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Abstract 

 

When European settlers first arrived in Australia in 1788, Aboriginal Australians, or 

Traditional Owners, spoke more than 250 languages. Indigenous Australian languages 

are now broadly categorised into two groups: Pama-Nyungan (PN) and Non-Pama-

Nyungan (NPN) languages. PN speakers traditionally inhabited more than 90% of the 

land mass of mainland Australia, whereas NPN speakers traditionally occupied only 10% 

of the land area, and this was in the far northwest of the continent. The NPN language 

group in particular shows very high linguistic diversity.  

 

Studies of nuclear DNA variation can provide valuable information on population 

polymorphism, structure, and demographics such as expansion, settlement and to date, 

there have been no such studies on NPN populations. Hence, population genetic studies 

are important to understand the genetic structure and history of NPN speaking 

populations. To understand the settlement of NPN language speakers in Australia and 

their genetic relationship with PN speakers, I undertook a comprehensive population 

genetic analysis of Aboriginal Australians across the continent. I obtained 56 samples 

with approval of Aboriginal Australian Elders from six different regions of the country, 

including Groote Eylandt Island (Anindilyakwa language speaker; NPN), Mornington 

Island (where Lardil, Kaidal and Yangkaal language speaker; NPN), northeast Arnhem 

Land (Yolngu language speakers; PN) and Normanton (Gkuthaarn/Kukatj language), 

Cairns (Gunggandjii) and Stradbroke Island (Jandai language speakers; PN). I performed 

whole genome sequencing with coverage (30-60X) and population genetic analysis of 

individuals representing three PN-speakers from three locations and four NPN-speaking 

populations from two locations. The 56 new genomes reported here were combined with 

previously published whole genome sequences of contemporary (100) and high coverage 

(5X) ancient (4) individuals to understand maternal and paternal ancestry, as well as 

nuclear genetic diversity.  

 

Mitochondrial DNA analyses revealed that Aboriginal Australians comprise four major 

haplogroups.  These comprised N and S haplogroups that are unique to Aboriginal 

Australians while P, M haplogroups are shared with their neighbours from Papua and 
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South East Asia. Phylogenetic analysis of whole mitochondrial genomic sequences 

showed NPN and PN speakers have shared ancestry within Australia and outside 

Australia, prior to European settlement. Analysis of Y-Chromosome haplogroups showed 

that NPN language speakers from Gulf of Carpentaria Island regions and PN speakers 

(Yolngu) from northeast Arnhem land have experienced very little admixture with 

Europeans since they arrived. However, Y-Chromosome marker from individuals belong 

to Stradbroke Island and Normanton showed that 90-100% of samples have European 

and East Asian ancestry. In addition, Y-Chromosome sequences from the Arnhem Land 

region showed that members of the Yolngu speaking population have a higher level of 

shared male ancestry with NPN speakers from Groote Eylandt and Mornington Islands 

than with other PN populations. 

 

Analyses of nuclear whole genome data, including PCA, ADMIXTURE & Out-group 

F3-statistics, revealed that NPN have distinct ancestry shared among NPNs. In addition, 

genetic analysis shows that PNs are the closest population to NPNs. This suggests that 

Australia were likely colonised by a single founder population. Furthermore, Nuclear 

analysis of PN speaking Arnhem Land population show that they are more closely related 

to NPN speakers than any other PN speakers in Australia. This is owing to the 

geographical proximity between these populations than their linguistic relatedness.  

 

Finally, the above 56 Aboriginal Australians samples were used to address the intriguing 

hypothesis, first proposed by Thomas Henry Huxley in 1870, that a close genetic 

relationship exists between the Indigenous peoples of Australia and India. To investigate 

this hypothesis, I sampled 14 genomes from South Asia and sequenced these to 30X 

coverage. These were compared to 160 Aboriginal Australian genomes which comprised 

newly sequenced (56) and previously published modern (100) together with ancient (4) 

samples. Population genetic analysis revealed that Aboriginal Australians do have Indian 

ancestry, ranging from 1-7%. However, due to the low proportion of Indian ancestry in a 

very few individuals I could not further confirm the potential Holocene migration from 

India to Australia.  Future studies based on more modern and ancient Aboriginal 

Australian genomes could help to confirm or reject the hypothesis.  
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The datasets presented in this thesis provide new knowledge about Aboriginal Australians 

including insights into their uniparental sequence ancestry, as well as genetic structure 

and settlement of NPN language speakers. These results will be invaluable for future 

research on contemporary Aboriginal Australians and will provide important implications 

for the identification of unprovenanced remains from regions across Australia.  
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1 Introduction 
Aboriginal Australians are the oldest indigenous population with a continuous history 

outside the African continent (Hiscock, 1990). The prehistory of this remarkable culture 

has been studied from the perspective of multiple disciplines, including Aboriginal oral 

history, sociocultural anthropology, archaeology, linguistics, and genetic (P. McConvell 

& Evans, 1997; Malaspinas et al., 2016). Each of these disciplines can provide unique 

knowledge. Aboriginal oral traditions provide an Aboriginal perspective but lack 

scientific evidence per se. Conversely, archaeological, linguistic and genetic studies 

provide scientific knowledge but lack an Aboriginal perspective. As a result, an 

interdisciplinary approach is often used to better understand the cultural histories of 

Aboriginal Australians. The following section provides a brief literature review of 

Aboriginal Australian oral history, archaeology, linguistics, and genetic studies as they 

are relevant and important to understand settlement Aboriginal Australians. 

 

1.1 Aboriginal Australian oral history 

Studies of Aboriginal oral traditions provide knowledge from an Aboriginal perspective. 

Early scholars ignored the significance of such Aboriginal oral knowledge, considering 

oral tradition as mere myths of the past with no substantial evidence (P. McConvell & 

Evans, 1997). However, oral traditions represent a valuable resource to understand the 

prehistory and peopling of Australia. Although the study of these oral traditions was 

largely ignored in the early 20th century, over recent decades a range of scholars have 

actively studied Aboriginal Dreamtime. Dreamtime is a legacy of change of 40,000 years 

from one generation to the present in mythical, dramatic and / or visual form (Taçon, 

1989). This knowledge sometimes is in conflict with the knowledge obtained from 

scientific, linguistic and archaeological disciplines.  

 

Based on oral tradition, Chaloupka (1985) reported the existence of multiple founding 

ancestors in western Arnhem Land, each with different cultures over different time 

periods (Chaloupka, 1985). For example, according to one of the Dreamtime stories, the 

Warramurrungundji people populated the land and grew plants for food. Nakorrhko, a 

man from western Arnhem Land, introduced ceremonies and conversed with two other 

male spiritual figures, Mandjawilpil and Nadjamulu, about how to structure human 



  17 

society and social relationships (Taçon, 1989). Mandjawilpil and Nadjamulu subdivided 

the structure of Aboriginal society and social relationships, gave the people unique 

symbols, instructed the people with materials, and showed important ceremonies. For 

example, the Yolngu speakers from the North east Arnhem land have been influenced by 

Macassans. There are records of trade between Macassan people and Yolngu speakers 

prior to the arrival of European settlers, possibly as early as 16th century (Walker & Zorc, 

1981). In addition, according to Djjanggawul, a mythology of the Yolngu speakers from 

Arnhem Land, Baijni (a mythological population) people, had contacts with Yolngu 

people. Some scholars have argued that the Baijni people might simply represent a story 

with no actual contact with any people. Other authors argue that some populations from 

Asia were closely related to the Macassan people or people from China (Berndnt, 2004). 

Macassans regularly visited the northern regions of Australia and traded with members 

of the Yolngu community in Arnhem Land. They harvested trepang and pearls in 

exchange of goods such as knives, pipes, and tobacco (Walker & Zorc, 1981). 

 

1.2 Archaeology 

Archaeology aims to understand the history and prehistory of modern humans by 

reconstructing cultural history and cultural changes through the discovery and study of 

artifacts. For most of the history of modern humans, Australia had lower sea levels than 

the present day and it was connected by land bridges to Tasmania and Papua New Guinea, 

forming the supercontinent of Sahul (Fig. 1). Tasmania was cut off from mainland 

Australia by the flooding of Bass Strait approximately 11,000 years ago and Papua New 

Guinea was separated by the formation of Torres Strait and Gulf of Carpentaria 8,000 

years ago (Lewis, Sloss, Murray-Wallace, Woodroffe, & Smithers, 2013).  
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early culture of Aboriginal rock art paintings and represents one of the oldest records of 

prehistory. The second phase (6,000 year ago) incorporated changes to the first phase 

such as use of different colours, and it illustrates the kinship arrangements of Aboriginal 

society at the time. 

 

One of the major aims of Australian archaeology is to identify which route modern 

humans took to reach Sahul (Fig 1). Ancient continental shelf of Sahul (landmass 

included Papuan new Guinea, Australia and Tasmania) and Sunda (expanded from south 

east Asia mainland and up to islands such as Borneo and Philippines) were separated by 

~400 km sea (Fig 1), (O'Connell & Allen, 2004). Although there were connecting islands 

scattered across this strait, there is still no conclusive evidence as to which route modern 

humans took to reach Sahul (Allen et al., 2020), but two major hypotheses have emerged 

(Joseph B Birdsell, 1977). The first is a ‘Northern’ route through present-day Sulawesi 

and Buru to Papua New Guinea (Fig. 2). An alternative ‘Southern’ route was proposed 

via present-day Java, Bali, and Timor then into Northern Australia (Fig. 2). A recent study 

suggested that the northern route is more likely based on mathematic modelling of a ‘least 

coast’ dispersal model (Kealy, Louys, & O'Connor, 2018). Kealy et al. (2018) proposed 

that modern humans landed on present-day Misool Island approximately 50,000-65,000 

year ago. They also suggested that settlement via the southern route was unlikely because 

there are no modern human remains nor archaeological sites along the southern route yet 

there is evidence of archaeological sites older than 50,000 years in northern Australia and 

New Guinea. However, a study based on Hepatitis B virus suggested ancient human 

population movement via the Southern Route, through Timor into Australia (Yuen et al., 

2019). Hence, the route taken to reach Sahul has not yet been resolved. 
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Figure 2: Possible Northern and Southern routes of human migration into Sahul. 

 

Description: Adapted from (Joseph B Birdsell, 1977). 

 

Another question that archaeologists have attempted to address is when modern humans 

first reached Australia after moving out of Africa. Scholars in the 1960s thought that 

Australia was occupied 10,000 years ago. Since then, dating of the settlement of Australia 

has changed as more evidence has emerged throughout the continent. One of the 

important sites is Malakunanja II, in Kakadu National Park. This was dated to ~18,000 

years ago using radio carbon dating methods in the 1970s. However, thermoluminescence 

dating suggests that the site was occupied between 50,000 and 60,000 years ago (Roberts, 

Jones, & Smith, 1990). In addition, the skeletal remains of ‘Mungo Man’, discovered near 

Lake Mungo in southern Australia and dated to 40,000 years ago, suggests continuous 

human occupation of the continent since at least that time (Bowler, Jones, Allen, & 

Thorne, 1970). In recent years, archaeologists have used a number of techniques to 

investigate the timing, settlement and movement of people. This includes the water craft 

method, the viral infection method, and stone tool analysis. The coastal-viewshed 

analysis and ocean drift modelling method indicated that modern human settlement of 
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Sahul was not accidental and that it might have involved at least a few thousand people 

travelling via many boats (Bird et al., 2019; Bradshaw et al., 2019). Phylogenetic and 

phylogeographic analyses of hepatitis B viral infections across islands of South East Asia 

and Australia inferred an origin for HBV/C4 >59 thousand years ago in Sunda (Yuen et 

al., 2019). Furthermore, Yuen et al. (2019) showed that the most recent common ancestor 

HBV/C4 strain from Australia aged >51 thousand years ago, as the HBV/C4 strain age 

and modern human arrival in Australia can be correlated. Hence, the authors concluded 

that the southern route via Timor to Sahul was more likely. 

 

Clarkson et al. (2017) reported ancient stone tool evidence from Madjedbebe 

(Malakunanja II), a site in Arnhem Land. Using single grain Optically-Stimulated 

Luminescence and radiocarbon (14C) methods, these authors dated the age of settlement 

of the site to ~65,000 years ago. This result created considerable controversy over the 

dating method used particularly because there is no other evidence linking the site to this 

date (Griffiths & Russell, 2018; Norman et al., 2018; O’Connell et al., 2018). A later 

study from Clarkson and colleagues Florin et al. (2020),  showed significant flora and 

fauna changes at the site potentially indicating modern human activity, and also suggested 

a similar time point of 65,000 years ago (Florin et al., 2020). Allen et. (2020) have 

suggested that archaeologists should rethink their earliest settlement models as recent 

evidence appears to suggest older settlement dates than previously expected. Clarkson et 

al. (2020) also provided evidence for the survival of modern humans after the Lake Toba 

eruption ~74,000 years ago and potentially reaching Sahul ~65,000 years ago (Fig 3).  

 

Archaeologists have also attempted to address changes Aboriginal culture after the 

settlement of Australia. For example, there have been discoveries of numerous stone tools 

and rock art paintings that help to understand the culture of people after arriving in 

Australia and how they interacted with animals and trade routes (Williams, Ulm, Turney, 

Rohde, & White, 2015b). It has been suggested that the Holocene period in Australia was 

unusual in that Aboriginal Australians did not develop agriculture, in contrast to many 

other indigenous peoples around the world during that period. Further, how PN (who 

occupy 90% of continent) speakers expanded throughout Australia is largely unknown 

(Bird, O’Grady, & Ulm, 2016). 
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Figure 3: Archaeological sites potentially relevant to human settlement of Sahul 

(Clarkson et al., 2020).  

Description: The figure illustrates list of archaeological sites containing stone tool 

assemblages from Africa to Australia dated >50 thousand years ago (kya). 1. Panga ya 

Saidi; 2. Mumba; 3. Porc Epic; 4. Nazlet Khater; 5 AI Wusta; 6. Jubbah; 7. Qafzeh; 8. 

Skhul; 9. Dhofar; 10. Jebel Faya; 11. Katoati; 12. Mehtakheri; 13. Dhaba; 14. 

Jwalapuram; 15. Denisova Cave; 16. Tam Pa Ling; 17. Fuyan Cave; 18. Lida Ajer; 19. 

Madjedbebe.  

 

The arrival of dingoes in Australia has been an important issue of debate. Dingoes did not 

originate in Australia and must have arrived on the continent either accidentally or 

deliberately as a result of human movement (Balme, O’Connor, & Fallon, 2018; Brown, 

2013). A mitochondrial DNA study by Oskarsson et al. (2011) using wild dog samples 

from southern China, Southeast Asia and Oceania indicated an arrival date between 

4,500-18,000 year ago. This analysis also suggested that dingoes originated in mainland 

Southeast Asia and must have been transported to Australia and New Guinea and 

Polynesia. Pugach et al. (2013) reported that Aboriginal Australians carry 11% of Indian 

ancestry, furthermore estimated the date of admixture to be 4,230 years ago using 12 
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Aboriginal Australian samples. However, others studies (Malaspinas et al.,2016; 

Bergström et al 2016) could not find Indian admixture in Aboriginal Australians using 

nuclear and Y-chromosomes of Aboriginal Australian and Indian samples. Before 

European arrival in Australia, dingoes occupied all of the Australian continent except 

Tasmania, suggesting dingoes arrived after Tasmania split from the mainland (~11,000). 

Archaeological evidence points to an arrival date 5000-4000 years ago (Balme et al., 

2018). Madura Cave evidences suggest that dingos were in southern Australia by between 

3,348 and 3,108 years ago (Balme et al., 2018).  

 

1.3 Linguistics 

Linguists have broadly attempted to study populations of humans from the past 10,000 

years using statistical methods such as lexicostatistics (comparing vocabularies between 

languages to determine their relationship) and comparative or phylogenetic analysis of 

languages (which aims to identify common origin or proto-languages based on word 

similarities and differences) (O'Grady, Voegelin, & Voegelin, 1966; Schmidt, 1919). 

When Europeans arrived in 1788, Aboriginal Australians spoke more than 250 languages 

(Bowern, 2010). Aboriginal Australians lived throughout the continent in groups as small 

as hundreds of people as well as large groups comprising thousands of people in social 

units (P. McConvell & Evans, 1997).  Even highly arid regions such as the Central Desert 

were inhabited. Similar to studies in archaeology, linguistic studies aimed at 

understanding the Aboriginal history of Australia have expanded greatly over the past 

five decades. Early Australian linguists did not follow the traditional linguistics methods 

applied in other parts of the world. Some of the early scholars such as Grey (1841), 

Moorhouse (1846), and Schmidt (1919) observed similarities among languages in the 

southern part of Australia and proposed a common origin. For example, Moorhouse 

(1846) concluded a common origin of languages after inspecting the widespread 

cognancy (words of similar meaning) of first- and second-person pronoun forms in 

Aboriginal Australian languages. Similarly, Grey (1841) observed a ‘radical unity’ of 

similarities among what are now called PN languages (Patrick McConvell & Bowern, 

2011). 
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Figure 4: The figure represents both PN and NPN language families have Proto-PN and 

Proto-NPN ancestors, respectively. 

 

Description: The figure illustrates that Proto PN and Proto NPN originated from Proto-

Australian stem. Here, A, B, C represent different NPN languages, and D, E represents 

PN languages. (adopted from (Heath & Baldi, 1990)). 

 

The initial classification performed by O’Grady et al. (1966) using lexicostatistics divided 

PN families into approximately 20 subgroups. The remaining language families in 

Northern Australia are described as NPN languages.  These are generally more diverse 

than PN languages. Bowern, (2010) also suggested that Australia is not a homogenous 

area, in the context of either geography, social systems or languages. Aboriginal 

Australians exhibit multilingualism and exogamy (the custom of marrying outside a 

community, clan or tribe) in some regions such as Arnhem Land. However, in other 

places the local people may exhibit monolingualism, asymmetrical bilingualism (where 

people can speak one language well, but only to a basic level in another). 
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Figure 5: Aboriginal Australian language tree (Evans, 2005).  

 

Heath (1990) proposed the hypothesis of proto-Australian languages. Briefly, Proto-

Australian represents common origin for all the Aboriginal Australian languages 

including PN and NPN language families. This was later divided into proto-PN and 

proto–NPN (Fig. 4). However, Bowern (2010) suggested that the claim of a proto-

Australian language was premature, as there were insufficient available data to support 

this conclusion. Similar to Heath (1990), Evan (2005) and Evan & Jones (1997) proposed 

a slightly differed proto-Australian phylogenetic tree (Fig. 5). Again, Bowern (2010) 

disagreed and suggested that although many scholars agree with this tree, we need more 

studies to confirm this set of relations. The current parsimonious view is that Indigenous 

Australian languages fall into two groups; PN and NPN. PN speakers occupy 90% of the 

continent and live from the northeast of Australia through the southeast and west of 

Australia. The remaining 27 language groups are broadly categorised as NPN. Over the 

past two decades, scholars have used new methods such as phylogenetics (Bowern, 2010; 

Bowern & Koch, 2004) and Bayesian statistics to understand the Aboriginal Australian 

languages. Dixon (2002) argued that these methods cannot be applied in the Australian 

context because Aboriginal languages are unique and do not fit well in the traditional 

cladistic model. However, others have disagreed, describing this as a premature 

evaluation of groups (Bowern, 2010; Bowern & Koch, 2004). Unlike other worldwide 

languages, the PN languages did not expand with agriculture. When, why, and how PN 

languages expanded to occupy almost 90% of the continent is one of the major questions 

in Aboriginal Australian linguistics.  
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1.3.1 PN languages 

Initial studies by Schmidt (1919), Kroeber (1923) and Capell (1956) identified the 

differences among southwest and northeast languages, and clustered them as “suffixing” 

languages. The structure of Aboriginal Australian languages classified into suffixing (PN) 

and prefixing (NPN) languages. PN language takes a transitive verb at the end of the noun 

hence called suffixing. Briefly, in NPN language the transitive verb added in the begging 

of the noun (Capell, 1937). Hale (1964) later proposed the name “PN” based on the 

similarities observed between the Paman language in the northeast and the Nyungar 

languages in the southwest of Australia. Early studies of PN languages focussed on only 

20 sub-groups from the PN family identified by O’Grady (1998) and this remained the 

case until two decades ago for most PN language studies. Whereas, Dixon (2002) 

supported a diffusion model which suggests dissemination of languages across the parts 

of Australia rather than a shared ancestry with the proto-PN population origin. 

 

There are four hypotheses regarding the origin of PN languages:  

1. PN languages originated around 5,000-7,000 years ago in the Gulf of 

Carpentaria and spread across Australia (Williams, Ulm, Turney, Rohde, & 

White, 2015a) 

2. The origin was around 10,000 years ago during the last glacial maximum 

period (P. McConvell & Evans, 1997; M. Smith, 2013).  

3. The origin was around 10-13,000 year ago (Clendon et al., 2006).  

4. There was a much earlier origin, closer to the time that Aboriginal Australians 

may have reached Australia ~40-50,000 years (Dixon, Dixon, & Robert 

Malcolm Ward, 1997). 

 

In 2018, Bouckaert and colleagues studied the Pama-Nyugan language sub-groups across 

Australia and estimated the time of origin and expansion of these PN languages, based 

on a new Bayesian phylogeographic method. This study was conducted using available 

words in the Chirila database across 306 PN languages. The authors suggested that PN 

languages can be correlated to other worldwide cladistic languages families rather than 

diffusion language. The authors conclude the expansion started at the Gulf plain and 

replaced NPN languages (Bouckaert, Bowern, & Atkinson, 2018) . Bouckaert et al. 
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(2018) suggested that Yolngu speakers moved to the Arnhem Land region sometime in 

the past 7,000-Present years. The genetic relationships among individuals of this 

population and their relationship with other NPN speakers and with surrounding PN 

speakers have not been studied to date. 

 

1.3.2 NPN languages 

NPN speakers from northwest Australia represent a linguistically diverse group. There 

are 27 NPN languages are seemingly unrelated to one another. Evans (1997) and Heath 

(1990) proposed hypotheses of common origin for all Aboriginal Australian languages-

based on word or phonetic similarities (Fig 4). Further, Evans (1997) suggested that the 

region with the most linguistically diverse speakers may potentially be where these 

Aboriginal Australian languages originated. However, recent scholars suggest more data 

are needed to infer any phylogenetic relatedness among NPN families (Bowern, 2010). 

Several primary questions have not been answered in relation to NPN (NPN) languages: 

1. Why are NPN languages so very different to each other? 

2. When did NPN languages separate from a PN ancestral speaker  (Heath, 1990; 

(Evans, 2005)? 

3. What are the genetic relationships within NPN speakers and to PN speakers? 

4. Was there a single settlement of NPN speakers or multiple settlements? 
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Figure 6: The Aboriginal Australian language groups PN (green) and NPN (non-green); 

The map depicts major NPN Families. 

 

McCovell et al. (2011) suggested that the current hypothesis is that Aboriginal Australian 

languages including PN languages and NPN families are part on Proto-Australian (Fig 

5). These form a tree-like structure and have a common ancestor. NPN groups can be 

grouped into 14 macro-language families (Fig 6). One of the largest NPN language 

speaking macro-language family is Gunwinjguan (Fig 6), which is in the middle of other 

macro-language family speakers (Evans & Jones, 1997). However, McCovell et al. 

(2011) proposed the need for additional data to obtain a more robust understanding 

because the PN speaking Yolngu group is also grouped under the Gunwinjguan group; 

macro-Gunwinjguan, a macro language group, should not contain both PN and NPN 

languages. Harvey (2009) questioned the classification of Garawan as a NPN family. The 

Kimberley region is occupied by four NPN families. They are Nyulnyulan, Bunuban, 
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Worrorran and Jarragan. Bowern (2004) studied the Nyulnyulan family using 

grammatical and lexicon features but did not identify any relationship with the other three 

NPN groups in the region.  

 

1.4 Genetics 

In the late 20th century, DNA sequences from uniparental markers (mtDNA, Y-DNA) 

have been used to address questions, such as origins of modern humans, and genetic 

relationship among Indigenous populations (Redd et al., 1999; Stoneking et al, 1989; 

Nagle et al., 2016; Bergström et al., 2016; Wright et al., 2018). Over the past twenty 

years, sequencing technology has improved dramatically and DNA sequencing costs have 

reduced by orders of magnitude (Van Dijk, Auger, Jaszczyszyn, & Thermes, 2014). In 

almost all recent genetic studies of human origins, single nucleotide polymorphism (SNP) 

array technologies have been used to help our understanding of population history (Reich 

et al., 2009).  This has created a number of large-scale empirical datasets that can be used 

to infer human population ancestry. Similarly, over the last ten years, DNA sequencing 

datasets have also increased at an exponential rate, for both modern and ancient human 

genomes. Genomes for archaic hominins such as Neanderthals and Denisovans have been 

assembled as complete genomes with high quality sequencing coverage (Noonan et al., 

2006; Prüfer et al., 2014). 

 

1.4.1 Out-of-Africa 

Early genetic studies (Cann, Stoneking, & Wilson, 1987; Cordaux & Stoneking, 2003; 

Hammer et al., 1998; Vigilant, Stoneking, Harpending, Hawkes, & Wilson, 1991) using 

mitochondrial (mtDNA) and Y-Chromosome DNA markers began identifying the global 

origins of humans. Later, mtDNA studies (Cordaux et al., 2003; Pakendorf & Stoneking, 

2005; Stoneking, Sherry, Redd, & Vigilant, 1992) in the 1980s and 1990s suggested an 

early human origin in Africa, with one group moving ‘Out-of-Africa’ around 100,000 

years ago (Stoneking et al., 1992) and eventually spreading globally. Markers for mtDNA 

sequence variation are classified as haplotypes; haplotypes are clustered into 

haplogroups. mtDNA tells a story of maternal ancestry since mitochondrial genomes are 

maternally inherited. The ancestral female from whom all modern humans originated is 

referred to as mitochondrial Eve (Lewin, 1987; Pakendorf & Stoneking, 2005). Similarly, 
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paternal ancestral history was identified during the same period using a handful of Y-

Chromosome sequence haplotypes and haplogroups (Hammer et al., 1998; Vandenberg, 

Van Oorschot, Tyler-Smith, & Mitchell, 1999). In the past two decades since the rise of 

genomic sequencing and array-based SNP genotyping, human population origins, 

migration, history and structure have been examined in unprecedented details. 

 

1.4.2 Uniparental markers 

There have been only a few studies of Aboriginal Australians using uniparental genetic 

markers. These studies have focused mostly on identifying haplogroups, divergence 

times, and single or more settlements of Australia. These genetic studies have been based 

on forensic or hospital sample collections or old unprovenanced remains such as hair or 

skeletal remains. Early studies, reported phylogenetic relatedness among Aboriginal 

Australians using forensics samples from across the Northern Territory and Kimberley 

regions (Redd & Stoneking, 1999). Adcock et al. (2001) reported a short sequence of 

mtDNA from the oldest remains in the Willandra Lakes (WLH3) and proposed 

multiregional evolution instead of a single Out-of-Africa event. The authors also 

suggested that contemporary Aboriginal Australians do not share ancestry with WLH3, 

but that the people represented by WLH3 were replaced by a second wave of humans - 

the most recent ancestors of contemporary Aboriginal Australians. This suggestion 

created discomfort and controversies between Aboriginal Australians and scholars 

(Wright et al., 2018). A decade later, Heupink et al. (2016) showed that the results of 

Adcock et al were very likely to be based on PCR artifacts and thus they had not actually 

recovered true mtDNA sequences from WLH3, undermining the case for multiregional 

evolution and two waves of human settlement of Australia.  

 

Early uniparental studies were based on DNA sequence variation within a small region 

called the hypervariable region of the mitochondrial genome. Developments in DNA 

sequencing technologies saw this approach replaced by analysis of complete mtDNA 

genomic sequences (and Y chromosomes). The authors of a recent ancient mitochondrial 

DNA study using unprovenanced hundred-year-old Aboriginal Australian hair samples 

argued that settlement of Aboriginal Australians occurred about 50,000 years ago (Tobler 

et al., 2017). Tobler et al. (2017) further reported that Aboriginal Australians occupied 



  31 

the entire continent within a few thousand years, primarily through movements along 

coast lines and also showed that all Aboriginal Australians haplogroups such as M, P, O 

and S diverged from each other between 42,000 and 50,000 years ago. They arrived at 

this date because Australian archaeological remains (such as stone tools and skeletons) 

are often 40-50kya of age, and this timing correlates with mtDNA lineage divergence 

time. Another study using ~600 unprovenanced samples from across Australia arrived at 

a similar conclusion Nagle et al. (2017) based on an analysis using mitochondrial 

genomes from 594 Aboriginal Australians. The authors, further supported the hypothesis 

of at least two entry points based on the mtDNA haplogroups from Australia and New 

Guinea. Nagle et al. (2017) also suggested Aboriginal Australians remained isolated from 

other populations up until 200 years ago and share a close connection with Indigenous 

Papua New Guineans but not to South Asians. Using 27 samples, Wright et al. (2018) 

demonstrated an approach for genetically identifying and repatriating ancient remains 

across Australia, including remains from arid regions. The authors proposed two 

approaches for repatriation of the unprovenanced human remains: first, using 

mitochondrial DNA sequence, and second, using nuclear DNA sequences. Mitochondrial 

DNA showed an accuracy of 62% in assigning remains to the correct Aboriginal 

community. Furthermore, 30% of the samples were assigned either to a large area or 

haplogroup, or did not have a corresponding haplogroup. The remaining ~8% of 

mitochondrial DNA samples were incorrectly assigned to a community. The mtDNA 

analysis further supported the deep population structure of Aboriginal Australians based 

on language groups. 

 

Y-Chromosome or paternal lineages of modern humans are categorized as haplotypes and 

haplogroups.  Many Y-Chromosome studies (Tatiana M Karafet et al., 2008; Underhill et 

al., 2001) reported that modern humans expanded of out of Africa.  Underhill et al. (2001) 

reported the global phylogeography of Y-chromosome haplotypes, which also indicated 

an African origin for modern human populations. Karafet et al. (2007) reported a 

comprehensive Y-Chromosome tree topology containing 311 distinct haplogroups as well 

as demography-independent age estimates for 11 major clades. Australian Y-

Chromosome haplogroups are categories in haplogroup C. Y-chromosome studies for 

Aboriginal Australians are scarce (Bergström et al., 2016; Hudjashov et al., 2007; Tatiana 
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M Karafet et al., 2008; Kayser et al., 2001; Nagle et al., 2016; Redd et al., 2002; Underhill 

et al., 2001; Vandenberg et al., 1999) performed Y-Chromosome specific microsatellite 

frequency distribution analyses on 79 unrelated males from the Northern Territory. They 

showed that 41 unique haplotypes derived from two lineages of Aboriginal Australians.  

 

Kayser et al. (2001) showed that Melanesian and Aboriginal Australians have 

independent histories, based on a data set of 611 males from 18 populations in Melanesia 

and eastern/south eastern Australia. They further suggested that Y-Chromosomes showed 

greater population differentiation than for mtDNA sequences from the same population 

or sample set and this can also be correlated to geographical distances. Kayser et al. 

(2001) provided supporting evidence of Austronesian expansion 4,000-6,000 years ago. 

Further, Redd et al. (2002) illustrated Aboriginal Australians have close ancestry with 

Southern Indians using phylogenetic analysis of Y-Chromosome STR variation and 

divergence time estimated from Y-Chromosome overlapped to Holocene changes in 

archaeology and linguistics records in Australia. However, Hudjashov et al. (2007) 

investigated further mtDNA and Y-Chromosome sequences from samples across 

Australia, and suggested that Aboriginal Australians are closely related to their 

geographical neighbours in Papua New Guinea. Nagle et al. (2016) demonstrated that 

many contemporary Australians are admixed with European or East Asian ancestry. 

Furthermore, a Y-chromosome study using 13 genomes covering all the haplotypes 

throughout Australia found that Australian and Papuan New Guinean populations are 

closest kin, and not closely related to South Asians (Bergström et al., 2016).   

 

1.4.3 Autosomal markers 

The origins of Aboriginal Australian populations and the relationships among Aboriginal 

Australian, Papua New Guinean and South east Asian populations are questions that have 

received considerable attention from population geneticists. Roberts-Thomson et al. 

(1996) analysed alpha-globin haplotypes and concluded that Aboriginal Australians and 

New Guinea highlanders share a common origin. Similarly, McEvoy et al. (2010) 

analysed nuclear SNP array data for Australian and other worldwide populations and 

showed that Aboriginal Australians share a deep ancestry with Papuan and Melanesians. 

The authors proposed that a more detailed study using more contemporary Aboriginal 
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Australian genomes would provide evidence for their unique population history and 

genetic heritage. Soon thereafter, Rasmussen et al. (2011) reported the first analysis of an 

ancient whole genome sequence from an Aboriginal Australian. The genome was from a 

100-year-old hair sample donated by an Aboriginal Australian man from Kalgoorlie, 

Western Australia, to the British Museum. Rasmussen et al. (2011) also reported a two-

events modern human migration Out-of-Africa; Aboriginal Australians contribute to first 

Out-of-Africa event possibly 62, 000 to 75,000 years ago and modern Asians contribute 

to second Out-of-Africa event 25,000 to 38,000 years ago. Pagani et al. (2016), also 

suggested two out-of-Africa events and Papuans carry 2% ancestry from early and extinct 

ancestry using 430 modern whole genome data from Eurasia and Oceania. Mondal et al. 

(2016), using 70 genomes from South Asia, the Andaman Islands and a number of 

worldwide populations including Oceania, reported that the Andaman Islands have a 

close connection with Aboriginal Australians. They further suggested the likelihood of a 

‘ghost’ population ancestry in South and Southeast Asian populations.  

 

Mallick et al. (2016) reported on the largest worldwide Indigenous population diversity 

whole genome sequencing study (to that date). From their analysis of 150 diverse 

population around the world, including two Aboriginal Australian samples and re-

sequenced 15 Papuan samples from the Human Genome Diversity Panel (HGDP) project, 

they concluded there had been a single Out-of-Africa event. Mallick et al. (2016) reported 

qpGraph model, which is phylogenetic tree based on admixture among worldwide 

populations, and a pairwise distance tree, both phylogenetic trees suggested a single Out-

of-Africa event and Aboriginal Australians and Papuans part of the single Out-of-Africa 

event. Malaspinas et al. (2016) performed a whole nuclear genome study of contemporary 

populations, including 25 Highland Papuans and 83 individuals from eight PN language 

groups across Australia. These authors also suggested that Aboriginal Australians were 

part of a single Out-of-Africa event and estimated the divergence time between Eurasians 

and Australo-Papuans to be 51-72 kya. Further, they proposed that Australians diverged 

from Papuans around 25-40 kya and all PN speakers in their study descended from single 

founding population that diverged around 10-30 kya. The analysis also supported 

northeast population expansion in the past 10 kya. However, it was not clear if these 

inferences also apply to the prehistory of other the PN language groups not represented 
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in the study. Another whole genome study Wright et al. (2018) of Aboriginal Australian 

performed to develop a method for repatriation of ancient unprovenanced remains of 

Aboriginal Australians located within Australia and outside Australia. Wright et al. 

(2018) reported the first analysis of ancient nuclear genomes for Indigenous Australians. 

Their study included 10 individuals from PN groups across Australia and showed that 

ancient Aboriginal Australians had a deep genomic structure. It also showed that nuclear 

genomic analysis can be used to identify where human remains should be repatriated to, 

even in an arid country (where it is very difficult obtain DNA because of hot climate 

conditions) like Australia. The same year, Jackob et al. (2018) analysed 420 whole 

genome datasets from Southeast Asia and Papua New Guinea, and showed that Papuans 

carry admixture from three Denisovan (ancient hominin remain first identified at 

Denisova cave in Siberia) ancestry lineages. They showed possible admixture between 

Papuans and Denisovans at two different time points in prehistory. However, it is not yet 

clear if admixture occurred, only that Papuans or Aboriginal Australians were involved 

in the interbreeding with Denisovans.  

 

Pugach et al. (2013) inferred from an analysis of autosomal SNP array markers that the 

Aboriginal Australian population from Arnhem Land/Northern Territory diverged from 

Papuans ~35kya, but they had not in fact remained isolated from populations outside 

Australia until European colonisation. The authors suggested that Aboriginal Australians 

mixed with populations from Southern India around 4 kya, as the result of accidental or 

deliberate travel by the South Indians to Australia (Pugach, Delfin, Gunnarsdóttir, 

Kayser, & Stoneking, 2013). However, later studies, involving individuals from other PN 

language groups, did not detect such evidence of gene flow from India to Australia 

(Malaspinas et al., 2016; Wright et al., 2018). 

 

1.4.4 Relationship between Language and Genetics 

In many parts of the world, linguistics and genetics appear to be correlated. For example, 

in the Indian sub-continent, there are four major language families; Dravidian, Indo-

European, Austroasiatic, and Tibeto-Burman (Basu, Sarkar-Roy, & Majumder, 2016; D. 

Reich, Thangaraj, Patterson, Price, & Singh, 2009). Most of the language groups 

corresponding to each family can be correlated to the genetic structure of populations that 
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speak that language in the region (Basu et al., 2016).  However, the question of the 

settlement of Sahul has generally been addressed without considering the language 

perspectives in mtDNA and Y chromosome studies (Nagle, Ballantyne, et al., 2017; 

Nagle, van Oven, et al., 2017; Tobler et al., 2017). Recent studies by Malaspinas et al. 

(2016) considered eight different PN language groups to understand the influence of 

genetic, geography and languages.  Malaspinas et al. (2016) inferred that there is a close 

connection among genetic, geography and languages using phylogenetic analysis of 

language and genetics from each region (Fig 7).  
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Figure 7: Language and genetic relatedness among Aboriginal Australian populations. 

 

Description: A. In the map green represents the PN language group and Purple and brown 

represents macro-NPN language groups, the star represents nine sample locations across 



  37 

Australia in Malaspinas et al. (2016); Figure B, represents the phylogenetic tree of the 

nine population in the left and cladistic tree of languages from each sample location, 

which suggests that of Aboriginal Australian language groups correlated to genetics each 

population. (Replicated from Malaspinas et al. (2016)). 

 

Yolngu language speaker, from PN language family, live-in north-east Arnhem 

surrounded by NPN speakers. Bouckert et al. (2018) reported that the PN language 

originated during mid-Holocene and expanded to North east Arnhem land.  However, 

there is no nuclear genetic studies performed on this bordering population to understand 

the relationship between genetic of Yolngu speakers.  Malaspinas et al. (2016) found that 

language and genomic structure are closely associated in PN speakers (Figure 7). 

However, whether this is the case for NPN language families remains to be studied. NPN 

languages have been rarely studied because they do not have the required level of 

phonetic similarity, in contrast to PN speakers. Evans (2002) attempted to cluster the 27 

NPN families into 13 major language families. However, the genomic history of NPN 

speakers has not been studied to date, with the exception of a few uniparental marker 

studies (Hudjashov et al., 2007; Redd et al., 2002; Tobler et al., 2017; S. M. van Holst 

Pellekaan, Ingman, Roberts-Thomson, & Harding, 2006).  

 

1.5 Objectives of this study 

Most of the whole genomic studies have been performed on PN speaking 

populations. Therefore, it is essential to understand the genetic structure of NPN speakers 

to investigate the colonization of Aboriginal Australians completely. NPN speakers' study 

will further tell us Sahul, an ancient landmass colonized by a single founder population 

or not. Furthermore, it is also vital to understand Yolngu (PN) speakers whom NPN 

speakers surround; analysing this population will tell us whether the 

genetic makeup of this bordering population correlates with language or geography. 

Based on these knowledge gaps to be fulfilled in Aboriginal Australians, I formulated the 

following research questions. I achieved these goals by sequencing samples 56 from PN 

and NPN language speakers. 
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1.6 Research Questions 

Following above discussion:  

1. Are the NPN populations genetically distinct from PN populations or did they 

arise from a single founding population?  

2. Is there evidence for gene flow from other part of the world into NPN populations? 

3. Whether genetic relatedness correlates with linguistic relation or geography 

proximity? 

4. Is there evidence for ancient gene flow from Indian into Aboriginal Australians? 

 

Research questions 1, 2, and 3 tested using 56 Aboriginal Australian uniparental 

sequences such as mtDNA and Y-Chromosome sequences (chapter 2) and whole genome 

(>30X coverage) dataset containing biparental sequences (chapter 3) and finally, query 4 

tested using 14 Indian samples southern and Northeast part of India (chapter 4).  

 

1.7 Description of Chapters 

This PhD thesis is presented as a series of chapters, and associated appendices of work 

completed during my PhD candidature. 

 

Chapter 1 presents a detailed literature about Aboriginal Australians Dreamtime stories, 

Archaeology of Australia, Languages, and genetics studies conducted on Aboriginal 

Australians. Furthermore, it illustrates the knowledge gaps in genetics studies concerning 

indigenous people of Australia. Finally, chapter 1 presents the question formulated for 

this thesis research. 

 

Chapter 2 addresses questions relating to maternal and paternal ancestry of the NPN 

language group from northern Australia. It also illustrates males and female movements 

across Australia through intermarriage. The chapter also presents mtDNA and Y-

Chromosome number of haplogroups present in the fifty-six samples. Also, it shows 

paternal genetic relatedness among Groote Island, Mornington Island, and Arnhem Land 

populations. Haplogroups identified in the Aboriginal Australians illustrates that they 

share deep ancestry with Papuan and South East Asian Island populations. Y-
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Chromosome analyses reveal male relatedness between Arnhem land and Groote Eylandt 

populations. 

  

In Chapter 3, I examine the genetic structure of PN and NPN language families and focus 

on Yolngu Speakers' genetic and linguistic relationships to other PN and NPN 

populations. This chapter presents that NPN ancestry has distinct ancestry compare to PN 

and the Groote Island population is one of representative for NPN language group. 

Furthermore, I also show that PN and NPN are genetically closely related to each other 

than any other populations outside Australia. Yolngu population shares a close ancestry 

with Groote Eylandt population than other PN populations. 

  

Chapter 4 addresses the question of the genetic relationship between Indigenous 

populations in India and Australia. Here I performed genomic analyses on individuals 

from contemporary NPN and PN populations and ancient individuals sequenced to high 

coverage. This chapter is one of the comprehensive whole genomes data analyses 

conducted so far, including samples from NPN language speakers and Arnhem land. 

However, I observed Indian ancestry in few aboriginal Australian samples. I infer 

Aboriginal Australians likely obtained from European or East Asian admixture. Hence, I 

conclude there was less ancient gene flow from India to Australia. 

  

Chapter 5 presents results summary addressed in chapter 2, 3 and 4. In addition, discusses 

essential findings from this research and the research question addressed in this thesis. 

Furthermore, I discuss the significance of understanding the ancestry of NPN language 

speakers and their genetic relationship with PN speakers.  Finally, in this chapter, I also 

discuss how this research would be helpful in future studies 
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2 Mitochondrial DNA and Y-Chromosomal ancestry of Aboriginal 

Australians 

Aims 

The aim of this chapter is to identify the male and female ancestry of NPN speaking 

Aboriginal Australians.  The intention was to also identify the relationships among 

different Australian populations. In order to address the above aims, we sequenced 56 

samples from four NPN language families and four PN language families in the northern 

part of Australia.  

 

2.1 Introduction 

Over the past two decades, genetic studies have shown that all non-African people 

originated from a migration out of east Africa between ~70-120 thousand years ago 

(Mallick et al., 2016; Pagani et al., 2016; Rasmussen et al., 2011). Modern humans 

reached Australia and New Guinea within 65, 000 years ago, the exodus from Africa 

(Chris Clarkson et al., 2020; C. Clarkson et al., 2017). Many uniparental genetic studies 

from Australia have focused on the genetic diversity and phylogeography of Aboriginal 

Australians (Adcock et al., 2001; Bergström et al., 2016; Heupink et al., 2016; Hudjashov 

et al., 2007; Nagle et al., 2016; Redd et al., 2002; Redd & Stoneking, 1999; S. van Holst 

Pellekaan, 2013; S. M. van Holst Pellekaan et al., 2006). Analyses of maternal and 

paternal haploid genomes have been used to investigate the demography of many 

worldwide populations (Hammer et al., 1998; Kayser et al., 2001; Stoneking et al., 1992; 

Underhill et al., 2001; Vandenberg et al., 1999; Vigilant et al., 1991). Van Holst Pellekaan 

et al. (2013) showed that there are five mtDNA macrohaplogroups across Australia. 

Haplogroups O and S originated/diversified within Australia (S. M. van Holst Pellekaan 

et al., 2006). In contrast, haplogroups P and Q are shared between Papua New Guinea 

and Australia, and haplogroup M is shared with populations from India, Southeast Asia 

and Aboriginal Australians (Satish Kumar et al., 2009; Redd & Stoneking, 1999). Recent 

uniparental marker studies have been consistent in indicating that Aboriginal Australians 

colonized the continent more than 40,000 years ago (Nagle, van Oven, et al., 2017; Tobler 

et al., 2017). MtDNA haplogroup analysis showed that Aboriginal Australians diverged 

as early as 50,000 years ago from their neighbours in Southeast Asia and Papua New 

Guinea. Furthermore, Redd et al. (1999; 2002) indicated a genetic relationship between 
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indigenous peoples of India and Australia based on partial mtDNA and Y-chromosome 

sequences from Arnhem Land, the Kimberley region of Australia, and India. However, 

Indian admixture was not observed in other Aboriginal Australian uniparental sequence 

studies (Bergström et al., 2016; Hudjashov et al., 2007; Nagle, Ballantyne, et al., 2017). 

Besides, mtDNA studies have also shown that there has been recent gene flow into 

Aboriginal Australians from Europeans and East Asians after the colonial period (S. van 

Holst Pellekaan, 2013). Like mtDNA studies, most Y chromosome studies show that 

Aboriginal Australians have admixed with Europeans and East Asians, except in north-

west areas of Australia such as the Kimberley and Arnhem Land regions. Three major Y 

chromosome haplogroups (K-M56, K-P60, and R-M302) have been identified across 

Australia (Tatiana M Karafet et al., 2008; Tatiana M. Karafet, Mendez, Sudoyo, Lansing, 

& Hammer, 2015). Malaspinas et al. (2016) studied whole genome sequences, including 

uniparental sequences, and reported a close connection between Aboriginal Australian 

(PN) languages and the genetics and geography of the same people. However, the latter 

study did not examine populations in the northern region of Australia (NPN speakers). 

The north part of Australia is vital from a linguistic standpoint, as it is home to the highest 

diversity of indigenous languages in Australia. The genetic studies on NPN speakers 

would shed light on the relationship between languages and genetics in this region and 

test hypotheses regarding PN language expansion in the mid-Holocene (Bouckaert et al., 

2018). In this chapter, I test this hypothesis using high coverage mitochondrial (>1000X) 

and Y chromosome (~10-30X) sequences. 

 

Datasets: 

We assembled complete mtDNA sequences and Y chromosome data of 56 Aboriginal 

Australians from the northern part of the country (Fig. 8). The study included 36 PN 

language group speakers: 16 Yolngu speakers from Arnhem Land (A), six 

Gkuthaarn/Kukatj language speakers from Normanton (NOR), two Gunggandjii language 

samples from Cairns (CA) and 12 Yoolooburrabee language speakers from Stradbroke 

Island (Q). More details regarding samples in material and methods section (Table 8). It 

also included 20 NPN language group speakers: 12 Anindilyakwa speakers from Groote 

Eylandt (GRT) and 8 individuals from Mornington Island (MRN) belonging to three 

Tangic language family groups (Lardil, Kaiadilt and Yangkaal).  
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Figure 8: Six sample locations of Aboriginal Australians from PN (green colour) and 

NPN (non-green colours) language speakers. 

 

2.2 Results 

2.2.1 mtDNA haplogroups 

We sequenced the complete mtDNA genome of 56 samples (Kloss‐Brandstätter et al., 

2011) to identify haplogroups using Haplogrep2. The proportions of the haplogroups in 

the samples from different locations are shown in figure 9. 
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Figure 9: mtDNA haplogroups of individuals from Groote Eylandt, Cairns, Normanton, 

Mornington Island, Arnhem Land and Stradbroke Island. 

Haplogroup P: 

The mtDNA analyses revealed that 26 out of 56 samples belong to Haplogroup P, which 

was classified into six haplotypes; P*, P3a, P5, P1d2a, P+16176 and P7 (Table 1). The P 

haplogroup was detected across both PN and NPN individuals. Furthermore, haplotype 

P5 (8) was found across populations such as Stradbroke Island (4), Arnhem land (2), 

Mornington Island (1), and Normanton (1). Whereas P3a (9 individuals) was found only 

in Groote Eylandt (4) and Arnhem land (5) populations. P7 and P1d2a haplotypes were 

found in one sample each from Arnhem land and Stradbroke Island respectively. 

Haplotype P+16176 found in three samples two from Mornington Island and one from 

Normanton. Here P* represents an unclassified haplotype found in one Cairns, one 

Normanton and three Mornington Island (NPN) samples. The phylogeny of Haplogroup 

P is shown in figures 10 and 11. While the haplotype P3a were found in Groote Eylandt 

and Arnhem land, P5 haplotype was found across all populations. 
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Table 1: Individuals with mtDNA haplogroup P 

Individual Haplogroup Haplotype 

CAIRNS -01 P P* 

MRN2 P P* 

MRN3 P P* 

MRN8 P P* 

MRN1 P P+16176 

MRN4 P P+16176 

NOR3 P P+16176 

StradbrokeIsland6 P P1d2a 

ArnhemLand-489 P P3a 

ArnhemLand-498 P P3a 

ArnhemLand-530 P P3a 

ArnhemLand-534-2 P P3a 

ArnhemLand-539 P P3a 

GRT664 P P3a 

GRT666 P P3a 

GRT667 P P3a 

GRT889 P P3a 

ArnhemLand-486 P P5 

ArnhemLand-537-1 P P5 

MRN5 P P5 

StradbrokeIsland1 P P5 

StradbrokeIsland13 P P5 

StradbrokeIsland3 P P5 

StradbrokeIsland5 P P5 

NOR2 P P5 

ArnhemLand-538 P P7 
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Eylandt population. In contrast, S2 haplotypes were found in two populations: Groote 

Eylandt and Arnhem Land. This indicates that there was female exchange among Yolngu 

speakers and the Groote Eylandt population. This is further illustrated in (Table 2) and 

phylogenetic tree of S (Fig. 12).  

 

Table 2: Individuals with mtDNA haplogroup S 

Individual Haplogroup Haplotype 

StradbrokeIsland11 S S1 

ArnhemLand-429 S S2 

ArnhemLand-535 S S2 

GRT885 S S2 

GRT668 S S3 

GRT671 S S3 

GRT887 S S3 

GRT662 S S3 

GRT674 S S3 
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Haplogroup N: 

Our analyses detected 11 individuals belonging to the haplogroup N.  The haplotype N13 

was found in Mornington Island (NPN) and Normanton (PN).  However, the unclassified 

haplotype N* was found only in Arnhem Land. The phylogenetic relationship between 

the individuals belonging to mitochondrial haplogroup N is shown in figure 13.  

 

Table 3: Individuals with mtDNA haplogroup N 

Individual Haplogroup Haplotype 

MRN6 N N13 

MRN7 N N13 

NOR1 N N13 

NOR4 N N13 

NOR6 N N13 

ArnhemLand-487 N N* 

 ArnhemLand-488 N N* 

ArnhemLand-490 N N* 

ArnhemLand-491 N N* 

ArnhemLand-533 N N* 

ArnhemLand-540 N N* 
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Haplogroup M: 

Haplogroup M found in five individuals out of 56 and one samples represents haplotype 

M42a and the remaining four samples represent haplotype M42 (Table 4).  This includes 

one individual from Cairns, one individual from Normanton and three from Stradbroke 

Island. The phylogenetic tree of haplotype M42 is illustrated in figure 14. 

Table 4: Individuals with mtDNA haplogroup M 

Individual Haplogroup Haplotype 

StradbrokeIsland10 M M42 

StradbrokeIsland7 M M42 

StradbrokeIsland8 M M42 

NOR5 M M42 

CAIRNS-02 M M42a 
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2.2.2 mtDNA phylogenetic tree 

In order to reconstruct the phylogenetic tree of all the mtDNA sequences, we performed 

a phylogenetic analysis using Molecular Evolutionary Genetics Analysis (MEGA) X 

(Sudhir Kumar, Stecher, Li, Knyaz, & Tamura, 2018). Four samples skipped because of 

European and Oceanic haplogroups. The remaining 52 samples were aligned using the 

program MUSCLE from MEGA X (Sudhir Kumar et al., 2018).  The aligned sequences 

were then used to construct a Neighbour Joining tree. Figure 15 shows a phylogenetic 

tree in which each haplogroup represents a separate clade. 

  

Figure 15: MtDNA phylogenetic tree represents NPN and PN shared ancestry regardless 

of language groups.  

Description: The mtDNA Neighbour Joining tree represents 52 Aboriginal Australian 

samples from both PN (32) and NPN (20) language families. Here GRT215-GRT888 and 
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MRN01-MRN08 represent NPN language groups and the remaining represent PN 

language groups. 

 

2.2.3 Y-Chromosome haplogroups 

The Y-chromosome sequences of 25 male (out of 56) Aboriginal Australians were used 

to identify the paternal ancestry. I performed variant calling for each male Y-

Chromosome sequence and separated SNPs from the variants such as INDELs (short 

fragment of insertion or deletion), which were then used to infer haplogroups using 

yHaplo (Poznik, 2016a, 2016b), a Y-chromosome haplogroup identifying tool. In our 

Aboriginal Australian samples, we identified 3 major Y haplogroups; C, K and R.  The 

proportions of the haplogroups in the samples from different locations are shown in 

Figure 16. 

 

 

 

Figure 16: Y-Chromosome haplogroups of Groote Eylandt Island, Normanton, Cairns, 

Mornington Island, Arnhem land and Stradbroke Island. 

 

 

 

Haplogroup C: 
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Haplogroup C was identified in 13 individuals (out of 56), which constitutes 50% of our 

male individuals (Table 5).  All of these were found to belong to the haplotype M347, 

which are only found in Aboriginal Australians (Bergström et al., 2016). 

 

Table 5: Individuals with Y-Chromosome haplogroup C 

Individual Haplogroup haplotype 

GRT215 C M347 

GRT666 C M347 

GRT887 C M347 

MRN1 C M347 

MRN2 C M347 

MRN5 C M347 

MRN7 C M347 

A486 C M347 

A489 C M347 

A529 C M347 

A530 C M347 

A533 C M347 

A540-1 C M347 

 

 

Haplogroup K: 

Haplogroup K is found in Australia and SEA (Tatiana M. Karafet et al., 2015). This 

suggests that the K haplogroup originated in SEA prior to human colonisation of Sahul. 

Haplogroup K was found in 23% of the males sequenced in this study.   Four individuals 

from Arnhem Land belong to the haplotype P60, and one sample from belong to the 

another haplotype P331. One from Normanton belongs to the haplotype P397 (Table 6). 

 

 

Table 6: Individuals with Y-Chromosome haplogroup K 

Individual Haplogroup Variant 



  63 

NOR02 K P397 

A490 K P60 

A491 K P60 

A534 K P331 

A535 K P60 

A538 K P60 

 

European and East Asian Haplogroups: 

Haplogroups R and E are European in origin. We found these haplogroups in five 

individuals in our study (19% of our samples). Out of these seven male individuals, two 

overlaps with mtDNA haplogroups (H) which further confirms the male related European 

admixture in the two samples. Haplogroup O is found in East Asian, mainland SEA, and 

South Asia. Two individuals (8%) from Cairns region represent this haplogroups. These 

were excluded from further analyses as they do not belong to any Aboriginal Australian 

haplogroups. 

 

2.2.4 Y-chromosome genealogy 

To identify phylogenetic relationships between and within haplogroups K-P60 and C-

M347, we constructed a Y-chromosome tree using 50,578 SNPs from 17 individuals from 

this study. We used Vcf2Pop (Subramanian et al., 2019) tool to construct phylogenetic 

tree among individuals. Vcf2Pop is a user-friendly tool for generating population trees 

from variant calling format (VCF) files. We used Interactive Tree OF Life (iTOL) tool 

(Ciccarelli et al., 2006; Letunic & Bork, 2019) to modify label and colour phylogenetic 

tree (Fig. 17). 
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2.3 Discussion 

Many genetic studies were performed using partial and complete uniparental DNA 

sequences to infer migration, diversity, and ancestry over the past three decades 

Bergström et al., 2017; Heupink et al., 2016; Nagle, Ballantyne, et al., 2017; Nagle et al., 

2016; Nagle, van Oven, et al., 2017; Tobler et al., 2017). Mitochondrial sequences are 

classified into haplogroups based on the database v17 (Van Oven, 2015), updated 

regularly to incorporate newly identified haplogroups or haplotypes. Similarly, Y-

chromosome sequences are classified based on the ISOGG database (Poznik, 2016a). 

However, there are no uniparental sequences of ancestry from the Gulf of Carpentaria 

Islands. Hence it is essential to understand their relatedness and ancestry with mainland 

populations. 

  

Firstly, to understand the genetic relatedness of Aboriginal Australians within and outside 

Australia, I performed haplogroup analysis. In our dataset I observed four Aboriginal 

Australian mtDNA haplogroups P, N, M, and S. Previous mtDNA studies (Tabler et al., 

2017; Nagle et al., 2017) showed that haplogroup P and M are commonly found in India, 

Island Southeast Asia (SEA), New Guinea, and Australia. The mtDNA analysis showed 

that haplogroup P was found in 26 samples out of 56, which was distributed to all five 

populations. A high proportion of haplogroup P was found before (Hudjashov et al., 2007; 

Nagle, van Oven, et al., 2017; Tobler et al., 2017). Previous studies show that haplotype 

M42 is commonly found throughout Australia. In contrast, in this study, five samples 

show M42 haplogroup out of 56 and only in PN speaker. Secondly, haplogroups S and N 

are found only in Australia, and thus they originated after modern humans reached the 

continent (Nagle, Ballantyne, et al., 2017; S. van Holst Pellekaan, 2013). In this study, S 

was found in 9 samples out of 56 samples, and haplotype N was found in 11 samples out 

of 56 samples. In addition, S1 haplotype only in individuals from Stradbroke Island and 

not amongst individuals from Arnhem Land or Groote Eylandt. This is consistent with an 

earlier study that found S1 only in eastern Queensland (Tobler et al., 2017). Similarly, 

haplogroups S2 and S3 were restricted to the northern part of the Northern Territory, as 

reported by Tobler et al. (2017).  MtDNA haplotypes S2, S3, and P3a, were shared 

between NPN and PN (Arnhem land) language speakers. This suggests that shared 

mtDNA ancestry among PN and NPN.  
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Y-Chromosome sequence study by Bergström et al. (2016) show that C and K 

haplogroups are found in Australia. In which K haplogroup shared South East Asia, and 

C haplogroup is found in Australia and New Guinea. In this study, there were twenty-

four male samples out of 56 samples. Haplogroup C was found in 50% of Male samples. 

Haplotype M347 from haplogroup C was found in PN and NPN speakers (Table 5).  This 

study showed 27% of samples with European or East Asian admixture out of 26 males. 

Furthermore, populations from Arnhem Land, Groote Eylandt, and Mornington Island 

have close to zero European or East Asian admixture, in contrast, to a previous study 

Malaspinas et al. (2016) on PN language speakers. Y-Chromosome Haplogroup analysis 

suggests that shared ancestry between PN and NPN. In addition, Phylogenetic analysis of 

Y-Chromosome sequences suggests male exchange between PN (Arnhem Land) and 

NPN (Groote Eylandt and Mornington Island). This suggests that geographical proxy 

correlates with the genetics of the Arnhem Land population rather than languages. 

 

2.4 Conclusion 

A genetic investigation of mtDNA and Y-Chromosomal sequences suggest that PN and 

NPN speakers share ancestry within and outside Australia. Y-Chromosome phylogenetic 

results indicate that Arnhem Land (PN) and NPN speakers share ancestry.  

 

2.5 Materials and Methods 

2.5.1 Samples 

Genomic sequences from the Aboriginal Australian samples reported here were obtained 

using written consent from a Griffith University Human Ethics approval “Aboriginal 

Australia’s genetic history 2015-904”. Saliva samples were collected using Oragene 

DNA kits.  A total of 56 Aboriginal Australian samples were obtained from four different 

NPN language groups and four PN language groups. Table 8 illustrates 56 samples 

locations and language groups.  

 

Groote Eylandt Island (GRT215-GRT888): 

Machado-Joseph Disease (MJD) is one of the common diseases found in China (T. Li et 

al., 2019). However, it is not clear how this spread to Aboriginal Australians. Our 
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collaborator (Prof Garth Nicholson from the University of Sydney) initially collected 

Groote Eylandt Island samples after the Indigenous communities had provided consent 

from the participants to contribute to an understand origin and their relatedness with 

Chinese MJD disease haplotypes. These are important samples because they belong to 

Anindilyakwa language group which is regarded as a NPN language.  

 

Mornington Island (MRN01-MRN08): 

We obtained approval from the Elders of the three language groups on Mornington Island 

(Kaidalit, Lardil and Yangkaal) to provide saliva samples for this research. This 

comrprised two samples from Lardil speakers, three from Kaidalit speakers and three 

samples from Yangkaal speakers.  

 

Normanton (NOR01-NOR06): 

We obtained six saliva samples with the approval of the Gulf of Carpentaria Land 

Council. The six samples obtained were from communities that speak Gkuthaarn or 

Kukati languages.  These are classified as belonging to the PN language group.  

 

Arnhem Land (A486-A540): 

We obtained 16 saliva samples from Emeritus Professor Neville White who has worked 

with the Yolngu community since the 1970s.  The Indigenous community agreed to 

provide these saliva samples to Prof White on the understanding that the full genome 

analyses would be conducted by Prof Lambert’s research group. The language spoken by 

Yolngu people belong to the PN language group.  

 

Stradbroke Island (Q1-Q13): 

We obtained 13 samples from a PN language group on Stradbroke Island and from 

surrounding areas on the mainland. We obtained these samples after a series of discussion 

and collaborations with Indigenous groups from this region. We suspected the population 

in this region is influenced by European settlement and admixture. People from this 

region speak Yoolooburrabee, a PN language family. 
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Cairns (CA01-CA02): 

Two addition Aboriginal Australian samples were obtained. As part of extended 

collaboration (Malaspinas et al., 2016), we obtained additional two samples from Cairns 

who speak Gunggandjii language.  

 

Table 8: Aboriginal Australians included in this study: location and language groups 

Samples Name Language family Language  Location 

GRT215 NPN Anindilyakwa Groote Eylandt, NT 

GRT618 NPN Anindilyakwa Groote Eylandt, NT 

GRT662 NPN Anindilyakwa Groote Eylandt, NT 

GRT664 NPN Anindilyakwa Groote Eylandt, NT 

GRT666 NPN Anindilyakwa Groote Eylandt, NT 

GRT667 NPN Anindilyakwa Groote Eylandt, NT 

GRT668 NPN Anindilyakwa Groote Eylandt, NT 

GRT671 NPN Anindilyakwa Groote Eylandt, NT 

GRT674 NPN Anindilyakwa Groote Eylandt, NT 

GRT885 NPN Anindilyakwa Groote Eylandt, NT 

GRT887 NPN Anindilyakwa Groote Eylandt, NT 

GRT889 NPN Anindilyakwa Groote Eylandt, NT 

MRN1 NPN Lardil Mornington Island, QLD 

MRN2 NPN Lardil Mornington Island, QLD 

MRN3 NPN Kaiadilt Mornington Island, QLD 

MRN4 NPN  Kaiadilt Mornington Island, QLD 

MRN5 NPN Kaiadilt Mornington Island, QLD 

MRN6 NPN Yangkaal Mornington Island, QLD 

MRN7 NPN Yangkaal Mornington Island, QLD 

MRN8 NPN Yangkaal Mornington Island, QLD 

NOR1 PN Gkuthaarn/Kukatj Normanton, QLD 

NOR2 PN Gkuthaarn/Kukatj Normanton, QLD 

NOR3 PN Gkuthaarn/Kukatj Normanton, QLD 

NOR4 PN Gkuthaarn/Kukatj Normanton, QLD 

NOR5 PN Gkuthaarn/Kukatj Normanton, QLD 

NOR6 PN Gkuthaarn/Kukatj Normanton, QLD 

A486 PN Yolngu North East Arnhem land, NT 

A487 PN Yolngu North East Arnhem land, NT 
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A488 PN Yolngu North East Arnhem land, NT 

A489 PN Yolngu North East Arnhem land, NT 

A490 PN Yolngu North East Arnhem land, NT 

A491 PN Yolngu North East Arnhem land, NT 

A498 PN Yolngu North East Arnhem land, NT 

A529 PN Yolngu North East Arnhem land, NT 

A530 PN Yolngu North East Arnhem land, NT 

A533 PN Yolngu North East Arnhem land, NT 

A534 PN Yolngu North East Arnhem land, NT 

A535 PN Yolngu North East Arnhem land, NT 

A537 PN Yolngu North East Arnhem land, NT 

A538 PN Yolngu North East Arnhem land, NT 

A539 PN Yolngu North East Arnhem land, NT 

A540 PN Yolngu North East Arnhem land, NT 

Q1 PN Yoolooburrabee Stradbroke Island, QLD 

Q3 PN Yoolooburrabee Stradbroke Island, QLD 

Q4 PN Yoolooburrabee Stradbroke Island, QLD 

Q5 PN Yoolooburrabee Stradbroke Island, QLD 

Q6 PN Yoolooburrabee Stradbroke Island, QLD 

Q7 PN Yoolooburrabee Stradbroke Island, QLD 

Q8 PN Yoolooburrabee Stradbroke Island, QLD 

Q9 PN Yoolooburrabee Stradbroke Island, QLD 

Q10 PN Yoolooburrabee Stradbroke Island, QLD 

Q11 PN Yoolooburrabee Stradbroke Island, QLD 

Q12 PN Yoolooburrabee Stradbroke Island, QLD 

Q13 PN Yoolooburrabee Stradbroke Island, QLD 

CA01 PN Gunggandjii Cairns, QLD 

CA02 PN Gunggandjii Cairns, QLD 

 

2.5.2 DNA extraction 

We performed DNA extraction for the above 28 genomes using the following procedure: 

Approximately 2ml of saliva was collected from each individual using an Oragene-DNA 

kit. The saliva was mixed well, and 400 uL was removed to a fresh 2 mL SafeSeal tube. 

The tube was incubated by shaking at 56°C for an hour, then allowed to cool. A total of 

150 µL of 10 M ammonium acetate was then added and mixed, and the sample left at 
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room temperature for 5 min. The mix was then centrifuged at 11,000 x g for 5 min, and 

the liquid was poured into a fresh 2 mL SafeSeal tube. Following that, 200 µL of 

isopropanol was added, mixed, and centrifuged at 11,000 x g for 5 min. The liquid was 

poured off and 1 mL of 80% ethanol was added to the DNA pellet. The tube was mixed 

and then centrifuged at 11,000 x g for 2 min. The ethanol was poured out, the tube was 

again centrifuged briefly, and the remaining ethanol was removed by pipette. The DNA 

pellet was then resuspended in 100 µL of TE buffer (pH 7.6). The DNA was allowed to 

resuspend overnight at room temperature. The DNA purity and concentration were then 

measured using a NanoDrop spectrophotometer, and DNA size was determined by 

electrophoresis in a 1% agarose TAE gel. For the 12 samples from Groote Eylandt, 8 

from Mornington Island, and 6 from Normanton, we sent the Oragene-DNA kit to 

Novogene Co., Ltd, Beijing, China, for extraction since this was a more cost-effective 

option. 

 

2.5.3 Genome sequencing 

For the 30 samples from Arnhem Land (16), Cairns (2) and Stradbroke Island (12), we 

sent the extracted DNA (1-2 µg) for sequencing at BGI QLD, Australia. Each library was 

built according to BGI-500 library protocols. The 28 samples were sequenced for 90GB 

using BGI-500 150 PE sequencing (https://www.bgi.com/global/sequencing-

services/dna-sequencing/whole-genome-sequencing-3/).  

 

For the remaining 26 samples from Groote Eylandt, Mornington Island, and Normanton, 

we built libraries following the Illumina TruSeq protocol. The Quality passed libraries 

were sequenced on the HiSeq-2000 platform to 150 base pairs on the forward and reverse 

strands. We sequenced each sample for these 26 samples to 180 GB at Novogene Co., 

Ltd, Beijing, China.  

 

2.5.4 Bioinformatics Analyses 

Raw fastq reads were obtained from the BGI sequencing service provider, BGI Australia, 

located at QIMR Berghofer Medical Research Institute, Queensland, Australia. The raw 

reads were filtered by removing adaptor sequences, contamination, and any low-quality 

reads using the Trimmomatic tool (Bolger, Lohse, & Usadel, 2014). For trimming, the 
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default parameters were used, except for the following parameters (ILLUMINACLIP: 

adapter.fa :2:30:10 SLIDINGWINDOW:4:20 MINLEN:50). Clean paired-end reads 

were then aligned to the human standard genome reference sequence hg19 using 

Burrows-Wheeler Aligner (BWA) version 7.3.0 MEM module [H. has to be deleted] (H. 

Li, 2011; H. Li & Durbin, 2009; H. Li et al., 2009). Aligned BAM format files for each 

sample were sorted based on chromosomes, and PCR duplicates were filtered for each of 

the sorted bam files using SAMtools (version 1.3.1). Variants and genotypes were 

identified using Simons Genome Diversity Panel variant positions. Indels were removed 

using a SAMtools awk script. Table 9 shows mtDNA and Y-Chromosome sequences 

coverages for 56 Aboriginal Australians. Low coverage in Y-Chromosome sequences 

represent that they are female samples.  

 

Table 9: Aboriginal Australian samples and coverage information of mitochondrial and 

Y chromosome sequences 

Lab No. mtDNA Coverage Y Coverage 

A486 3345.09 9.74 

A487 4696.34 0.36 

A488 2804.58 0.35 

A489 2595.73 10.73 

A490 2542.67 10.93 

A491 2316.47 12.85 

A498 6398.73 0.36 

A529 1895.43 10.00 

A530 2879.12 12.83 

A533 3354.27 12.74 

A534 326.038 0.03 

A535 2067.56 12.76 

A537 1371.04 0.42 

A538 2557.71 12.19 

A539 2860.81 0.37 

A540 1515.76 13.13 

GRT215 4408.39 28.56 

GRT618 5267.13 28.09 

GRT662 6016.72 5.69 
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GRT664 6537.09 5.89 

GRT666 3774.45 18.09 

GRT667 3880.5 6.10 

GRT668 4169.8 5.86 

GRT671 6125.04 6.43 

GRT674 3402.39 6.15 

GRT885 5145.82 6.25 

GRT887 5888.24 26.45 

GRT889 4071.33 6.19 

MRN1 927.749 12.21 

MRN2 3242.69 8.76 

MRN3 2365.7 0.31 

MRN4 740.893 0.34 

MRN5 1994.14 11.07 

MRN6 855.023 0.39 

MRN7 1315.27 12.19 

MRN8 857.33 0.33 

NOR1 2387.47 1.24 

NOR2 2454.33 16.62 

NOR3 2172.73 15.69 

NOR4 2257.67 17.26 

NOR5 1980.37 2.19 

NOR6 1595.77 14.06 

Q1 3638.08 10.91 

Q3 2591.55 0.36 

Q4 1909.04 0.27 

Q5 2173.89 0.29 

Q6 1720.07 0.27 

Q7 2776.04 0.27 

Q8 1592.41 0.29 

Q9 1561.01 0.29 

Q10 4614.97 0.31 

Q11 1906.57 0.32 

Q12 2774.68 0.35 

Q13 2975.01 13.32 

CA01 2237.29 11.386 

CA02 1695.05 14.0503 

 



  74 

2.5.5 Ancestry analyses 

MtDNA: 

MtDNA sequences obtained using bam files from each sample were processed in two 

steps. First, mitochondrial consensus positions were identified using Samtools (H. Li & 

Durbin, 2009). Second, using the bcftools (H. Li, 2011) consensus module we obtained 

completed mtDNA sequences for each sample. Subsequently, the sequence haplogroups 

were identified using Haplogrep2 (Kloss‐Brandstätter et al., 2011) tool-based reference 

database phylogenetic tree v17. A mitochondrial DNA phylogenetic tree was constructed 

using MEGA X (Sudhir Kumar et al., 2018). MtDNA multiple alignment analyses were 

performed using the MUSCLE module from MEGA X (Sudhir Kumar et al., 2018).  

 

Y-chromosomes: 

Similar to mtDNA, Y-chromosome consensus positions were obtained using bam files 

from each sample. The Y-chromosome haplogroups were identified using the application 

Yphylo (Poznik, 2016a, 2016b). 
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3 The biparental genomic structure of Aboriginal Australians 

The uniparental markers provide only haploid genomic populations prehistory. However, 

nuclear genome sequences provide comprehensive evidence about the genetic structure 

and recent gene flow among populations, when compared to uniparental markers.  To 

date there have been only a limited number of whole nuclear genome studies of PN (PN) 

speakers and such a study on NPN (NPN) speaking populations has not been conducted. 

Hence using 56 whole genomes from Northern Australia, I examined the genetic structure 

among NPN speakers and their relationship with PN speakers and other populations of 

the world.   

 

3.1 Introduction  

Archaeological, anthropological, and genetic studies (Bergström et al., 2016; Hudjashov 

et al., 2007; Tatiana M Karafet et al., 2008; Kayser et al., 2001; Nagle et al., 2016; Redd 

et al., 2002; Underhill et al., 2001; Vandenberg et al., 1999) have been performed to 

understand culture and the genetic diversity of Aboriginal Australians. Some of the early 

studies of partial and complete mtDNA and Y-Chromosome studies illustrated Aboriginal 

Australians diversity (Adcock et al., 2001; Bergström et al., 2017; Nagle, Ballantyne, et 

al., 2017; Nagle, van Oven, et al., 2017; Tobler et al., 2017; S. van Holst Pellekaan, 2013; 

S. M. van Holst Pellekaan et al., 2006). However, uniparental sequences provide only 

partial information, either paternal or maternal ancestry. Hence it is necessary to perform 

comprehensive genomic studies. There are only a handful of nuclear genome studies 

performed on Aboriginal Australians. All the nuclear genome studies were carried out 

only on PN language speakers (who occupy 90% of the Australian landmass). Rasmussen 

et al. (2011) reported the first whole-genome study of a 100-year-old hair sample donated 

by an Aboriginal Australian man from Kalgoorlie in south Western Australia to the 

Cambridge Museum. Malaspinas et al. (2016) conducted a whole-genome study using 25 

modern genomes of Highland Papuan people and 83 genomes of Aboriginal Australians 

from eight PN language groups living today. Later research by Wright et al. (2018) 

reported 17 contemporary and ten ancient samples from PN language groups. However, 

to date, there have been no whole-genome studies on NPN speakers.  To understand the 

genetic structure of samples from NPN language families and surrounding PN language 

families, we sequenced a total of 56 representatives from five locations (Fig. 19) and the 
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following questions were addressed using the nuclear genomes: 1) Are the NPN people 

genetically unique and distinct from PN speakers? 2) Is there evidence for gene flow from 

the worldwide population to the NPN language groups? 3) Do NPN speakers form a 

single founding population as reported in Malaspinas et al. (2016)? And 4) Does genetic 

difference among PN and NPN population correlate with language relatedness or 

geographical proxy? 

 

Datasets: 

We sequenced and assembled whole genomes of Aboriginal Australian across Australia 

which includes 20 samples from NPN languages, out of which 12 samples come from 

Groote Eylandt Island (home of Anindilyakwa Speakers), and eight samples come from 

Mornington Island (Speak Lardil, Kaidal and Yangkaal). In addition, we also obtained 36 

samples from PN languages, out of which six samples were from Normanton (home of 

Gkuthaarn/Kukatj Speakers), 16 samples from North east Arnhem land (Home of Yolngu 

Speakers), two Gunggandjii language samples from Cairns and 12 samples from 

Stradbroke Island (Speak Yoolooburrabee) (Fig. 19).  In addition, we compared these 

datasets with whole genome sequences include 83 samples from PN languages 

(Malaspinas et al., 2016), 17 contemporary PN language samples and 4 high coverage 

ancient samples from (Wright et al., 2018), 25 samples from five populations in highland 

of Papua New Guinea (Malaspinas et al., 2016). We also included whole genome data 

from Indigenous populations globally from Simons Genome Diversity Project (Mallick 

et al., 2016). The final dataset contained 443 individuals and after data merging and 

filtering (Parameters: missing genotypes: 0.01, minimum depth: 10), the final dataset 

comprised of 2,213,916 autosomal SNPs for analysis. 
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Figure 19: map illustrates sample locations from northern Australia. 

 

Description: In the map light green colour represents PN language family and other 

colours represent NPN language families;  

 

3.2 Results 

3.2.1 The distribution of genomic variation among Aboriginal Australians, as 

revealed by multidimensional scaling analyses. 

In order to better understand the genetic relationship of the five newly sequenced 

Aboriginal Australian populations, we carried out a multidimensional scaling (MDS) 

analysis using PLINK (Purcell et al., 2007). The first two components are driven by 

genetic differentiation among Africans and non-Africans; including Australians, Papuan 

New Guineans, Europeans, East Asians, and South East Asians (Fig. 20). Overall, the 
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African genomes used in this analysis clustered on one side of the plot and the genomes 

of Australians and Papuans grouped on the other side. 

  

 

Figure 20: MDS of African and non-African such as European, East Asian and 

Australo-Papuan; Here European represent samples from across Europe; East Asian 

represent samples from East of China. 

Furthermore, to increase the resolution of the relationship of Aboriginal Australians with 

other non-Africans populations, we performed another MDS analysis after removing 

African populations. In the latter MDS, PC1 separated Australo-Papuan populations at 

one end and Eurasian on the other (Fig. 21).  Most of the samples from the Malaspinas et 

al. (2016) study show a spread across the X-axis (brown triangles) towards European 

populations (sky blue - closed circles) suggesting genetic admixture between Aboriginal 

Australians and Europeans.  However, the unadmixed Aboriginal Australians from the 

previous study are near the right end close to Papuans.  A similar pattern is observed for 
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our data as well.  Most of the samples used in this study appears to be unadmixed as they 

all have clustered with other unadmixed samples from the previous study (right end of 

Fig. 21).  However, some individuals from Normanton (red-closed circles), Stradbroke 

Island (brown-square-triangle) and Groot Island (green-closed circles) do show genetic 

admixture as they spread towards Europeans.   

 

   

 

Figure 21: MDS of non-African people illustrating European, East Asian and Australo-

Papuan.  Here European samples from across Europe; East Asian indicate samples from 

East of China. 

 

To further understand the finer relationship among Australian populations I conducted an 

MDS analysis by including only these populations.  PC1 separates unadmixed samples 

of Aboriginal Australian, which form a vertical line in the right and admixed Aboriginal 

Australians on the horizontal line. In contrast, PC2 separates the unadmixed Aboriginal 
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Australians according to PN and NPN speakers (Fig. 22).   The unadmixed PN speakers 

from Pilbara (PIL), Western Desert (WCD) and Wongatha are lined up in the bottom and 

the unadmixed NPN speakers from Groote and Arnhem land are on the top. 

 

 

Figure 22: MDS of Australia distribution; Here unadmixed Aboriginal Australians 

clustered vertically and European or East Asian admixed sample clustered horizontally.  

 

Description: Unadmixed PN language group (WCD) represented in the top of vertical 

cluster; Similarly, unadmixed NPN language group (GRT) represented in the bottom of 

vertical cluster. ARN (PN-Yolngu) group cluster with NPN (GRT) population. 

 

3.2.2 Population structure of Aboriginal Australian 

To further identify the population structure of Aboriginal Australians PN and NPN and 

worldwide populations, we performed an ADMIXTURE analysis (Alexander, Novembre, 

& Lange, 2009). In order to avoid any potential problems caused by linked SNPs, we 
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ancestry with WCD (PN). Furthermore, at K=6 this illustrates that ARN (PN) speakers 

shared ancestry proportions that ranged between 99 and 53% from GRT (NPN). 

Similarly, ARN (PN) speakers also shared ancestry with WCD (PN) between 47 and 1%.  

NOR and SBI samples show high proportions of shared ancestry with East Asians and 

Europeans. This is similar to results from previous studies (Malaspinas et al., 2016; 

Mallick et al., 2016; Pugach et al., 2013; Wright et al., 2018). As the K value was 

increased, the ancestral population was further divided within each continental 

population. In addition, ADMIXTURE analyses further confirm that Yolngu samples 

share a higher level of ancestry proportion with GRT (NPN) than with WCD (PN). This 

is consistent with MDS results.  
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Figure 24: ADMIXTURE result at K=6 shows population structure of African, 

Europeans, East Asians, Aboriginal Australians and Papuan Highlanders.  

 

Description:  Aboriginal Australians share two component pink (WCD) and green 

(GRT) from unadmixed population WCD and GRT. 

 
 

Furthermore figure 25, 26, and 27 depicts PN and NPN population from Australia and 

other worldwide population structure from K=2 to 15. At K=5 all unadmixed Aboriginal 

Australians (WCD, ARN, GRT, and MRN) show a single common ancestry. Similarly 

admixed population such as CAI, PIL, SBI & NOR etc. show Aboriginal Australian, as 

well as European and East Asian ancestry. In addition, at K=5 all Aboriginal Australian 

samples including NOR, MRN, GRT, SBI and ARN share the same Aboriginal ancestry. 

This illustrates that PN and NPN are more closely related to each other than to any other 

population in the world. As we increase the K value, the ancestral population further 

divides within each population. For example, the population of interest in this thesis that 

of Aboriginal Australian populations shows further structure at K=6. Yolngu speakers 

obtain unique ancestry at K=11; further at this K value Aboriginal Australians show a 

shared ancestry with Yolngu populations. Overall additional samples from NPN 

populations and from PN populations show comprehensive population structure of 

Aboriginal Australian.  
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Figure 25: K=2 to 15 ADMIXTURE results depict population structure of African, 

Europeans, East Asians incrementally. 

 

 

 

 

Figure 26: K=2 to 8 ADMIXTURE results depict population structure of African, 

Europeans, East Asians, Aboriginal Australians and Papuan Highlanders incrementally. 

 

Description: As we increase K value each population structure illuminates accordingly 

e.g., K=5 & K=6 Aboriginal Australians obtain unique ancestry. 
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Figure 27: K=9 to 15 ADMIXTURE results depict population structure of African, 

Europeans, East Asians, Aboriginal Australians and Papuan Highlanders incrementally.  

 

Finally, figure 28 depicts PN and NPN population structure from K=2 to 10. At K=2 all 

unadmixed Aboriginal Australians show a single common ancestry. Similarly admixed 

population such as BKM, BKP, ENY, CAI, PIL, SBI & NOR etc. show Aboriginal 

Australian, as well as European ancestry. As illustrated in previous results ADMIXTURE 

analysis of Aboriginal Australian from PN and NPN ancestry illustrated in K=3. 

Mornington and Arnhem land population obtain separate ancestry at K6 and K=7 

illustrate the population substructure among Aboriginal Australian populations. 
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Figure 28: K=2 to 10 ADMIXTURE results depict population structure of Aboriginal 

Australians incrementally.  

 

3.2.3 F3-Out-group Analyses 

In addition, I performed f3-outgroup analysis in order understand the closest population 

to Aboriginal Australians outside Australia. I used unadmixed population samples from 

this study including Arnhem Land, Mornington Island and Groote Eylandt to perform F3-

out-group analysis. Briefly, F3-out-group statistics (Patterson et al., 2012)  which 

quantifies shared drift among populations was used to test the data using the following 

tree (Mbuti, (GRT, X)). Here Mbuti acts as an outgroup to both populations GRT and X. 

In this analysis pop1 (GRT) was kept constant and pop2 (X) was replaced with 

populations such as Yoruba, French, Han Chinese, and Myanmar Burmese (South East 

Asia). Here the highest values indicate a higher level of shared ancestry. The outgroup 
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results shown in Table 10 illustrate a shared ancestry between Aboriginal Australian and 

worldwide populations where the highest level of relatedness is shared with Papuans and 

the lowest ancestry is shared with Yoruba African. This suggests Papuan are genetically 

closest population to both PN and NPN speakers. F3 stats result show further validation 

to MDS (Fig. 21) and ADMIXTURE (Fig. 25: K=4) results that Papuan are genetically 

closest neighbours. 

 

Table 10: f3-outgroup statistics result shows the closest Population to Aboriginal 

Australians  

Source1 Source2 Out group f3-stats Std. Err Z-Score # of SNPs 

ArnhemLand Papuan Mbuti 0.349189 0.003765 92.747 82189 

MRN Papuan Mbuti 0.347686 0.003732 93.168 82342 

GRT Papuan Mbuti 0.34515 0.003821 90.33 82407 

ArnhemLand 
Han_ 

Chinese Mbuti 0.269554 0.003309 81.459 82877 

MRN 

Han_ 

Chinese Mbuti 0.268798 0.003304 81.354 83121 

GRT 

Han_ 

Chinese Mbuti 0.266979 0.003334 80.081 83173 

ArnhemLand 

Mayanmar_ 

Burmese Mbuti 0.266063 0.003321 80.108 82088 

MRN 

Mayanmar_ 

Burmese Mbuti 0.265426 0.003245 81.788 82358 

GRT 

Mayanmar_ 

Burmese Mbuti 0.262735 0.003238 81.138 82389 

ArnhemLand French Mbuti 0.233816 0.003318 70.474 81065 

MRN French Mbuti 0.23374 0.003329 70.212 81302 

GRT French Mbuti 0.231656 0.003289 70.428 81296 

MRN Yoruba Mbuti 0.082965 0.002153 38.542 83958 

ArnhemLand Yoruba Mbuti 0.082525 0.002095 39.391 83746 

GRT Yoruba Mbuti 0.081932 0.002109 38.854 83917 

 

 

In addition, I performed F3 out-group analysis to understand closest population for NPN 

speakers. I validated this using following tree (Mbuti, (GRT, X)). Here X was replaced 

with Arnhem Land, Mornington Island, WCD, PIL, WON, WPA and CAI. First, the f3 
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values obtained for comparisons within Australian populations (0.351-0.379 – Table 11) 

are higher than those obtained for comparisons involving Australians and other world 

populations (0.082-0.349 - Table 10).  Second, Table 11 illustrates that overall, NPN 

populations (GRT and MRN) are closely related to themselves and with Arnhem land 

population (Yolngu speakers), which live close to NPN speakers. Furthermore, among 

the PN speakers, WCD are the closest to NPN speakers. Table 11 further illustrates 

ancestry of shared affinity among NPN and other PN populations include (PIL, WON 

WPA and CAI). CAI show least affinity with GRT (NPN) population. Overall, F3 stats 

results suggests that PN speakers are the closest relative of NPN speakers compared to 

other world populations. This is in conformity with MDS (Fig. 21) and ADMIXTURE 

(Fig: 25, K=6) results.  

 

Table 11: f3-outgroup statistics illustrates shared affinity among Aboriginal Australians 

Source1 Source2 Out group f3-stats Std. Err Z-Score # of SNPs 

ArnhemLand GRT Mbuti 0.379443 0.003913 96.965 81382 

ArnhemLand MRN Mbuti 0.3711 0.003889 95.432 81004 

ArnhemLand PIL Mbuti 0.368666 0.003925 93.932 80678 

GRT MRN Mbuti 0.368531 0.003927 93.849 80932 

MRN PIL Mbuti 0.367658 0.003931 93.532 79568 

ArnhemLand WON Mbuti 0.366559 0.003795 96.59 80745 

ArnhemLand WPA Mbuti 0.366424 0.003951 92.739 80471 

ArnhemLand WCD Mbuti 0.366133 0.003789 96.629 82052 

MRN WCD Mbuti 0.366063 0.003827 95.658 81602 

GRT PIL Mbuti 0.365575 0.003972 92.047 80545 

MRN WPA Mbuti 0.365241 0.004007 91.143 79035 

MRN WON Mbuti 0.365098 0.003823 95.49 79623 

GRT WON Mbuti 0.36347 0.00388 93.68 80611 

GRT WPA Mbuti 0.362791 0.004023 90.171 80209 

GRT WCD Mbuti 0.362492 0.003844 94.29 82239 

ArnhemLand CAI Mbuti 0.354752 0.003805 93.223 81233 

MRN CAI Mbuti 0.354715 0.003864 91.8 80152 

GRT CAI Mbuti 0.350614 0.00388 90.363 81185 
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3.2.4 Phylogenetic Relationships 

To understand phylogenetic relationships among Aboriginal Australian, European, Indian 

and East Asian, I performed a phylogenetic tree analysis using vcf2PopTree 

(Subramanian, Ramasamy, & Chen, 2019).  I obtained the newick format of the NJ tree 

using 57 samples comprising the unadmixed Aboriginal Australians and other major 

populations of the world.  I chose the following options of Vcf2PopTree:  Genetic 

distance, SNVs present all genomes, Pairwise distance and NJ tree (Subramanian et al., 

2019). Finally, the newick tree was used as the input for the program iTOL (Letunic & 

Bork, 2019) to draw the NJ tree. The NJ tree (Fig. 29) illustrates two major clade 

including Eurasian and Australo-Papuan. The PN and NPN cluster together as sister 

groups and distinctly separated from other populations of the world. 
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The PN speakers from Arnhem land clustered with NPN speakers rather than with WCD, 

which is another PN population. Overall, phylogenetic tree show additional validation to 

MDS, ADMIXTURE, and F3 statistics results. 

 

3.2.5 The qpGraph model of Aboriginal Australian including NPN language 

family 

To further validate Aboriginal Australian phylogenetic relatedness with worldwide 

population, I performed qpGraph models. The qpGraph model constructs phylogenetic 

trees based on f2 (two population), f3 (three population), f4 (four population) statistics 

test results with a predefined topology and provides units of genetic drift and admixture 

proportions (Patterson et al., 2012). In addition, qpGraphs estimate a phylogenetic tree 

based on a well-established small tree and then new populations or samples are added one 

at a time. Then the new populations are included in order to arrive at the best model.  If 

the model does not fit into the clade, then the model is fitted in by adding admixture 

proportions. Finally, the model is tested for all the combination of trees in order to obtain 

the best model. Here I built a phylogenetic tree based on a reported model of Aboriginal 

Australians from Wright et. al., (2018) and added NPN and Arnhem land populations to 

validate the NJ tree results. Firstly, I grouped MRN and GRT (NPN) with WCD (PN) and 

obtained significant reduced z-score of 2.506 (Fig 30). This further suggest that PN 

speakers are the closest relative of NPN speakers.  
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Figure 31: qpGraph model of PN and NPN language speakers and Arnhem land Yolngu 

speakers. 

 

Description: qpGraph model showing phylogenetic tree based on shared drift and 

illustrating Out of Africa, PN and NPN language speaker settlement. qpGraph model 

showed best reduced z-score while clustering Arnhem Land Yolngu speakers with NPN 

language speakers. 

 

3.3 Discussion 

In this study, I investigated four central questions using 56 Aboriginal Australian nuclear 

genomes. Firstly, to understand NPN people genetically unique and distinct from PN 
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speakers, I performed analyses such as MDS, ADMIXTURE, F3-statistics, NJ tree, and 

qpGraph model. MDS results (Fig. 22) showed that PN and NPN separated according to 

their language groups. Furthermore, ADMIXTURE analyses validated the sub-structure 

of PN and NPN speakers (Fig. 24) at K value 6. F3 statistics showed that an additional 

validation NPN speaker from Mornington Island is closely related to the NPN language 

group from Groote Eylandt. The Neighbor-Joining tree showed that all NPN language 

speakers form sister group with PN speakers. Finally, the qpGraph model (Fig. 30) 

showed a close distinct clade for NPN. The above results add new knowledge to previous 

studies (Bergström et al., 2017; Malaspinas et al., 2016; Mallick et al., 2016; Nagle, 

Ballantyne, et al., 2017; Nagle, van Oven, et al., 2017; Rasmussen et al., 2011; Tobler et 

al., 2017; Wright et al., 2018) as this is the first whole-genome study of NPN speakers. 

  

Secondly, to infer gene flow from worldwide population to the NPN language speakers, 

I used five genetic analyses mentioned previously. The first line of evidence obtained 

from MDS and ADMIXTURE showed that most of the NPN populations from Groote 

Eylandt and Mornington do not have any admixture with other populations of the world.  

Only three out of 20 samples showed European admixture.  Furthermore, PN speakers 

from Arnhem land showed no admixture. On the other hand, the PN speakers from 

Normanton and Stradbroke Island population showed European and East Asian ancestry 

consistent with previous studies (Malaspinas et al. (2016) and Wright et al. (2018)). 

Furthermore, F3 statistics analysis of the unadmixed population from this study showed 

that Papuan is the closest population to the NPN (Groote Eylandt and Mornington Island) 

populations. Finally, NJ tree and qpModel also validated that Papuan is the closest 

population to Aboriginal Australians outside Australia. The above results are similar to 

previous observations on PN populations (Malaspinas et al. (2016) and Wright et al. 

(2018).   

 

Thirdly, the MDS, Admixture, f-3 stat and phylogenetic analyses also showed that PN 

and NPN populations are closer to each other than any other populations in the world.  

This implies that all Australians descend from a single founding population.  While 

previous studies showed that all PN speaking Australians originate from a single ancestral 
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population (Malaspinas et al. (2016) and Wright et al. (2018)). the present study suggests 

that NPN speakers were also derived from the same ancestors. 

 

Finally, to understand whether genetic differences among PN and NPN populations 

correlate with language relatedness or geographical proximity, I performed analyses on 

the PN speakers from Arnhem land, who live geographically closer to NPN speakers than 

other PN speakers. The MDS and ADMIXTURE analyses showed that the Arnhem Land 

population is genetically closely related to NPN speakers. The F3 statistics also indicated 

that the Arnhem land population is closely related to NPN speakers compared to other 

PN speakers (Table 11). Phylogenetic analysis such as NJ tree and qpGraph modelling 

further confirmed this. Therefore, in this case the geographical proximity is the reason for 

the genetic relatedness rather than their linguistic similarity. 

 

3.4 Conclusion 

In this study, I found that the closest relatives of NPN language speakers of northern 

Australia are the PN language speaking Australians compared to any other populations 

of the world.  This suggests that the all Australians descended from a single founding 

population.  However, the NPN populations form a distinct cluster from PN populations.  

The only exception is the people of Arnhem Land who belong to the PN group but they 

are genetically closer to NPN populations than to any other PN speakers.  This is owing 

to their geographical proximity with the NPN speakers. The above inferences were made 

and confirmed using five different analyses namely MDS, ADMIXTURE, f3-stat, 

Neighbor-Joining tree and qp-graph. 

 

3.5 Material and methods 

3.5.1 Raw sequencing data processing and alignment 

As reported in Chapter 2 (page 30) we performed DNA extractions and sequencing. The 

final raw sequenced fastq reads were obtained from two sequencing providers: Beijing 

Genomics Institute (BGI) at the Queensland Institute of Medical Research (QIMR), 

Herston, Queensland Australia and Novogene Co., Ltd., Beijing, China. The raw reads 

were filtered by removing adaptor sequences, contamination, and low-quality reads using 

a Trimmomatic tool (Bolger et al., 2014). For trimming, the default parameters were used, 
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except for the following:(ILLUMINACLIP:adapter.fa:2:30:10 SLIDINGWINDOW:4:20 

MINLEN:50). Clean paired-end reads were then aligned to the human standard genome 

reference sequence hg19 using Burrows-Wheeler Aligner (BWA) version 7.3.0 MEM 

module (H. Li & Durbin, 2009). Aligned BAM format files for each sample were sorted 

based on chromosomes, and PCR duplicates filtered for each of the sorted bam files using 

SAMtools (version 1.3.1) (H. Li, 2011; H. Li et al., 2009). Further, variants / genotypes 

were identified using Simons Genome Diversity Panel variant positions (Mallick et al., 

2016). Indels were removed using an SAMtools awk script. 

 

3.5.2 Nuclear genome alignment statistics 

Raw reads from 56 samples reported in chapter 2 were processed for quality and adapters. 

Then samples of high quality and adapter trimmed fastq reads were aligned to reference 

genome respectively (Par: bwa mem -M and samtools mpileup -C 50 and bcftools -v). 

Table 12 illustrated the coverage statistics of samples from Arnhem land, Groote Eylandt, 

Mornington Island, Normanton and Stradbroke Island. 

 

Table 12: Nuclear Genome coverage and sex of Aboriginal Australian collected for this 

thesis. 

Lab No. Sex Coverage 

A486 M 30 

A487 F 30 

A488 F 30 

A489 M 30 

A490 M 30 

A491 M 30 

A498 F 30 

A529 M 30 

A530 M 30 

A533 M 30 

A534 M 30 

A535 M 30 

A537 F 30 

A538 M 30 

A539 F 30 
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A540 M 30 

GRT215 M 60 

GRT618 M 60 

GRT662 F 60 

GRT664 F 60 

GRT666 M 60 

GRT667 F 60 

GRT668 F 60 

GRT671 F 60 

GRT674 F 60 

GRT885 F 60 

GRT887 M 60 

GRT889 F 60 

MRN1 M 60 

MRN2 M 60 

MRN3 F 60 

MRN4 F 60 

MRN5 M 60 

MRN6 F 60 

MRN7 M 60 

MRN8 F 60 

NOR1 F 60 

NOR2 M 60 

NOR3 M 60 

NOR4 M 60 

NOR5 F 60 

NOR6 M 60 

Q1 M 30 

Q3 F 30 

Q4 F 30 

Q5 F 30 

Q6 F 30 

Q7 F 30 

Q8 F 30 

Q9 F 30 

Q10 F 30 

Q11 F 30 
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Q12 F 30 

Q13 M 30 

CA01 M 30 

CA02 M 30 

 

3.5.3 Merging with worldwide populations 

We merged 279 DNA sequences using the Simons Genome Diversity Panel (SGDP) in 

VCF format 

https://sharehost.hms.harvard.edu/genetics/reich_lab/sgdp/vcf_variants/vcfs.variants.pu

blic_samples.279samples.tar) with Aboriginal Australian samples. These samples were 

merged using a BCFtools module with world-wide indigenous populations. A total of 16 

Yolngu speakers were merged with the NPN speakers and worldwide populations. A total 

of 20 samples from NPN speakers comprised 12 GRT samples and 8 MRN samples. In 

addition, a further six samples from PN speakers from Normanton (NOR) were also 

sequenced. A total of 104 samples from Wright et al. (2018) comprised 100 samples from 

the modern PN language group and four samples from an ancient PN group with 5x 

coverage. We excluded Central Asian and American samples from the SGDP panel since 

the focus of this study was on PN and NPN speakers. The final merged sequences 

comprised 430 full genomes. 

 

3.5.4 Population genetics analyses 

We filtered the SNPs for missing genotypes after merging except for ancient samples 

which resulted in 2,213,916 autosomal SNPs for analysis. Further, we performed Linkage 

Disequilibrium (LD) pruning using PLINK, as MDS requires unlinked SNPs to obtain 

robust results. LD pruning was performed using the following parameters: window size 

200, 25; r2 value 0.4. Then, we performed MDS analyses using the PLINK tool on 

170,872 unlinked SNPS. ADMIXTURE (version 1.3) was performed using default 

parameters except (-s and -cv) options. We performed F3 out-group analysis using 

qp3Pop from ADMIXTOOLS (Patterson et al., 2012). In F3 stats (GRT, X, Mbuti); X 

was denoted as other group from Australia populations, European, and East Asian 

respectively. Furthermore, the qpGraph model was performed using qpGraph module 

from ADMIXTOOLs. The VCF2Pop (Subramanian et al., 2019) tool was used to obtain 

Pairwise Distance a phylogenetic tree. Later, I used iTOL (Ciccarelli et al., 2006; Letunic 
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& Bork, 2019) to modify the NJtree from Pop2Vcf to colour code the samples labels and 

clades.  
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4 An analysis of genetic relationship among Indigenous people of India 

and Australia 

Aim of this Chapter 

In this chapter, I examined the potential gene flow from India to Australia.  For this 

purpose, I sequenced the whole nuclear genomes of 14 Indians and compared them with 

the genomes of Aboriginal Australians. 

 

4.1 Introduction 

Fossil and genetic data suggest that modern Humans originated in Africa (Oppenheimer, 

2012; Stringer & Andrews, 1988). Recently, Middle Stone Age artefacts and fossils have 

recorded earliest appearance of modern humans at approximately 315 kya (Hublin et al., 

2017). The most parsimonious view is that modern humans spread Out of Africa in one 

or two dispersals events with a small number of bottleneck events and then migrated 

around the globe admixing with archaic hominins such Homo sapiens neanderthalensis 

(Green et al., 2010) and Homo sapiens denisova (David Reich et al., 2010; David Reich 

et al., 2011). Most common view is that Aboriginal Australian reached Sahul by taking 

the Southern route via India and Southeast Asia (Oppenheimer, 2012). Indian languages 

can be grouped into four families including Indo-European, Dravidian, Austro-Asiatic, 

and Tibeto-Burman. Basu et al. (2016) performed SNP array analysis on 18 Indian 

populations and incorporated the four language groups, and suggested that Indians carry 

four different ancestries.  Basu et al. (2016) showed that Indo-Europeans have a high 

proportion of European origin.  Previous studies using mtDNA (Redd & Stoneking, 

1999), Y-chromosomal sequences (Satish Kumar et al., 2009; Redd et al., 2002), and 

autosomal SNPs (Pugach et al., 2013) inferred that there had been an ancient gene flow 

from the Indian subcontinent into Australia. However, more recent studies (Bergström et 

al., 2017; Nagle, Ballantyne, et al., 2017; Nagle, van Oven, et al., 2017; Tobler et al., 

2017) did not record any evidence of gene flow from India to Australia. Some of these 

studies showed that Aboriginal Australian had no genetic admixture from the outside 

world until European settlement in 1788 (Balme et al., 2018; Nagle, Ballantyne, et al., 

2017; Nagle, van Oven, et al., 2017; Tobler et al., 2017).  The autosome-based study 

reported gene flow between India and Australia have used samples from NPN populations 

(Pugach et al., 2013).  In contrast, the study that refuted this finding did not have any 
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samples from NPN populations (Malaspinas et al., 2016). Therefore, in this study I 

analysed a number of whole genome sequence datasets comprising Indian, NPN, modern 

and ancient PN populations to identify any ancient gene flow from Indian populations 

into Australia. This is the first study to test gene flow from Indian populations into 

Australia using ancient and modern whole genomes from PN and NPN language 

speakers.  

 

Datasets: 

We assembled whole genome sequence data that included 14 samples (Fig. 32) from 

seven tribal (language) groups across India (Toda, Thoti, Kota, Kattunayakan, Gadaba, 

Savara and Mizo) and 56 Aboriginal Australians comprising twenty sample from NPN 

language group and 36 samples from PN language group (reported in chapter 3). I also 

included whole genome data of 100 modern PN, 4 ancient PN, 5 Papuans from previous 

studies (Malaspinas et al., 2016; Wright et al., 2018). Furthermore, I included whole 

genome sequence data from other world populations obtained from the Simons genome 

diversity project (SGDP) database (Mallick et al., 2016). The final data set comprised 443 

individuals and after data merging, we had 2,213,916 autosomal SNPs for the analysis.  
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Indo-European and Dravidian language groups distributed as a north to south cline and 

Austro-Asiatic language speakers cluster with East Asian. 

 

4.2.2 Population Structure of Indians and Aboriginal Australians 

To identify any Aboriginal Australian populations with a history of Indian gene flow, we 

performed the admixture analysis using the software ADMIXTURE (Alexander et al., 

2009). Briefly, ADMIXTURE is used to identify any shared ancestry among populations 

by assuming K ancestors. Using a cross-validation analysis I found that K=6 has the 

lowest error and hence this value was used in the analysis. Figure 34 and 35 show traces 

of Indian ancestry (purple colour) in Aboriginal Australian samples.  For instance, one of 

the individuals from Cairns (CA02) and from Stradbroke Island (Q4) show ~7% of Indian 

ancestry. A few others such as Q1, CA01, GRT618 and NOR01 have <1% of Indian 

ancestry. Furthermore, most of the Indian samples show various proportions of European 

ancestry and East Asian ancestry. While the Dravidian language speakers have 1-10% of 

European ancestry, the Austro-Asiatic group have 10-90% East Asian ancestry.  
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Figure 35. ADMIXTURE result shows bar plots of 60 Aboriginal Australians sharing 

ancestry with European (green colour), East Asian (blue colour), Dravidian (Purple 

colour), Papuan (yellow colour), WCD (orange) and GRT (light brown). Aboriginal 

Australians show Indian admixture (purple)  

 

4.2.3 Admixture test between Indians and Aboriginal Australians  

To further investigate the Indian signal in six Aboriginal Australian samples (remove 

GRT666) we performed D-statistics (Reich et al 2009). The D-statistics is a four 

populations test, where the following relationship was tested: (African, (Indian, 

(Aboriginal Australian, Papuan)). For the Indian group, we used the populations with 

high Dravidian ancestry as revealed by ADMIXTURE results. Africans were used as the 

outgroup and We used 2,213,916 available autosomal SNPs for this analysis.  We tested 

whether the number of SNPs conforming to ABBA is equal to those conforming ABAB 

patterns - where A and B are the nucleotide types from the four populations in the order 

shown above. Equal number of SNPs in both configurations will yield D = 0.  Negative 

D-values (D<0) suggest a higher rate of Indian gene flow to Australians than Papuans and 

positive values (D>0) suggest a higher rate of gene flow to Papuans than Australians.  

The significance of deviation from zero was tested using the Z-score, based on the 

Weighted Block Jackknife method, where non-overlapping 5-cM blocks of the genome 

were resampled (Reich et al 2009). 

 

Table 13: D-statistics testing the relationship of (African, (Pop2, (Pop3, Papuan) – 

where Pop2 and Pop3 denotes various Indian and Australian Individuals 

Population Names Pop3 Pop2 D Z-score ABBA ABAB 
Number of 
SNPs 

Cairns CA01 Mizo -0.007086 -12.193 79636 88675 1275544 

Cairns CA01 Gadaba -0.003448 -6.91 81153 85550 1275562 

Cairns CA01 Savara -0.00349 -6.545 81112 85563 1275592 

Cairns CA01 Toda -0.003272 -6.26 79628 83802 1275563 

Cairns CA01 Kota -0.002753 -5.53 80292 83804 1275540 

Cairns CA01 Kuttunayak -0.002822 -5.229 80938 84539 1275592 

Cairns CA01 Thoti -0.002635 -5.07 80803 84164 1275603 

Cairns CA02 Mizo -0.007165 -11.326 61201 67846 927358 

Cairns CA02 Toda -0.003556 -6.359 61014 64312 927342 
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Cairns CA02 Kota -0.003216 -5.568 61503 64486 927342 

Cairns CA02 Savara -0.003195 -5.484 62350 65313 927370 

Cairns CA02 Kuttunayak -0.003178 -5.463 61934 64881 927376 

Cairns CA02 Gadaba -0.002828 -5.176 62524 65146 927358 

Cairns CA02 Thoti -0.002769 -4.72 61939 64507 927378 

GRT GRT618 Toda -0.00184 -3.359 145091 149164 2213822 

NOR NOR01 Toda -0.001723 -3.058 139306 143120 2213825 

StradbrokeIsland Q1 Toda -0.003249 -5.002 104961 109507 1399417 

StradbrokeIsland Q1 Kota -0.002798 -4.439 105619 109534 1399389 

StradbrokeIsland Q4 Toda -0.003334 -4.64 133694 139456 1728239 

StradbrokeIsland Q4 Kota -0.002547 -3.68 134597 139000 1728212 

WestCentralDesert WCD02 Mizo -0.000792 -1.478 138058 139810 2212757 

WestCentralDesert WCD02 Gadaba -0.000502 -0.971 137659 138769 2212757 

WestCentralDesert WCD02 Savara -0.000031 -0.059 138060 138129 2212850 

WestCentralDesert WCD02 Toda -0.000677 -1.289 135222 136721 2212777 

WestCentralDesert WCD02 Kota -0.001 -2.047 135627 137840 2212743 

WestCentralDesert WCD02 Kuttunayak -0.000059 -0.111 137320 137451 2212839 

WestCentralDesert WCD02 Thoti -0.000477 -0.936 136673 137729 2212864 
 

A Z-score value > 3 or < -3 was considered significant. I tested gene flow from India to 

Australia by replacing the Dravidian-speaking Mizo, Savara, Toda, Kota, Thoti and 

Kattunayakan groups in the analysis population. We performed a D-statistics analysis on 

Q1, Q4, CA01, CA02, GRT618, and NOR01 (Table 13). D-statics analysis showed a 

significant Z-score value for all the samples.  

 

 

4.3 Discussion 

Using morphometric measurements Thomas Henry Huxley recorded morphological 

similarities between the Indigenous people of India and Aboriginal Australians (Huxley, 

1870). During his HMS Rattlesnake voyage, he proposed the hypothesis that this was 

evidence of a genetic relationship between these two indigenous populations. Later, 

Joseph Birdsell an anthropologist from the United States of America made similar 

observations based on his morphometric analyses.  The latter suggested to Birdsell that 

there was a connection between these two Indigenous groups (Joseph Benjamin Birdsell, 

1993). An initial genetic investigation of Huxley’s hypothesis using uniparental 

sequences of Aboriginal samples across Australia suggested to earlier researchers that 
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there was gene flow from India to Australia in the past (Redd et al., 2002; Redd & 

Stoneking, 1999). However, later uniparental marker studies did not find such evidence 

(Bergström et al., 2017; Hudjashov et al., 2007; Nagle, Ballantyne, et al., 2017; Nagle et 

al., 2016; Nagle, van Oven, et al., 2017).  

 

In 2013, Pugach and her colleagues from the Max Planck Institute in Germany, used 12 

tissue samples from Indigenous people from Arnhem Land and performed a range of 

population genetic analyses including MDS, ADMIXTURE, F4-statiscs, and TreeMix 

analyses.  Pugach et al. (2013) suggested that these data represent evidence for gene flow 

~4,230 year ago from India to Australia. In addition, these authors also suggested that 

Aboriginal Australians carry approximately 11% Indian ancestry. Later, a major nuclear 

genome study Malaspinas et al. (2016) used 83 Aboriginal Australian samples across 

Australia from eight different PN language groups.  However, they were not able to 

identify any supporting evidence for gene flow from India to Australia. However, this 

study was based on PN speakers only and did not include the NPN speakers from northern 

Australia. 

 

In this study, we sequenced 14 new Indian samples and 56 Aboriginal Australian samples 

from northern Australia including 20 number of NPN speakers. We carried out a series 

of population genetic analyses using the whole genome data from these samples. In these 

analyses I included other worldwide populations such as European, East Asians, South 

East Asian and Papuans.  In our ADMIXTURE analysis, six Aboriginal Australian 

samples showed Indian ancestry, ranging from 1-7%. Similarly, D-statistics analyses of 

the six samples showed significant gene flow from Indian to Australian populations, as 

we obtained z-score values less that negative 3.  

 

Although the ADMIXTURE analysis showed Indian Ancestry in Australians only two 

Individuals had >5% and other four had <1%.  Out of 56 samples examined we found 

only six (11%) had significant levels of Indian admixture.  Furthermore, only one or two 

individuals from the populations of Cairns (2), Groote Eylandt (1), Stradbroke Island (2) 

and Normanton (1).  In contrast, the previous study found Indian admixture in all samples 

investigated (Pugach et al., 2013).  Therefore, the low proportion of Indian admixture 
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found in only one or two individuals of this study suggests the lack of any potential 

explanation for this observation.  Also, we cannot rule out the possibility of noise in the 

data signal.  Furthermore, the Indian admixture signals in Australians are confounded by 

the admixture of Europeans and East Asians in both Indian and Australian populations.   

 

 

4.4 Conclusion 

I examined Thomas Huxley’s prediction that there is a genetic relationship between the 

Indigenous people of India and Australia. Our admixture and D-stat analyses revealed 

significant gene flow from India to Australia.  However due to the low proportion of 

Indian ancestry in a very few individuals impede attributing this pattern to any potential 

Holocene migration from India to Australia.  Hence this finding should be treated with 

caution and further studies using more genomes from India and Australia is need to 

confirm this result. 

 

4.5 Materials and Methods 

4.5.1 Samples and DNA extractions 

We aimed to obtain samples from Indian tribal groups that had less European or east 

admixture.  This was carried out based on multiple discussions with our collaborators 

from Centre for Cellular and Molecular Biology (CCMB), Hyderabad and preliminary 

analysis of European admixture in the Indian samples report previously (Nakatsuka et al., 

2017). Finally, we selected the region from south India and north east India for sampling. 

We obtained 14 samples via collaboration with Prof. Thangaraj from CCMB, Hyderabad. 

For all the Indian samples after obtaining consent. Prof. Thangaraj obtained the blood 

samples. Later, from these blood samples Genomic DNA was extracted from the samples 

using in-house protocol at CCMB. The extracted DNA were sent for sequencing by 

courier to the Next generation sequencing provider Medgenome Pvt, Ltd. The 14 samples 

from 7 tribal groups presented in (Table 14) from South and North East India. 
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Table 14: Indian samples with language group 

Lab No. Coverage Language group Location 

Gadaba 1 30 AustroAsiatic Andrha Pradesh 

Gadaba 2 30 AustroAsiatic Andhra Pradesh 

Kattunayakan 1 30 Dravidian Tamil Nadu 

Kattunayakan 2 30 Dravidian Tamil Nadu 

Thoti 1 30 Dravidian Tamil Nadu 

Thoti 2 30 Dravidian Tamil Nadu 

Toda 1 30 Dravidian Tamil Nadu 

Toda 2 30 Dravidian Tamil Nadu 

Savara 1 30 AustroAsiatic Andhra Pradesh 

Savara 2 30 AustroAsiatic Andhra Pradesh 

Mizo 1 30 AustroAsiatic Mizoram 

Mizo 2 30 AustroAsiatic Mizoram 

Kota 1 30 Dravidian Andhra Pradesh 

Kota 2 30 Dravidian Andhra Pradesh 

 

 

4.5.2 Sequencing 

In Medgenome (https://research.medgenome.com/) for each sample a Truseq library kit 

was used to construct libraries. The libraries were sequenced on the Illumina Hiseq X 

platform for 150 bases paired-end to 30x coverage. The two Aboriginal Australian 

samples were sent for sequencing BGI Australian sequencing centre, Queensland, 

Australia. 

 

4.5.3 Bioinformatics Analyses 

The 14 Indian samples and two Cairns Aboriginal Australian samples raw reads were 

obtained from sequencing provider MedGenome. Raw reads were quality checked for 

low quality and adapter sequences and trimmed using Trimmomatic (version 3.6) with 

default parameters (ILLUMINACLIP: adapter :2:30:10 SLIDINGWINDOW:4:20 

MINLEN:50 (Bolger et al., 2014)).  Clean Paired-end reads were aligned to the hg19 
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reference genome using bwa version 7.3.0 mem module (H. Li & Durbin, 2009). Aligned 

BAM format were sorted based on chromosomes, PCR duplicates filtered using samtools 

(version 1.3.1) variants/genotypes (H. Li, 2011; H. Li et al., 2009)  and identified Indels 

were removed using awk script. 

 

Fifty-six Aboriginal Australians and 14 Indian Samples from this study were merged 

using bcftools merge module with world-wide indigenous population include from 

Europe, Africa, East Asia, India and Papua. We merged 279 samples from Simon genome 

diversity panel (SGDP) in VCF format downloaded from (weblink) to 160 Aboriginal 

Australian samples. PN language family 28 samples out of which 16 samples are from 

Yolngu speakers and 12 samples are obtained from Stradbroke Island, QLD. Twenty 

samples come from NPN language groups which belonged to GRT 12 samples and MRN 

8 samples. Six sample belonged to Normanton, QLD from PN language group and two 

samples from Cairns. One hundred and four samples from Malaspinas et al.  2016) and 

Wright et al. (2018) contains 100 samples from modern PN language group and four 

samples that belonged to ancient PN group with 5x coverage. We excluded Central Asian 

and American samples from SGDP panel since we wanted to focus on this study that was 

between Indian and Australian. The final merged samples comprised of 340 samples. 

 

4.5.4 Population genetics Analyses 

We filtered the SNPs for missing genotypes after merging except for ancient samples.  

The final count was 2,213,916 autosomal SNPs and these were used in the analysis. 

Further, we performed LD pruning using PLINK (Purcell et al., 2007) as 

Multidimensional scaling analysis (MDS) requires unlinked SNPs to obtain robust 

results. Individual population’s sample size is important in MDS and ADMIXTURE 

analysis. Here we grouped samples based on the geographical region to obtain equal 

sample size. Hence this does not affect the results. LD pruning was performed using 

following parameter (window size 200, 25, r2 value 0.4). MDS of 340 samples using 

306,103 unlinked markers. ADMIXTURE (version 1.3) was performed using default 

parameter except (-s and -cv) options. Then, we converted bed format files to Eigenstrat 

format using the Eigensoft (version 5.1) module using convertf. D-statistics was 

performed using qpDstat module from ADMIXTOOLS (version 5.1) with default 
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parameter with four population (Mbuti (X (AA, Papuan))). Finally, we changed X with 

Indian populations.  
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5 Summary 

Before the arrival of European settlers, Aboriginal Australians spoke more than 250 

languages, which have been classified into 27 language families (Bowern, 2010). This 

linguistic diversity has now been broadly classified into two major language groups: NPN 

and PN speakers.   A number of previous studies have characterised the genomes of PN 

language speakers and investigated the genetic relationship among them (Malaspinas et 

al. 2016; Tobler et al., 2017; Wright et al. 2018).  However, to date, there has been no 

substantial genome-based studies of NPN speakers.  Therefore, in the present thesis I 

sequenced 20 genomes belonging to NPN speakers along with 36 PN speakers to 

characterise the former and investigate the genetic relationship between the two distinct 

linguistic groups.   

 

5.1 Significance of the thesis 

The research that underpins this thesis provides important and new knowledge about our 

understanding on Aboriginal Australians and human evolution more generally.  Firstly, 

the current study reveals new knowledge about mtDNA and Y-Chromosome relatedness 

among Groote Eylandt speakers, the three language groups from Mornington Island and 

the Yolngu speakers of Arnhem Land. This provides us with valuable information about 

different language groups of Aboriginal Australians and their interactions with other 

Indigenous communities.  This is one of the important aspects of population genetic and 

evolutionary studies of Indigenous communities. Uniparental sequences show shared 

ancestry with their neighbouring populations such New Guinea, (South East Asian) SEA 

Island populations and Soloman Islands. This suggest that both Island and mainland 

populations have a common shared ancestry. Furthermore, these results also reveal that 

nuclear gene exchange is not restricted to individual language groups and further suggests 

the possibility of cultural exchange among island populations and communities in 

Arnhem Land. In other words, regardless of their language differences, individuals from 

these groups have exchanged cultural identities, as well as genetic material. 

 

Hence perhaps not surprisingly, there is a wide knowledge gap between the genetics and 

population structure of Non-Pama-Nyungan language speakers, in comparison to Pama-

Nyungan speakers (Bowern, 2010). This thesis research provides the first detailed 
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evidence of population genetic structure and levels of relatedness among populations 

within and outside Australia. More specifically we examined shared relationships among 

Pama-Nyungan and Non-Pama-Nyungan speakers. The genomic study of Non-Pama-

Nyungan speakers provides three valuable new findings. Firstly, current Non-Pama-

Nyungan speaking communities possess a unique genetic structure in comparison with 

Pama-Nyungan speakers. Secondly, some Pama-Nyungan and Non-Pama-Nyungan 

populations have shared ancestries with each other. Finally, Non-Pama-Nyungan genetic 

analyses comprehensively suggest that all Aboriginal Australian populations likely 

originated from a single founder population from Sahul. On the other hand, genetic 

analyses of individuals from Arnhem Land populations reveal that these speakers are 

closely related to their geographical neighbours from Groote Eylandt Island. 

 

Finally, the genetic analyses of Indigenous Indian populations and Aboriginal Australians 

in this study showed significant admixture among Indian populations and Aboriginal 

Australians. However, due to the small proportion of Indian ancestry in a very few 

individuals, I could not further confirm the potential Holocene migration from India to 

Australia.  

 

5.2 Thesis work challenges 

A significant challenge for this study was obtaining genomic samples of NPN language 

speakers from northern Australia. Through prolonged discussion and assistance from the 

Aboriginal Australian elders and other collaborators I was able to obtain sufficient 

samples. However, many Aboriginal Australian groups are reluctant to provide samples 

for research because of their mistreatment in the past (Wright et al., 2018). Valuable 

collaborations with Aboriginal groups that were interested in a better understanding their 

past, provided the opportunity for this study. 

 

5.3 Future Directions 

Further nuclear genetic analyses could be performed using samples obtained for this 

study.  These analyses would include identifying population size changes over the past 

100,000 years and estimating the divergence time between PN and NPN speakers. One 

could also include identifying divergence times between Arnhem Land populations and 
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PN/NPN speakers. This could encourage genetic studies of populations in west of the 

Gulf of Carpentaria who speak PN language but are surrounded by NPN speakers. 

Estimating the divergence time of NPN speakers from this study will aid in understanding 

the likely settlement of NPN language speakers in mainland regions such as the 

Kimberley and western Arnhem Land. We hope this study may encourage other 

Indigenous groups in Arnhem Land and the Kimberley to collaborate on genetic studies 

that may help to identify the origin of unprovenanced remains held in Museums and 

research institutes in Australia, and around the world. We also hope this study will 

encourage, other studies of NPN language populations on the mainland of Australia and 

thereby to better understand their genetic relationship to other Aboriginal Australians.  

 

5.4 Final Remarks 

Broadly, this thesis will contribute to our growing understanding of Indigenous settlement 

of Australia. A number of components of this dissertation may become central to future 

genetic studies of Australia, and it is hoped that this study will inspire and encourage new 

research aimed at understanding the settlement and diversity of both NPN and PN 

language speakers. 
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The repatriation of Indigenous human remains is an important and rapidly developing 

field of research in anthropology. Over the last 30 years, there has been a growing 

movement among Indigenous people worldwide to request the return of the ancient 

remains of their kin. However, over that same period, museums and other research 

institutions have generally been reluctant to agree to such repatriation. In part, this is due 

to a major practical difficulty; namely that in many cases the provenance and/or 

geographic origins of remains are unknown or in dispute. Hence it is not clear to whom 

the remains should be sent. Importantly, some authors have suggested that this problem 

can potentially be resolved using a range of different scientific methods that allow kinship 

and relatedness to be inferred.  These methods include analyses of: (i) craniometric 

measurements; (ii) stable isotope signatures; and (iii) mitochondrial and nuclear DNA 

sequences. Different authors have argued for each of these approaches. For example, 

craniometrics has the advantage of being non-destructive which, of course, is a major 

advantage for museums. Other authors have argued that stable isotope ratios enable the 

identification of close relatives. In contrast, others have suggested that nuclear DNA 

analyses alone provide sufficiently powerful data to identify levels of relatedness among 

ancient and modern samples. And yet other authors have suggested that using all these 

methods together is the ideal way forward and represents best practice. However, 

genomic approaches are different to each of the others because they are able to directly 
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identify the kinship relationships between modern and ancient samples.  In addition, the 

past decade has resulted in some major innovations in both modern and ancient genomics. 

These approaches can only indirectly infer genetic relationships.  Hence, the 

identification of genetic relationships among Indigenous people living today and their kin 

who lived in ancient times, has progressed markedly. This has enabled the repatriation of 

the remains of ancient people to their living relatives. Such returns have been of great 

importance to Indigenous communities across the world e.g. (Phillips, 2019). Here, we 

focus our discussion on evaluating the theoretical and practical limitations of the three 

general approaches outlined above. We suggest that nuclear DNA analyses alone are 

generally able to provide high resolution data which in turn enable estimation of levels of 

relatedness. In contrast, other methods do not directly assess the issue of kinship and 

therefor repatriation.   

 

 

People from Indigenous societies typically have a close connection to the land in which 

they live and in which their ancestors lived. For example, the knowledge base of 

Indigenous cultures is typically centred on an understanding of landscapes, flora, fauna 

and of ancestral communities and traditions. Indigenous people believe that the spirit of 

the aboriginal’s ancestor cannot rest until the remains are with their kin and in their 

country. Since the advent of European colonisations in the 16th century, many remains of 

Indigenous people (e.g. in the Americas, Australia and New Zealand) were taken to 

different European institutions for research or display purposes, without the consent of 

those Indigenous communities. For example, between the 1860s and 1890s, hundreds of 

thousands of sets of remains of native people of North America were excavated, arguably 

to study the intelligence of native Americans (In, 1996). Similarly, Indigenous remains 

excavated from Australia were typically displayed in overseas museums and exhibitions 

in order “to better understand the prehistory of Indigenous communities” (Appel, 

Fourmile, & Turnbull, 2019). For instance, Aboriginal Human remains first began to 

enter the Queensland Museum (QM) collections in the mid to late 1800’s and continued 

to increase in numbers during the early to middle 1900’s.  Many of the remains sent to 

the QM during this period were removed from traditional burial sites that were located 

throughout Queensland.  Remains were also “collected” from the recently deceased. Due 
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to the irresponsible or non-existent collecting practices used by many collectors (both 

professional and amateur) during this period, it was often the case that very little 

information on provenance accompanied these remains when they were despatched to the 

Museum.  It was common practice among these collectors to supply information only in 

letters or telegrams, some simply stating “found these in my travels and thought the 

Museum might be interested in obtaining these fine specimens”. One thing that 

compounded this issue was the remote locations where remains and items were 

discovered. It was usually weeks or months between when the remains were despatched 

and when the accompanying communique reached the museum.  Often over that period, 

the collector had moved on to other places. The acquiring of these “valuable items” hardly 

ever coincided with the arrival of the documentation.  Consequently, the museum could 

not ensure that proper information was finally obtained from these donors to give a full 

understanding of where they were obtained. 

 

In the late 1980’s the first major push to have ancestral remains returned to Aboriginal 

communities and Aboriginal control in Queensland began through the Foundation for 

Aboriginal and Islander Research Action (FAIRA). The discussions around the 

repatriation of human remains began in earnest in the Year of Indigenous Peoples in 1993, 

along with the implementation of the Native Title Act 1993.  This process also resulted 

in the Queensland Government working with Aboriginal and Torres Strait Islander 

Communities to build the framework for the Aboriginal Cultural Heritage Act 2003 and 

the Torres Strait Cultural Heritage Act 2003. Implementation of these Acts instigated 

changes in the Coroner’s Act and a review of the policy on how Queensland Police dealt 

with “new finds in the field”. This assisted in a more efficient way of getting remains 

home or more importantly leaving them on country.  While these changes to policy and 

the introduction of new Acts over this period allowed for the return of provenanced 

remains to their rightful communities and traditional lands, it raised a more significant 

issue and the resulting question for the museum, of “what happens with the 

unprovenanced remains”?  How the Queensland Museum manages the issue of 

unprovenanced remains and items is now becoming an urgent matter.  Staff are now 

tasked with caring for and fielding access to remains, as well as information requests from 
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communities and of course, attempts to return these remains and items to their rightful 

country.  

 

A lack of clarity within the available information and the exhaustion of all standard means 

for identifying the original location of these remains and artefacts, has now forced 

museum staff to look for additional ways of making precise or approximate 

identifications. This brings the use of different forms of scientific testing to the fore. By 

utilising these advances in testing, museum staff are able to access these new tools to 

assist identification of unprovenanced remains with greater opportunity to return 

unprovenanced ancestors and their items back to their homelands. While it is unfortunate 

that during these ensuing years the lack of precise provenance has resulted in many 

“collected” ancestral remains still being housed within museums today, it is hoped that 

the new methods of identifying their homelands, may see many Ancestors returning back 

home. 

 

Following a worldwide campaign by Indigenous communities, hundreds of Aboriginal 

remains from many countries have been repatriated to their communities, for example, in 

the United Kingdom, New Zealand and Australia (Feikert, 2009). One of the recent high 

profile cases was the oldest Australian skeleton of ‘Mungo Man’, which was dated to 

42,000 years, and which was repatriated after extensive discussions with Aboriginal 

communities from the Willandra Lakes area where the skeleton was originally excavated 

(Bowler et al., 1970).  

 

However, despite a series of positive developments, many governments and museums 

have not been able to completely resolve this issue. For instance, ~25% of ancient remains 

held in the South Australian museum are not associated with appropriate provenance 

information (Pardoe, 2013). Similarly, hundreds of remains in British Museums remain 

unidentified (Fletcher, Antoine, & Hill, 2014). Researchers from different disciplines 

have proposed various scientific methods to rectify this situation, but with varying levels 

of success.  For example, morphometric analysis, isotopic methods and, over the past 

decade, paleogenomics studies, have all been used to facilitate the return of ancient 

remains to different communities. These three disciplines are of course technically very 
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different. Morphometric analysis is the oldest of the three methods, and analyses based 

on measurements of crania and/or post crania have been argued to reliably identify the 

sex and/or age of an individual, as well as that individual’s population history 

(Pietrusewsky, 2018). Such approaches form the basis for many current analyses of 

biological variation. Multivariate analyses are still applied to our understanding of 

evolutionary change and of differences among populations (Kulatilake, 2020).  

 

The degree to which craniometric methods have been used in repatriating remains varies 

between countries, typically because of political and ethical issues. Over the past few 

decades, craniometric analyses have been used to facilitate repatriation of Aboriginal 

Australian remains (Pardoe, 2013). Pardoe (2004) reported that using biometric methods, 

the most likely place of origin for 69% of samples (171 of 247) could be identified. For 

over 30 years, Pardoe gradually accumulated a database of cranial and postcranial 

biometric measurements of Aboriginal people throughout Australia, documenting 3,660 

sets of individual remains. These remains were categorised into large geographical 

groups, 21 regional groups and 172 local tribal groups throughout Australia (Pardoe, 

2015). However, this approach has not been validated or evaluated by peers. In another 

case, a recent study using craniometric methods suggested that it was technically possible 

to identify the country of origin of migrants who died on the “U.S.-Mexico” border 

(Spradley, 2014). Another study of similar remains also suggested that craniometrics 

could be used to identify the country of origin of remains (Helgeson, 2019). In one case, 

craniometric analysis has been used in combination with stable isotopes and DNA to 

identify the origin of unprovenanced remains, although it should be noted that in this 

study, a mitochondrial DNA (mtDNA) analyses was conducted for only six samples 

(Trammell, Juarez, & Hughes, 2018). Nevertheless, Trammell et al. (2018) were unable 

to identify the origin of ancient remains; instead, they were only able to exclude potential 

origins of remains. A common limitation of such biometric studies is that museums do 

not always have the complete skeleton required to conduct such studies and not provide 

robust results. In contrast, DNA and isotopic methods typically rely on only a small 

amount of bone for DNA extraction or to identify isotopic ranges. Moreover, the number 

of possible phenotypic variations in human skeletons is far less than the enormous number 

of potential variations in nuclear DNA. Although major population differences can be 
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identified using craniometrics e.g. (Matsumura et al., 2019), the accuracy of this method 

is low when attempting to identify the origin of unprovenanced remains. 

 

Another scientific technique used in repatriation studies involves measurement of the 

proportions of different isotopes, such as strontium, carbon, nitrogen and oxygen. Briefly, 

isotopic variation in organic forms such as animal and plant tissues are known to vary in 

response to isotopic variation in biological material.  This is derived from the underlying 

geology.  Hence this variation is intimately associated with the ecology of animal and 

plant populations. Using isotopic analyses one can study the migration and mobility of 

historic and prehistoric populations. In the case of strontium, the proportions of two 

isotopes can be measured using heavier 87Sr and lighter 86Sr forms. Pate et al. (2002) 

suggested that it is possible to use carbon, nitrogen and oxygen isotopic levels to identify 

the origin of unprovenanced remains, and reported that ~85% of unprovenanced samples 

could be assigned to a corresponding geographical region based on just carbon and 

nitrogen isotopic ratios. However, for this method to work, it requires comparison of test 

samples with a reference data set of previously known geographical samples (Pate, 

Brodie, & Owen, 2002). In another example, Font et al. (2015) used a multiple isotope 

approach to identify bone and tooth remains from Amsterdam, The Netherlands. In this 

study, authors used δ18O and Sr-Pb isotopes to exclude the origin of remains from 

northwest Europe and particularly The Netherland.  Hence the authors argued that the 

origin of the remains as likely from Eastern Europe and Balkans (Font, van der Peijl, van 

Leuwen, van Wetten, & Davies, 2015). 

 

In Australia, Adams et al. (2019) conducted a study of the variation in strontium isotopes 

across different regions of Cape York with the goal of designing a system that could be 

used to trace human migration and provenance (Adams et al., 2019). It was suggested that 

this would aid the repatriation efforts of many of the Indigenous communities of Cape 

York, where the return of unprovenanced ancestral human remains, is a priority. Because 

of Cape York's proximity to New Guinea and Asia, and the absence of modern isotopic 

contaminants from agriculture and urban / city development, the region provides an ideal 

setting to test geochemical tracing techniques and to measure how those geochemical are 

transferred to the biota, through environmental proxies. However, the difficulty is that 
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regions that have characteristically stable isotope ratios, such as 87Sr/86Sr, are not unique. 

Cape York, like many other regions, is characterised by a variety of similar strontium 

isotopes. Hence, it is not possible to identify the geographic provenance of any particular 

sample using the 87Sr/86 Sr map produced by Adams et al. (2019 Fig 4). More importantly, 

isotope ratios cannot directly reveal anything about genealogy. Viewed conservatively, 

such isotope information allows researchers to exclude some potential source areas, rather 

than pinpointing a likely source itself. While this process of exclusion can be useful when 

other information is available to help narrow down the remaining possibilities, it is 

evident that isotope information alone will, by its very nature, inevitably lead to 

ambiguous provenance assignments. A very complete base map is also needed for the 

isotopic assessments, and this is very labour intensive to achieve. 

 

Krzysztof et al. (2015) also questioned the reliability of isotopic distribution to repatriate 

human remains, pointing out that the distribution of different isotopes varies in some 

tissue types, such as hair, nail and bone materials. Hence, in order to obtain a robust 

conclusion, one would need to measure isotopic variation using the same tissue type in 

different individuals. A further issue is that the determination of isotopic boundaries for 

most locations remains difficult. Similarly, the existence of multiple locations with 

similar isotopic ratios, as occurs in Cape York, can confound results. Yet another 

complication arises when inferring migration from isotopic ratios, as male and female 

migration behaviour are often different because of intermarriage between communities 

and the consequent social structures of those communities (Krzysztof, Katarzyna, & 

Beata, 2015). Isotopic methods could be potentially be useful in repatriating remains from 

armed conflicts and when remains are from different geographic locations. However, this 

is not an effective technology when attempting to repatriate Indigenous remains held in 

museums because Indigenous communities want their kin repatriated, not any other 

remains.  In summary, while isotopes often provide information about where people lived 

and their diets, this does not represent direct genealogical evidence.   

 

The question remains, can analysis of genomic variation of ancient remains, combined 

with modern variation of the same target species, facilitate the identification of kinship 

groups. Wright et al. (2018) showed that the recovery of full genomic sequences from 
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ancient remains is possible even in the arid environments of Australia. The authors 

successfully identified the origin of remains using mitochondrial DNA sequences for 

62.1% of the samples (Wright et al., 2018). For the remaining 37.9% samples, it was not 

possible to distinguish the provenance of some remains, either because there were not 

enough reference samples, or because the samples had been found over a large geographic 

region. Over time, the latter is likely to become a bigger problem. This is because, as 

researchers acquire samples from additional communities covering broader geographic 

regions of Australia, this percentage will almost inevitably increase. In the study reported 

by Wright et al. (2018), a nuclear DNA approach proved to be more successful than a 

mitochondrial DNA approach because the nuclear samples origin was successfully 

identified. This is because the mitochondrial genome size is just ~16,000 base pairs 

whereas the nuclear genome comprises 3 billion base pairs. The number of nuclear DNA 

variants sites are thousands of folds higher (i.e. in millions) than that found in the mtDNA 

genome variant sites. MtDNA variants are further grouped into haplotypes and \ 

haplogroups where each belongs to particular ancestral populations and it can be 

correlated with geographical regions. 

 

Nuclear genomes have high power for identifying kinship patterns due to the millions of 

single nucleotide polymorphisms (SNPs). In contrast, craniometric and isotopic analyses 

are orders of magnitude less powerful in identifying the geographic origin of remains. In 

addition, there has been rapid improvement in ancient DNA and modern DNA methods, 

and this is likely to continue into the future. For example, a nuclear DNA analysis 

incorporating over half a million variable sites from 3,000 European individuals 

illustrated the possibility of identifying the geographic origin within a few hundred 

kilometres range  (Novembre et al., 2008). This study illustrated a close correspondence 

between genetic and geographic distances. Indeed, a number of studies have 

demonstrated that nuclear DNA approaches can facilitate the identification of the 

geographic origin of ancient human remains (Blow et al., 2008; Kiesslich, Neuhuber, 

Meyer, Baur, & Leskovar, 2005).  

 

The nuclear DNA investigation to understand the origin of Kennewick Man was a 

landmark study (Rasmussen et al., 2015). Kennewick Man is an ancient male human 
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skeleton that was discovered in Washington state (USA) in 1996 and radiocarbon dated 

to 8,358 ± 21 14C years old. A number of cranial morphology studies strongly suggested 

that Kennewick Man was not a Native American. To resolve discrepancies in cranial 

morphology, Rasmussen et al. (2015) performed sequencing of Kennewick Man bone 

tissue to one-time coverage. The authors compared his genome sequence data with a 

worldwide genomic database, and this illustrated that Kennewick Man is more closely 

related to modern Native Americans than to any other living population. This research 

demonstrated that nuclear genomic analysis represents a robust method for identifying 

unprovenanced remains. Further, the authors inferred that their results were evidence for 

a continuous pre-history of North Americans over at least eight millennia. This 

remarkable study was possible, at least in part, because of the well-preserved nature of 

the remains. In another study, which examined contemporary populations, Malaspinas et 

al. (2016) reported deep structure in the Aboriginal genomes of Australia (Malaspinas et 

al., 2016). Considerable genomic differences were found between individuals of the 

North Eastern and South Western Desert populations of the Pama-Nyungan language 

group, indicating strong ancient population structure. This result enabled repatriation of 

ancient remains with an accuracy of 100% in a later study (Wright et al., 2018). The above 

studies illustrate that nuclear DNA methods are appropriate and robust approaches for 

repatriating human remains.  

 

One of the main drawbacks of nuclear DNA analysis is that it is not always possible to 

extract sufficient DNA from some remains. For various reasons, DNA in some remains 

is not well preserved; for example, in very hot environments. In some cases, the DNA is 

highly fragmented and complete recovery is not possible.  However, new DNA extraction 

methods and recovery methods are being developed rapidly (Narasimhan et al., 2019; 

Rasmussen et al., 2015; Wright et al., 2018). Moreover, sequencing costs are diminishing, 

and new sequencing technologies are being developed, for example, by companies such 

as Nanopore, BGI and PacBio. This will aid in the development of DNA extraction and 

sequencing methods that are more cost effective, and it will facilitate a faster turnaround 

time for ancient remains. 
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In conclusion, studies of isotopes or morphometrics, by their nature, are not capable of 

providing any direct evidence for our understanding of genealogies, and hence they 

cannot provide information that is directly useful for repatriation studies.  

Notwithstanding the fact that the ‘all methods’ approach might have intuitive appeal; it 

is more cost effective to focus on nuclear genomic methods given their undeniable power 

to provide direct evidence about genealogies.  It therefor represents the most appropriate 

technology to drive repatriation of Indigenous remains to their kin living today. 
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Appendix 2: Informed consent package 

The peopling of Australia 
   INFORMATION SHEET 

 
 
 
 
 

 
21st September 2018 
 
Who is conducting the research? 

 

Principal investigator: 
 
Prof David M Lambert 
Australian Research Centre for Human Evolution 
Environmental Futures Research Institute 
Griffith University, Australia 
+61 (0)7 373 55298 
d.lambert@griffith.edu.au 
 
 
 

Representatives for sample collection: 
 
Dr Sankar Subramanian 
University of the Sunshine Coast 
 
Mr Darren Injie 
Perth, Western Australia 
 
Dr Sally Wasef 
Griffith University 
 
Mr Hugh McColl 
University of Copenhagen 
 
Dr Craig Muller 
University of Copenhagen 
 
Dr Colin Pardoe 
Australian National University 
 
Additional researchers are involved in other aspects 
of the research. 

 
Why is the research being conducted? 
  
This study investigates the history of Aboriginal and Torres Strait Island People in 

Australia. This is done by characterising the DNA of both contemporary people and 

those that lived up to 45,000 years ago. We will compare the DNA of all these 

individuals and also compare it with other people from all over the world. We Our 

primary aim is to investigate the origin of the First Peoples of Australia and study any 

subsequent migrations within, to and from Australia. We will also investigate how 

ancient and contemporary Australians compare and are related to each other, and 

to ancient and contemporary populations from Southeast Asia. These genetic data 

will also reveal how and when other populations have been in contact with Australian 
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Aboriginals. The study of both modern and ancient Australian Aboriginals, and 

individuals of Southeast Asian ancestry residing in Australia may also reveal how 

the Australian Peoples interacted with each other and how cultures and technologies 

were exchanged within Australia. This research will not investigate disease related 

questions. 

 
What you will be asked to do 
  
DNA is a molecule that contains the genetic information, describing much of an 

organism or individual. DNA exists throughout the body, particularly in cells, some 

of which get deposited in the saliva. The bulk of a person’s DNA has been inherited 

from both parents, the DNA therefore not just reveals information about the individual 

but also about the parents, grand parents and earlier ancestors. 

DNA will be collected using spit sample kits, this is an hygienic and safe way to 

collect DNA. A funnel helps you deposit your saliva in a collection tube. After having 

deposited sufficient saliva (up to the fill line) the funnel can be discarded and the 

tube capped and deposited in the collection box. The sealed tube will be transported 

to the Brisbane laboratory where it will be prepared for shipment to our colleagues 

in Copenhagen and Beijing. There will be no other transfer of samples. 

The DNA is multiplied through amplification to create enough synthetic DNA for 

future analyses and is stored in a freezer. The original and the copies of your DNA 

will be stored for a maximum of 10 years and are destroyed afterwards. The genome, 

a person's complete set of genetic material, will be characterised using technology 

available in Copenhagen and Beijing. After characterising the genome it will be 

analysed by members of the research team. The genome will be compared with that 

of other people from other groups and areas and with ancient First Australians, and 

Southeast Asian individuals. The relation of this DNA will reveal how people and 

populations are related and may reveal when and where they migrated to and from. 

 

The basis by which participants will be selected or screened 
  
We are particularly interested in obtaining DNA samples from those individuals whose immediate 
ancestors (parents and grandparents) are most likely of direct Australian Aboriginal descent, or from 
regions of interest in Southeast Asia,. These results provide us with the most information about the 
history of the populations providing samples. It is for this reason we will ask about your direct ancestry. 
It is voluntary to provide this information. We are not able to accept samples from minors. 
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The expected benefits of the research 
 
This study may reveal the history of our region in that it may indicate Australia’s First 

Peoples origins and how they interacted with other people in other parts of the world. 

We aim to investigate the number of individuals and populations that gave rise to 

Australia’s First People. We will also study the ancient migrations of these individuals 

and populations and their ancestors within and outside of Australia. In addition the 

study may reveal how certain cultural traditions and technologies have been 

exchanged across Australia. 

The project also holds the potential to create a DNA map of Australia’s First People 

and help identify the origin of Aboriginal skeletal remains that are being returned to 

Australia by museums. 

 
Risks to you 
  
The saliva sampling kit we use prevents any potential risk to you. With regards to privacy please refer 
to the following section. 
 
Your confidentiality 
  
DNA can also hold information that can be considered more private, for example in relation to genetic 
disease (although we will not investigate this aspect). The sample you give is immediately de-
identified, the sample tubes are mixed with others and your consent form is kept separately in a locked 
box. A third party will ensure the consent forms are kept safe and separate from the samples 
afterwards. This de-identification ensures to the maximum extent that all results are published and 
reported anonymously and can not be retraced to the individual. Despite our careful de-identification, 
your characterised genetic material is in principle re-identifiable. This means that someone with 
access to the data could in theory link the DNA data to you, despite the de-identification; we try to 
prevent this from happening in every possible way. The resulting de-identified data are available for 
researchers wishing to verify the results of this study only with an ethics approval. Any other research 
will have to be approved first by you, then by the research team and an appropriate ethics committee. 
 
Your participation is voluntary 
 
You are advised that your participation is voluntary and are free to decline without giving reasons.  
Also, if you agree to participate, you are free to withdraw from the study at any time, at which point 
your DNA will be destroyed. An independent third party will hold files that enable the cross referencing 
of names to individual samples, so that these can be destroyed in the event that a participant wants 
to withdraw from the study. Please contact Dr Donald R. Love Division Chief, Pathology Genetics, 
Department of Pathology, Sidra Medicine, PO BOX 26999 Doha, Qatar, t. +974 4003 5958, m. +974 
3000 8466, e. dlove@sidra.org in the event that you would like to withdraw from this study. Dr. Donald 
R. Love is not part of the research group, but an independent third party that will look after the consent 
forms and the numbers that associate these with the samples in the laboratory. 
 
Questions / further information 
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You can contact any member of the research team that is present when you receive this sheet with 
questions. You can also contact the Chief Investigator at any other point in time, contact information 
is provided above.  
 
The ethical conduct of this research 
 
Griffith University conducts research in accordance with the National Statement on Ethical Conduct in 
Human Research.  If you have any concerns or complaints about the ethical conduct of the research 
project you should contact the Manager, Research Ethics on (07) 3735 4375 or research-
ethics@griffith.edu.au. 
 
Feedback to you 
 
The results obtained from this study will be published in peer-review scientific 

journals. As a result of the de-identification we cannot report any individual or family 

results back to you or report any medical results to you. Instead, we will provide the 

representatives of your community with a plain language report that is available to 

those interested. 

 
Privacy Statement 
 
The conduct of this research involves the collection, access and/ or use of your identified personal 
information.  The information collected is confidential and will not be disclosed to third parties without 
your consent, except to meet government, legal or other regulatory authority requirements.   A de-
identified copy of this data may be used for other research purposes.   However, your anonymity will 
at all times be safeguarded.   For further information consult the University's Privacy Plan at 
http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan  or telephone 
(07) 3735 4375. 
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The peopling of Australia - CONSENT FORM 

 
Research team principal investigators: 
Prof David M Lambert 
Environmental Futures 
Research Institute 
Griffith University, Australia 
+61 (0)7 373 55298 
d.lambert@griffith.edu.au 
 

Prof Eske Willerslev 
Centre for GeoGenetics 
Natural History Museum of 
Denmark 
University of Copenhagen, 
Denmark 
+45 35336444 
ewillerslev@snm.ku.dk 

 

 
By signing below, I confirm that I have read and understood the information package 

and in particular have noted that: 

 

• I understand that my involvement in this research will involve providing a 
saliva sample from which a complete genome will be characterised; 

• I understand that this study will not undertake any form of health testing; 
• I understand that my DNA may be frozen for future use in this study; 
• I agree the sample may be sent to members of the research team in other 

overseas centres for the purposes of this study; 
• I have had any questions answered to my satisfaction; 
• I understand the risks involved; 
• I understand that there will be no direct benefit to me from my participation in 

this research; 
• I understand that my participation in this research is voluntary; 
• I understand that, because all samples have been de-identified prior to 

analysis, it is not possible to receive individual results; 
• I understand that the information gained from this research may result in 

improved methods for analysis, but as an individual I do not have ownership of 
these results, the research records, or the sample that I give; 

• I understand that if I have any additional questions I can contact the 
research team; 

• I understand that I am free to withdraw at any time without explanation or 
penalty, in which case my DNA will be destroyed. 

• I understand that I can contact the Manager, Research Ethics, at Griffith 
University Human Research Ethics Committee on (07) 3735 4375 (or 
research-ethics@griffith.edu.au) if I have any concerns about the ethical 
conduct of the project; 

• I agree to participate in the project. 
 
I agree to the use of my data/sample in future research projects that are an extension of, or closely 
related to, this research. (please tick) ………………….                   Yes                        No 

Name 
 

 

Signature 
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Date 
 

 

Sample # 
  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




