND SEB 

CMAL         

CACB         

CAU         

CKS         

DAM         

EACB         

EACU         

EAN         

EUR         

HAD 0.000        

IND 0.325*** 0.000       

KBAD 0.260*** 0.201** 0.000      

NMBC 0.307*** 0.808*** 0.516 0.000     

NKS 0.089*** 0.242*** 0.235 0.181*** 0.000    

NWB 0.293*** 0.548*** 0.152 0.022 0.300*** 0.000   

SAND 0.055** 0.145** 0.073* 0.112** 0.086*** 0.098*** 0.000  

SEB 0.187*** 0.337*** 0.067* 0.066* 0.221*** 0.016*** 0.034** 0.000 

SAC 0.128*** 0.088** 0.059* 0.239*** 0.154*** 0.160*** 0.011 0.068*** 

SACB 0.314*** 0.705*** 0.317 0.005 0.194*** 0.006 0.102*** 0.037** 

SKS 0.100*** 0.230*** 0.134** 0.128** 0.096*** 0.156*** 0.008 0.072*** 

SWCB 0.214*** 0.486*** 0.167** 0.072* 0.134*** 0.022* 0.035* 0.013 

SWB 0.240*** 0.636*** 0.227 0.062* 0.175*** 0.022*** 0.062*** 0.024*** 

WAM 0.185*** 0.538*** 0.223 0.027 0.149*** 0.008 0.031 0.007 

WAMA 0.218*** 0.510*** 0.123** 0.051* 0.197*** 0.009* 0.048** 0.003 

WPYG 0.141*** 0.120** 0.104** 0.163*** 0.151*** 0.121*** 0.035** 0.068*** 

 

 

 



 183

Table A10 cont.:  Rst matrix with p-values (STR data) 

  SAC SACB SKS SWCB SWB WAM WAMA WPYG  

CMAL          

CACB          

CAU      Abbreviations:   

CKS      *significant difference P<0.05 

DAM      **significant difference P<0.01 

EACB      ***significant difference P<0.001 

EACU          

EAN          

EUR          

HAD          

IND          

KBAD          

NMBC          

NKS          

NWB          

SAND          

SEB          

SAC 0.000         

SACB 0.189*** 0.000        

SKS 0.067** 0.145*** 0.000       

SWCB 0.096*** 0.061** 0.042* 0.000      

SWB 0.139*** 0.043*** 0.089*** 0.005 0.000     

WAM 0.110*** 0.024 0.049* 0.000 0.013 0.000    

WAMA 0.104*** 0.034** 0.083*** 0.000 0.012** 0.000 0.000   

WPYG 0.051*** 0.105*** 0.089*** 0.121*** 0.145*** 0.097*** 0.108*** 0.000  
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Table A11:  Exact test of population differentiation (STR data) 

  CMAL CACB CAU CKS DAM EACB EACU 

CACB 0.00000+-0.0000       

CAU 0.00000+-0.0000 0.00000+-0.0000      

CKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000     

DAM 0.01829+-0.0042 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000    

EACB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000   

EACU 0.00012+-0.0001 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000  

EAN 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

EUR 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

HAD 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

IND 0.05979+-0.0050 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.01929+-0.0027 0.00000+-0.0000 0.00010+-0.0001 

KBAD 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

NMBC 0.05612+-0.0044 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.01992+-0.0039 0.00000+-0.0000 0.00001+-0.0000 

NKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

NWB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SAND 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SEB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SAC 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SACB 0.00006+-0.0001 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SWCB 0.00056+-0.0002 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00005+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SWB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

WAM 0.01724+-0.0024 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00196+-0.0006 0.00000+-0.0000 0.00000+-0.0000 

WAMA 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

WPYG 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 
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Table A11 cont.:  Exact test of population differentiation (STR data) 

  EAN EUR HAD IND KBAD NMBC 

CACB       

CAU       

CKS       

DAM       

EACB       

EACU       

EAN       

EUR 0.00000+-0.0000      

HAD 0.00000+-0.0000 0.00000+-0.0000     

IND 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000    

KBAD 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000   

NMBC 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.05419+-0.0032 0.00000+-0.0000  

NKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

NWB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SAND 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SEB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SAC 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00016+-0.0002 0.00000+-0.0000 0.00000+-0.0000 

SACB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SWCB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00195+-0.0009 0.00000+-0.0000 0.00081+-0.0005 

SWB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

WAM 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.01867+-0.0024 0.00000+-0.0000 0.01348+-0.0028 

WAMA 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

WPYG 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 
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Table A11 cont.:  Exact test of population differentiation (STR data) 

  NKS NWB SAND SEB SAC SACB SKS 

CACB        

CAU        

CKS        

DAM        

EACB        

EACU        

EAN        

EUR        

HAD        

IND        

KBAD        

NMBC        

NKS        

NWB 0.00000+-0.0000       

SAND 0.00000+-0.0000 0.00000+-0.0000      

SEB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000     

SAC 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000    

SACB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000   

SKS 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000  

SWCB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

SWB 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

WAM 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

WAMA 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 

WPYG 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 
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Table A11 cont.:  Exact test of population differentiation (STR data) 

  SWCB SWB WAM WAMA  

CACB      

CAU      

CKS      

DAM      

EACB      

EACU      

EAN      

EUR      

HAD      

IND      

KBAD      

NMBC      

NKS      

NWB      

SAND      

SEB      

SAC      

SACB      

SKS      

SWCB      

SWB 0.00000+-0.0000     

WAM 0.00000+-0.0000 0.00000+-0.0000    

WAMA 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000   

WPYG 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000  
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