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Many studies of genetic variation in human populations have revealed a recent common
African origin of modern humans. According to this evolutionary history, modern human
populations have dispersed into various parts of the world outside Africa for the past 150,000
years or so. Moreover, there have been many lines of molecular genetic evidence showing
geographic variation of the human genome. These genetic differences must be a result of
multiple evolutionary forces (such as mutation, genetic drift and selection) and evolutionary
events (such as range expansion, migration and isolation by distance). However, there is
incomplete understanding of how geographic patterns of variation have been shaped.

This thesis mainly dealt with questions in relation to human migrations into East and
Southeast Asia, and the subsequent range expansions of modern humans. For this purpose, DNA
variations on the non-recombining region of the human Y chromosome (NRY) were examined in
610 male samples from 14 global populations in North, East and Southeast Asia, and other
regions of the world. Geographic distributions of the variations were analyzed at the level .of Y-
chromosome haplotypes, which were defined by allelic associations among polymorphisms.
Moreover, a 12.6-kb region in the NRY was sequenced in eight males from East and Southeast
Asia, Europe, and Africa. This comparative sequencing helped to find population-specific (or
region-specific) polymorphisms for further Y-haplotype analysis. Overall, phylogeographic
analysis with Y-haplotypes allowed to deduce the evolutionary history of modern Asian
populations. The primary objectives of this thesis were (1) to set up a verifiable hypothesis on
the peopling of East and Southeast Asia, and (2) to infer the formation process of modern
Japanese populations.

This thesis consisted of five chapter including Introduction (Chapter 1), and Summary
and Concluding Remarks (Chapter 5). Chapter 2 discussed early migration events of modern
humans into East and Southeast Asia. First, eight haplotypes were observed by analyses of seven
biallelic polymorphic markers (DYS257, 45, DYS287, SRY 1051, SRY 4531, RPS4Y,,, M9, and M15),
and were unevenly distributed among the populations. The maximum parsimony tree for the
eight haplotypes had no ambiguity, indicating a robust phylogeny which is necessary for a
phylogeographic analysis. Moreover, these haplotypes could be classified into four distinct
haplotype lineages defined by three key mutations: an insertion of the Y Alu polymorphic (YAP)
element at DYS287, a C-to-G transversion at M9, and a C-to-T transition at RPS4Y,,.
Coalescence analysis in the haplotype tree showed that estimated ages for three key mutations
ranged from 53,000 to 95,000 years ago, suggesting that the three major lineages (defined by the
allele of YAP', M9-G, and RPS4Y,,,-T, respectively) were separated from one another during
early stages of human evolutionary history.

Second, the three haplotype lineages (designated as YAP', M9-G, and RPS4Y-T)
accounted for 98.6% of the Asian populations studied, indicating that these three paternal
lineages have contributed to the formation of modern Asian populations. Phylogenetic analysis
revealed three monophyletic Asian clusters, which consisted of North Asian, Japanese, and Han
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Chinese/Southeast Asian populations, respectively. In combination with the previous findings,
extensive phylogenetic analysis in 20 Asian and Australo-Melanesian populations also showed
the three distinct clusters which appear to correspond to geographic variations in the haplotype
distributions.

Third, this chapter offered an important insight that human populations inhabiting the
Asia-Pacific regions (a part of North and Central Asia, East and Southeast Asia, and Australo-
Melanesia) may share common genetic backgrounds. Also, it hypothesized that three major
groups with different paternal ancestries separately migrated to prehistoric East and Southeast
Asia. This hypothesis is amenable to verifying by further phylogeographic studies with another
haplotype systems.

Chapter 3 focused on the subject to find new single-nucleotide polymorphisms (SNPs)
for an extensive phylogeographic Y-haplotype analysis. Two novel SNPs (named A46812 and
A57316) were found by comparative sequencing in the 12.6-kb region in the NRY. For
characterization of the two SNPs, they were analyzed on additional DNA samples from
worldwide populations with newly developed PCR-RFLP (restriction fragment length
polymorphism) methods. The A46812 polymorphism was effective in subdividing the ht4
haplotype (defined only by M9-G), while A57316 was shared by htl (defined only by YAP") and
ht2 (defined by YAP"/M15%). The results indicate that both are phylogeographically informative
polymorphisms. Geographic distributions of the derived alleles (both C alleles inferred) at the
two polymorphic sites revealed that these two SNPs may be specific to eastern Eurasian
populations.

Chapter 4 mainly discussed the formation of modern Japanese populations from the
paternal point of view. First, geographic distributions of Y-haplotypes in the 14 populations were
analyzed with a total of 15 polymorphic sites, including the nine biallelic polymorphisms
examined in Chapter 2 and 3. This analysis provided robust Y-phylogeny for 14 haplotypes
which consisted of the 15 linked polymorphisms in the NRY. Also, the analysis revealed that the
distributions of several haplotypes tended to be regionally specific. Taking account of estimated
ages for three polymorphic markers (A57316, A46812, and RPS4Y-,,), the regional specificity
may have been mostly due to evolutionary forces (such as mutation and isolation by distance)
after human settlements in East and Southeast Asia. Therefore, these demonstrate the
effectiveness of phylogeographic analysis with a set of the 14 haplotypes on deducing the
evolutionary history of the Asian populations.

Second, several regional differences in paternal genetic characteristics were observed
among modern Japanese populations. From the phylogeographic point of view in the Asia-
Pacific regions, the Y-haplotype data suggest that the ancient Japanese populations in the late
Pleistocene (or Jomon era) had diversified as evidenced by two paternal lineages (YAP" and
RPS4Y-T), and regional differentiation within the RPS4Y-T lineage. Okinawan and the mainland
Japanese populations might experience some extent of gene flow during the Holocene, implying
Yayoi migrations to the Japanese archipelago. Therefore, the data support the hybridization

theory that modern Japanese have resulted from distinct genetic contributions involving ancient
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Jomon people and the Yayoi immigrants. To address the problem concerned with the geographic
origin(s) of Jomon immigrants, it may be necessary to investigate sequence variation in the NRY
in the ancient DNAs from Southeast and Northeast Asian populations in the late Pleistocene.
This will also lead to a deeper understanding of human dispersal in the Asia-Pacific regions.

In conclusion, this thesis has shown that phylogeographic analysis with Y-chromosome
haplotypes has a great ability to describe past human dispersion. This is mainly because the
evolutionary relationships among geographic variants can be inferred without ambiguity. In
general, evolutionary history of a single gene (such as Y-haplotype) should be cautiously
interpreted as population history. Therefore, the present phylogeographic views need to be
further integrated with much knowledge from other genetic systems, and many another
disciplines such as paleoclimatology and archaeology. Nevertheless, the significance of the
thesis is to present several insights in relation to the evolutionary history of modern human

populations in the Asia-Pacific regions.
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EEMHBXIL. TPT72P0LELEE610ANDBEEMASYREAEKZHMHEL., TOZRDE
HUMB2NENRICL>TTPT7TABLUVEHFAANOEREZ, REE2FEBLODHGMICIT S
CENERTH S, E—OHMNTHA TV TADRBBEZMET A0, BADTODELEH
EAZFELT610DYRGBHREYITE T LE. TOEE., YRBEKIEISDONTOH
ATRAETEBN., 7TPTATRIODIBO3IDONTOF A TRERTH D Z &Y
ALk, SHIEHIXTR. NTOFVS TOMBROHMEERBHICHETIEABE N
ENS, TOTAOEBERDRS ELHEKRORAES 3 (B RROBEEILRD T &,
BIXO7P7HAILBICRETVWRENRETAHAIENHASAIREINE, BE_OEHNTHSH
FAOBBICEL TR, SHEMOKZHELEEOEVWRBFZ2T>BNT. £TYREGHOD
—8 (1 2kb) OEEEINZSBEARIIDODNTRELTNVNS, FILWERENEZRDIT S
EOOEBERIIREIL. BIOKEZ2PT5EZ00BEBN RSN THDEMICET S, &
DRREZED T, 150BHEMERVWEIATEINTEDIDIRD., FHMZRHEH
BENBESNGEINE, B, 150ZHEMIIHBLTHBEEINENTOY 1 THIZ
l4iEmMLTWS, ZOT—YORKMBENBHINS, HEATBXAEHREADER
MTH> (BRMMEHE) ZE2XBTIERNNEBLNEZ., B, 74 XIPHBAREKREA
NEDEHEENDEWI ENEEIN., EMOBREZHB LTRSS I ENRBINE,

DNAR— I —2HVWTABEHAOREEZ2RIME DO FABEZHNHE—TEEN
WHBARITON TSN, ChEEXRARCTYPTY7OERKOYRBAZHEEL AR
Bhol,. 2OV TINEINETOREMRATHESNLEDOEFEALTWSN, BS
4 (JA=)) OBEMAERCEE, YYD efTokl t@dFMEINS, YREKD
FEBLICHENIHBIBEEOBEEHEL T, BE#EREEZ2TSI ba> U PDNAK
EBINETOMRBEREMHBNBHERITCHS. TOLD., EHRERANEOY 7 #iC
BUZBMHRBEOBHOBICELT,. FLLWEHBNAZAREZE TWIAREENH S,
KEBEREEANICI<BZTEITITCBD MRVERRBRXEZE<ENEZRFLTVS, LHHTENS,
ZMNHXO—HIE., EBRRFCZEHINERTATHS (Tajina et al.Hum. Genet.110:80-
88, 2002) .

DEDZENS, ZHRBIXONEE+ABRELEBABCEMRTLONTBD, BEZE
B2l 2BE X THEABRSICETDI DD AL .
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