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ABSTRACT 

Asia is home to many diverse human populations and has been of much interest to 

anthropologists and geneticists alike. The focus of this thesis is the genetic diversity and 

migration histories of indigenous populations from Southeast Asia and the Japanese Archipelago. 

Based on archaeological and linguistic data, the origins of Southeast Asians can be traced back to 

two major migrations; the ancient ‘Out of Africa’ migration circa 50,000 years before present 

(YBP) and the relatively recent ‘Out of Taiwan’ expansion of Austronesian agriculturalists 

approximately 5,000 YBP. In Malaysia and the Philippines, there are indigenous groups called 

Negritos whose physical appearance is distinct from their neighboring populations and are 

thought to have originated from the ‘Out of Africa’ migration. The majority of other Southeast 

Asian groups are thought to have originated from the ‘Out of Taiwan’ migration. As for the 

peopling of the Japanese archipelago, it is characterized by two important periods: the Jomon 

period from 15,000 to 3,000 YBP; and the Yayoi period from 3,000 to 1,700 YBP. According to 

the dual-structure model, the current Japanese population was the result of admixture between 

Jomon populations who originated from Southeast Asia and the incoming Yayoi migrants from 

mainland Asia. Some minority groups in Hokkaido and the Ryukyu islands may be direct 

descendants of the Jomon peoples. 

By analyzing approximately 50,000 genome-wide SNP data generated by me and other 

Pan-Asian SNP Consortium (PASNP) members, I investigated the genetic structure that may 
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exist within indigenous groups of Malaysia and elucidated their relationship with other Southeast 

Asians. Using Principal Component Analysis (PCA) and STRUCTURE analysis, I found traces 

of recent and sustained admixture within the Negrito, Indian and Austronesian (Temuan, 

Bidayuh, Malay) groups. Comparisons with other Southeast Asians revealed that the Malaysian 

Negritos are distinct from the Philippine Negritos, putting doubt into their common origins as 

proposed by the ‘Out of Africa’ model. A closer look at the relationship between Austronesian 

populations revealed genetic substructure which mirrors geographical affinities, which may be 

explained by geographical isolation following the ‘Out of Taiwan’ expansion or alternatively 

there may be separate population movements involving other Austronesian groups. These 

observations demonstrate the impact of admixture on the genetic substructure of indigenous 

Southeast Asian groups and hints at a more complex migration history of the Negritos and 

Austronesians than the simple ‘Out of Africa’ and ‘Out of Taiwan’ models would suggest.  

Next I conducted an analysis of complete mitochondrial DNA (mtDNA) sequences to 

test the plausibility, impact and timing of the migration models in indigenous Malaysian 

populations. I generated complete mtDNA sequences in 86 individuals from four indigenous 

Malaysian groups. In the Jehai (Negrito), one of the frequent haplogroups was R21 which is 

indigenous to West Malaysia and dates back to the Pleistocene (~40,000 YBP). The three 

Austronesian groups (Bidayuh, Selatar and Temuan) showed high frequencies of haplogroups 

N9a6, N9a6a, F1a’c, N21 and N22 which have mainland Asian origins around 30,000 to 10,000 
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YBP. Haplogroups associated with the ‘Out of Taiwan’ expansion were either found at very low 

frequencies or not detected at all in those three Austronesian groups. Principal Component 

Analysis distinguishes the Malaysian Negritos from the Austronesians and also shows a 

dichotomy between Austronesians from Sumatra and Java and those from Taiwan and 

Philippines. As with the SNP analysis, results from mtDNA showed no apparent link between the 

Negritos of West Malaysia and those from Andaman and Philippines, again putting in question 

their common origins from the ‘Out of Africa’ migration. Regarding the origin of Austronesians, 

our results show support for an ‘early train’ migration originating from Indochina or South China 

around 30,000 to 10,000 YBP which predates but does not rule out the subsequent ‘Out of 

Taiwan’ expansion.  

Finally I conducted a study to find out the genetic structure in Japanese populations and 

to answer questions regarding which model of Japanese origins would be best supported by the 

genome-wide SNP data. I performed data analysis of close to 1 million genome-wide SNP 

genotypes generated using the Affymetrix 6.0 genechip in three Japanese populations: 

Hondo-Japanese, Ryukyuan and Ainu. Principal Component Analysis (PCA) plots showed that 

these three populations formed three distinct clusters, with greater genetic variation within 

individuals of the Ainu group, brought about by admixture with the mainland Japanese and 

possibly another population from Northeast Asia. Phylogenetic analysis revealed that the 

Ryukyuans and Ainu form a cluster with 100% bootstrap probability and comparisons with other 
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global populations showed that all three Japanese populations cluster with other North East 

Asians. Current results appear to support the common ancestry of Ainu & Ryukyuans, which is 

compatible with the dual-structure model. However, the close affinity of all three Japanese 

populations with other North East Asians put the idea of Jomon origins from Southeast Asia in 

doubt although not entirely ruled out. 

In summary, my results demonstrate the influence of surrounding populations to the 

genetic diversity in indigenous Malaysian and Japanese populations which also contributes to the 

genetic substructure in these indigenous groups. The presence of admixed individuals has to be 

considered when designing sampling strategies for future population genetic studies as well as 

when conducting and interpreting results of association studies. Regarding the history and 

origins of Austronesians in Southeast Asia, results suggest an earlier movement originating from 

Indochina around 30,000 to 10,000 YBP which has more impact on the mtDNA diversity of 

indigenous Austronesians in West Malaysia and Borneo than the proposed ‘Out of Taiwan’ 

expansion around 5,000 YBP. As for the origins of the Japanese population, my data supports 

some aspects of the dual-structure model in that the Ainu and Ryukyuans have shared genetic 

ancestry and that the mainland Japanese are the result of admixture between ancestral Yayoi and 

Jomon peoples. However, our data does not indicate a Southeast Asian origin of Jomon peoples 

but shows a closer affinity to Northeast Asian populations.  
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CHAPTER 1 

General introduction 

 

1.1 Human population diversity in Asia 

Asia is the world‟s largest and most populous continent, spanning 44 million square 

kilometers and includes countries from Turkey in the west to the Pacific Islands in the east. Such 

a vast continent naturally houses a multitude of human populations, each with their own 

language and culture. The scope of this thesis is narrowed down to the human populations in two 

areas of interest, namely Southeast Asia and East Asia. 

Southeast Asia currently consists of 11 countries and can be classified geographically 

into mainland Southeast Asia (Thailand, Vietnam, Laos, Cambodia, Myanmar, West Malaysia) 

and island Southeast Asia (Indonesia, East Malaysia, Brunei, Singapore, Philippines, East Timor). 

Mainland Southeast Asia is also sometimes referred to as Indochina but in this thesis, Indochina 

will be used to refer to more limited region encompassing only Cambodia, Laos and Vietnam. 

The division between mainland and island Southeast Asia did not become apparent until after the 

Last Glacial Maximum around 20,000 years before present (YBP). Up to the Last Glacial 

Maximum, the current islands of Borneo, Sumatra and Java were joined with the Asian mainland 

in what is called Sundaland (Figure 1.1). It was separated from the Sahul landmass which was 

made up of Papua New Guinea and the continent of Australia, by a boundary called the Wallace 

line, named after Sir Alfred Russel Wallace (Glover and Bellwood 2004).  
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Figure 1.1: Migration routes into Southeast Asia based on archaeological data. Thick grey lines 

indicate the boundaries of the Sundaland and Sahul landmasses up to the Last Glacial Maximum 

(~20,000 YBP). Black arrows indicate proposed human movements during the Pleistocene 

period (>20,000 YBP) according to archaeological data. Image source: Glover and Bellwood, 

2004.  
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The languages spoken in Southeast Asia can be classified into Tibeto-Burman, 

Tai-Kadai, Hmong-Mien, Austro-Asiatic and Austronesian. Of those, Austro-Asiatic and 

Austronesian are the two largest and most-spoken linguistic families in Southeast Asia. 

Austro-Asiatic languages are spoken mostly in Indochina and by some populations in India and 

West Malaysia whereas Austronesian languages are spoken not only in island Southeast Asia but 

also in Madagascar and the Pacific islands, making it the most widespread ethnolinguistic group 

in the world prior to the spread of the English language (Adelaar and Himmelmann 2005).  

The populations in Southeast Asia are still dominated by groups who have a long 

association with the region despite a long history of contact with various civilizations and 

kingdoms from Arabia, India, China and even Europe. These majority groups such as the Thais, 

Khmers, Malays, Filipinos and Javanese traditionally practice agriculture (Bellwood 2005). 

Living amongst them are several indigenous minority groups such as the Orang Asli of West 

Malaysia, the Mlabri of Thailand or the Penan from Borneo who still practice hunter-gathering 

lifestyles even to this day. These minority groups are generally regarded to have been present in 

the region prior to the arrival of the agriculturalist societies. Of considerable interest to physical 

and cultural anthropologists are a group of hunter-gatherers collectively called Negritos. The 

term owes much to the fact that they exhibit physical features such as darker skin and frizzy hair 

that are distinct from the general surrounding population. Included in this blanket term are 

Negritos from Andaman Islands, West Malaysia and the Philippines (Carey 1976).  

The Negritos in West Malaysia (also referred to as Semang) are included in a broader 

category called Orang Asli. The term Orang Asli translates to „Original Peoples‟ in the Malay 

language and refers to about 18 distinct cultural-linguistic groups which are scattered throughout 

the rural and coastal regions of West Malaysia. Other subgroups include the Senoi and 

Proto-Malay (also referred to as Aboriginal Malay). The ancestors of the Senoi are thought to 

have originated from Indochina some 4,000 YBP and brought with them Neolithic cultures and 
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introduced Austro-Asiatic languages to the Negritos (Bellwood 2005). The Proto-Malays and the 

various tribes from East Malaysia who speak Austronesian languages are generally associated 

with the Austronesian expansion from Taiwan (Blust 1995; Bellwood 2007).  

East Asia is another subregion in Asia and includes China, Korea, Japan, Mongolia and 

Taiwan. In this thesis, I will mostly focus on the populations from the Japanese Archipelago. The 

Japanese Archipelago consists of the four main islands of Hokkaido, Honshu, Shikoku and 

Kyushu as well as the smaller cluster of Ryukyu Islands. During the glacial period (up to 

~20,000 YBP) the three main islands of Honshu, Shikoku and Kyushu were connected by land 

bridges (Figure 1.2) whereas the gap between Hokkaido and Honshu was not deemed enough of 

an impediment to prevent movements of fauna or humans (Imamura 1996). The majority of the 

current Japanese (referred to as mainland Japanese or Hondo Japanese) are believed to be 

descendants of agriculturalists from the mainland but there also exists indigenous minority 

groups known as the Ryukyuans from the Ryukyu Islands and the Ainu from Hokkaido. The 

Ainu in particular exhibit physical features that are unique from the Hondo Japanese or even the 

Ryukyuans, leading to various theories and speculation regarding their origins. Unlike the Hondo 

Japanese who mainly practice agriculture, the Ainu have until recently maintained their 

traditional hunter-gathering lifestyles.  

It is evident that even in these two sub regions of Asia there exists a rich diversity of 

human populations and naturally one would be curious regarding their origins and history. The 

following sections will attempt to make a brief introduction to the human histories in Asia from 

archaeological, linguistic and genetic perspectives. 
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Figure 1.2: Geographical map showing the main islands in the Japanese Archipelago circa 

20,000 YBP. Not shown are the Ryukyu Islands further south of the main islands. Thick black 

lines show the shoreline boundaries up to the Last Glacial Maximum (~20,000 YBP). Image 

modified from (Davison et al. 2005) 

 

 

 

 



 6 

1.2 Human migrations into Asia: from archaeology, linguistics to genetics 

With regards to the origins of anatomically modern humans, the generally accepted 

opinion is the Out of Africa model which posits the origin of Homo sapiens in Africa some 

200,000 YBP and an eventual dispersal to other parts of the world, replacing the indigenous 

archaic humans. The earliest dispersal around 60,000 YBP was thought to have taken a southern, 

coastal route via India and Southeast Asia before eventually reaching Sahul. Dating of various 

archaeological specimens from Australia, New Guinea (Leavesley and Chappell 2004; O’

Connell and Allen 2004) as well as from Borneo (Barker et al. 2007) was taken as supporting 

evidence for this early southern dispersal. This initial migration wave was thought to be 

responsible for the origins of the Negritos as well as Melanesians and Australian Aboriginals.  

For the majority of Southeast Asian populations, their ancestry can be traced back to the 

so-called Austronesian migration, which was named as such because it accounts for the origins 

of most, if not all, populations who speak the Austronesian family of languages. As mentioned 

previously, the spread of Austronesian speakers ranged from Madagascar off the coast of Africa 

to the Asia Pacific islands. Such an expansive migration was driven by a great innovation at the 

time, which was agriculture, thought to have been developed in China (Bellwood 2005). The 

origin of this Austronesian migration was pinpointed back to Taiwan, based on language 

phylogenies which placed Austronesian languages spoken by the Taiwanese aboriginals at the 

root and all other subgroups are derived from this ancestral form (Diamond 1988; Gray and 

Jordan 2000; Adelaar and Himmelmann 2005). Archaeological and anthropological observations 

estimate the timing of this diaspora to the Neolithic or mid-Holocene period, approximately 

5,000 to 7,000 YBP (Glover and Bellwood 2004; Bellwood 2007). Starting from Taiwan, these 

Neolithic agriculturalists spread south via the Philippines and forked westwards to island 

Southeast Asia and eastwards to the Asia Pacific islands.  
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Regarding the migration history of East Asia, in particular Japan, archaeological 

evidence points to the presence of anatomically modern humans around 40,000 YBP based on 

dating of the earliest stone tools found. The oldest human remains found in Japan were dated 

back to 30,000 YBP, corresponding to the upper Paleolithic period (Imamura 1996; Hudson 

2006; Yoneda M, personal communication). The time period starting from 15,000 YBP marks the 

start of the Jomon period. The origins of the Jomon people are still debatable, but early 

archaeological studies suggest an origin in Southeast Asia based on similarities in cranial and 

dental morphologies from Jomon archaeological samples and extant Ainu/Ryukyuu with 

Southeast Asian populations (Hanihara 1991). The Jomon people settled most parts of the 

Japanese Archipelago until the emergence of agriculturalists during the Yayoi period 

approximately 3,000 YBP (Haruhari and Imamura 2004). Although the exact origins of the Yayoi 

people are still unknown, they are believed to have migrated to the Japanese Archipelago from 

the mainland via the Korean peninsula. Their interactions with the extant Jomon people formed 

the basis of several proposed models for the origins of the current Japanese population.   

In general, population histories put forward by archaeological and linguistic data have 

been supported by genetic data, though in some cases some ambiguities remain. Early studies 

using „classical‟ protein markers were consistent with the archaeological point of view regarding 

the origins of modern humans in Africa and the early southern route taken by the ancestors of 

Australian Aboriginals and Melanesians (Ruiz-Linarez et al. 1995; Cavalli-Sforza and Feldman 

2003). The maternally inherited mitochondrial DNA (mtDNA) has also been used in support of 

this opinion, in which all human mtDNA lineages coalesce back to Africa 170,000 YBP (Ingman 

et al. 2000). The early southern dispersal via the coast was supported by mtDNA analysis 

whereby the basal M and N lineages found in India and indigenous populations in Southeast Asia 

date back to around 60,000 YBP (Macaulay et al. 2005; Majumder 2010). Recent advancements 

in Single Nucleotide Polymorphism (SNP) genotyping technology allows for the generation of 
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up to hundreds of thousands of genome-wide SNP to be used for population genetics analysis, 

among other applications. One such study by Li et al. (2008) provided further support for the Out 

of Africa model by showing a serial reduction in SNP haplotype diversity with increasing 

distance from Africa. Another study by the Pan-Asian SNP Consortium (Abdulla et al. 2009) 

suggested a single entry into Asia followed by a south to north migration in a model which unites 

the histories of Southeast and East Asian populations. With regards to the Austronesian 

expansion, genetic data has been equivocal in the support of archaeological and linguistic studies. 

While some mtDNA analyses provided support for the Austronesian expansion from Taiwan 

(Trejaut et al. 2005; Tabbada et al. 2009), others proposed an origin in island Southeast Asia 

(Oppenheimer and Richards 2001). Although several Southeast Asian populations were included 

in the Pan-Asian SNP paper, no explicit inference was made regarding the Austronesian 

expansion.         

As for the origins of the Japanese populations from a genetic standpoint, analyses using 

classical protein and blood group markers pointed to close affiliations between the Ainu and 

Ryukyuans suggesting a common origin during the Jomon period (Omoto 1983, 1995; Nei 1995; 

Omoto and Saitou 1997). However, none of those studies demonstrated any links between the 

Ainu and Ryukyuans with Southeast Asian populations, contradicting the idea proposed by 

archaeological and anthropological data. While the uniparentally inherited mtDNA and 

Y-chromosome markers were rather ambiguous regarding the origins of the Jomon people, they 

all conclude that the Hondo Japanese experienced considerable influence from the mainland, in 

line with the emergence of Yayoi agriculturalists. Recent analysis of genome-wide SNP mostly 

involved the Ryukyuans and Hondo Japanese (Yamaguchi-Kabata et al. 2008; Abdulla et al. 

2009) but no such data was available for the Ainu.  
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1.3 General goals & organization of dissertation 

Previous studies into the origins and genetic diversity of Asian populations have yielded 

equivocal results, with some conclusions supporting the earlier models proposed by 

archaeological and linguistic data while others offered differing views and possible alternative 

models regarding the topic. This thesis will focus on the indigenous populations from two 

subregions in Asia, namely Southeast Asia and East Asia and will attempt to provide insights to 

the migration histories and genetic diversities using genome-wide SNP and complete mtDNA 

sequence data.  

Chapter 2 will focus on the analysis of 50,000 genome-wide SNP in the Malaysian 

population and other Southeast Asians with the aim to investigate in further detail the 

substructure that may exist within indigenous groups of Malaysia and to elucidate their 

relationship with other Southeast Asian populations. Chapter 3 will report the in-depth analysis 

of complete mtDNA sequences from four indigenous groups in Malaysia. By exploring the 

diversity of the maternally inherited mtDNA in these groups and comparing them with other 

populations within the Southeast Asian region, I hope to shed light on some questions regarding 

the timing and impact of the proposed human migrations in the region. Chapter 4 will reveal in 

closer detail the genetic substructure within Japanese populations using more than 500,000 

genome-wide SNP with the aim to answer questions regarding which model of Japanese origins 

would be best supported by the genome-wide SNP data.  
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CHAPTER 2 

Genetic substructure in Malaysian populations and relationships 

with other Southeast Asians estimated from genome-wide SNP data 

 

2.1 Introduction 

The populations in Malaysia typify the diversity found in the Southeast Asian region, 

with a mix of indigenous groups and those with ancestry tracing back to China and India. The 

majority of the Malaysian population consists of the indigenous Malay, Chinese and Indian 

populations and is also the case for Singapore. Although contact with traders from India and 

China dates back to at least the 15
th

 century, it was only during the British colonial period, the 

late 19
th

 century, which saw a massive influx of migrants predominantly from South India and 

South China (Andaya and Andaya 1984). Indigenous minority groups in Malaysia consist of the 

Orang Asli in the Malay Peninsula and various ethnic tribes in Borneo. Within this major group 

of Orang Asli, there exist some subgroups that are identified as Negritos who are thought to be 

descendants of the earliest migrants to the Southeast Asian region (Macaulay 2005; Hill et al. 

2006). Other subgroups of the Orang Asli, the various tribes in Borneo as well as the Malays 

may have originated from the Austronesian expansion during the Neolithic period (Glover and 

Bellwood 2004; Bellwood 2005; Bellwood 2007).  

Until recently, not much was known regarding the population genetic structure and 

diversity of these various indigenous groups, given their fairly reclusive nature. However, that 

trend has been changing with studies reported using mitochondrial DNA (Macaulay 2005; Hill et 

al. 2006; Hill et al. 2007), Y-chromosomal markers (Chang et al. 2009) and autosomal genetic 

markers
 
(Dhaliwal et al. 2010; Jinam et al. 2010). Most recently, genome-wide SNP analyses on 

Asian populations, including several indigenous Malaysian groups have been reported (Abdulla 
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et al. 2009). However, detailed analysis of Southeast Asian populations was not reported 

explicitly in that study.  

Thus, the aims of this chapter are to elucidate the detailed substructure that may exist 

within indigenous groups of Malaysia which include the Negritos and Austronesians in this study 

and to infer their relationships with other Southeast Asian populations.  

 

 

2.2 Materials & Methods  

2.2.1 Ethical approval & data retrieval 

 DNA samples from four indigenous Malaysian populations (Jehai, Kensiu, Temuan and 

Bidayuh) were collected as part of my Master‟s project (Jinam 2007). I performed the SNP 

genotyping experiments for those samples at the Genome Institute of Singapore under the 

guidance of Professor Mark Seielstad as part of the Pan-Asian SNP (PASNP) project (Abdulla et 

al. 2009). All samples were genotyped using the Affymetrix Xba 50k Genechip microarray and 

the workflow is shown in Figure 2.1. Briefly, 50ng of DNA for each sample was digested using 

Xba I restriction enzyme. The digested DNA fragments were then ligated with adapter molecules 

which would act as annealing sites for the primers in the subsequent PCR step. The PCR 

products were then pooled, purified and then fragmented to yield ~50bp fragments. The 

fragments were then labeled and hybridized onto the genechip array which contains 

oligonucleotide probes. Following hybridization, the genechip was then washed, stained and 

finally scanned to obtain the raw intensity files which were then converted to 58,960 genotype 

calls per sample. 

Genotype data from other Southeast Asian populations were also retrieved from the 

PASNP database (http://www4a.biotec.or.th/PASNP). Those samples were also genotyped using 

the same Affymetrix Xba 50k Genechip microarray. Initial filtering of the data yielded 54,794 
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SNP genotypes. The list of the populations used in this analysis and their corresponding 

linguistic and geographical information are shown in Table 2.1 and Figure 2.1. This study 

involves the use of digital genotype data which was generated by me and other PASNP 

collaborators. It has been approved by the ethical committee board of the National Institute of 

Genetics, Mishima.  

 

2.2.2 Data filtering and quality control of SNP genotypes 

From an initial number of 54,794 SNP, further filtering was performed to exclude SNP 

with call rates of less than 95% and minor allele frequencies less than 0.1% loci using PLINK 

software (Purcell et al. 2007), resulting in a final tally of SNP used for subsequent analysis to be 

51,585. 
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Figure 2.1: Overview of the experimental procedures for the GeneChip Mapping 50K Xba 

Assay (Image sourced from the Affymetrix product brochure). 
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Table 2.1: Pan-Asian SNP (PASNP) population information used in this study 

Ethnicity PASNP ID Linguistic group Geographical location n 

Jehai (Negrito) MY-JH Austro-Asiatic West Malaysia 50 

Kensiu (Negrito) MY-KS Austro-Asiatic West Malaysia 30 

Temuan MY-TM Austronesian West Malaysia 49 

Bidayuh MY-BD Austronesian East Malaysia (Borneo) 50 

Malay (KN)  MY-KN Austronesian West Malaysia 18 

Malay (MN) MY-MN Austronesian West Malaysia 20 

Malay (SG) SG-MY Austronesian Singapore  30 

Chinese (SG) SG-CH Sino-Tibetian Singapore  30 

Indian (SG) SG-ID Dravidian Singapore  30 

Ami AX-AM Austronesian Taiwan 10 

Atayal AX-AT Austronesian Taiwan 10 

Melanesian AX-ME Papuan Melanesia 5 

Alorese ID-AL Austronesian Indonesia (Nusa Tenggara) 19 

Dayak ID-DY Austronesian Indonesia (Borneo) 12 

Javanese ID-JA Austronesian Indonesia (Java) 34 

Javanese ID-JV Austronesian Indonesia (Java) 19 

Batak Karo ID-KR Austronesian Indonesia (Sumatra) 17 

Lamaholot ID-LA Austronesian Indonesia (Nusa Tenggara) 20 

Lembata ID-LE Austronesian Indonesia (Nusa Tenggara) 19 

Malay ID-ML Austronesian Indonesia (Sumatra) 12 

Mentawai ID-MT Austronesian Indonesia (Sumatra) 15 

Manggarai ID-RA Austronesian Indonesia (Nusa Tenggara) 17 

Kambera ID-SB Austronesian Indonesia (Nusa Tenggara) 20 

Manggarai ID-SO Austronesian Indonesia (Nusa Tenggara) 19 

Sundanese ID-SU Austronesian Indonesia (Java) 25 

Batak ID-TB Austronesian Indonesia (Sumatra) 20 

Toraja ID-TR Austronesian Indonesia (Sulawesi) 20 

Agta (Negrito) PI-AE Austronesian Philippines 8 

Aeta (Negrito) PI-AG Austronesian Philippines 8 

Ati (Negrito) PI-AT Austronesian Philippines 23 

Iraya PI-IR Austronesian Philippines 9 
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Manobo PI-MA Austronesian Philippines 18 

Mamanwa (Negrito) PI-MW Austronesian Philippines 19 

Urban PI-UB Austronesian Philippines 20 

Urban PI-UI Austronesian Philippines 20 

Urban PI-UN Austronesian Philippines 19 

Hmong TH-HM Hmong-Mien Thailand 20 

Karen TH-KA Sino-Tibetian Thailand 20 

Lawa TH-LW Austro-Asiatic Thailand 19 

Mlabri TH-MA Austro-Asiatic Thailand 18 

Mon TH-MO Austro-Asiatic Thailand 19 

Palong TH-PL Austro-Asiatic Thailand 18 

Plang TH-PP Austro-Asiatic Thailand 18 

Tai-Kern TH-TK Tai-Kadai Thailand 18 

Tai-Lue TH-TL Tai-Kadai Thailand 20 

H'Tin TH-TN Tai-Kadai Thailand 18 

Tai-Yuan TH-TU Tai-Kadai Thailand 20 

Tai-Yong TH-TY Tai-Kadai Thailand 18 

Yao TH-YA Hmong-Mien Thailand 19 
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Figure 2.2: Geographical locations of PASNP populations from Southeast Asia (from Abdulla et 

al. 2009, supplementary material)



 17 

2.2.3 Data analysis 

Genetic distances (Fst) between Malaysian populations were calculated for each SNP 

according to Weir and Cockerham (1984). Pairwise Fst distances between pairs of populations 

were obtained by averaging the Fst values for all SNPs. Principal Component Analysis (PCA) 

was done to assess relatedness between individuals using the smartpca program from the 

EIGENSOFT software package (Patterson, Price, and Reich 2006). In order to identify 

population structure and levels of admixture within individuals, a Bayesian clustering method 

implemented in the STRUCTURE software was used (Pritchard, Stephens, and Donnelly 2000). 

STRUCTURE assigns individuals based on their genotypes into a user-defined number of 

ancestral populations, denoted as k. Under the admixture model, individuals who are jointly 

assigned to two or more ancestry components are considered to be admixed. Burn-in length and 

number of repeats were both set to 10,000. A maximum-likelihood approach to identifying 

admixture and population structure as implemented in the frappe software (Tang et al. 2005) was 

also used.  

 

 

2.3 Results 

2.3.1 Genetic substructure in Malaysian populations  

Pairwise Fst distances between populations are shown in Table 2.2. The greatest genetic 

distances were between the Negritos and Indians (0.06) whereas the distance among the three 

Malay groups was the lowest (0.01). The three Malay groups also had the lowest distance from 

the Indians (0.03) compared to an average 0.05 for other populations, and this may reflect their 

Indian ancestry as suggested in STRUCTURE analysis. Omitting recently admixed individuals 

from the Indian-SG, Malay-SG, Bidayuh and Negritos resulted in higher Fst distance measures 

(Table 2.3).  
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Table 2.2: Pairwise Fst distances between populations averaged over all SNP and using all individuals  

 Jehai Kensiu Temuan Bidayuh Malay (KN) Malay (MN) Malay (SG) Chinese (SG) 

Kensiu 0.0264        

Temuan 0.0384 0.0498       

Bidayuh 0.0466 0.0599 0.0260      

Malay (KN) 0.0423 0.0503 0.0217 0.0274     

Malay (MN) 0.0460 0.0544 0.0248 0.0293 0.0167    

Malay (SG) 0.0371 0.0467 0.0164 0.0201 0.0111 0.0136   

Chinese (SG) 0.0480 0.0585 0.0243 0.0266 0.0202 0.0226 0.0153  

Indian (SG) 0.0620 0.0622 0.0497 0.0610 0.0313 0.0369 0.0340 0.0494 
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Table 2.3: Pairwise Fst distances between populations after removing admixed individuals from Jehai, Kensiu, Malay (SG), Bidayuh and Indian 

(SG) populations. Values that differ from Table 2.2 are indicated in red. 

 Jehai Kensiu Temuan Bidayuh Malay (KN) Malay (MN) Malay (SG) Chinese (SG) 

Kensiu 0.0297        

Temuan 0.0490 0.0510       

Bidayuh 0.0585 0.0617 0.0264      

Malay (KN) 0.0509 0.0518 0.0217 0.0279     

Malay (MN) 0.0544 0.0558 0.0248 0.0298 0.0167    

Malay (SG) 0.0471 0.0492 0.0164 0.0200 0.0120 0.0144   

Chinese (SG) 0.0575 0.0599 0.0243 0.0272 0.0202 0.0226 0.0152  

Indian (SG) 0.0738 0.0712 0.0601 0.0730 0.0394 0.0452 0.0474 0.0607 

 

 

1
9
 

6
6
 



 20 

The results of PCA for the first two principal components (PC) are shown in Figure 2.2, 

whereby the first principal component (x-axis) and the second principal component (y-axis) 

describe 2.6% and 2.3% of the variation between individuals, respectively. PC1 separates the 

Indians from the other populations whereas PC2 separates the two Negrito populations from 

others. As a result, three broad groupings were observed corresponding to the Negritos, Indians 

and the rest which consist of the Bidayuh, Temuan, Malays, indigenous Taiwanese and Chinese. 

Several Indian and Malay individuals in Singapore were observed to be in intermediate positions 

between their respective population clusters. This suggests that these individuals are hybrids of 

the two populations (Indians and Malays) and may be the result of fairly recent admixture. The 

Negritos also appeared to experience some varying degree of admixture, as seen by the way 

some individuals, especially in the Jehai, seem to form a gradient along PC2 heading towards the 

Malay/Temuan/Bidayuh/Chinese cluster in Figure 2.2. This „comet-like‟ pattern could also be 

observed in the Temuan, Bidayuh, and Malay-MN when PCA was rerun after omitting the 

Negrito, Indian and indigenous Taiwanese individuals. PC1 in Figure 2.3(A) separates the 

Temuan and Bidayuh populations from the others while PC2 separates the Temuan and Bidayuh 

from the Malays and Chinese. The third PC (Fig. 2.3(B) shows some substructure within the 

Temuan population, whereas PC4 displays the „comet-like‟ pattern in the Malay-MN. 

To further investigate admixture and population structure in these populations, we 

performed Bayesian clustering implemented in the STRUCTURE software in which individuals 

were assigned into k number of clusters. Starting from k=2, the number of k is increased until the 

k value showing the greatest posterior probability was reached, in this case k=6. The results of 

STRUCTURE analysis from k=2 to k=6 is shown in Figure 2.4. Each individual is represented 

by a vertical bar and their respective ancestry components are indicated by different colors. 

Multiple ancestry clusters within an individual (multiple colors in a single vertical bar) signifies 

an admixed individual. At k=2, the two population subdivision corresponds to the Negritos 
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(Jehai, Kensiu) and the rest of the populations. As k is increased to 3, the population clusters 

observed were the Indians, Negritos and the rest. At k=4, there appeared to be a component 

shared mostly among the Chinese and indigenous Taiwanese. The new population cluster at k=5 

corresponds to the Temuan and at k=6, the previous Negrito component was further split into the 

Jehai and Kensiu. At k=6, the six ancestry components correspond to the Jehai, Kensiu, Indian, 

Temuan, Bidayuh and Chinese populations. Admixture seems to be a predominant feature based 

on the STRUCTURE results at k=6.  

Similar results were obtained using the frappe software which utilizes 

maximum-likelihood methods (Fig. 2.4), although the order at which new clusters were formed 

at k=5 and 6 was different. The ancestry component observed in the Austronesian-speaking 

populations was highest in the Bidayuh (74%) followed by the Temuan, Malays and was even 

present in the Chinese at roughly 20%. The ancestry component corresponding to the Chinese 

and indigenous Taiwanese was also observed in all other Austronesian groups. The three Malay 

groups have fairly similar ancestry components, with major contributions from the Chinese 

(45%), Austronesian (25%) and Indian (15%) components. Admixed Indian and Singapore 

Malay individuals identified from the PCA plots were confirmed in the STRUCTURE analysis.  

In order to analyze more closely the „comet-like‟ pattern observed in PCA analysis, the 

PC coordinates in the Negritos, Temuan and Bidayuh were plotted against ancestry components 

obtained from STRUCTURE analysis. For the Negritos, the PC2 coordinates from Figure 2.2 

was plotted against the Negrito ancestry at k=5 from STRUCTURE analysis. For the Bidayuh 

and Temuan, the PC2 coordinates from Figure 2.3(A) was plotted against their respective 

Austronesian ancestry proportion at k=4 from the STRUCTURE analysis. All PC coordinates 

have been normalized to range from 0 to 1 so that 0 reflects coordinates closest to the Malay 

cluster and 1 reflects coordinates farthest from the Malay cluster in PCA plots. The results are 

shown in Figure 2.5. In all three cases, there was high correlation between the PC coordinates 
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and the amount of admixture from STRUCTURE analysis.  
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Figure 2.3: The first two Principal component (PC) analysis plots of individuals. Numbers in parentheses are percent of variation explained by the 

PC.  
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Figure 2.4: Principal component (PC) plots of individuals from Bidayuh, Temuan, Malay and 

Chinese groups. A) PC1 versus PC2 and B) PC3 versus PC4. 

 

 



 25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5: STRUCTURE and frappe output from k=2 to k=6. Each individual is represented 

by a vertical bar and the proportions of each cluster (k) are represented by different colors. 

Population labels are listed at the bottom. A) STRUCTURE results; B) frappe results 

A 

B 
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Figure 2.6: Correlation between Principal component values and STRUCTURE ancestry 

proportions. A) Negrito ancestry at k=5 vs. principal component (PC)2 coordinates in the Jehai 

and Kensiu. B) Austronesian ancestry at k=4 vs. PC2 coordinates in the Bidayuh from Figure 2.3. 

C) Austronesian ancestry at k=4 vs. PC2 coordinates in the Temuan from Figure 2.3. All PC 

coordinates have been normalized to range from 0 to 1 so that 0 reflects positions closest to the 

Malay cluster and 1 reflects positions farthest from the Malay cluster in PCA plots.   
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2.3.2 Relationships between Southeast Asian populations 

To gauge the relationships between the indigenous populations in Malaysia with other 

Southeast Asian populations, PCA analysis was performed only on populations from Malaysia, 

Indonesia, Philippines and Thailand which are listed in Table 2.1. The resulting PCA plot is 

shown in Figure 2.6. In panel (A), the first PC separates the Malaysian Negritos from the rest 

while PC2 separates the Melanesians, Indonesians from Nusa Tenggara (Alor, Sumba, Flores 

islands) and Philippine Negritos from other populations. The majority of Austronesian-speakers 

with the exception of Indonesians from Nusa Tenggara and the Iraya and Manobo from the 

Philippines appeared to cluster closely with the Thai populations. Another exception was the 

Mlabri from Thailand, who appeared as an outlier and they are known to be a population isolate 

(Oota et al. 2005). To have a closer look at the relationship between Austronesians and Thai 

populations, PCA was performed after omitting the outlier populations mentioned above. The 

resulting PCA plot is shown in panel (B). PC1 appears to separate the populations according to 

an East-West division with the indigenous Taiwanese and Filipinos at one end (East) and the 

Thais, West Malaysians and Javanese at the other end (West). The second PC separates the Thais 

from the other Austronesians and the „comet-like‟ pattern in the Temuan and Bidayuh were again 

observed, similar to Figure 2.3(A).  
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Figure 2.7: PCA plot of Southeast Asians. A) All individuals included. B) After excluding the 

following individuals: Negritos (Malaysian & Philippines), Melanesian, Indonesians (Nusa 

Tenggara), Thai (Mlabri) 
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2.4 Discussion 

This report describes the population substructure and admixture within several 

indigenous populations as well as the relatively recent migrant populations in Malaysia and 

Singapore. STRUCTURE and PCA results revealed the presence of admixed individuals in some 

populations, most notably the admixture between the Singapore Malay and Indians. In this case 

the admixed individuals from both sides were easily identified by their intermediate positions 

between parental clusters in PCA plots as well as their ancestral proportions in STRUCTURE 

analysis. The amount of admixture in these individuals is most likely the result of recent 

admixture, given their population history.  

With regards to the Malays, all three groups appeared very closely related based on 

PCA, STRUCTURE and Fst distances, despite coming from three separate geographical 

locations. This observation is consistent with a recent report by Hatin et al. (2011), who 

showed a close relationship between Melayu Minang and Melayu Kelantan (Malay-MN and 

Malay-KN in this study, respectively) in a population-based multidimensional scaling plot 

(their Fig. 2). On average, STRUCTURE ancestry components in the three Malay groups mainly 

consisted of Chinese ancestry (46%), Austronesian ancestry (30%) and Indian ancestry (18%). In 

the report by The HUGO Pan-Asian SNP Consortium (Abdulla et al. 2009) which included 

analysis of 73 Asian populations, three other populations (Malay, Batak and Batak Karo) from 

Sumatra, Indonesia also had roughly the same proportion of Indian ancestry with the Malays 

from Malaysia and Singapore but not in other Austronesian populations from nearby islands. 

This suggests that the current Malay populations in the Malay Peninsula may have originated 

from Sumatra and admixture with Indians may have occurred before the split.  Alternatively, 

both populations in Sumatra and Malay Peninsula received the same amount of admixture. 

Linguistic, archaeological and historical evidences seem to indicate that Malays originated from 

Sumatran populations who themselves originated from an earlier Austronesian migration from 
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South China or Taiwan (Vlieland 1934; Andaya 2001) and results from classical biochemical 

markers suggested sustained contact and gene flow between Indians and Malays (Teng and Tan 

1979).  

The „comet-like‟ pattern seen in the PCA plots of the Negritos, Bidayuh, Temuan and 

Malay-MN was also observed in other indigenous populations from Australia (McEvoy et al. 

2010) and Latin America (Bryc et al. 2010). The observed pattern is likely to have been the result 

of continuous and sustained admixture with surrounding populations, stretching over several 

generations. While the source of admixture in those Australian aboriginals and Latin Americans 

included Caucasians, it does not seem the case for the Malaysian indigenous population, as the 

PCA plot did not reveal any admixture with Europeans (data not shown). Even though there has 

been continuous contact between Europeans and Malaysians since the 15
th

 century, there has 

been no evidence of massive gene flow from Europeans to Malaysian populations such as those 

observed in some South American indigenous populations.  

 Although the indigenous populations in Malaysia have historically been isolated and 

had least contact with other groups, the admixture gradient implies that admixture has been an 

ongoing process. Although the source population for this admixture cannot be exactly 

determined, results suggest that it may be the Malay populations, given their continuous presence 

in the Malay Peninsula and neighboring islands. As for the Chinese and Indian populations in 

Singapore and by extension, Malaysia, they appeared to cluster closely with their respective 

ancestral populations from South India and South China, respectively, consistent with their 

recorded history (Vlieland 1934; Andaya and Andaya 1984).  

PCA analysis of Southeast Asians using 50,000 genome-wide SNP reveals that the 

Malaysian Negritos are again unique compared to the rest of their surrounding populations. 

Interestingly, PC1 in Figure 2.6(A) clearly separates the two Negrito groups from West Malaysia 

and the Philippines and it appears that the Philippine Negritos are closer to their neighboring 
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Austronesian populations (Iraya and Manobo), probably as a result of more pronounced 

admixture compared to the Malaysian Negritos. A closer look at the relationship between 

Austronesian populations in Figure 2.6(B) implies a substructure akin to geographical division. 

Populations east of the Wallace line (Taiwan, Philippines, Sulawesi) appeared to have a closer 

genetic affinity to each other whereas populations from West Malaysia, Sumatra, Java and 

Borneo which formed the Sundaland landmass appeared closely related.  

In summary, this chapter reveals in further detail the admixture and genetic substructure 

within Malaysian and their relationship with other Southeast Asian populations. It demonstrates 

that the indigenous groups have their own population substructure which is influenced by their 

surrounding populations. While categorizing individuals into an assumed panmictic population 

may still be practiced, the presence of admixed individuals should be considered, as their 

inclusion may affect genetic measures such as Fst as demonstrated here. The clustering patterns 

of individuals may shed some clues into their population migration histories, particularly in the 

indigenous groups whose origins have yet to unambiguously explained. More importantly, 

admixture and population structure within these populations should be taken into consideration, 

especially when conducting association studies as the presence of population stratification may 

lead to increased false positive results (Tian, Gregersen, and Seldin 2008; Yamaguchi-Kabata et 

al. 2008). 
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CHAPTER 3 

Complete mitochondrial DNA analysis in indigenous Malaysian 

populations 

 

3.1 Introduction 

The focus of this chapter is the genetic diversity and population history of Southeast 

Asians from the point of view of mitochondrial DNA (mtDNA). The use of mtDNA as a genetic 

marker for population studies was popular due to such features including high copy number, high 

substitution rate and lack of recombination. Furthermore, the maternal mode of inheritance 

makes it possible to trace back lineages and infer histories relating to female migration.  

The mtDNA is a circular molecule 16,569 base pairs (bp) in length. The first complete 

human mtDNA sequence was published by researchers at Cambridge University (Anderson et al 

1981) but was later revised by Andrews et al. (1999) to produce the revised Cambridge 

Reference Sequence (rCRS). Mitochondrial haplogroups are defined by specific nucleotide 

substitutions or other features such as a 9-bp deletion on the mtDNA molecule. Haplogroups are 

labeled with a series of alphanumeric characters as shown in Figure 3.1. The three major 

haplogroups or macrohaplogroups are L, M and N and they display a characteristic geographical 

distribution in human populations. Macrohaplogroup L is mostly restricted to African 

populations whereas M and N are found mostly, but not restricted to, Asians and Europeans, 

respectively. The 917 bp non-coding region of the molecule is often referred to as D-loop or 

HyperVariable Region (HVR) and is often used for population genetic studies or even in 

forensics. This is because it is relatively short and easier to sequence but more importantly, it has 

a higher substitution rate compared to the coding-region of the molecule. Therefore, there are 

more substitutions in the D-loop region, making it useful for defining haplogroups and 
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subsequently to discern populations and/or individuals. However, the variable rate of mutation in 

the D-loop region makes it not too suitable to infer the timing of evolutionary events.  

There have been several previous studies using mtDNA sequences in Southeast Asian 

populations which attempted to address the Austronesian expansion. As mentioned in Chapter 1, 

the „Out of Taiwan‟ model was largely supported by archaeological data and the linguistic 

phylogeny of Austronesian languages. It assumes a recent and rapid expansion from Taiwan to 

Polynesia with little or no admixture between the expanding and extant populations in what was 

called the „express train‟ model (Diamond 1988; Gray and Jordan 2000). The model was later 

expanded to involve a series of pulses and pauses but remains fundamentally similar (Gray, 

Drummond, and Greenhill 2009). On the other side of the discussion is the „slow boat‟ model, 

which posits an island Southeast Asian origin of Polynesians based on the age estimates of 

haplogroup B4a1a, also known as the Polynesian motif (Oppenheimer and Richards 2001). 

However, those previous studies mostly concentrated on the origins of the Austronesians from 

the Polynesian islands. In the Austronesians from island Southeast Asia, studies also came to 

inconsistent conclusions, with some reports supporting the „Out of Taiwan‟ model (Trejaut et al. 

2005; Tabbada et al. 2009) while others proposed earlier migrations from the Asian mainland 

during the late-Pleistocene to early-Holocene period (Hill et al. 2006; 2007).  

A more comprehensive look into the mtDNA diversity in the indigenous groups in 

Malaysia, who include descendants of the earliest settlers of the region, should provide more 

insight into the origins and migration of humans in Southeast Asia. Under this current backdrop, 

an in-depth analysis of complete mtDNA sequences from four indigenous groups in Malaysia 

who represent the ancient migrants (Negritos) and subsequent migrants (Austronesians) to the 

Southeast Asian region was conducted. By exploring the diversity of mtDNA in these four 

groups and comparing them with other populations within the Southeast Asian region, we hope 

to shed light on some questions regarding their demographic and migration histories. 
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Figure 3.1: Phylogenetic tree of human mtDNA. Mitochondrial DNA haplogroups are shown as 

alphanumeric letters in bold. The numbers on the branches indicate the position of substitutions 

that define the haplogroup. rCRS stands for revised Cambridge Reference Sequence. Image 

source: http://www.phylotree.org/   
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3.2 Material & methods 

3.2.1 Sample collection and ethical approval 

In addition to samples from the Jehai, Temuan and Bidayuh which were previously 

collected as part of my Master‟s thesis (Jinam 2007), samples from an Orang Asli group from 

West Malaysia called the Seletar were also included. The new samples from the Seletar were 

collected on a sampling trip in Johor, West Malaysia with collaborators from the Monash 

University Sunway Campus and University of Malaya in July 2009. The Jehai, Temuan and 

Seletar represent the Orang Asli groups from West Malaysia while the Bidayuh are one of the 

indigenous groups from Borneo. The Jehai are further grouped as Negritos while the Temuan and 

Seletar are classified as Proto-Malays. Linguistically, the Jehai speak Austro-Asiatic languages 

whereas the Temuan, Seletar and Bidayuh speak Austronesian languages.  

Additionally, mtDNA haplogroup frequencies in the Kensiu, another Negrito group 

from West Malaysia, were kindly provided by a colleague, Miss Hong Lih Chun from the 

Department of Molecular Medicine, University of Malaya (Hong LC, unpublished data). 

Haplogroup frequencies and complete mtDNA sequences in other populations were obtained 

from available literature. The list of populations used in this study is in Table 3.1 whereas their 

geographical locations are depicted in Figure 3.2. This study has been approved by the respective 

ethical committee boards of the National Institute of Genetics Mishima, University of Malaya 

and Monash University Sunway Campus. 
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Table 3.1: Population information used for mtDNA analyses  

Population 

label 

Ethnicity Location Data 

used
a
 

References 

1 Jehai West Malaysia 1,2 This study 

2 Temuan West Malaysia 1,2 This study 

3 Seletar West Malaysia 1,2 This study 

4 Bidayuh Borneo 1,2 This study 

5 Kensiu West Malaysia 2 Hong LC, unpublished data 

6 Batek West Malaysia 1,2 Macaulay et al 2005; Hill et al 

2006 

7 Mendriq West Malaysia 2 Hill et al., 2006 

8 Temiar West Malaysia 2 Hill et al., 2006 

9 Semelai West Malaysia 1,2 Macaulay et al 2005; Hill et al 

2006 

10 Jakun West Malaysia 2 Hill et al., 2006 

11 Malay West Malaysia 2 Hill et al., 2007 

12 Iban Borneo 2 Simonson et al., 2011 

13 Kadazan Borneo 1 Soares et al, 2008 

14 Alor Indonesia 2 Hill et al., 2007 

15 Ambon Indonesia 2 Hill et al., 2007 

16 Banjarmasin Indonesia 2 Hill et al., 2007 

17 Java Indonesia 2 Hill et al., 2007 

18 Bali Indonesia 2 Hill et al., 2007 

19 Lombok Indonesia 2 Hill et al., 2007 

20 Sumba Indonesia 2 Hill et al., 2007 

21 Sumatra Indonesia 2 Hill et al., 2007 

22 Sulawesi Indonesia 2 Hill et al., 2007 

23 Besemah Indonesia 1,2 Gunnarsdottir et al, 2011 

24 Semende Indonesia 1,2 Gunnarsdottir et al, 2011 

25 Manobo Philippines 1,2 Gunnarsdottir et al, 2010 

26 Mamanwa Philippines 1,2 Gunnarsdottir et al, 2010 

27 Surigaonon Philippines 1,2 Gunnarsdottir et al, 2010 

28 Filipino Philippines 1,2 Hill et al., 2007; Tabada et al 

2009 

29 Indigenous 

Taiwanese 

Taiwan 1,2 Trejaut et al, 2005; Hill et al., 

2007; Soares et al 2008 

30 Thai Thailand 2 Hill et al, 2006 

31 Vietnamese Vietnam 1,2 Jin et al, 2009; Hill et al, 2006 

32 Cham Vietnam 1 Peng et al, 2010 

33 South Chinese China 1,2 Ingman et al, 2000; Kong et 

al., 2003; Kong et al., 2006; 

Hill et al., 2007; Kong et al., 

2011 
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34 Great 

Andamanese 

Andaman Islands 1 Thangaraj et al 2005, Barik et 

al, 2003 

35 Onge Andaman Islands 1 Thangaraj et al 2005, Barik et 

al, 2003 

36 Nicobarese Andaman Islands 1 Thangaraj et al 2005, Barik et 

al, 2003 

37 Australian 

Aboriginal 

Australia 1 Ingman et al, 2000; Ingman et 

al 2003; van Host Pelikan 2006 

38 Papuan Papua New 

Guinea 

1 Ingman et al, 2000; Macaulay 

et al 2005 

39 Melanesian Melanesia 1 Freidlander et al 2007 

40 Samoan Polynesia 1 Ingman et al, 2000 

41 African Africa 1 Ingman et al, 2000 

a- Data used: 1) Complete mtDNA sequences; 2) mtDNA haplogroup frequencies 
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Figure 3.2: A map of Southeast Asia indicating geographical positions of populations used for 

analysis. Numbers indicate the locations of populations listed in Table 3.1. Not shown on the 

map are Australian Aboriginals, Papuans, Melanesians, Samoans and Africans. Areas shaded 

light gray indicate the extent of the landmass up to the Last Glacial Maximum following Hill et 

al (2007). 
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3.2.2 Complete mitochondrial DNA sequencing 

Complete mtDNA sequencing was performed in a total of 68 samples using 11 pairs of 

PCR primers and 32 sequencing primers from (Torroni et al. 2001). The list of primer sequences 

are shown in the Appendices. A slight modification to the protocol involved optimizing 

annealing temperatures for all PCR reactions to 60°C, instead of 55ºC as reported in their paper. 

For details of gradient PCR reactions used for optimization, refer to the Appendices. PCR 

products were purified using ExoSAP-IT reagent before being subjected to sequencing reactions 

using the BigDye Terminator kit (Applied Biosystems). Capillary separation was performed on 

the ABI3130xl Genetic Analyzer (Applied Biosystems). For each sample, the resulting 32 traces 

were aligned to the revised Cambridge Reference Sequence (Genbank ID NC_012920.1) to 

obtain the consensus sequence.  

In addition, complete mtDNA sequences in a total of 18 samples from the Jehai (1), 

Temuan (10) and Bidayuh (7) were generated using the Illumina Genome Analyser at the Max 

Planck Institute for Evolutionary Anthropology in Leipzig, Germany under the guidance of Mark 

Stoneking. The details of the methodology were described previously (Gunnarsdottir et al. 2010). 

In total, complete mtDNA sequences were obtained from 86 individuals (24 Jehai, 18 Temuan, 

21 Seletar and 23 Bidayuh).  

 

 

3.2.3 Data analysis 

Individuals were assigned to mtDNA haplogroups according to nomenclature found at 

http://www.phylotree.org (van Oven and Kayser 2009). Mitochondrial DNA haplogroup 

frequencies from the populations listed in Table 3.1 were used for Principal Component Analysis 

(PCA) using R software package (http://www.R-project.org).  

 

http://www.phylotree.org/
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Coding region sequences (nucleotide positions 577 to 16,023) were extracted from 

complete mtDNA sequences from available literature (Table 3.1) and were used to generate a 

Maximum-Likelihood (ML) tree using MEGA software version 5 (Tamura et al. 2011). Using the 

Tamura-Nei substitution model (Tamura and Nei 1993) with invariant sites and 

gamma-distributed rate, the ML tree was used to estimate time-depth of haplogroups.  Age 

estimates were also done using a Bayesian MCMC method as implemented in BEAST software 

(Drummond and Rambaut 2007). The software generates phylogenetic trees using the same 

substitution model as described above, a normally distributed prior for the mutation rate with a 

mean of 1.26 x 10
-8

 following Mishmar et al. (2003) and a further assumption of constant 

population size. The trees were generated on a run of 40,000,000 steps, sampling every 4000 

steps and the first 4,000,000 steps were regarded as burn-in. Bayesian Skyline Plots (BSP) were 

also generated for the Jehai, Temuan, Seletar and Bidayuh groups using the above parameters, 

but with a coalescent-based tree prior with a piecewise linear model.   

 

 

3.3 Results 

3.3.1 Summary statistics 

The summary statistics regarding the variation of complete mtDNA sequences in the 

four Malaysian groups are shown in Table 3.2. The highest haplotype diversity was observed in 

the Temuan, followed by Jehai and Bidayuh. Interestingly, only five distinct mtDNA haplotypes 

were observed in the Seletar, and this was further reflected by the very low values of haplotype 

and nucleotide diversity in that group. Negative values for Tajima‟s D test were observed in the 

Bidayuh, Seletar and Temuan, suggesting a history of population expansion. However the 

p-values obtained did not indicate statistically significant deviation from expectation.    
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3.3.2 Haplogroup nomenclature and frequencies  

All individuals were assigned to specific haplogroups belonging to M and N 

macrohaplogroups by following the nomenclature in www.phylotree.org as much as possible. A 

total of 23 haplogroups were observed, and the specific mutations that define those haplogroups 

are shown in Figures 3.3 and 3.4. In addition to haplogroup-defining mutations, all samples were 

observed to have additional mutations and in some cases, these additional mutations further 

differentiate populations. For example in Figure 3.4, additional mutations in haplogroup N9a6a 

are different between the Bidayuh, Jehai and Temuan. In most cases, all of the assignable 

haplogroups have been reported previously and all the samples in this study share the basal 

mutations with existing haplogroups. There are instances where some observed haplotypes share 

only the basal mutations with known haplogroups and additional mutations did not match any 

existing ones. Those haplotypes were therefore assigned to the closest basal haplogroup, for 

example B4a and F1a‟c in Figure 3.4.  

The haplogroup frequencies in the four populations studied as well as the Kensiu (Hong 

LC, unpublished data) are presented in Table 3.3. The most frequent haplogroup in the Bidayuh 

is N9a6a and the basal haplogroup F1a‟c whereas in the Temuan, the most frequent haplogroups 

are M21a, N22 and N21 which are lineages that branched off directly from basal M and N 

haplogroups (Macaulay et al. 2005). The low nucleotide diversity observed in the Seletar was 

further demonstrated by the limited number of observed haplogroups and the very high 

frequency of one particular haplogroup, N9a6 at 71%. Haplogroups M21a and R21 are the most 

frequent in the Jehai and Kensiu, who are both Negrito groups. In short, the four indigenous 

Malaysian groups demonstrated some differences in their haplotype frequency distribution. 

http://www.phylotree.org/
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Table 3.2: Summary statistics for complete mtDNA sequences in four Malaysian groups 

Statistics Bidayuh Jehai Seletar Temuan 

No. sequences 23 24 21 18 

No. haplotypes 13 11 5 14 

Haplotype diversity ± SD 0.88±0.05 0.89±0.04 0.54±0.11 0.94±0.05 

Mean no. pairwise difference 30.5 32.1 15.9 29.1 

No. polymorphic sites 157 87 65 135 

Nucleotide diversity 0.00184 0.00194 0.00096 0.00175 

Tajima's D (p-value) -1.14495 (NS) 1.4924 (NS) -0.49193 (NS) -1.09762 (NS) 

NS – not significant 
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Figure 3.3: Haplogroup classification of complete mtDNA sequences from macrohaplogroup M. Numbers indicate nucleotide positions, d indicates 

deletion. The individual IDs are colored according to population: Jehai (blue); Temuan (green); Bidayuh (red); Seletar (pink). 
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Figure 3.4: Haplogroup classification of complete mtDNA sequences from macrohaplogroup N. Numbers indicate nucleotide positions, d indicates 

deletion. The individual IDs are colored according to population: Jehai (blue); Temuan (green); Bidayuh (red); Seletar (pink). 
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Table 3.3: mtDNA haplogroup frequencies (%) in five indigenous Malaysian groups 

Haplogroup Bidayuh Jehai Seletar Temuan Kensiu
a 

G1c   4.8   

M20 4.3     

M74b 4.3     

M21a  37.5  27.8 43.2 

M22a    5.6  

M7b1    5.6  

M7c2    5.6  

M7c3c 8.7    2.7 

E1b 4.3  19.0   

B4a* 4.3     

B4a1a1a 4.3     

B4b1a2a    5.6  

B4c2   4.8   

B5a     2.7 

B5b2 4.3     

B6    5.6  

F1a'c 30.4     

F1a1a  12.5   2.7 

F1a1a1  8.3    

R21  25.0   43.2 

N21    22.2  

N22    16.7  

N9a6   71.4   

N9a6a 34.8 16.7  5.6 5.4 

Total individuals 23 24 21 18 37 

a
Unpublished data from Hong LC  
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3.3.3 Principal Component Analysis based on haplogroup frequencies 

 To further elucidate the relationship between the indigenous Malaysian populations and 

other surrounding populations, PCA was performed using haplogroup frequencies from selected 

populations from the literature (Table 3.1). The resulting PCA plot is shown in Figure 3.5. A 

clear division appears along the first Principal Component (PC) on the X-axis, which places the 

Negrito populations from West Malaysia (Jehai, Kensiu, Batek, Mendriq) at one end and most 

other Austronesian-speaking populations from Southeast Asia at the other end. On the second PC 

on the Y-axis there appears to be a geographical divide between the Austronesians groups, 

whereby populations from West Malaysia, Sumatra, and Java tend to cluster with mainland or 

continental groups (South Chinese, Thai, and Vietnamese). On the other hand, populations from 

Taiwan, Philippines and other Indonesian islands to the east (Sulawesi, Alor, Ambon) tend to 

group together. Thus it appears that PC1 represents a Negrito-Austronesian divide whereas PC2 

corresponds to a continental-island division of Austronesian groups. However not all population 

affinities fall nicely into these two generalized trends.  

 The Temuan for example, are Austronesian speakers and are physically distinct from the 

Negritos but they clustered with them on PC1. This may be due to the high frequencies of 

haplogroup M21a in both the Temuan and Negritos. The three populations from Borneo 

(Bidayuh, Iban, Banjarmasin) also displayed somewhat irregular patterns. The Iban and 

Banjarmasin appeared closer to the continental and island clusters, respectively, whereas the 

Bidayuh clustered with two other Proto-Malay groups (Seletar and Semelai) from West Malaysia. 

These three groups (Bidayuh, Seletar and Semelai) appear to be intermediate between the two 

divides (Negrito-Austronesian and continental-island). Social practices may also have a 

significant bearing on mtDNA diversity, as shown by the Semende and Besemah from Sumatra. 

The Semende are a matrilocal group and are closer to the continental populations whereas the 

Besemah are patrilocal and are closer to island Southeast Asians. This suggests that the mtDNA 
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diversity in the Besemah is shaped by female migrations from island Southeast Asia. 

 

3.3.4 Phylogenetic analysis and age estimates of haplogroups 

A Neighbor-Joining tree was constructed using coding-region sequences and was rooted 

using a chimpanzee mtDNA sequence (Genbank ID D38113). All haplogroup M and N lineages 

branched off the African L0 haplogroup and are shown separately in Figure 3.6. All taxa were 

found to cluster according to their respective haplogroups, further validating the haplogroup 

assignment in our samples. Using only a subset of sequences which represent haplogroups of 

interest, age estimates of those haplogroups were performed using ML and Bayesian methods. 

The estimated mean mutation rate of the mtDNA coding region according to the Bayesian 

MCMC analysis was 1.37 x 10
-8

 with a 95% Highest Posterior Density range of 1.01 x 10
-8

 to 

2.35 x 10
-8

 substitutions per site per year. The ML tree was calibrated using the divergence time 

between African and non-African lineages of 170,000 YBP (Ingman et al. 2000), yielding a 

mutation rate of 1.39 x 10
-8

. Ages estimates using the ML tree were based on the coalescence 

time of all mtDNA sequences that belong to the same haplogroup. The resulting ML tree 

showing ages of selected haplogroups is shown in Figure 3.7 while the rest of the age estimates 

(ML and Bayesian) are listed in Table 3.4. 
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Figure 3.5: Principal Component Analysis (PCA) plot based on mtDNA haplogroup frequencies. Population numbers correspond to Table 3.1 and 

Figure 3.2. Black circles are from current study, white circles are from literature.  
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 The M haplogroups observed in this study included those which were considered 

indigenous to the Orang Asli, namely M21a and M22 (Macaulay et al. 2005; Hill et al. 2006). 

Not found anywhere else outside of Southeast Asia, M21a was most frequent in the Temuan and 

Jehai as well as other Negrito subgroups in West Malaysia (Hill et al. 2006). Outside of West 

Malaysia, M21a was also present in appreciable frequencies in the Sakai (also a Negrito group) 

and in the Chiang Mai population from Thailand (Fucharoen et al. 2001) and very rarely in some 

Philippine populations (Tabbada et al. 2009; Gunnarsdottir et al. 2010). The other M21 subtypes, 

M21b and M21c which were reported at low frequencies in the Orang Asli (Hill et al. 2006) but 

frequent in the Moken of Myanmar (Dancause et al. 2009), were not observed in any of our 

current samples. The coalescent time of 49,500±5,400 YBP for all M21 lineages suggests deep 

ancestry in mainland Southeast Asia and at some point in time it may have spread to as far as the 

Philippines. M22 was earlier reported in the Proto Malays (Macaulay et al. 2005) and recent 

reports also showed that it was present in the Vietnamese (Peng et al. 2010) and Southern 

Chinese (Kong et al. 2011) but has so far not been reported in any island Southeast Asians. These 

M22 lineages have a coalescent date of around 29,100±13,200 YBP.  

 Haplogroup E, which was proposed to be a marker for post-glacial expansion centering 

in Island Southeast Asia (Soares et al. 2008), was found in the form of E1b in the Seletar and 

Bidayuh with a coalescent time of 6,700±5,200 YBP. Haplogroup M7 lineages that are present in 

the Malaysian samples included M7c3c in the Bidayuh. This haplogroup appears to be restricted 

to Southeast Asia and was suggested to be a marker for the Austronesian expansion during 

mid-Holocene (Hill et al. 2007). Our age estimate of 5,100±12 YBP for this haplogroup seems to 

agree with this idea. Other M7 lineages found in the Temuan include M7b1 and M7c2 and they 

coalesce with lineages from the mainland (Kong et al. 2003) around 11,700±7,000 YBP and 

22,500±9,800 YBP, respectively. In addition to the above haplogroups, there are several 

haplogroups in the Malaysian samples which have not been reported in any Southeast Asian 
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population to date. These included G1c in the Seletar and M74b and M20 in the Bidayuh. G1c 

was earlier reported in Northern Asians including Koreans (Derenko et al. 2007) and Han 

Chinese (Kong et al. 2003). The ancestral M74a haplotype was confined to southern Chinese 

populations (Kong et al. 2011) whereas the derived type M74b was found in the Bidayuh in 

Borneo and Hani of south China. The M74b1 subtype has been found in Surigaonon and 

Mamanwa in the Philippines (Gunnarsdottir et al. 2010) and also in the Besemah in Sumatra 

(Gunnarsdottir et al. 2011). The coalescent time of 27,500±7,500 YBP for M74b suggests a 

dispersal originating from southern China and into island Southeast Asia. Haplogroup M20 

found in one Bidayuh individual coalesces with the M20 haplotype in a southern Chinese group 

(Kong et al. 2011) around 4,700±32 YBP. These two M20 lineages clustered with haplogroup 

M51 which was found in the Cham of Vietnam (Peng et al. 2010) and the Besemah in Sumatra 

(Gunnarsdottir et al. 2011).   

 

 As with haplogroup M, there exist rare N lineages which were previously reported in the 

Orang Asli, namely N21, N22 and R21 (Hill et al. 2006; Hill et al. 2007). N21 and N22 make up 

almost 40% of the mtDNA diversity in the Temuan whereas R21 was mostly restricted to the 

Negrito groups, Jehai and Kensiu. N21 branches directly from the N founder node and was 

earlier thought to have originated in island Southeast Asia and subsequently spread to West 

Malaysia based on control region sequences (Hill et al. 2007). However based on the NJ tree in 

Figure 3, the N21 lineages in the Temuan appeared to be derived from an ancestral type found in 

the Cham of Vietnam (Peng et al. 2010), implying an origin in Indochina during Pleistocene 

(29,300±15,500 YBP) and it‟s dispersal appears to be limited to Sundaland which encompassed 

West Malaysia, Sumatra even up to the Alor islands (Hill et al. 2007). N22 appears to be limited 

to the Temuan, as observed in this study and by Hill et al. (2006) although it appears very low 

frequencies in the Philippines (Tabbada et al. 2009), Sumatra (Gunnarsdottir et al. 2011) and 
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Sumba islands (Hill et al. 2007). Like N21, the coalescent time of 24,800±13,800 YBP suggests 

deep ancestry in Sundaland. 

 Haplogroup R21 appears to be limited to Negrito populations in West Malaysia, 

although it was also found at appreciable frequencies in the Senoi (Hill et al. 2006), suggesting 

gene flow between the indigenous Negritos with the incoming Senoi from Indochina (Glover and 

Bellwood 2004). All R21 lineages coalesce with haplogroup P4, found mostly in Australian 

Aborigines and Papuans (Fig. 4), at approximately 47,100±5,100 YBP possibly linking the 

Negritos with the first migration to the Southeast Asian region. Haplogroup N9a is widespread in 

East Asia, but the subclade N9a6 appears to be restricted to Southeast Asian populations where it 

is found at low frequencies in Sumatra and Java, Indonesia, but not in the Philippines or Taiwan 

(Hill et al. 2007). However we found N9a6 and its daughter clade N9a6a to be quite frequent in 

the Malaysian groups, particularly in the Bidayuh and Seletar where frequencies reached 35% 

and 71%, respectively. N9a6 diverged from mainland N9a approximately during the late 

Pleistocene and dispersed south where it further diversified and spread to Borneo and Java.  

 Haplogroup B which is characterized by a 9-bp deletion at position 8,272 is fairly 

common in island Southeast Asia, particularly in the Polynesian islands. The distribution of this 

haplogroup is varied amongst the Malaysian populations, with B4a and B5b found in the 

Bidayuh, B4b and B6 in the Temuan and B4c in the Seletar. The two B4a lineages in the Bidayuh 

included B4a1a1a, also known as the Polynesian motif because it reaches near fixation in the 

Polynesian islands. The other is an undefined B4a haplogroup, which shares the same basal 

mutations as B4a but could not be further designated to any of its daughter clades. B4a and its 

sub-lineages are particularly common in the Philippines (Tabbada et al. 2009) and indigenous 

Taiwanese (Trejaut et al. 2005) and may have arisen around the vicinity of South China during 

the Pleistocene period and eventually dispersed to island Southeast Asia via Taiwan and 

Philippines. The presence of B4a1a1a in the Bidayuh may reflect recent gene flow from the 
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Pacific during the mid-Holocene period (Soares et al. 2011). The branching patterns of the NJ 

tree (Fig. 3) show that the ancestral types of haplogroups B4b, B4c and B5b were found in South 

Chinese populations, suggesting an origin in the mainland and dispersal to island Southeast Asia. 

Interestingly, the B4c2 haplogroup found in the Seletar was also found extracted from ancient 

Negrito hair samples (Ricaut et al. 2006), indicating a diffusion from the mainland during the 

late-Pleistocene.  Haplogroup F is another common clade in Southeast Asia, with F1a1a present 

at 12.5% in the Jehai and was previously reported to also be frequent in the Temiar, a Senoi 

group (Hill et al. 2006). Haplogroup F1a‟c shares the same basal mutations as F1a except at 

nucleotide position 4,086. It is present at 30% in the Bidayuh and coalesces with other F1a1 

lineages at 18,200±6,900 YBP. Haplogroups F1b and F1c are mostly restricted to South China 

and this suggests that F1a‟c and its derived types might also have originated from there and later 

spread to island Southeast Asia.   
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Figure 3.6: Neighbor-joining tree of mtDNA lineages constructed using coding-region 

sequences with 500 bootstrap replicates. Bootstrap values above 90% are shown. Asterisks 

indicate the branch connecting to the tree root. A) Subtree of haplogroup M lineages; B) 

Subtree of hapologroup N lineages. 
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Figure 3.7: A) Maximum-likelihood tree constructed using mtDNA coding-region sequences. 

The molecular clock was calibrated with a mutation rate of 1.37 x 10
-8

 substitutions per site 

per year. Gray horizontal bar represents time frame of the Austronesian expansion from 7,000 

years ago and haplogroups with coalescent times within that period are indicated with green 

dots. Haplogroups which support the „early train‟ hypothesis are indicated with red diamonds 

and orange boxes. B) Maximum-likelihood tree of coding region mtDNA sequences from 

Filipino and indigenous Taiwanese (Tabadda et al. 2009; Gunnarsdottir et al. 2011; Loo et al. 

2011). Horizontal green bar indicates time frame for the Austronesian expansion (earlier than 

10,000 YBP). Haplogroups associated with the Austronesian expansion are shown together 

with their coalescence time and indicated by red dots on the nodes.

A 

B 
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Table 3.4: Age estimates of selected haplogroups based on mtDNA coding-region sequences 

using Maximum-Likelihood (ML) and Bayesian MCMC methods 

Haplogroup Maximum-Likelihood (SE) Bayesian (95% HPD)
a
 

M 53,600 (10,700) 62,100 (35,800-90,900) 

M20 4,700 (32) 5,900 (780-12,300) 

M21a 29,200 (13,500) 22,600 (900-38,900) 

M22 29,100 (13,200) 30,300 (21,600-62,400) 

M74 41,100 (9,900) 39,700 (20,600-61,200) 

M74b 27,500 (7,500) 26,100 (12,800-41,800) 

M7 41,300 (6,700) 43,400 (22,900-66,100) 

M7c2 22,500 (9,800) 22,300 (9,700-37,800) 

M7c3c 6,400 (12) 5,900 (500-13,100) 

M7b1 11,700 (7,000) 12,100 (4,100-21,800) 

E 29,900 (9,500) 26,400 (12,300-44,800) 

  E1b 6,700 (5,200) 5,500 (970-11,200) 

G1c 13,900 (7,000) 10,200 (3,200-18,600) 

N 55,800 (13,600) 64,500 (36,300-94,700) 

N21 29,300 (15,500) 26,400 (8,600-45,300) 

 N9a6 15,300 (7,700) 11,500 (4,600-19,700) 

  N9a6a 5,900 (11,000) 5,800 (1,500-10,300) 

N22 24,800 (13,800) 19,400 (7,600-33,000) 

R 49,400 (7,700) 48,500 (34,600-86,000) 

R21 5,900 (10) 6,100 (960-12,700) 

B5 41,800 (3,700) 43,200 (23,400-66,900) 

 B5b2 10,700 (6,600) 11,800 (3,800-21,700) 

B4a 32,900 (10,900) 27,900 (14,200-44,100) 

 B4a1a1a 10,900 (504) 10,100 (3,100-18,400) 

B4b 29,600 (8,700) 25,300 (11,800-41,100) 

 B4b1a2 11,200 (94) 9,100 (2,700-16,800) 

B4c 30,700 (10,700) 26,100 (10,900-41,400) 

 B4c2 10,900 (9,100) 9,100 (1,700-17,600) 

B6 15,800 (5,200) 14,400 (5,300-25,700) 

F1 25,600 (6,100) 21,800 (10,700-34,800) 

   F1a'c 1,000 (13,400) 1,300 (330-7,900) 

   F1a1a 9,000 (5,100) 7,200 (1,900-13,600) 
a
95% highest posterior density interval 
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3.3.5 Bayesian Skyline Plot analysis 

The Bayesian Skyline Plots (BSP) in the Jehai, Temuan, Bidayuh and Seletar which 

were generated using coding-region sequences are shown in Figure 3.8. The BSP plots in all four 

populations gave a similar pattern which involved a constant population size from around 30,000 

YBP followed by a decrease at around 7,000 YBP. Assuming a generation time of 25 years, the 

effective population size of females ranged from 2,400 to 4,000 in the Seletar and Jehai and 

10,000 to 18,000 in the Temuan and Bidayuh during the time period between 30,000 to 7,000 

YBP. The observed patterns did not indicate any signals of population expansion as suggested in 

other worldwide populations (Atkinson, Gray, and Drummond 2008; Fagundes et al. 2008) but 

did agree with a trend of decreasing population size starting around 6,000 to 8,000 YBP as 

observed in some Philippine populations (Gunnarsdottir et al. 2010). Although the exact reasons 

for this population decrease are unknown, one can speculate that it may be due to a disease 

outbreak or some natural disaster affecting Southeast Asia. 

The BSP plots also showed a trend of increasing population size in all four groups 

around 1,000 YBP. Increases in population size tend to be associated with agriculture (Bellwood 

2005) and this suggests that even in the „supposedly‟ agricultural Austronesian groups, the shift 

from their traditional hunter-gathering tradition to agriculture occurred quite recently.  
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Figure 3.8: Bayesian Skyline Plots in the A) Jehai; B) Temuan; C) Seletar and D) Bidayuh. The y-axis is the product of effective female population 

size and generation time; x-axis is time in years. Black lines indicate mean values while blue lines denote the 95% HPD bounds. 

5
7
 

6
6
 



 58 

3.4 Discussion 

 In this chapter, I report for the first time mtDNA diversity in four indigenous Malaysian 

populations using complete sequence data from all individuals sampled. This is in contrast to 

most studies in which complete sequencing was selectively performed on limited haplotypes 

based on control region diversity. Such biased sampling can lead to exaggerated results in some 

analyses as demonstrated in Gunnarsdottir et al. (2010). A striking feature that we observed from 

out data was the limited mtDNA diversity in the Seletar. With only four distinct haplogroups 

detected, it is reflected in the very low haplotype diversity statistic of 0.54, although not as 

extreme as the value of 0.167 observed in the Moken Sea Gypsies from Myanmar (Dancause et 

al. 2009). This limited mtDNA diversity in the Seletar may be the result of genetic drift, 

exacerbated by their small population size which numbers approximately 800 individuals 

(Nicholas 2000). This may partly explain how the haplogroup N9a6 which was reported at low 

frequencies in island Southeast Asia (Hill et al. 2007) rose to such high frequencies in the 

Selatar.    

 The data generated in this study provide insights into the migratory and demographic 

histories of Southeast Asian populations. As it stands, current data does not appear to find any 

similarities in extant mtDNA lineages of the Negrito groups from the Andaman, West Malaysia 

and the Philippines. The mtDNA diversity in each of those groups are marked by their distinctly 

indigenous and relict markers, namely M31 and M32 in the Andamanese (Thangaraj et al. 2003; 

Thangaraj et al. 2005; Barik et al. 2008), N11b (labeled as N* in the article) in the Mamanwa of 

the Philippines (Gunnarsdottir et al. 2010) and R21 in the Jehai and Kensiu from West Malaysia. 

Those mtDNA lineages have a time depth ranging from 30,000 to 50,000 YBP (Macaulay et al. 

2005; Thangaraj et al. 2005; Gunnarsdottir et al. 2010), indicating their long-term presence in the 

Southeast Asian region, probably dating back to the original inhabitants of the region. It also 

appears that these Negrito groups have experienced substantial gene flow from their neighboring 
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populations, introducing haplogroups such as M21a, F1a1a and N9a6a in the case of Malaysian 

Negritos. The influence of this admixture is evident from genome-wide SNP data in the 

Philippine and Malaysian Negritos (Abdulla et al. 2009; Jinam TA, unpublished data). Although 

the relatedness between these geographically distinct Negrito groups is not apparent from the 

point of view of the maternally inherited markers, a more exhaustive survey involving more 

populations and a denser set of autosomal SNP markers may yet possibly paint a clearer picture 

regarding their interesting past. 

 Regarding the Austronesian groups, our data clearly points to a more substantial 

influence from the mainland in shaping the mtDNA diversity of the three Austronesian groups in 

this study, namely the Temuan, Seletar and Bidayuh. The putative markers for the „Out of 

Taiwan‟ expansion, B4a1a and M7c3c account for less than 10% of the mtDNA lineages in all 

three Austronesian groups combined. Furthermore, other markers such as Y2, D5, M7b3, F3b 

and F4 which were proposed to have followed the movement out of Taiwan (Hill et al. 2007; 

Tabbada et al. 2009), were not observed in any of the Austronesian groups in our study. An 

alternative explanation for the lack of „Out of Taiwan‟ haplogroups in the Austronesian groups 

we studied may be that the Austronesian expansion involved incorporation of females from 

existing populations, rather than replacing them. However, a study by Jordan et al. (2009) 

suggested that the ancestral Austronesian populations mostly practiced matrilocal post-marital 

residence which would mean that the expanding Austronesian populations were more likely to 

retain their own mtDNA lineages. This puts some doubt to the idea of incorporation of existing 

females by the expanding Austronesians which would mask the Out of Taiwan signal.   

 Instead we found a sizeable proportion of haplogroups with links to the mainland 

around the vicinity of Indochina or South China with ages predating the Austronesian expansion. 

This is characterized by haplogroups M21a, N9a6, N21, N22 and F1a‟c which account for more 

than 60% of the mtDNA lineages in the three Austronesian groups. This is in addition to the rare 
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haplogroups M74b, M22, G1c, M7b1, B5b2, M7c2 and B4c2 which also has roots in the 

mainland. The age of those haplogroups range from 30,000 to 10,000 YBP, corresponding to the 

late Pleistocene to early Holocene period (Fig. 3.7A).  

 We therefore propose an „early train‟ hypothesis for explaining the mtDNA diversity 

observed in the indigenous Malaysian samples, as pictured in Figure 6a. It essentially involved 

migration(s) originating from Indochina or South China which spread south to West Malaysia, 

Sumatra, Java and Borneo which were still connected as Sundaland. The timing of this migration 

may have ranged from 30,000 to 10,000 YBP based on the age estimates of haplogroups 

indicated in Figure 4. There is possibility that the migration could be even more recent, thus the 

haplogroup age estimates of 30,000 YBP may represent the upper limit for the possible time 

window of migration. However, even if we take age estimates of mtDNA lineages as the upper 

limit for the time of human migration events, we found that age estimates of mtDNA 

haplogroups associated with the Austronesian expansion (Figure 3.7B) are not too far off from 

the time estimated by archaeological data, which is 5,000 YBP. The dating of ~11,000 YBP for 

the Hoabinhian stone artifacts found in West Malaysia (Glover and Belwood 2004) corresponds 

to the lower limit for the migration window according to our mtDNA age estimates. In any case, 

our data points to possible migration event(s) which precede the proposed Austronesian 

expansion, hence the term „early‟ train. The dichotomy in Austronesian populations observed 

along the second principal component in the PCA plot (Fig.3.5) lends further support to this 

model. However, it should be noted that interpretation of PCA analysis which was based on 

mtDNA haplogroup frequencies should be done with caution due to the relatively small number 

of individuals per population sampled in this study.  

 Our proposed „early train‟ movement from the mainland does not exclude the episode of 

a Neolithic expansion from Taiwan involving Austronesian-speaking agriculturalists (Bellwood 

2005). The presence of haplogroups B4a1a and M7c3c in the Bidayuh from Borneo can be taken 
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as an indication for the „Out of Taiwan‟ expansion or may reflect back migration from near 

Oceania to island Southeast Asia (Soares et al. 2011). It appears that Borneo may be an 

intersection between the „early train‟ movement(s) via Sundaland and the „express train‟ from 

Taiwan via the Philippine islands. We did find that the Bornean group that we sampled, the 

Bidayuh, had closer affinities to the Proto Malay from West Malaysia whereas the other two 

Borneo populations, Banjarmasin (Hill et al. 2007) and Iban (Simonson et al. 2011) have closer 

affinities to island and continental groups, respectively. This highlights the heterogeneity of the 

origins of the populations in Borneo who are composed of various tribes with diverse languages 

and cultures.  

 The proposed „early train‟ dispersal of maternally inherited markers from the mainland 

prior to the Neolithic Austronesian expansion was earlier hinted by Hill et al. (2006; 2007) from 

extensive sampling of populations in island Southeast Asia but based mainly off control-region 

mtDNA sequences. Archaeological data points to the existence of the Hoabinhian tradition, 

characterized by flaky pebble tools (Glover and Bellwood 2004). The Hoabinhian are thought to 

have emerged from Indochina during the early Holocene period (~11,000 YBP) and spread 

southwards via West Malaysia, possibly bringing with them Austro-Asiatic languages (Bellwood 

2007) and their mtDNA lineages. Other lines of evidence which corroborate our data include 

Y-chromosomal markers, which suggests a Paleolithic (30,000 to 15,000 YBP) contribution from 

mainland Asia (Karafet et al. 2010) and also data from pig domestication which proposes a 

migration from East Asia via Sundaland and into the Pacific region (Larson et al. 2007). 

However, some caveats are in order when interpreting these results. It should be noted that the 

age of an mtDNA haplotype does not necessarily equate to its age in a population. It may well be 

possible that an „old‟ haplotype was introduced into a population by recent migrations. It would 

therefore be desirable in future studies to vigorously test our „early train‟ model against other 

competing and plausible scenarios using demographic modeling, such as those reported by Batini 
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et al. (2011). 

 Taken together, our results suggest an „early train‟ wave(s) of migration originating from 

South China or Indochina during late Pleistocene to early Holocene (30,000 to 10,000 YBP), 

predating the Neolithic expansion from Taiwan (Glover and Bellwood 2004; Bellwood 2005; 

Bellwood 2007). We do not refute that the Out of Taiwan migration had taken place, but it looks 

improbable that it contributed significantly to the mtDNA diversity in Austronesian groups, 

particularly those west of the Wallace line. In conclusion, our data suggests a more intricate 

migration history than the generally accepted, if not oversimplified, two-wave hypothesis 

regarding the peopling of Southeast Asia. 
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CHAPTER 4 

Population history and genetic affinities of Japanese populations 

based on genome-wide SNP data 

 

4.1 Introduction 

The origin of the Japanese population is another topic that has long been debated by 

archaeologists, linguists, anthropologists and now most recently by geneticists. Archaeological 

records point to the arrival of modern humans to the Japanese Archipelago to about 40,000 YBP 

(Imamura 1996). During this Paleolithic period up until the last glacial maximum (~20,000 YBP), 

the current Japanese islands are connected to the mainland via the current Korean peninsula on 

the south and via the current Sakhalin island to the north. This allows for episodes of human 

movements between the mainland and the Japanese Archipelago. The next division in the 

prehistory of Japan is called the Jomon period beginning from approximately 15,000 YBP. The 

Jomon period is characterized by distinct cord marks found on pottery and is further subdivided 

into incipient, initial, early, mid-, late, final and epi-Jomon stages. Following the Jomon period, 

the subsequent stage is known as the Yayoi period, beginning from ~3,000 YBP. The defining 

feature of Yayoi period is the introduction of agriculture, as opposed to the hunter-gatherer 

lifestyle practiced by the Jomon people. Agriculture is thought to be introduced by the human 

migrants from the Asian mainland via the Korean peninsula (Hudson 2006).  

 With these two major timelines in mind, several theories have been proposed regarding 

the origins of the current Japanese populations (Suzuki 1983). One of them is the replacement 

theory which posits that the incoming Yayoi migrants totally displaced the existing Jomon 
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populations in the Japanese Archipelago but this theory failed to gain much support and has 

fallen out of favor. The other two models are known as the transformation theory and the 

admixture theory.       

According to the transformation theory, the current Japanese populations originated 

from an ancient migration from the mainland during the Pleistocene (~30,000 YBP) and 

eventually formed the Jomon people. It supposes that these Jomon people gradually transformed 

or evolved into the current Japanese population and that the Yayoi migration did not contribute 

significantly to the genetic makeup of the modern Japanese (Suzuki 1963; Mizoguchi 1968). The 

admixture theory is also known as the dual-structure hypothesis (Hanihara 1991). In this theory, 

the ancestors of the Jomon people are believed to have originated in Southeast Asia and migrated 

to the Japanese Archipelago during the Pleistocene period. During the Yayoi period, the 

incoming migrants from the Korean peninsula gradually pushed the indigenous Jomon to the 

southern and northern islands of Ryukyu and Hokkaido, respectively. In the process, there were 

some admixture events between the Yayoi and Jomon which led to origins of the current 

Japanese populations in the main island of Hondo and Kyushu. The indigenous groups known as 

the Ainu in Hokkaido and the Ryukyuans in the southern Ryukyu Islands are believed to be 

direct descendants of the Jomon people and that they experienced less admixture with the Yayoi 

than their counterparts on the Hondo and Kyushu islands.   

It should be noted that all the above hypotheses were mainly based on morphological 

features such as cranial and dental measurements (Suzuki 1983). A spate of studies employing 

genetic markers such as mitochondrial, Y-chromosomal and autosomal DNA also tried to tackle 

the issue surrounding the origins of the Japanese. Support for the dual-structure hypothesis 

included studies based on mitochondrial DNA sequences (Horai et al. 1996; Tanaka et al. 2004) 

and Y-chromosomal SNP and Short Tandem Repeat (STR) polymorphisms (Hammer et al. 2005). 

Analyses involving „classical‟ protein markers led to a partial support of the dual-structure model, 
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supporting the shared ancestry of the Ainu and Ryukyuans dating back to the Jomon people, but 

found no close relationship between them and Southeast Asians (Omoto and Saitou 1997).  

Another study by Nei (1995) showed the Japanese populations, including the Ainu and 

Ryukyuans, have a closer affinity to northern East Asians than to Southeast Asians, leading him 

to propose an out-of-Northeast-Asia theory which was not too dissimilar from the earlier 

transformation theory (Suzuki 1963; Mizoguchi 1968).  

Previous genetic studies tended to rely on uniparentally-inherited markers or on limited 

numbers of autosomal markers. A recent study using genome-wide SNP data showed clear 

differences between the Ryukyuans and other Japanese from the main islands and also some 

genetic substructure within the Hondo Japanese (Yamaguchi-Kabata et al. 2008). Another study 

involving 73 Asian populations which included Ryukyuans and Hondo Japanese suggests a 

mainly south to northern migration into the origins of East Asians (Abdulla et al. 2009). 

However, both of those genome-wide studies did not include data from the Ainu. The availability 

of archival DNA in the Ainu as well as the advancement of high throughput SNP genotyping for 

this study allows us to examine in closer detail the genetic substructure within Japanese 

populations and ultimately try to answer questions regarding which model of Japanese origins 

(Suzuki 1983) would be best supported by the genome-wide SNP data.  
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4.2 Materials and methods 

4.2.1 Sample data, ethical approval & SNP genotyping 

Blood samples of the Ainu people were collected by Keiichi Omoto and his colleagues 

from late 1970s to early 1980s in Hidaka District of Hokkaido. Extracted DNA samples were 

used for mitochondrial DNA and Y chromosome studies (Harihara et al. 1988; Horai et al, 1996; 

Tajima et al. 2002, 2004; Hammer et al. 2006) and have since been archived at the University of 

Tokyo Medical School. Following the advancement of SNP genotyping technology, the archival 

samples were used for high throughput genotyping. In addition, individuals from the Ryukyu 

Islands were recruited at the Department of Medical Genetics, University of the Ryukyus 

Graduate School of Medicine from April 2004 to 2008.  

A total of 36 Ainu and 38 Ryukyuan samples were genotyped using the Affymetrix 

Genome-Wide SNP 6.0 microarray platform. All genotyping experiments were conducted by 

technicians in Professor Katsushi Tokunaga‟s lab at the Department of Human Genetics, 

University of Tokyo. The workflow of the genotyping experiments was essentially similar to the 

Affymetrix Xba I assay (Chapter 2) except that in the Genome-Wide SNP 6.0 assay, two separate 

reaction enzymes (Nsp I and Sty I) were used. At the end of the workflow, the raw intensity files 

were converted to genotype calls using Affymetrix‟s Birdseed Ver2 algorithm, resulting in 

906,600 SNP genotypes per sample.     

In addition to the Ainu and Ryukyu populations, SNP genotype data from 200 mainland 

Japanese mostly from the Kanto area (Nishida et al. 2008) which were generated using the same 

method, were obtained. These three groups (Ainu, Ryukyuan and Kanto Japanese) form the 

Japanese population dataset. This study was approved by the Research Ethics Committee of the 

Faculty of Medicine, The University of Tokyo. This Japanese population dataset was further 

augmented with genotype data from four HapMap populations, namely Yorubans from Africa 

(YRI), Europeans (CEU), Han Chinese from Beijing (CHB) and Japanese from Tokyo (JPT) 
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which were also generated using the same genotyping method.  

 

4.2.2 Data filtering & quality checks 

From an initial number of 906,600 SNPs, filtering was done to exclude SNPs from the 

mitochondrial, X, and Y chromosomes. Duplicate SNPs and SNPs without a dnSNP ID were also 

filtered out, resulting in a total of 868,257 remaining SNPs. Individual samples with poor 

genotyping performances were further filtered out based on the Affymetrix contrast quality 

control (cQC) threshold of 0.04, as recommended by the manufacturer. Three Ryukyuan and two 

Kanto Japanese samples were omitted based on this criterion. However, in the Ainu population, 

only 13 out of 36 individuals passed the cQC threshold. This was probably due to the 

degradation of DNA quality in the archival samples. In order to maximize the number of Ainu 

individuals to be used for downstream analysis, further SNP filtering was done based on 

confidence scores for each SNP generated during genotype calling using the Affymetrix Birdseed 

Ver2 algorithm. In general, SNPs with a confidence score more than 0.1 are more likely to have 

failed genotype calling (i.e. 'no calls'). By visually inspecting genotype cluster graphs of random 

SNPs with confidence scores ranging from 0.1 to 0.004, a more stringent cutoff of 0.008 was 

used to exclude under-performing SNPs while retaining the maximum number of individuals.  

Thus, based on this criterion, 212,448 SNPs were omitted from the set of 36 Ainu 

individuals, resulting in 656,237 remaining SNPs. SNP data in the Ainu and all other populations 

which were generated using the Affymetrix Genome-Wide 6.0 Assay were further filtered to 

remove SNPs with call rate less than 95% and which deviate from Hardy-Weinburg equilibrium 

(p<0.001). The filtering steps were done on each population separately and the number of SNPs 

filtered out are shown in Table 4.1. After merging SNP data from all populations, the final 

number of SNPs in the Japanese and HapMap datasets were 644,149.  
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Table 4.1: SNP filtering applied to the Japanese and HapMap dataset    

Population n Number of SNPs omitted Remaining SNP 

Genotyping call rate (<95%) HWE (p<0.001) 

Ainu
a
 36 0 449 655,788 

Ryukyu 35 29,874 538 837,845 

Kanto Japanese 198 17,169 1888 849,200 

CHB 42 3,069 336 864,852 

JPT 45 5,004 446 862,807 

CEU 89 4,887 514 862,856 

YRI 89 4,780 706 862,771 

a
 Starting from 656,237 SNPs 
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4.2.3 Merging with other population data 

In addition to the Japanese and HapMap population datasets, we also included SNP data 

from other populations available from public databases. These included the Human Genome 

Diversity Project (HGDP-CEPH) dataset which consists of 650,000 SNPs from 51 worldwide 

populations (Li et al. 2008) and the Pan-Asian SNP (PASNP) dataset which consists of 54,794 

SNPs from 73 populations from Asia (Abdulla et al. 2009). The number of SNPs that overlap 

between the Japanese-HapMap datasets with the HGDP-CEPH panel was 114,001. After 

applying filters (excluding SNP with less than 95% genotype call rate and minor allele frequency 

less than 1%) in the merged dataset, there were 101,562 SNP remaining. For merging the 

Japanese-HapMap population datasets with the PASNP data, 15,526 overlapping SNPs from both 

datasets were extracted and merged. After applying the same filtering criteria as above, the 

number of remaining SNP was 14,997. The combination of Japanese, HapMap, HGDP-CEPH 

and PASNP datasets yielded only 4,237 overlapping SNPs. All filtering and merging steps were 

done using PLINK software (Purcell et al. 2007).  

 

 

4.2.4 Data analysis 

Subsequent analysis was done using different combinations of the above datasets. For 

the merged data from all datasets, only populations from East Asia (Table 4.2) were used for 

analysis. Principal Component Analysis was done using the smartpca program from the 

EIGENSOFT software package (Patterson, Price, and Reich 2006). To examine population 

structure and admixture, a more computationally efficient STRUCTURE-like program called 

frappe which is based on maximum-likelihood methods (Tang et al. 2005), was used. 

Population-based phylogenetic trees were constructed based on SNP allele frequencies using 

CONTML program from the PHYLIP package (Felsenstein 2005) with 100 bootstrap replicates. 
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Table 4.2: East Asian populations from HDGP-CEPH and PASNP datasets which were merged 

with the Japanese-HapMap datasets 

Population ID Ethnicity n Dataset Geographical origin 

Dai Dai 10 HGDP-CEPH China 

Daur Daur 9 HGDP-CEPH China 

Han Han 44 HGDP-CEPH China 

Hezhen Hezhen 9 HGDP-CEPH China 

Japanese Japanese 28 HGDP-CEPH Japan 

Lahu Lahu 8 HGDP-CEPH China 

Miaozu Miaozu 10 HGDP-CEPH China 

Mongolia Mongolia 10 HGDP-CEPH China 

Naxi Naxi 8 HGDP-CEPH China 

Oroqen Oroqen 9 HGDP-CEPH China 

She She 10 HGDP-CEPH China 

Tu Tu 10 HGDP-CEPH China 

Tujia Tujia 10 HGDP-CEPH China 

Xibo Xibo 9 HGDP-CEPH China 

Yakut Yakut 25 HGDP-CEPH Siberia 

Yizu Yizu 10 HGDP-CEPH China 

AX-AM Ami 10 PASNP Taiwan 

AX-AT Atayal 10 PASNP Taiwan 

CN-CC Zhuang 26 PASNP China 

CN-HM Hmong 26 PASNP China 

CN-UG Ugyur 26 PASNP China 

CN-SH Han 21 PASNP China 

CN-JN Jinuo 29 PASNP China 

JP-ML Mainland Japanese 71 PASNP Japan 

JP-RK Ryukyu 49 PASNP Japan 

CN-WA Wa 56 PASNP China 

KR-KR Korean 90 PASNP Korea 

TW-HA Han 80 PASNP Taiwan 

CN-JI Jiamao 31 PASNP China 

CN-GA Han 30 PASNP China 
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4.3 Results 

4.3.1 Genetic substructure within Japanese populations 

To have an initial idea on how the three Japanese groups relate to other global 

populations, Principal Component Analysis (PCA) was done using approximately 600,000 SNP 

data from the Japanese and HapMap datasets. Figure 4.2(A) shows that all individuals fall into 

three clusters corresponding to Africans, Europeans and East Asians. The Ainu and Ryukyuans 

are clustered with other East Asian populations and showed no clear relationships with current 

African or European populations. It was the same case when African populations were omitted 

from the PCA analysis, shown in Figure 4.2(B). At this point however, we start to see some 

extensive inter-individual variation among the Ainu compared to other populations. To have a 

closer look at the relationships between East Asian populations, PCA was performed only on the 

three Japanese populations and the HapMap Han Chinese (CHB). The resulting PCA plots are 

shown in Figure 4.3. The first principal component (PC) explains 1.8% of the variation between 

individuals and separates the Ainu from the rest of the Japanese and Chinese populations. The 

second PC distinguished between the Ryukyuans, Kanto Japanese and Han Chinese reminiscent 

of a South (Ryukyuan) to North (Han Chinese) cline. The third PC separates several Kanto 

Japanese from the others and interestingly these individuals appeared closer to some Ainu 

individuals along the third PC plane.  

An interesting pattern observed in Figure 4.3 is the substantial inter-individual variation 

amongst the Ainu compared to other Japanese and Han Chinese populations. To further examine 

this interesting pattern, PCA was performed on the three Japanese populations separately and the 

results are shown in Figure 4.4. For each of the three Japanese populations, several outlier 

individuals were observed. In the case of the Ryukyuans and Kanto Japanese, these outlier 

individuals do not seem to be related to any particular population based on their coordinates in 

Figure 4.3. In the Ainu however, we observed three individuals who cluster with the Kanto 
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Japanese and five other individual outliers who do not seem to be related to any other population. 

The presence of these outliers in the Ainu resulted in a triangular-like pattern in the PCA plot in 

Figure 4.4(A) and may be the result of recent admixture involving two different source 

populations.  

To see if this was the case, we calculated the allele sharing distance between the Ainu 

and Kanto Japanese individuals. As shown in Figure 4.5, there is clear trend involving the allele 

sharing distances and the PC1 coordinates between the Ainu and Kanto Japanese. Ainu 

individuals within the Kanto Japanese cluster had the least genetic distance with the Kanto 

Japanese and conversely, Ainu individuals farthest from the Kanto Japanese on the PC1 axis tend 

to have greater genetic distance from the Kanto Japanese. These observations indicate that the 

allele sharing between the Ainu and the Kanto Japanese was the result of relatively recent and 

continuous episodes of gene flow with the mainland Japanese.  
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Figure 4.1: PCA plots of Japanese and HapMap individuals. A) All individuals included. B) 

Without Africans (YRI). 
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Figure 4.2: PCA plots of only Japanese and HapMap Han Chinese (CHB) individuals. A) PC1 

vs. PC2; B) PC1 vs PC3; C) PC2 vs PC3.  
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Figure 4.3: Separate PCA plots of Japanese groups. A) Ainu; B) Ryukyuan; C) Kanto Japanese. 
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Figure 4.4: Correlation between allele sharing distance with Principal Component 1 coordinates 

between the Ainu and Kanto Japanese. A) Each dot represents an Ainu individual and the y-axis 

values are the average allele sharing distances between Ainu and Kanto Japanese individuals. 

The x-axis values are the PC1 coordinates, normalized to range from 0 to 1 so that the value of 0 

represents individuals within the Kanto Japanese cluster. B) PCA plot depicting the positions of 

the Ainu individuals along the first principal component (x-axis) relative to the Kanto Japanese. 
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The Neighbor-Joining tree which was constructed from the allele sharing distance 

matrix between the Japanese and Han Chinese individuals (Figure 4.6) shows the positions of the 

admixed Ainu within the cluster of Kanto Japanese individuals, otherwise all other Ainu are 

clustered in one branch. When looking at the allele sharing distances among individuals within 

each group separately, we found that the variance in the mean allele sharing distance between 

Ainu individuals was the highest at 6.89 x 10
-5

 compared to 5.63 x 10
-7

 and 7.15 x 10
-7 

in the 

Ryukyuan and Kanto Japanese, respectively.  

The results of frappe analysis are shown in Figure 4.7. When k=2, the ancestry 

components corresponds to Ainu (dark blue) and other East Asians (orange). It shows that the 

Ainu already had varying degrees of East Asian components as implied in the PCA analysis. 

Conversely, all other populations had different amounts of Ainu ancestry, with the highest in the 

Ryukyuans, followed by the Kanto Japanese and the lowest in the Han Chinese. As k is increased 

to 3, the new component corresponds to the Han Chinese (red) and is found at approximately 

30% in the Kanto Japanese. At k=4, the outlier individuals initially observed in the PCA plot 

(Figure 4.4) were differentiated from the rest of the Ainu and are indicated in purple. Finally the 

ancestry component of the Ryukyuans was observed when k=5. In general, the frappe results 

appear to be consistent with the PCA analysis, which shows varying amounts of admixture in the 

Ainu with the Kanto Japanese and also confirms the presence of another source population 

which may contribute to the genetic structure in the Ainu.    
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Figure 4.5: Neighbor-Joining tree of Japanese and Han Chinese based on allele sharing distances 

between individuals. Clades with two or more individuals are compressed. Individuals are 

indicated by numerical IDs and their respective population symbols.  
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Figure 4.6: Results of frappe analysis from k=2 to k=5 in the three Japanese groups and HapMap Japanese (JPT) and Han Chinese (CHB). Each 

individual is represented by a vertical line and different colors represent different ancestry components at each k.  
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4.3.2 Phylogenetic analysis and relationships between populations 

To see the relationships between the three Japanese groups with other worldwide 

populations, phylogenetic trees were constructed using merged SNP data with the HGDP-CEPH 

and PASNP datasets. The Neighbor-Joining (NJ) tree of the Japanese and HGDP-CEPH 

populations based on allele frequencies of ~100,000 SNPs is shown in Figure 4.8 whereas the NJ 

tree using only Japanese and PASNP populations using ~14,000 SNPs is shown in Figure 4.9. In 

both NJ trees, the three Japanese groups clustered with other East Asian populations. In figure 

4.8, the populations that are geographically closer to the Japanese are the Hezhen, Daur, Oroqen 

and Mongolians and they occupy the basal locations in the East Asian clade. In Figure 4.9 the 

Japanese are closest to the Koreans (KR-KR) and the Han Chinese from Shanghai (CH-SH) and 

Taiwan (TW-HA, TW-HB). Comparisons with only East Asian populations confirm the three 

Japanese populations tend to group together, with the Koreans the only other population in this 

„Japanese‟ clade (Figure 4.10A). In all NJ trees the Ainu and Ryukyuans cluster together despite 

the fact that their geographical locations are the two opposing ends of the Japanese Archipelago. 

An unrooted NJ tree using only the Japanese, Koreans and Han Chinese data in Figure 4.10B 

show the close relationship between the Ainu and Ryukyuans is supported by 100% bootstrap 

probability. The very short branch leading to the Kanto Japanese as well as its intermediate 

position between the Ainu-Ryukyu and Chinese-Korean branches suggest that the current Kanto 

Japanese may be the result of admixture between these two ancestral population sources. 
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Figure 4.7: Neighbor-Joining tree of Japanese and HGDP-CEPH populations  
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Figure 4.8: Neighbor-Joining tree showing topology of Japanese and PASNP populations  
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Figure 4.9: Unrooted Neighbor-Joining tree depicting the relationships between A) the Japanese 

and other East Asian populations and B) the Japanese, Koreans and Chinese. Numbers indicate 

bootstrap support for the branches (in percentage). 
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4.4 Discussion 

This chapter reports the genetic variation in the Japanese, including two indigenous 

minority groups, using genome-wide SNP data. While genome-wide analyses have been reported 

previously in the Ryukyuans and mainland Japanese (Yamaguchi-Kabata et al. 2008; Abdulla et 

al. 2009), this is the first report of genetic variation within the Ainu using dense genome-wide 

SNP data. Previous genetic studies in the Ainu were mostly on population level, assuming that 

the individuals are relatively homogenous. However an interesting pattern emerged when we 

analyzed them at the individual level using PCA. It appears that the Ainu individuals displayed 

greater variation between individuals compared to other Japanese populations, as shown by their 

scattered positions in the PCA plots (Figures 4.2 to 4.4) and the large amount of variance in their 

allele sharing distances. Such a scattered pattern on the individual-based PCA plots were most 

often observed in other indigenous populations such as Australian Aboriginals (McEvoy et al. 

2010), Latinos (Bryc et al. 2010), Negritos (Chapter 2) or Indians (Reich et al. 2009). In those 

studies, a typically linear pattern was observed in the PCA plots, indicating an admixture 

gradient with a neighboring source population. Such was also the case in the Ainu, whereby the 

source of the admixture was the mainland Japanese, as indicated in Figure 4.5. However 

admixture with the mainland Japanese can only partially explain the PCA pattern observed 

within the Ainu, as several other outlier individuals were observed in the PCA plots as well as in 

the frappe analysis. 

Unlike admixture with the mainland Japanese, it is difficult to ascertain the other 

potential source of admixture in the Ainu without a proper source population. It can only be 

assumed at this point, that the source population may be somewhere from Northeast Asia, 

judging from the position of the outlier Ainu individuals who are above the Han Chinese in 

Beijing along PC2 (y-axis) in Figure 4.3(A). Although it is merely a conjecture at this point, 

previous studies do support the idea of contact with Northern populations which may have 
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contributed to the genetic diversity in the Ainu. Archaeological data points to an introduction of 

Satsumon cultures by the Okhotsk peoples from Sakhalin into Hokkaido during the 7
th

 to 10
th

 

centuries (Imamura 1996; Hudson 2006). Genetic studies using mitochondrial DNA (Tajima et al. 

2004) and Human Leukocyte Antigen (HLA) loci (Tokunaga et al. 2001) further supplements 

this idea by showing close affinities between the Ainu and the Nivkhi from Sakhalin Island. It 

would therefore be interesting to collect samples from populations from that area in future 

studies to have a clearer view of the relationships between the Ainu and Northeast Asian 

populations.    

Regarding the origins of the Japanese population, phylogenetic trees in Figures 4.8 to 

4.10 shows that the three Japanese populations (Kanto, Ryukyuan and Ainu) tended to cluster 

together and that they are placed within the clade consisting of other East Asian populations. Our 

study failed to show any evidence of close relationships between the Ainu and Ryukyuans with 

current Southeast Asian populations, as proposed by the dual-structure model. The link with 

Southeast Asia was based mostly on cranial and dental measurements on living populations and 

archaeological specimens (Hanihara 1991). Indeed, most genetic studies so far failed to show 

any conclusive links between the Ainu and Ryukyuans with Southeast Asian populations. Instead, 

most of the genetic studies pointed to closer affinities with Northeast Asian populations (Nei 

1995; Omoto 1995; Omoto and Saitou 1997) which corroborates the results that we obtained in 

this study. This puts further doubt into one aspect of the dual-structure model, which is the origin 

of Jomon ancestors from Southeast Asia.  

However, we did demonstrate that the Ainu and Ryukyuans have much closer affinities 

to each other than they are to the mainland Japanese. This is shown in the phylogenetic trees in 

Figures 4.8 to 4.10 which show that these two groups always formed a clade. The 100% 

bootstrap support for the branching pattern lends further confidence to this idea. The close 

association between the Ainu and Ryukyuans despite their current geographical locations which 
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is at the two opposing ends of the Japanese Archipelago can be interpreted as them having a 

shared common ancestry probably dating back to the Jomon period. The idea of the Ainu and 

Ryukyuans having Jomon roots was earlier established based on the similarities of bone and 

tooth measurements between Jomon archaeological samples and Ainu/Ryukyu individuals 

(Hanihara 1991). Analyses of autosomal genetic markers also showed close affinities between 

the Ryukyuans and Ainu (Nei 1995; Omoto and Saitou 1997; Tokunaga et al. 2001).    

Regarding the origins of the mainland Japanese, the unrooted tree in Figure 4.10(B) 

places the Kanto Japanese in an intermediate position between the Chinese/Korean and 

Ainu/Ryukyuan branches. This observation coupled with the very short external branch in the 

Kanto Japanese implies that they may have been the result of admixture between the ancestors of 

the Chinese/Koreans and the Ainu/Ryukyuans. The results of frappe analysis at k=3 onwards 

(Figure 4.7) also shows that the Kanto Japanese received substantial genetic contributions from 

the mainland (Chinese) but also shows some degree of Ainu/Ryukyuan components which are 

unsubstantial in the Han Chinese. These observations appear to support some partial aspects of 

the dual-structure model, which supposes that the Ainu and Ryukyuans shared common ancestry 

with the Jomon people and that the mainland Japanese is a result of admixture between the 

Jomon and Yayoi ancestral populations.  

Taken together, our analysis of a dense set of genome-wide SNP in the Japanese 

populations reveal greater genetic variation within individuals of the Ainu group, brought about 

by admixture with the mainland Japanese and possibly another population from Northeast Asia. 

Regarding the origins of the Japanese population in general, our data supports some aspects of 

the dual-structure model in that the Ainu and Ryukyuans have shared genetic ancestry and that 

the mainland Japanese are the result of admixture between ancestral Yayoi and Jomon peoples. 

However, phylogenetic tree analysis did not seem to support the idea of a Southeast Asian origin 

of Jomon peoples but shows a closer affinity to Northeast Asian populations.  
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CHAPTER 5 

General discussion and conclusions 

 

The main themes covered in this thesis relate to the genetic diversity and migration 

histories of indigenous groups in Southeast Asia and East Asia. Using genome-wide SNP data, I 

explored the genetic substructure within these indigenous groups and distinct patterns were 

observed on the PCA plots involving the Negritos from West Malaysia (Chapter 2) and the Ainu 

from Japan (Chapter 4). Measures of genetic distance between individuals as well as 

STRUCTURE and frappe analysis indicate that those patterns were most likely the result of 

sustained admixture with surrounding populations. Admixture was not restricted to those two 

indigenous groups who had a long history with their current geographical location, but was also 

evident in the relatively recent migrant populations.  

These results demonstrate the influence of surrounding populations to the genetic 

diversity in indigenous Malaysian populations which also contributes to the genetic substructure 

in these indigenous groups. The presence of admixed individuals may have a bearing on the 

design and sampling strategy of future population genetic studies. Population-based phylogenetic 

analyses tend to assume populations are a static and panmictic unit but our results indicate 

admixed individuals may affect measures such as genetic distance. This is even more critical 

when sampling small number of individuals from a highly admixed population. Thus future 

sampling particularly involving indigenous populations should consider having a larger sample 

size to accommodate the possibility of sampling too many admixed individuals. Population 

substructure as a result of admixture should also be taken into consideration especially when 

conducting association studies as the presence of population stratification may lead to increased 

false positive associations (Tian, Gregersen, and Seldin 2008; Yamaguchi-Kabata et al. 2008).   
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Analysis of genome-wide SNP and uniparentally inherited markers such as mtDNA has 

most often been applied in studying past human movements and ultimately the origins of specific 

populations. Comparative analysis of complete mtDNA sequences in the Negrito and 

Austronesian groups in Malaysia with various other populations from Southeast Asia suggests a 

more complex history regarding the peopling of Southeast Asia than the more simplified, 

two-wave model involving an early southern, coastal dispersal from Africa and an Austronesian 

expansion from Taiwan, would suggest. Using a combination of maximum-likelihood 

phylogenetic analysis, TMRCA estimates of mtDNA lineages and PCA, our results indicate a 

long term presence followed by isolation in the Southeast Asian region by the Negritos in West 

Malaysia, consistent with the initial wave via the coastal route. We also found evidence of an 

earlier population movement originating from South China or Indochina during late Pleistocene 

to early Holocene (~30,000 to 10,000 YBP) with regards to the history of the Austronesians. This 

earlier movement predates the Neolithic expansion from Taiwan around 5,000 to 7,000 YBP but 

our results do not refute the Out of Taiwan migration event took place. However it looks 

improbable that it was responsible for the origins of all Austronesian speakers, particularly those 

west of the Wallace line. A more likely scenario to explain our observations would be an 

adoption of Austronesian languages by extant Southeast Asian populations, while allowing for 

some degree of gene flow of mtDNA lineages from Taiwan.  

The plausible scenarios involving human movement in Southeast Asia are summarized 

in Figure 5.1. In panel A) the first arrival of humans to the region was via a southern coastal 

route around 50,000 YBP. This is followed by a south to north migration into East Asia as 

proposed in the PASNP paper (Abdulla et al. 2009). Although no specific dates were mentioned, 

we speculate that it could have happened after the initial settlement event. Panel B) shows our 

proposed „early train‟ dispersal from Indochina or South China around 30,000 to 10,000 YBP 

based on the haplogroup frequencies, tree phylogenies and TMRCA estimates of mtDNA 
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lineages. This is followed by the Out of Taiwan migration shown in panel (C) which contributes 

to the genetic make-up of some populations in island Southeast Asia and the large part of the 

Pacific islands. A fairly recent event is shown in panel (D) which involves gene flow from India 

and is largely restricted to the populations in West Malaysia and Sumatra. This is indicated by 

the Indian ancestry in those populations in the STRUCTURE analysis (Chapter 2). The presence 

of Indian-specific Y-haplogroups in those populations (Karafet et al. 2010) as well as 

archaeological evidence pointing to contact as early as 4
th

 century BC (2,500 YBP) (Bellina and 

Glover 2004) seems to support this idea.  
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Figure 5.1: Plausible migration routes to Southeast Asia based on genetic data. A) First arrival of 

modern humans via the southern coastal route, followed by a northward migration to East Asia. 

B) Southward migration from Indochina/South China towards Sundaland C) Out-of-Taiwan 

migration in to island Southeast Asia and the Pacific. D) Influence from India in Malay & 

Sumatran populations   
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Regarding the history and origins of Japanese populations, our analysis of a dense set of 

genome-wide SNP supports some aspects of the dual-structure model which proposes admixture 

between the ancient Jomon with fairly recent Yayoi migrants. We found that the Ainu and 

Ryukyuans have shared genetic ancestry which probably dates back to the Jomon period and that 

the mainland Japanese are the result of admixture between ancestral Yayoi and Jomon peoples. 

On a lighter note, one of the first reports of Ainu-Ryukyuan relatedness based on bone structure 

was by von Baelz (1911), later cited by Hanihara (1991). It seems that has taken 100 years (at the 

time of writing) for this theory to be shown true by genome-wide SNP data. As for the other 

aspect of the dual-structure model which posits a Southeast Asian origin of the Jomon people, 

our data shows a closer affinity of the Ainu/Ryukyu to Northeast Asian populations. Although 

this initial result seems to put that aspect of the model in doubt, a much more detailed and 

expansive future study would be required to address the issue. 

In the genome-wide SNP analysis in chapters 2 and 4, PCA was used to infer the 

relationships between individuals and in general, individuals tend to cluster according to their 

respective populations. This was expected because individuals from the same population tend to 

share the same alleles due to interbreeding of individuals from the same population. However the 

PCA analysis did show some peculiar patterns such as the „comet-like‟ pattern in the Negritos, 

Temuan and Bidayuh (Chapter 2) and the triangular-like scattering of Ainu individuals (Chapter 

4). A logical explanation for these observations would be recent admixture. An admixed 

individual receives equal genetic contribution from both parental populations, thus we would 

expect the individual to be intermediate between the two parental populations if plotted along a 

linear vector as in the PCA analysis. If this admixture process was continuous and involved 

admixed individuals interbreeding with either of the parental populations, we would expect to 

see an admixture gradient akin to a „comet-like‟ pattern on PCA plots. This has been confirmed 

by Patterson et al. (2006) who simulated admixed individuals and plotted them on PCA. The 
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same „comet-like‟ pattern was observed in the PCA plot using the simulated data. In the case of 

the Ainu, the „comet-like‟ pattern was not observed but more of a triangular-like pattern. A 

possible explanation for this is that admixture involved three source populations, namely „pure‟ 

Ainu, Hondo Japanese and another population presumably from Sakhalin based on evidence 

from other genetic markers. Another concern was the quality of the Ainu DNA which was kept in 

cold-storage for several years prior to genotyping. Data filtering was performed meticulously in 

order to keep only good quality SNP while keeping the maximum number of individuals. To 

show that genotyping error did not contribute to the observed PCA plot in the Ainu, I performed 

PCA using SNP obtained from different steps of filtering based on genotyping call rate (90%, 

95% and 100% call rates). All three resulting PCA plots did not show any difference, particularly 

regarding the Ainu (Appendix Figure A4), so we can conclude that the PCA pattern was not due 

to genotyping error.         

In summary, my results demonstrate the influence of surrounding populations to the 

genetic diversity in indigenous Malaysian and Japanese populations which also contributes to the 

genetic substructure in these indigenous groups. The presence of admixed individuals has to be 

considered when designing sampling strategies for future population genetic studies as well as 

when conducting and interpreting results of association studies. Regarding the history and 

origins of Austronesians in Southeast Asia, results suggest an earlier movement originating from 

Indochina around 30,000 to 10,000 YBP which has more impact on the mtDNA diversity of 

indigenous Austronesians in West Malaysia and Borneo than the proposed Out of Taiwan 

expansion around 7,000 YBP. As for the origins of the Japanese population, my data support 

some aspects of the dual-structure model in that the Ainu and Ryukyuans have shared genetic 

ancestry and that the mainland Japanese are the result of admixture between ancestral Yayoi and 

Jomon peoples. However, our data does not indicate a Southeast Asian origin of Jomon peoples 

but shows a closer affinity to Northeast Asian populations.  
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APPENDICES 

Table A1: List of 11 pairs of PCR primers for complete mtDNA sequencing (from Torroni et al. 

2001) 
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Table A2: List of 32 sequencing primers for complete mtDNA sequencing (from Torroni et al. 

2001) 
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Figure A1: Gel electrophoresis of 11 PCR products prior to annealing temperature optimization. 

Correct PCR amplicons are around 1.8kb in length. Presence of shorter fragments indicates 

unspecific amplification. 
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Figure A2: Gel electrophoresis after gradient PCR using annealing temperatures from 51°C to 

65°C.  
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Figure A3: Gel electrophoresis after optimizing annealing temperatures to 60°C for all 11 primer 

pairs 
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Figure A4: PCA plots of Japanese and Han-Chinese populations using SNP sets obtained from 

three SNP genotyping call rate thresholds. 

 

 
 
 
 
 
 
 
 
 
 
 
 

A) 90% call rate (1106 SNP omitted, 684907 SNP remaining) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B) 95% call rate (4388 SNP omitted, 681625 SNP remaining) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C) 100% call rate (215061 SNP omitted, 470952 SNP remaining) 
 

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04

Ryukyu

CHB

Hondo

Ainu

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04

Ryukyu

CHB

Hondo

Ainu

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

-0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04

Ryukyu

Hondo

CHB

Ainu


