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Title: Ancient DNA analysis of Thulamela remains: deciphering the migratory patterns of a southern African human population 
[bookmark: _Toc327180770]Introduction / hypothesis

Archaeological remains are indispensable when studying population histories, aspects of culture, as well as the evolution of animals and humans. They serve as physical proof of some knowledge that may have been passed down by oral teaching, or validate hypotheses developed by scientists over the years. Archaeological remains may manifest in the form of cultural artifacts or items such as tools and pots left behind by previous human civilizations; these are useful in studying the life-style and survival strategies employed by these civilizations, but in order to obtain a closer look at these populations in terms of nutrition, health and even social complexities, the skeletal remains of members of these groups are highly valuable. A bioarcaheological study (studying both skeletal and biological or molecular material)requires the cooperation of multiple disciplines; these include anatomy, physical anthropology, cultural anthropology, radiology, chemistry, and geology, to name a few. A relatively recent addition to this field of study is genetics, and with the work that has been performed on ancient DNA on skeletal and even plant remnants, genetics has become useful in the study of ancient remains of human and hominid individuals. It therefore serves to approach evolution from a molecular perspective. 

When DNA is available, it can reveal information about an individual’s population affinity, sex, and even the probable geographic origin of the individual being studied. These methods of assessment have already been developed in biological anthropology, and genetics can help to substantiate such findings. DNA has been used extensively in the studies of human origins, with varying success, and markers have been developed that can aid in such investigations. Examples include mitochondrial DNA markers, when nuclear DNA cannot be used, that can help clarify maternal lineages. Ancient DNA can help elucidate genetic relationships between ancient and contemporary populations, migration patterns, and changes in genetic diversity over time, the reconstruction of kinship systems, social structure, and mating patterns(0-2).

The discovery of an archaeological site in the Thulamela area near the Levhubu river and just south of the Zimbabwean border revealed, among other items such as river rocks, beaded jewelry and clay pots, the skeletal remains of two individuals(3). They were seemingly of higher social status, and were found within two stone walled enclosures of the site. Both were adults at the time of death and the second individual appears to have undergone a secondary burial. The archaeological evidence testifies to a link between the Iron Age society that resided in Thulamela and the Great Zimbabwean Shona speaking peoples. Presently, the Thulamela area is occupied by the vha-Venda and va-Tsonga/Shangaan people.

The location of Thulamela, as well as the presence of a secondary burial may lead to the question of whether its existence was a result of a break-away group of people moving into Thulamela from somewhere else and then re-burying this individual for sentimental and religious purposes. Thulamela is at the northern border of South Africa close, to Zimbabwe. It appeared that the individuals may have lived in the context of the Zimbabwe culture (3). Thulamela is also on the exact path of migration of the Bantu speaking people that eventually gave rise to the Nguni, the Sotho/Tswana, Tsonga/Shangaan and the Venda groups of South Africa(4). The Nguni and Sotho settlers in the eastern parts of the South Africa followed a direct path from Zimbabwe/Mozambique to where they are presently situated (see figure 1) and although there is no significant cultural link between the Sotho/Nguni and the Shona/Venda cultures, this direct path suggests that the Sotho and/or Nguni may possess a subset of the genetic information found in the Shona, Venda and Tsonga/Shangaan people. However, much of the evidence found at the Thulamela site points towards a society with a Zimbabwean origin, due to similarities in architecture and positioning of the graves (5). Studying the probable population affinity of these buried individuals by obtaining a closer, molecular perspective may serve to clarify where these individuals had come from, as well as, hopefully, who their descendants are; although the most immediate assumption that one may suggest is that these individuals may be ancestral to the vha-Venda and va-Tsonga/Shangaan occupants of Thulamela.

Several groupings of ethnically diverse people exist in southern Africa.  In Zimbabwe, Shona speakers make up the majority of the population, followed by the Ndebele people who settled there from South Africa. The border region of South Africa and Zimbabwe is occupied by the Lemba, The Venda and the Tsonga/Shangaan people. Tshi-Venda and Xi-Tsonga are of two separate language groups. The other main groups of South African natives are Sotho/Tswana, which include the North Sotho (Sepedi), South Sotho and Tswana people(these form a single language group) as well as the Nguni, which include the Xhosa, Ndebele, Zulu and Swati people, which also form a language group(6).Other groups include the Coloured people as well as people of Asian and European descent. The individuals whose remains were found at Thulamela may have spoken Venda or Shona.

The proposed hypothesis is thus that the individuals excavated from Thulamela were of a Zimbabwean origin, specifically from the Shona speaking people, and were succeeded by the vha-Venda people. The secondary burial may have been the result of a break-away group collecting the bones of their ‘father’ in order to re-bury him in their new home. Some speculate that certain Zimbabwean groups had a tradition of leaving a body to decompose completely before it is buried and this could explain the secondary burial of the one individual. Evidence of secondary burials in southern Africa is not common, but the practice of secondary burials in Africa, however infrequent, is not a new one (7). Two examples include pot burials from Broederstroom and the Northern Province (now known as the Limpopo province)(8, 9).

The aim of this study is to attempt to extract DNA from the skeletal remains found at Thulamela and other related archaeological sites, in order to:
1. Substantiate the results obtained from the osteometric analyses with regard to sex and population affinity and
2. Compare this DNA to that of living individuals, (using reference DNA sequences from GenBank) so as to determine the population of origin and probable descendants of these individuals, with the greater objective being to add to existing knowledge about the migration of peoples in sub-Saharan Africa. 

[bookmark: _Toc327180771]Literature study

[bookmark: _Toc327180772]Late Iron Age archaeological remains at Thulamela

In 1998, Steyn et al. described the archaeological site at Thulamela near the Levubu River, after the first discovery of the area by Sydney Miller (5, 10). The project continued from 1993 to 1997, and was mainly focused on the architecture of the site itself as well as the artifacts found. The site provided clues pertaining to the political structure of the community, such as the position of the community leaders’ house in relation to those of the rest of the people. In 1996, the excavation yielded two burials with the skeletonized remains of one male and one female individual; both seemingly of high social status, buried with gold jewelry and in areas that were likely to be burial sites for royalty(3).Both individuals were buried with gold jewelry and river stones were found at or near the burial pit. Morphometric assessment showed that the two were adults at the time of death, ranging between ages 45-60. Dating methods revealed that the two were not contemporaries, and lived approximately 200 years apart. It is thus possible that these individuals are of the same population group, but different generations. The first individual, female, was buried in a foetal flexed position, facing eastwards and with the head pointing northward. The second individual, male, was completely disarticulated, and appeared to have undergone a secondary burial. The long bones had been deliberately arranged and piled together on one end and the skull was found face down and on top of the rest of the bones. Both the graves and their contents have provided clues as to the origin of these individuals-it appears as if their culture was very much like that of the Zimbabwean culture, and DNA analysis may give more information in this regard. The skeletal remains that were found at this site showed that the individuals were of African origin, the female was of a tall stature which, after comparison with the average height of Venda women today, suggests that this individual may have been taller than most women in her community. It has been speculated that she may have had access to better food due to her royal position, or that she may have become a royal wife because of her tall stature (3). 
[bookmark: _Toc327180773]African population origins and the Great Zimbabwe cultures

A great deal of similarity exists between the Thulamela culture and that of the Great Zimbabwe region. The Great Zimbabwe culture sequence has been divided into three (or four) periods, each with respect to an important capital; Mapungubwe (AD 1220 to 1290), Great Zimbabwe (AD 1290 to 1450), Khami (AD 1450 to 1820)(11)and finally, Thulamela (14-17th century AD)(12) in the Late Iron Age. The material remains at Thulamela suggest a link between these people and that of Zimbabwe and oral tradition among the vha-Venda testifies that they originate from Zimbabwean groups. The society of Thulamela flourished between 1000 and 1300 AD, and the people formed a complex society with set systems of class, political values and economic ranks. The location of Thulamela and Great Zimbabwe is along the same path as the migration of the Bantu that beganaround4000 or 5000 years ago(4, 13). (The Bantu arrived in southern Africa approximately 2000 years before present (BP)(4)). The degree of similarity between African languages provides evidence of contact between different population groups. A study has been conducted to test and verify this, in order to clarify aspects of evolutionary and demographic processes associated  with the spread of Bantu languages in sub-Saharan Africa and to test if patterns of genetic variation fit with models of population expansion that are based on linguistic and archeological data(14). There is a gradient of similarity among the Bantu languages as one moves in any one direction in sub-Saharan Africa and the same holds for the Shona and Venda language, extending into the Sotho and Nguni languages. Therefore the Bantu expansion precedes the existence of the specific population at Thulamela that are now under study, i.e. the two individuals whose skeletal remains were excavated, lived after the time of the initial Bantu expansion. It is therefore possible, that although there is no significant cultural link between the Nguni (who are also Bantu) and the Zimbabwe people, a subset of the genetic distribution in the Shona/Venda may exist in the Nguni people of South Africa.

The term ‘Bantu’ is used to group people of specific languages in sub-Saharan Africa. The word has many variants in other languages, with the root word ‘ntu’ which means person, and varies from ‘mutu’, ‘vhanu’, ‘vathu’, ‘munu’ in the different languages. Bantu languages fall under the Niger-Congo group of languages and were described by Malcolm Guthriein 1948.The expansion of Bantu-speakers pertains to the diffusion of technology, language, culture and even genes. Climatic changes in Africa, about 5000 years ago, caused some of the Bantu speaking farmers to migrate away from their putative land of origin in central-west Africa, across central Africa towards the east and the west and then eventually landed in the southern most parts of the south of Africa. These migrations of farmers lead to the isolation and/or admixture with pre-existing hunter-gatherers such as the Khoisan and Pygmy people (4, 15). Archaeological remnants show that the migration toward the south happened at different times, beginning along the west coast, and then along the east. It is not known if the two migrating groups intermingled along the way, but it is supposed that some contact occurred between these and other existing groups(4).Evidence from Iron Age remnants are closely correlated to the Bantu expansion, whereas Stone Age technology is mostly associated with the Bushmen in southern Africa. Therefore the use of metallurgy, animal husbandry, agricultural-pastoralism and the ownership of land are related to the Bantu expansion and settlement (16).

The distribution of mitochondrial DNA (mtDNA) lineages have been associated with the migration pattern of the Bantu from West Africa, through the central region and then to the south (14, 17). In addition, studies on Y-chromosome variation in sub-Saharan Africa revealed an ancient Bantu-speaker haplotype that originated somewhere near the reputed Bantu-speaker homeland and it was suggested that it was dispersed by farming populations throughout this region (18).The figure (figure 1) below shows the most probable path of the Bantu expansion and as can be seen in the figure, (along the south east coast) the settlers that landed in Zimbabwe did make a second expansion (a subset of them) into the Natal area of South Africa (subsets of these migrants could have settled along the way before reaching the southern-most point). Although there is no cultural link between the Zimbabwe Culture and that of the Natal Nguni people (the Zulu and/Swati), a genetic trail between these two groups is likely to be present. 

[image: ]
Figure 1: The Bantu expansion. The putative Bantu homeland is in central-west Africa, where Cameroon meets Gabon and it is from there that Bantu farmer migrants advanced eastward and westward, eventually ending up at the south. The expansion took place in stages, and subsets of settlers proceeded from one settlement to a new one (http://www.historyhaven.com/APWH/unit2/bantu_migration.gif)
[bookmark: _Toc327180774]

Ancient DNA analyses in biological anthropology

Ancient DNA research refers to the retrieval and analysis of DNA from archaeological finds, museum specimens, fossil finds and other sources(19). The first successful sequencing of ancient DNA samples were from a quagga(20)as well as a museum specimen of an Egyptian mummy(21). These studies employed bacterial cloning methods and showed that most of the DNA that is retrievable in such studies is often of microbial origin. Endogenous DNA is often degraded, consisting of short sequences of low concentration(22).  The difficulty in obtaining aDNA samples is based on the fact that some material is usually destroyed in order to gain access to the DNA; this has led to the reluctance of communities and museum curators in making samples available for DNA extraction. A non-destructive method of DNA extraction from ancient bone samples has been suggested and even proven successful by Bolnick et al in 2012. and the authors were able to amplify (mtDNA) from 90% of the individuals tested, as well as analyze nuclear loci in 70% of the individuals(23). Because aDNA is difficult to obtain without destroying some or the entire bone sample, extraction should only be conducted when necessary and with great care as the success of such an experiment is not always guaranteed.

[bookmark: _Toc327180775]DNA vs. Osteometrics

[bookmark: _Toc316546996]The study of ancient animal or human remains has often been conducted using skeletal or fossil relics; these have provided clues of morphology, relatedness to extant groups, diet, and migration. Therefore much emphasis has been placed on the study of physical remains such as skeletons and mummies, highlighting the value of osteometrics (or morphometrics) in physical anthropology. The amount of information that can be obtained from osteometrics is limited, however, because the number and types of bones that are available will determine the level of confidence of one’s results. Long bones and the skull are the most useful, but in the absence of these, say only a tarsal bone, very little or nothing can be inferred about the individual’s sex or population affinity. With such little evidence, the use of molecular techniques to decipher sex and population affinity has come to cooperate with physical anthropology. The use of DNA has also been able to substantiate what could already be determined by morphometrics, and it can also dispel these findings. It therefore becomes important to use a multidisciplinary approach at working out the origins of species and the practice of osteo-archaeology with genetics or molecular research has been generally accepted (24-26). 

[bookmark: _Toc327180776]Sources of aDNA and relative efficiency in DNA yield

Ancient DNA can be retrieved from a variety of samples, adding to its indispensability in ancient specimen research, because if most of an individual’s remains are unavailable for morphometric assessment, DNA can provide more information. Sources of DNA include teeth, bone, tissue and others, such as hair-provided the hair root is available. Each of these sources has varying efficiency in terms of DNA that is of good enough quality to be amplified. The skeletal remains from Thulamela represent two individuals; UP 43 and UP 44, and consist of thoracic, lumbar, talus, cuneiform, fragmented long bones as well as some teeth (3). The bones will be used for DNA extraction, using the bones with little or no lesions and the DNA will be used for comparative analyses with living people from Zimbabwe (the Shona), Limpopo (vha-Venda and va-Tsonga) as well as the Zulu from Kwa-Zulu Natal. The analysis will also include skeletal remains from other archaeological sites such as Stayt, Makapanstad, and Imbali lodge etc. (see appendix). 

Bone is believed to be one of the most reliable source of aDNA since the degradation of DNA is hindered by its binding to hydroxyapatite in bone(2).It was shown that DNA quality was positively correlated to microscopic preservation of bone, but not necessarily with the age of the bone(27). The use of skeletal samples may differ in an attempt to retrieve DNA; shearing or powdering the bone sample is one way, and another could be drilling of the bone in order to gain access to the inner bone mass. A bone without lesions is preferable, so as to minimize contamination by external agents such as bacteria. Some scientists prefer to use small fragmentary rib samples as they are numerous in each individual and are of no significant morphological or paleopathalogical importance(2).

Teeth are a good source of DNA as they allow for independent and numerous samples per individual, the results of which can be replicated. Un-erupted teeth reduce the risk of contamination, such as in teeth with dental caries. Powdering the tooth yields more DNA, however this method is highly destructive; a less destructive method would be sectioning the tooth to reach the pulp cavity, and this method also allows one to glue the tooth back together to preserve its morphology(28).Powdering the tooth is disadvantageous as it also provides more degraded DNA(29). 

The best and least likely to be contaminated source of DNA from soft tissue is subsurface tissue. Desiccated soft tissue is known to produce better quality DNA as the desiccation process also shields the DNA from hydrolytic damage(2). It still remains susceptible to oxidative damage, however (30) (discussed below).

Nucleic acid extraction has been achieved in coprolites; these also help provide a picture of the type of diet of the individual under study(31, 32). Another source of aDNA is hair, which is best when the hair root, which contains DNA, is also available. The amount of DNA that is usable for PCR however, is limited which makes aDNA extraction from hair almost impossible(33).



[bookmark: _Toc327180777]Factors that affect the quality/ yield of aDNA
	
One of the greatest challenges in aDNA studies pertaining to ancient human remains, is the possibility of contamination with modern human DNA, and this has led to a great deal of skepticism against aDNA research discoveries(22). Contamination with foreign DNA has resulted in misinterpretations, especially erroneously inferring genetic relatedness of modern humans with some hominid samples. A famous example includes a report of the first ancient human DNA sequence of a 4 000 year old mummy(30)as well as one of a mitochondrial DNA sequence from a Mungo individual from Australia(34). In an attempt to curb the problem of contamination, certain characters have been found that can help distinguish modern from ancient DNA;the inevitable degradation processes that DNA undergoes post-mortem have provided markers that aid scientists in identifying modern from non-modern DNA. One sign of contamination is the production of multiple, differing sequences from cloned DNA. Most of the post-mortem DNA changes include double stranded nicks as well as oxidative dinucleotide modifications, which contribute greatly to the difficulties incurred during enzymatic replication in vitro(35, 36).This brings us to the discussion about the biochemical changes that distinguish ancient DNA, and how these may eventually determine the success of an ancient DNA experiment.

An additional control in aDNA research is the use of dedicated laboratories that specialize in aDNA samples and go to great lengths to minimize contamination with foreign or non-ancient DNA. Methods include the use bleach and irradiation of the work-bench as well as disposable tools. It has now also become common practice to have one’s results evaluated in an independent laboratory, in order to verify the authenticity of an aDNA sequence. Sequencing the DNA after PCR can reveal if contamination occurred, especially if the species under study is not an obvious relative of the genus Homo, however this may be difficult to detect if the sample does indeed come from another human being.  


[bookmark: _Toc327180778]Post-mortem biochemical changes in DNA

Molecular research on ancient samples has mainly been focused on DNA, however the first effort to study ancient biomolecules was in fact performed on proteins (37). Unfortunately, the main protein in bone, collagen, consists of a repetitive primary structure, is encoded by multiple genes and is thus likely to be uninformative(38). Furthermore, ancient protein molecules are structurally heterogeneous as a consequence of post-mortem modifications(39).Analyses of amino acids can even help determine the level of preservation of a specimen by assessing the rate of amino acid racemization. Nucleotide analyses can also verify the results obtained after DNA sequencing (40). DNA analyses have become common practice in the analyses of ancient biomolecules especially when proteins are degraded or uninformative (as mentioned above). 

The cloning of DNA from an Egyptian mummy showed that both nuclear and mitochondrial DNA can survive for millennia, (30) even though its integrity is inevitably compromised to some degree. DNA remains relatively stable in biologically active tissue, however, after death, this stability gradually decreases due to a lack of DNA repair mechanisms(41). Endogenous endonuclease activity is also known to occur after death, as well as depurination of adenine and guanine, thus destroying the DNA backbone.  DNA damage therefore accumulates and nucleic acids are subjected to oxidative and hydrolytic damage, as a result, aDNA samples are often fragmentary and difficult to amplify (21). Post-mortem DNA damage is often characterized by strand breaks, baseless sites, miscoding lesions and crosslinks, which then results in sequencing artifacts as well as the preferential amplification of undamaged DNA, which is often contaminant DNA (21, 41). 

Ancient DNA often contains a large number of CG-TA (A-G or T-C being type 1 and C-T or G-A being type 2)   transitions due to the hydrolytic deamination of cytosine (and 5-methyl-cytosine) to uracil and thymine(36). Deamination thus occurs more rapidly on cytosine residues, converting it to uracil. If such a strand is used for PCR, deoxyuridine in the template DNA will be complementary base paired with deoxyadenosine in place of the guanine that should have been paired with the original cytosine. The deoxyuridine is thus a miscoding lesion. Similarly, adenine can be deaminated to hypoxanthine(36, 42). The challenge in this situation comes from the ability to track the changes that are observed on a DNA sequence, i.e. is the nucleotide that we see a result of post-mortem damage that was carried on to the next strand by complementary base pairing (especially since it is impossible to know which of the two DNA strands was the parent strand and which was the daughter strand) or was it simply a mutation that occurred in life? Miscoding lesions are generated during PCR and do not hinder polymerase activity during amplification (30).Fortunately, mitochondrial DNA is known to have ‘miscoding hotspots’ where most of these miscoding lesions occur more often, and are thus not randomly distributed. More importantly, the distribution of these miscoding lesions in humans (and bovids) is similar to those occurring in ordinary evolutionary substitutions. Ancient DNA damage therefore generates sequence artifacts that resemble that of regular evolutionary changes(43).

Other forms of DNA damage include oxidative damage that is caused by free radicals and manifests as changes in sugar residues as conversion of the pyrimidines thymine and cytosine into hydantoins. Oxidative damage, baseless sites, as well as intermolecular cross-links can block the activity of DNA polymerase during PCR(21). Efforts to minimize the negative effects of post-mortem DNA damage have been tested, and are aimed at enhancing the quality and quantity of aDNA for PCR and sequencing.  One example includes the use of Uracil-N-glycosylase (UNG) which removes the deamination products of cystine and this aids in detecting the origins of sequence variation(42, 43). N-phenacylthiazolium bromide (PTB) seems to break the intermolecular cross-links that occur due to glycosylation end products, in a manner that has yet to be explained. Intermolecular crosslinks also act as PCR inhibitors(32). Figure 2 shows a depiction of a DNA strand that is marked on the areas that are most prone to specific types of damage (41). Figure 3 illustrates the different types of DNA damage. These modifications, such as miscoding lesions and baseless sites, result in the disruption of the polymerase activity during PCR, causing ‘jumping PCR’ effects (discussed below)(22).
[image: ]
Figure 2: Specific areas of aDNA damage. Principle sites of damage are marked in res, sites of oxidative damage are marked in blue and the sites of hydrolytic damage in blue G, guanine; C, cytosine; T, thymine; A, adenine. ((44)Modified with permission from(41). 
[image: ]
Figure 3: Post-mortem DNA damage in fossil remains. Damage structures are marked in red. (a) single stranded nicks caused by hydrolytic damage. (i) cleavage of the phosphodiester backbone. (A) (ii) baseless site (AP site) caused by depurination. (B) breakage of the sugar backbone follows, through β-elimination. (C) strand breaks (b) different types of crosslink formation (i) alkylation causes inter-strand crosslinks (ii) intermolecular crosslinks by the ‘Maillard reaction’. (c) oxidative and hydrolytic damages that result in: (i) blocking lesions (ii) miscoding lesions (22). 

Other methods to help curb the postmortem DNA damage problem is the use of high fidelity polymerase enzymes such as Pfu and TaqHiFi, as these are known to increase amplification efficiency and decrease sequence error(45). The rate of DNA damage, as well as its modus operandi are not well enough understood to create perfectly effectively DNA repair enzymes in vitro(22, 46).

The phenomenon of ‘jumping PCR’ was first described by Paabo et al. and is caused by lesions in the DNA template that cause the primer to jump from one template strand to another, usually more intact strand. The result is that a recombinant or mosaic DNA molecule, consisting of a mixture of different amplicons from different templates, is synthesized in vitro (21, 47).The figure below (fig 4) is an illustration of the manner in which jumping PCR occurs (21). The result of a jumping PCR reaction is that the authenticity of the DNA sequence is compromised, especially when analyzing nuclear DNA (which is diploid) of a heterozygous individual (21).

[image: ]
Figure 4: Schematic representation of how jumping PCR occurs. The two primers (A and B) use intact parts of five damaged templates resulting in the amplification of a mosaic product. In this amplification reaction, the template is so damaged that no molecules allow the DNA polymerase to continue directly from one primer site (A, blue)to the next(B,yellow);the primers will be extended during the first cycle of PCR up to points where lesions (green) or ends of fragments cause cessation of replication by the polymerase. In the subsequent cycles, the extended primers may anneal to other template molecules and then be further extended. After many cycles the two primers would have grown long enough that their 3‘ends overlap and a full-length double stranded molecule is formed. This molecule will serve as a template for a conventional chain reaction(21).

[bookmark: _Toc327180779]Environmental effects on post-mortem DNA

The conditions under which a sample containing DNA is stored have also been shown to affect the quality of amplifiable DNA, thus influencing the inevitable changes to the DNA that occur due to normal post mortem damage. Therefore certain conditions are able to either impede or accelerate these changes. In other words, DNA preservation is the capital limiting factor of a successful aDNA research study. Hydrolytic damage of DNA is mainly caused by the presence of water which allows the growth of micro-organisms and the dissolving of the bone apatite. Microorganisms are able to metabolize organic matter in the bone, such as DNA and collagen. DNA oxidation is also accelerated by the action of UV light from the sun, and furthermore, acidic soil dissolves the calcium and phosphate in bone and this acidic property can be counteracted by alkaline environments or conditions. The ultimate place to preserve DNA is a cool, anaerobic, dry, dark, and slightly alkaline environment such as that found in caves(41, 44, 48). Cool, dry areas are also recommended for storage of samples to avoid post-excavation DNA damage and this is to be done shortly after the sample is removed from where it was found. It is also known that metal objects that contain copper may hinder microbial growth, so a piece of pottery or limestone at or near a bone sample could retard the microbial activity on the bone(49).

An ideal place of ‘storage’ for aDNA samples is under low temperature. The best quality aDNA samples have so far been retrieved from samples found in permafrost (subsurface layer below the soil that never thaws, usually in subarctic regions(44)) and one example includes mtDNA extracted from a mammoth of over 50 000 years old(50),as well as another of a bison of about 65 000 years old (51, 52). One of the most recent finds comes from a 4000 year old permafrost-preserved hair of an extinct Paleo-Eskimo individual. The authors were able to sequence 79% of the diploid genome and identified approximately 300 000 single nucleotide polymorphisms (SNPs)(53).


[bookmark: _Toc327180780]Condition of archaeological specimens

When attempting to retrieve biomolecules from an archaeological sample such as bone, the condition of it is highly important to ensure the success of such an experiment. A good indicator is that the bone should be compact, without openings, hard and heavy; compact bone is preferred over spongy bone which is often porous and therefore open to contamination. As a control, it is recommended that the soil surrounding the individual that is being excavated should also be sampled as soil can contain compounds that inhibit the PCR reaction, such as humic acids that can bind tightly to DNA molecules (54, 55)).

[bookmark: _Toc327180781]Molecular techniques in aDNA research

Demographic events such as migrations, bottlenecks and expansions have left imprints in the form of altered gene frequencies on the human genome, and because these imprints are transferred to succeeding generations, the modern human genome possesses a permanent record of our evolutionary past. Studies on (human) evolution have been limited to a number of genetic polymorphisms, which were unfortunately few in number, uniform among populations and affected by natural selection; these include the use of blood groups and protein polymorphisms. The past two decades have witnessed the development of thousands of systems that aid in deciphering population histories and even provide much more information that what could previously be achieved(56).

A major limiting factor to a successful aDNA experiment is the ability to extract DNA that is of good enough quality to be amplified by PCR, and as mentioned above, there are different factors that can inhibit DNA yield. It is inevitable that the specimen should be partially or wholly destroyed when attempting to access the DNA from inside the sample; the same is true for bones and teeth. It has therefore become common practice that all the necessary osteometric analyses be complete prior to DNA extraction. The bone can be decalcified with EDTA, mechanical grinding of the bone is another method and also drilling an opening into the bone cavity is sometimes done. Some common forms of DNA extraction include the use of proteinase K/phenol-chloroform (proteinase K digests  proteins in the sample) as well as silica based methods, which use guanidiniumthiocyanate (GuSCN) which can also lyse proteins and is also a chaotropic agent that allows for the binding of DNA to silica particles  (57).A chaotropic agent disrupts hydrogen bonds such as those between water molecules and DNA, thus reducing the solubility of DNA, promoting the precipitation of DNA/silica particles. The advantage of the silica method is that it avoids the need to handle the toxic phenol-chloroform, however, silica is a PCR inhibitor and therefore washing must be done thoroughly before PCR. Although proteinase K extraction methods result in a higher DNA yield, silica based methods produce better amplification success rates as well as fewer PCR inhibition (58). The two above-mentioned protocols (phenol-chloroform and the silica method) are the most commonly used manners of DNA extraction, and may be adapted by various authors for specific reasons. 

[bookmark: _Toc327180782]DNA markers for aDNA experiments

As mentioned earlier, nuclear DNA is not always available for analysis in both forensic and ancient DNA analyses. It has been shown that mitochondrial DNA is often present post-mortem. The human mtDNA molecule is double-stranded, circular, with 16 569 nuclear pairs, and encodes the small (12S) and large (16S) ribosomal RNA, 22 transfer RNAs, as well as other polypeptides that participate in the organelle’s oxidative phosphorylation processes (59). The advantage of using mtDNA is that it occurs in multiple copies per cell, unlike nDNA, making mtDNA more available for retrieval. Mitochondrial DNA also has a high mutation rate as well as no apparent recombination; therefore the difference between any two mitochondrial sequences represents only the mutations that have taken place since each sequence was derived from a common ancestor. An increasing amount of data on human mtDNA variation has been accumulated in the past two decades, with greater and greater resolution (60). A pioneering study on mtDNA variation showed a tree that depicted a separation between sub-Saharan Africans and non-African populations from about 200 000 years ago, thus supporting the recent origin of modern humans in Africa (61). In fact, African populations harbor the greatest amount of genetic diversity, especially with regards to mtDNA diversity, further substantiating the hypothesis that anatomically modern humans originated in Africa with Africans being the most ancient population (62). 

Haplogroups are used to define groups of individuals that have similar genetic characteristics on the same location on their DNA, or in other words, the presence of similar polymorphisms on the mitochondrial genome that are identical by descent. These can help in deciphering human migration patterns, and specific haplogroups have been shown to be associated with certain ethnic groups. The definitions are highly dependent on phylogenetically stable regions of the DNA, however, most mutational hotspots lie within the so called hypervariable region.  As a result, much of the aDNA research has been conducted by using the well characterized and rapidly mutating hypervariable region (HV) of the control region, the most commonly used of which are HV1 and HV2. These rapidly mutating regions can only provide information with regards to recent population history (63).    

High resolution methods for assessing mtDNA restriction site variation for PRC have been under development, and have made it possible to screen different mtDNA sequences from Europe, Asia, and America. These studies have shown that the above mentioned continents are defined by one or more continent-specific polymorphisms which make them excellent markers for determining ethnicity. These mutations also appear to have arose after the expansion of modern humans out of Africa (64, 65). The phylogenetic analyses of these continent-specific polymorphisms thus define clusters of mtDNA haplotypes or haplogroups. For example, polymorphisms on specific regions on the mtDNA has allowed for the classification of Native American populations into four distinct haplogroups; A, B, C, and D, all of which are found in Asian people, which is to be expected as Native Americans descend from Asia. European populations are characterized by haplotypes H, I, J and K (all of which are absent in Neanderthals) (59). 

African populations, known to possess the greatest amount of genetic diversity, have a high frequency of haplogroup L, which appears to be the most ancient of all continent-specific haplogroups, having arisen 100,000-130,000 years before present and perhaps before the expansion of Homo sapiens out of Africa. This haplogroup is virtually absent in non-African groups and was probably not carried out of Africa when the expansion occurred, however, haplotypes that are similar to the L group have been observed outside Africa (62).  Mitochondrial DNA has thus been valuable tool in population genetics studies; deciphering population structure, origins and migration patterns. The Y-chromosome, which is transmitted through the paternal line, can likewise provide information on population history, but only for male lineages and apart from the recombining pseudo-autosomal region on the Y chromosome, DNA polymorphisms have also been found on this chromosome that can be used in similar ways as the mtDNA-defined haplotypes(66, 67).    

The reliance on mtDNA mainly stands on the fact that it occurs in multiple copies per cell, meaning that mtDNA is often more available for retrieval in aDNA research. However, mtDNA does not provide the entire history of a genome, as it is inherited from the maternal parent only and its rapid mutation rate means that only a recent population history can be deciphered. Multi- and single copy DNA markers have been obtained from fossils dating back to the Pleistocene (68). The nuclear genome contains many different polymorphisms, such as RFLPs or restriction fragment length polymorphisms. The mutation rate of each nucleotide has been approximated to about 10-7 per generation, thus, unlike the rapidly mutating mitochondrial genome, nuclear DNA  (nDNA) polymorphisms like these can provide information on the ancient history of a genome (69). In contrast, the more rapidly evolving nDNA markers include tandem repeats such as micro- and minisatelites that can be informative with regards to more recent population history (56). Although the hypervariable region of the mtDNA is useful for the construction of phylogenies, it cannot be reliable on its own and coding region information is therefore important; since the amount of post-mortem damage in this region is considerably lower, whereas the HVR is just as prone to mutations as it is to post-mortem damage (43) . Other gene markers for the determination of sex can be analyzed. Autosomal, sex determining genes include the sex determining region on the Y-chromosome (SRY) , the zinc finger protein (ZF) as well as the amelogenin gene (AMEL) and these will be used to support conclusions about the sex of the individuals from the skeletal remains at hand. 

The use of DNA to analyze ancestry is limited by, among other factors, the co-operation of living communities who are possible descendants of the individuals being studied; living communities are entitled to full and comprehendible knowledge of the implications of their participation in a scientific study, and therefore reserve the right to refuse to participate for any reason. This can become time consuming for the researcher(s) involved as such refusal may alter the direction that a study can take. One already has to invest time, money and effort in visiting such communities, gaining acceptance and trust from the people and furthermore, educating and addressing their concerns with regards to the study. Fortunately, some researchers have been able to work with living communities and were thus able to obtain genetic information from them and save some of this data online in databases such as GenBank. The full sequencing of the human genome has also been valuable. Genetic information can be deposited into Genbank by scientists from any part of the world and the database contains several amounts of molecular information from a plethora of organisms, including that of humans. This tool avoids the need to use living communities if the information is already available on GenBank, and this alternative therefore provides a quicker, more cost-efficient method of comparison, while still protecting the anonymity of participating individuals. Many authors have published data on sequenced regions of both the nuclear and mitochondrial genome, and GenBank is among the databases that contain this data. Mitochondrial DNA data is also well represented in these publications as well as on databases such as Genbank, allowing for comparisons with database sequences and allowing for estimations of population affinity. 







[bookmark: _Toc327180783]Amplification and sequencing of aDNA

The polymerase chain reaction, or PCR, is a method used to amplify small fragments of DNA for subsequent sequencing or other analyses. The reaction is done using two synthetic primers, either of which matches one end of the DNA fragment that is to be amplified, the four deoxyribonucleotide triphosphates and a thermostable DNA polymerase that adds the nucleotides by complementary base pairing them to nucleotides on the parent DNA strand. Repetitive cycles of heating and cooling lead to a chain reaction that amplifies a segment of DNA exponentially (21). The advantage of PCR, apart from the fact that it is fast, is that it is an in vitro system that lacks repair mechanisms that sometimes occur erroneously in a bacterial cloning system. However, the polymerase used in PCR is not without errors; mis-incorporation of nucleotides occurs periodically and the rate of error varies between polymerases. If an error occurs in the initial stages of amplification, all the resulting molecules will have copied the mutant nucleotide/s. One way to curb this problem is by direct sequencing of multiple PCR products, or clones of PCR products, otherwise one can use a DNA polymerase with a proofreading exonuclease function (70).

Although PCR inhibition can be reduced by extracting the DNA using the silica method, it is difficult to rid the sample completely of inhibitors. Some strategies involve dilution of the DNA extract in an attempt to dilute the inhibiting elements in the sample. Another method is the addition of bovine serum albumin (BSA) that can bind to inhibitors or further digestion with proteinase K, collagenase or adding sodium hydroxide (NaOH)(1, 70). Ancient DNA is often degraded, resulting in the amplification of a mosaic product. Telenius et al. designed a method of increasing the quantity of amplifiable DNA; called degenerated oligonucleotide-primed PCR or DOP-PCR) (71). The primers used for DOP-PCR are partially degenerated and anneal throughout the genome at low temperatures, allowing for general amplification. The initial amplification product is used for amplification with specific primers that target a region of interest. Although the success rate of this method is high, the chances of contamination are increased and this should therefore be employed with caution (70, 71).

An additional problem with the amplification of aDNA is that, due to its fragmentary nature, primers tend to bind to each other more often than they bind to the DNA template, forming primer dimmers that out compete the target DNA and resulting in a low yield of target amplicons. This problem can be curbed by ‘touchdown PCR’ which systematically reduces the annealing temperature and allows for the preferential binding of primers to the target molecule. The annealing temperature is decreased by 1°C for every two amplification cycles, thus delaying the onset of non-specific primer annealing (72). Another use for touchdown PCR is when the exact sequence of the target DNA is not fully known, which would otherwise make it difficult to calculate the annealing temperature or primer for the species in question. The use of this method has also been employed when amplifying DNA from coprolites, especially when attempting to determine the animal itself and not the species of its prey. This is especially useful when the prey was a closely related species, then a highly specific touchdown PCR is necessary (72).  

After amplification of DNA, it is often necessary to obtain a sequence of the DNA region for further analysis. Sequencing reactions are based on PCR; a single primer is used so that synthesis occurs in one direction and the strand extension can be terminated by the incorporation of a dideoxynucleotide (dNTP). The dNTP forms a small part of the reaction mixture (about 1%) and because it lacks the OH group that can react with the phosphate group on the adjacent nucleotide, chain extension cannot continue. When this method was first developed, the sequence of chain terminating nucleotides was read off from an electrophoresis agarose gel, and each lane on the gel represented one reaction tube containing one of the four dNTPs. The method was first developed by Sanger (1977) and is commonly known as Sanger sequencing(73). The protocol has even evolved to what is now known as automated Sanger sequencing, where each dNTP is labeled with a specific dye molecule and after the reaction, the sequence of dye-labeled chain terminating dNTPs can be analyzed by a computer.

Recent developments have now seen the dawn the so-called ‘next-generation sequencing’, which is roughly based on Sanger sequencing and has been used extensively in ancient DNA research(74). For sequencing  three commercially available platforms are: 454 (Roche), Genome Analyzer (Illumina/Solexa)and ABI-SOLiD (Applied Biosystems), with other sequencing avenues on the way; these are now also being referred to a ‘high-throughput’,  ‘ultra-deep’ sequencing or ‘massively parallel sequencing. What is remarkable about these technologies is that they can provide sequences at a massive scale, without the need for cloning and at a fraction of the cost of traditional sequencing (75), and have therefore become commonly used as a means of sequence production and analysis (74). 

For PCR and sequencing, one has to target a specific region of DNA in order to gain a closer look at the region, thus simplifying comparative analyses, and depending on the type of study, specific regions of the DNA are studied. To determine or verify the sex of an individual, markers on the X and Y chromosome can be sequenced, such as the Sex determining Region on the Y chromosome (SRY) which is only present in normal 46XY males. Other markers on the X chromosome can be targeted, and are expected to be doubly represented in females than in males. Genetic sex verification can substantiate anthropological sex determination, but it can also diagnose XY sex reversal. Autosomal markers have been used to determine population affinity; these include SNPs as well as STRs (short tandem repeats). Lane et al. has used STR data in South African natives to establish a correlation between linguistic and genetic similarity (76). Due to their unilinear transmission, mitochondrial and Y-chromosome DNA data have become useful in determining ancestral relationships, and owing to their lack of significant recombination, mt-and Y-chromosome DNA can accumulate mutations along lines of descent, thus making them more valuable than autosomal DNA, in phylogenetic analyses (77). Mitochondrial DNA markers, such as the hypervariable region is useful as it does not only inform us of recent evolutionary changes (due to its high mutation rate) but mtDNA can also verify the population affinity of an individual by classing them into specific haplogroups. Once a specific region of DNA is sequenced, it can be used to construct a phylogeny, which illustrates the genetic distances of those genes. 

In order to decipher evolutionary relationships and patterns, the use of statistics and mathematical modeling becomes increasingly important. This is because we cannot directly observe past evolutionary events and must therefore use some sort of modeling of the past events. The first step in creating a phylogeny, based on a given gene region, for instance, begins in creating an alignment of all the sequences of that gene region that were obtained from the genomes of the organisms/individuals of interest. The sequences are aligned in a way that maximizes the degree of similarity between the sequences. There are therefore a myriad of alignment algorithms that aid one in doing this, including popular algorithms such as Kalign, MAFFT and Muscle. There are two methods of creating an alignment; global and local methods. Global methods cover the entire length of a sequence, whereas local methods cover parts of a sequence and only high scoring areas are considered. Database algorithms use the local strategy, while MSA (multiple sequence alignment) algorithms use the global strategy. One can employ both strategies if it is not known if the sequences at hand are of related species (78, 79). 

Rooted phylogeny construction usually requires the use of an outgroup, or reference species. The outgroup is usually chosen if it is a relative of the species under study, but not so closely related that it may show great similarity with the species of interest. The reference is excluded from within the taxonomic group, and is assumed to have branched out from that group sooner than the species within that phylum (taxonomic rank at the level below Kingdom and above Class in biological classification). The chimpanzee and Neanderthal have both been used in phylogenies involving humans or hominids; unrooted trees, however, do not require the addition of an outgroup. Phylogenies can be used to determine the genetic distance between taxa and can thus aid in deciphering the genetic proximities of different population groups. In this study, we hope to do the same with the aforementioned skeletal remains and the available genetic data from specific population groups in southern Africa.  
[bookmark: _Toc327180784]


Drawbacks of aDNA research

As mentioned above, the major setback with aDNA research is that some climatic conditions do not support the proper storage of DNA, thus allowing for DNA degradation. The DNA may thus be impossible to amplify, if any can be extracted at all. Without enough remains from an individual, i.e. if the bones are fragmented or very little tissue is present, and if there is no DNA that can be used, a small piece of bone from a single individual can be virtually useless. DNA can provide many clues about the identity of the individual being studied, even more than bone. 

Another big hurdle is, however, contamination. Some very exciting reports on aDNA sequences have been completely discredited due to the discovery of contaminating DNA from either micro-organisms or even modern humans (as mentioned above). Sources of contamination may be in the form of organisms that come into contact with the body after death, as well as human DNA from the researchers or anybody else that handled the remains. Some authors have suggested ways to minimize the chances of contaminating samples with modern human DNA; these include the use of laboratories that are dedicated to aDNA research, with separate sections for each step of the protocol (i.e. one for DNA extraction, another for PCR, another for sequencing etc.), the use of disposable laboratory clothing (as well as masks, gloves and caps) and disposable lab equipment wherever possible. The surface of the workbench is also treated with bleach, the lab equipment, workbench and reagents that do not contain DNA are also treated with radiation(80). Although it is impossible to completely rid one’s samples of contaminating DNA, it is good practice to try to minimize it wherever possible to avoid distortion of the results. Ginolhac et al. suggests a way to search for contaminating DNA in an ancient DNA sequence; the Perl Sriptmap Damage program detects typical modern DNA sequences(81).Typical sequence patterns that result from aDNA damage have been identified and can help distinguish damaged ancient sequences from modern contaminants; which include: short sequence length; an excess of cytosine to thymine (C-to-T) misincorporations at 5’ ends of sequences, and complementary guanine to adenine(G-to-A) misincorporations at 3’ termini, due to enhanced cytosine deamination in single stranded 5’ overhanging ends(82, 83).
[bookmark: _Toc327180785]Ethical considerations when working with human samples

Legal and ethical issues surrounding human DNA studies should always be taken into consideration with special care to remain sensitized to social and religious beliefs that exist in different communities. Issues have been highlighted that pertain to the ownership of DNA samples, i.e., who owns the right to genetic information, who can it be transferred to, and if a disease is diagnosed on an ancestral sample, what are the ramifications for that individual’s descendants? If they had never elected to know about such disease risks, what right has the researcher to release any information about the diagnosis?  The results of aDNA research has a possible impact on the legal, social and political state of affairs of living descendants, and also has the potential of offending certain beliefs that people may have about their ancestors (1, 70).   Communities therefore need to be informed about any such work that could be performed on their ancestors, as well as the importance of such research. Ideally, the researcher would like to have the participation of communities and their leaders, such as in the research by Steyn et al 1998 with the Thulamela remains. The community was fully involved in the process of retrieving as well as the ritual re-burial of the individuals, who they believe are their ancestors(3). Extraction of DNA from bones is generally destructive, and should therefore only be conducted when absolutely necessary, as preservation of the bone sample may be important for further osteometrics analyses or to conduct more test using technologies that were perhaps unavailable at the time if the initial study (70).

When studying human remains, ethical, legal and social implications (ELSI), need to be strictly considered, especially if these may affect living people. Without official consent from the deceased (which is often the case) on what would serve as an appropriate manner in which to handle their remains, proxy consent can be obtained from the descendants of the deceased (the controversy arises where the descendants of such individuals cannot be positively confirmed). Scientists have to be content with the proxy consent of the living descendants, as well as with the assumption that the decisions they make would serve the interest of the deceased(70, 84).  Federal and institutional regulations have been put in place to secure the right of living participants in scientific research; however the debate on the rights of the dead has been a long and old one (even since Aristotle). Holm suggests that the beliefs of the deceased are to be dismissed if we do not know what those beliefs were (if no descendants are known). 

In South Africa, the custodian of heritage related issues and items is SAHRA, the South Africa Heritage Resources Agency, which is employed under the National Heritage Resources Act, No 25 of 1999. SAHRA promotes education and training to encourage public involvement in the discovery and understanding of historical items that can add to knowledge about much of Africa’s undocumented history. In addition, SAHRA also protects the rights of communities that claim a connection to archaeological finds such as graves and human remains. 

Overall, anthropologists and geneticists (or scientists in general) have a duty to obey a specific ethical code; one that primarily avoids offending the religious or sentimental beliefs of people and handling information in a way that will not stigmatize individuals or groups of people (for example if genetic information reveals a certain genetic disease that may be carried by living descendants). It is also imperative that informed consent be acquired from participants of such studies-these should be informed of the implications of their participation as well as what may happen to the information they provide in future.
[bookmark: _Toc327180786]Conclusion and prospects


Ancient DNA analyses have become highly instrumental in the studies of modern human origins. The sequencing of the Neanderthal genome has provided further insight in this regard, as support for one model of modern human expansion out of Africa. The ‘out of Africa’ model proposed that Eurasian hominids such as the Neanderthals were completely replaced by the group that migrated into Eurasia from Africa, with little or no gene exchange, and some authors support this hypothesis (85), whereas the ‘regional continuity’ model suggests that there may have been admixture between the two populations. The Neanderthal genome sequence suggests that some genetic exchange between anatomically modern humans and Neanderthals did occur as some Neanderthal specific genes exist in modern Eurasians (86), however the debate still continues. A resolution in this debate may help scientists to decipher more about our evolutionary past and population genetics has played a great role in clarifying long- and short-term evolutionary changes that have shaped modern populations of different species. 

Population genetic studies have been performed in South Africa and have given insight into the patterns of gene flow and have shown that certain clusters of populations correspond with specific language groups-thus supporting the notion that linguistic similarities may be indicative of genetic and cultural relatedness. However, geographic distances do not clearly correlate with linguistic distances, which suggest that genetic and linguistic contact occurred before South African native populations became situated where they are presently (87).  DNA studies pertaining to the genetic diversity of native and non-native South Africans has persisted over the years and has shown the effects of the country’s past (and present) contact with people from other countries, so that we now know the maternal and paternal genetic contributions into certain population groups; (76, 88, 89) for example, the maternal contribution of DNA from the Khoisan population in Cape Coloured people (90).

Given what is already known about the genetic substructure of the Bantu in southern Africa, there is still more to be deciphered. The purpose of this study is to clarify the pattern of gene flow as well as the extent of admixture between population groups. The exchange of culture and technology is often accompanied by the exchange of genes. The cultural link between subjects (from Thulamela) with that of Zimbabwe and Venda is highly indicative of a genetic relatedness as. The information gained from this will add to the osteometric and archaeological evidence on the Thulamela remains, by conducting a comparative study between these and information in a DNA database of the same population. The information obtained should contribute to the data that has been captured on the origins of the Bantu, their migration patterns, as well as how their culture may have evolved to what it is today.
[bookmark: _Toc327180787]Purpose of investigation / research

The purpose of this investigation is to attempt to extract DNA and to determine the ancestry, using DNA sequence data (specifically, mitochondrial DNA haplotypes) from the remains of the two individuals found at Thulamela. The purpose of this is to compare this information to that of an existing population within the region in order to gain more information on their ancestral origin as well as their possible descendants. This will shed more light on the migratory patterns and settlements of African populations in the southern African region.
The objectives include: Isolating genetic material from the bones, sequencing certain genes of interest (informative markers on ancestry) as well as comparing these to pre-existing DNA sequences on an online database. This analysis will not only estimate the ancestry of these individuals, but it will also identify possible ethnic groups that may have descended from the individuals under study.
[bookmark: _Toc327180788]Choice of research and subject

With the exception of the Khoisan people, who are the oldest population in the southern-most parts of Africa, southern African bantu-speaking populations have a long history in southern Africa and due to many erasures of historical details by our colonial past, the story of African population origins has become an interesting puzzle to solve. The Eurocentric views of the past are now being replaced by this emerging knowledge that Africa may not be a ‘dark continent’ after all, but instead a land of thriving populations with organized political structures as well as wealth and in addition to that, a cradle of all human kind (91{Hammer, 1998 #494)}.Research in archaeology has revealed much about the missing pieces of this African puzzle, through the discovery of graves, tools and ancient cities or villages, and these have shown that ancient African populations were not primitive as previously thought, but had instead created their own civilization. 

Much interest has now developed in deciphering the population genetic structure as well as understanding the genetic diversity of the people of Africa. The introduction of genetics into the study of ancient human remains has provided definite clues about migration, kinship, and also identified putative ancestors to some populations. The importance of this particular study is to correlate genetic with archaeological data pertaining to the migration and expansion of the Bantu, specifically from the Great Zimbabwe culture and the rest of southern Africa. Osteometric data on the two individuals whose remains were found in Thulamela (the main subjects of this study) indicate that these people are likely to be of Zimbabwean origin and we hypothesize that they may have been part of the population that left Zimbabwe and gave rise to the vha-Venda. Because these individuals were found along the path of the Bantu expansion that lead to the Natal area where the Nguni-speakers settled, there may even be some shared genes between these two subjects and the Zulu people, however, there is no significant cultural link between the Zimbabwe and the Zulu people that may indicate that these people could be related. This study will thus test the above mentioned hypothesis by comparing the DNA of the Thulamela remains with that of contemporary vha-Venda, va-Tsonga as well as Zulu people. 

[bookmark: _Toc327180789]Type of study

This will be a descriptive study that aims to substantiate the anthropological and archaeological evidence pertaining to the Thulamela, using comparative DNA analyses remains. 

[bookmark: _Toc327180790]Materials and methods

The skeletal remains that were found at Thulamela were reburied, but samples were kept with permission of the local communities, with the intention to perform DNA analysis. There are housed in the Department of Anatomy, University of Pretoria. These bones were never handled without gloves, and were stored in plastic wrap and reserved for possible DNA analysis. The bones include thoracic and lumbar vertebrae, a talus, cuneiform, fragmented long bones as well as some teeth. Only a small subset of these will be used to extract DNA, for example, two teeth may be sufficient. The individuals were named UP 43 and UP 44. DNA will be extracted from these individuals (both nuclear and mitochondrial DNA wherever possible) as well as DNA from living people from the vha-Venda, va-Tsonga and Zulu people for comparison (using a DNA database). In addition, samples from other possibly related archaeological sites will also be assessed for comparative purposes. There are the remains from two individuals excavated at Stayt, a Mapungubwe type site, as well as other sites, namely, Makapanstad, Imbali Lodge, Umdloti, and a site in Nwanetzi (See summarized reports in appendix). It should, however, be kept in mind that no specific samples from these remains (except those from Thulamela) were set apart for DNA analysis, and contamination may be a problem.

The DNA will be extracted using the silica method. DNA extraction will be followed by PCR amplification of the AMEL, zinc finger protein and SRY nuclear markers as well as HV1 and HV2 mitochondrial markers.  These regions will then be sequenced and each of these sequenced markers will be used to construct unrooted phylogenies, as all the individuals in this comparison belong to the same species.  The phylogeny will reveal the relatedness of these genetic markers as they represent each population group. 

[bookmark: _Toc327180791]Contamination control

Due to the risk of pre-laboratory contamination, as well as to detect and exclude contamination     with modern DNA, individuals who handled the skeletal remains at any point during the excavation, retrieval, morphological/osteometric analyses will be identified, and after acquiring informed consent, their mtDNA and nuclear will be extracted and sequenced for the same markers that will be used from the skeletal samples. Ancient DNA extraction, amplification and sequencing will be performed in a dedicated aDNA lab at the University of Zurich, Switzerland. Standard precautionary measures will be followed, such as using separate pre- and post-PCR areas, using disposable workbench material (pipettes, lab-coats, face-masks, caps), cleaning with bleach and UV irradiation of workbench and materials, as well as negative controls for PCR and extraction.


[bookmark: _Toc327180792]Collection of data

Genetic data on the mitochondrial hypervariable regions HVRI and HVRII as well as that of the above-mentioned sex markers will be accessed from GenBank, and the database sequences that will be used will be from southern African peoples for comparison with DNA from the skeletal collection.

[bookmark: _Toc327180793]DNA extraction and purification

Extraction and purification of aDNA will be performed according to the method by Adachi et al. (92). Bone samples will be dipped in 15% bleach solution, and then rinsed thoroughly in RNase-/DNase free distilled water. After allowing to air dry, the bone will be drilled (with a dental drill where necessary), rinsed and air-dried again, this time under UV irradiation for 90 minutes, while being turned over several times. The sample will then be encased in silicone rubber, and after the rubber has hardened, the tip of the root of the tooth is cut with a cutting disk (a slight modification of this method can be applied when extracting from bone). The pulp cavity or spongy bone (depending on whether it is a tooth or a bone) is then removed through the drilled opening and powdered. The powdered sample will be decalcified in 0.5M EDTA at room temperature overnight. Decalcified samples will then be lysed with Proteinase K and the DNA will be extracted using a kit such as FAST ID DNA Extraction Kit (Genetic ID) in accordance with the technical manual (43). 

[bookmark: _Toc327180794]DNA amplification, sequencing and analysis

Following the extraction of DNA, as well as confirmation of the presence of genomic DNA by gel      electrophoresis, amplification of specific gene regions will follow, using specific PCR primers. These regions will then be sequenced using the same primers, after which they will be analyzed and viewed on a computer using a program such as CLCBio. The sequences will be compared to other sequences on the GenBank database; the collection of query sequences and those found on GenBank will then be aligned using the Kalign multiple sequence algorithm and the alignment will be used to create individual phylogenies for each gene region analyzed. 



[bookmark: _Toc327180795]Logistics

Firstly, permits will have to be obtained from SAHRA to do destructive analyses on the archaeological remains. Export permits will also be needed as the samples will be analyzed in Switzerland. If SAHRA so requires, consultations with relevant communities may be required to get the necessary consent from the involved communities. Assistance will be required from SANParks (South African National Parks board) in this regard. 

Written permission to use the bones for destructive analysis will also need to be obtained from the curator of the archaeological bone collection, Department of Anatomy.
Ethical clearance will be requested from the University of Pretoria, student ethics committee.
[bookmark: _Toc327180796]Data processing

DNA extraction, sequencing and processing of the genetic data will be conducted at the University of Zürich under the co-supervision of Prof. Frank Rühli.  The analysis of the data will take place at the University of Pretoria, and the statistics will be analysed at the Medical Research Council.
[bookmark: _Toc327180797]Financing

Funding has been acquired from the National Research Foundation (NRF-scare skills) as well as the Swiss Federal Government Scholarship and more funds are being anticipated from the University of Pretoria post-graduate bursary.
[bookmark: _Toc327180798]Budget

	Item
	
	
	
	Quantity
	Cost (SAR)
	Shipping to Zürich

	FAST ID DNA Extraction Kit (Genetic ID) 
	1
	4 173
	1 637
	

	Taq Hi-Fi polymerase (Sigma Aldrich)
	1(500 units)
	1 640
	2 000
	

	MinElute PCR Purification Kit (QIAGEN, part # 28004)
	1
	1 751
	0
	

	Ethidium Bromide (Sigma Aldrich)
	1
	728
	1 730
	

	GelPilot 100 bp Plus Ladder (100)  (Quiagen, cat #239045)
	1
	1 948
	0
	

	QIAquick Gel Extraction Kit (QIAGEN, part # 28704
	1
	1 677
	0
	

	50x TAE Buffer (Sigma Aldrich)
	
	1
	7 608
	2 000
	

	Illumina ChipSeq kit
	
	1
	19 576
	(price incl. shipment)

	Export and analysis permit (SAHRA)
	1
	150
	
	

	Export of skeletal samples
	
	1.5kg
	
	4 300
	

	Total
	
	
	
	
	39 251
	11 667
	

	Grand total
	
	
	
	
	50 918
	




[bookmark: _Toc327180799]Reporting
The report will be in the form of an MSc as well as a scientific publication. We will also return to the participating communities to report our results.
[bookmark: _Toc327180800]Appendix

Summarized report of other sites:
Stayt, an Iron Age site
M Hutten, WC Nienaber, M Steyn
The archaeological site Stayt is situated on the Staytfarm  in the Tshipise district of South Africa’s Limpopo Province. The site is relatively unknown, and not much has been published about it. It has been investigated by the late MrHelgardPrinsloo in the 1990’s with the help of several post-graduate students, during which time several field work sessions have been conducted. The site itself is situated on sandstone hills approximately 20 km south-west of the town of Tshipise. Similar sandstone hill complexes, such as the well-known Mapungubwe Hill, are found in a line along the Limpopo River that runs from the west of Pontdrift right up to the Mozambique border in the east. These hills are the remains of petrified sand dunes and belong to the Tshipise Member of the Clarence Formation, part of the Karoo Super Group. These dunes formed approximately 200 million years ago and were since eroded away to form the sandstone hills.  Stayt seems to have a strong relationship with Mapungubwe Hill, and similarities in ceramics, settlement trends and bead work have been noted. Although much smaller, the concept of a settlement on top of an isolated hill also shows some similarities to Mapungubwe Hill. Charcoal from the site was radiocarbon dated to 910 ± 50 years BP (AD 1063-1074; 1157[1192]; 1235 – Pta 4328), whereas human bone was dated to 820 ± 50 BP (Pta 4363: calibrated to AD 1227(1264)1283).  
The preservation of UP 77 was very poor, and none of the larger bones were intact. Of the skull, only the left maxilla with five teeth, 17 loose teeth and a few fragments could be retrieved. No recognizable vertebrae, claviculae or scapulae were found and the ribs and pelvis were extremely fragmented. Sections of both humeri, the right radius, both ulnae, femora, patellae, tibiae and fibulae were found, as well as some hand- and foot bones. Sex estimation was extremely difficult due to the fragmentary nature of the remains. Neither the pelvis nor the skull was sufficiently intact to be of any help. A few femoral and tibial measurements were possible, some of which had been taken with the skeleton still in situ. The measurements should therefore be regarded as estimations only. The measurement of the head of the femur (41 mm) is closer to the female average, although the length, mediolateral and anteroposterior diameters as well as the circumference of the femur are all more than the average quoted for males. The few dental measurements that were possible also tend towards the male size. Although it is not possible with any degree of certainty to make a definitive diagnosis of sex, it may tentatively be suggested that this individual was male.
As was the case with determination of sex, very few parameters for aging this skeleton are available. No pubic symphysis, sternal ends of ribs or cranial sutures are available. All epiphysis are closed and the third molars are fully erupted and worn. The teeth are worn to a degree where most teeth show some dentine exposure and some osteophytes are present on the proximal articular surface of the proximal phalanx of the first toe. No other signs of articular degeneration could be seen. These features point to a middle aged adult individual. 
When the in situ measurement of the femur is used, the ante-mortem stature is estimated to have been 167.72 ± 2.777 cm. This falls within the quoted ranges for males of this population group, and would be seen as an average stature as compared to modern groups.
There are no signs of tooth decay on any of the teeth, although the maxillary left third molar had been lost ante-mortem. A single enamel hypoplastic line is present on one of the lower canines. Abrasion is present on the right upper canine in the form of about ten horizontal lines on the buccal surface of the tooth crown. The cause of this is not clear. Tooth wear is rather pronounced, with the first molars generally having only an enamel rim left, while the third molar shows wear but without any dentine patches. There are no clear differences between the degree of tooth wear of anterior and posterior teeth. 
 The poor preservation of this skeleton made observations of signs of disease nearly impossible. Other than some osteophytes observed on the proximal surface of the proximal phalanx of the big toe, no other pathological changes could be observed.  
UP 78 represents a juvenile individual, with bones even more friable than that of UP77. Cranial fragments were retrieved, as well as small parts of the pelvis, the middle sections of both femora, and a piece of fibula. Several foot bones were present, as well as several unidentifiable fragments. No teeth were found.
No attempt was made to determine the sex of this individual. Based on the size of the remains, this child was probably less than five years old, although not newborn.
[bookmark: _GoBack]
Mluwati (Imbali Lodge), Kruger National Park
M Steyn, WC Nienaber
Human remains were discovered at Imbali Lodge, Kruger National Park, during the digging of an access bay to provide disabled access during late 2010. The find was reported to the SAPS at Skukuza, who recogniszed that the find was of archaeological origin and subsequently FARC was asked to assist with the recovery.
During the 2002 excavation animal bone, pottery, beads and grinding stones were found. Charcoal was submitted for radiocarbon analysis, and yielded an age of 410 + 40 BP (calibrated to AD1456 (1487) 1521; 1576 – 1627). Pottery was assigned to the Shingwedzi or the Pafuri– industries. An assessment of the animal bones by S. Badenhorst revealed that all animal bones were those of non-domesticated animals, with particular prevalence of larger animals. It therefore seems that no domesticated animals were present, and the suggestion was thus made that this may have been a hunting camp. The skeleton is fairly complete, but generally in a poor state of preservation. The skull could be reconstructed to some degree, but the facial bones and neurocraniuam are separated. The mandible is near complete, with some bone loss near the chin area. All major long bones are represented, but none of them is complete. No parts of the pelvis or foot bones are preserved, but some hand bones are present. Seven thoracic and two lumbar vertebrae as well as several vertebral fragments are present. All ribs are fragmentary.
Age and sex
All permanent teeth had erupted and show wear to a degree where dentine patches are present. The long bone epiphyses and synchondrosisspheno-occipitales are obliterated, indicating a fully adult individual. The sternal ends of ribs are in a phase 4 (30 – 37 years) or 5 (38 – 46 years). Most of the cranial sutures are still open, but slight osteophytic lipping can be observed on some of the vertebral bodies. These characteristics indicate a middle aged individual who had probably been between the ages of 35 and 50 years when he died.
Sex determination is difficult as the pelvis is not preserved. The very robust looking mandible with square chin and broad ramus with everted gonial angles, however, indicate a male individual. The skull itself shows a prominent nuchal crest, rounded orbital margins with a vertical forehead and small glabella (thus not clearly male or female). The femoral midshaft circumference of 90 mm and tibial circumference at the nutrient diameter (99.0 mm) also indicate a male individual. In conclusion, it can be said that this was most likely a male individual.
Ancestry and stature
The long and low skull (cranial index 68.6) with wide nasal width and guttered nasal sills indicate an individual of African ancestry. Unfortunately none of the long bones are complete, therefore no estimate of stature could be made.
Dentition
All teeth are present, except for the upper right central incisor which is post mortem missing. Severe periodontal disease is present, but there are no signs of dental caries or enamel hypoplasia. Some osteitis seems to be present on the mandible, below the lower incisors, but the bone is damaged in that area so it is difficult to be certain. All posterior teeth are worn to a degree where dentine patches are present. The anterior teeth, however, and specifically the remaining upper central incisor are excessively worn, possibly indicating the use of teeth for purposes other than chewing. The right upper canine is worn on both sides, and a v-shaped gap is present between the right lateral upper incisor and canine. This may indicate that something was gripped between the teeth, possibly a pipe (pipe smokers wear – Morris 1988).
Trauma and pathology
A possible infective lesion is present on the anterior side of the mandible, below the incisors. No orbits are present, and there are no signs of porotichypersostosis. Some slight striations are present on the anterior tibiae, but they are not very pronounced. Both ulnae seem to be excessively curved, but the reason for this is not clear.

Nwanetzi (Kruger National Park)

Early in 1999 a human skeleton eroding out of the soil was noted by park rangers and reported.  This skeleton was found near the Nwanetzi picnic spot, not far from the Eastern Border of the Kruger National Park. The body was on its back, although slightly turned on its left side, with the face towards the foot path. The upper part of the body seems to have been straight, and the lower part flexed. Large tree roots grew through the skeleton just below the pelvis, completely destroying the lower limbs with the exception of the right foot which was close (but to the other side of the roots) to the pelvis. It seems possible that this was a niche grave, which had been dug from the side of the foot path. The body was then possibly positioned into this opening, in the position as described above, and then closed from the side. This can, of course, not be confirmed above reasonable doubt.

The skeleton

A section of the skull had been exposed, and was bleached by the sun. The face, mandible and all teeth were missing. The remaining parts consisted of pieces of the neurocranium, which were reconstructed. All vertebrae, both scapulae and claviculae, many of the ribs, fragments of the pelvis and the complete right upper limb were preserved. The lower limbs were represented by a piece of fibula and the right foot.

Sex and age
The pelvis was very fragmentary, but the sciatic notches seemed narrow. The individual was robustly build, with a prominent inion and pronounced muscular markings on the skull. All the humeral measurements clearly fell within the ranges for black South African males. A tentative diagnosis of a male individual was made.
Very few specific indicators of age were available to judge the age by. The long bone epiphyses were all closed, indicating an adult individual. All cranial sutures were open, but some of the vertebrae showed early signs of osteophytic lipping. The age was thus estimated to have been about 30 -50 years.

Race and stature

No reliable cranial measurements could be taken, but the skull was clearly dolichocephalic (long and narrow). This may indicate an individual of South African Negroid descent. A wide interparietal groove, seen in this individual, often occurs in people of Khoisan descent, but may also be present in South African Negroes.
The stature, calculated with the help of the radius, was about 162 cm. This is fairly short for a person of South African black individual.

Health
No clear signs of disease could be found. No cribraorbitalia were present. Early osteophytic lipping was present on some of the cervical and lumbar vertebrae.

Bone samples
Bone samples which may be used for future DNA analysis were collected. Another bone sample was submitted to the CSIR for radiocarbon dating.

Grave goods and cultural context
Only one potsherd was found, to the back of the third lumbar vertebra. No other grave goods were present. No signs of occupation were found in the surrounding area, but the grass was very long. It is suggested that the area be investigated in late winter when the vegetation is less dense.

The remains are those of a possibly black, male individual of about 30 - 50 years of age. No signs of disease or clues as to the cause of death were seen. No clear indication as to the cultural context could be obtained, and the results of the radiocarbon dating will be interpreted along with the evidence from the single potsherd to obtain an estimate of the time period during which the individual was buried.
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