heterozygosities, and this further confirms that the Ainu population
has experienced admixture with the two surrounding populations. In
fact, we came to know through discussion with the Ainu people that
there were some Mainlaind Japanese individuals who married Ainu
people in Biratori Town when blood collection was conducted. These
genetically non-Ainu people might have been included in the ‘Ainu
samples we used. Another information from the Ainu representatives
of the Biratori Town was that some Sakhalin Ainu people migrated to
that town after the World War II. There is a possibility that the five
outliers in the red circle in Figure la are Sakhalin Ainu people.

Another possible reason for the low average heterozygosity in the
Ainu compared with other populations is ascertainment bias in which
SNPs included in the Affymetrix 6.0 genechip were chosen based on
their polymorphism in only a few ascertained populations.

Possible mother population for the alternative admixture events
with the Ainu population

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. Previous studies did support the idea
of contact with Northern populations, which may have contributed
to the genetic diversity in the Ainu. Archeological data point to an
introduction of a distinct culture, which was quite different from the
Satsumon culture, by the Okhotsk people into Hokkaido during the
7th-10th centuries.?> The cultural contact with these northern
peoples seemed to continue until recently. Genetic studies using
mitochondrial DNA?* and human leukocyte antigen loci®? support
this idea by showing close affinities between the Ainu and the Nivkhi
who live in the Sakhalin Island and the Amur River region. 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.

Perspectives

We still have no clear clues on homelands of the Jomon and the Yayoi
people, who constituted the two major genetic components of
the modern human populations in the Japanese Archipelago.
It should be noted that Omoto conducted a pioneering study on
the phylogenetic relationship of the Ainu population considering
various degrees of admixture. When a 60% admixture with the
Mainland Japanese was assumed for the modern Ainu population, the
ancestral Ainu population was clustered with Sahulian (Papuan and
Australian).>® This sort of simulations based on the real data is
needed.

We should also integrate evidences from various research fields
such as archeology and morphology. There is a long history of
craniofacial studies on Jomon, Yayoi and historical populations in the
Japanese Archipelago.’>>* Although metric characters were mostly
used, studies on nonmetric characters are promising,”>58 for they are
expected to be more under genetic controls than metric ones.
Hanihara’s analysis®® suggested the existence of gene flows between
the Hokkaido Jomon people and the Okhotsk people. An application
of the computed tomography images for measuring nonmetric cranial
variations in living humans was already started,” and genome-wide
association studies of morphological characters are waiting to be
initiated. In fact, the genetic background of shovel-shaped incisors
found frequently in East Asian individuals was recently deciphered,®
and the nonsynonymous polymorphism on the EDAR gene showed
the greatest difference in SNP genotype frequencies between the
Mainland Japanese and Ryukyuan clusters,®® followed by another
nonsynonymous polymorphism on the ABCCII gene that is
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responsible for the earwax phenotypic differences.®!  Similar

statistical analyses will be conducted in the near future using
the genome-wide SNP data produced by this study. Genomic
DNA polymorphisms are not restricted to SNPs, but also include
insertion—deletion type polymorphisms such as microsatellite
polymorphisms (for example, Li ef al?).

Ancient DNA data are very important for understanding the
evolutionary history of the present-day organisms. Because of
technical difficulties, most of the ancient DNA data available
regarding the origin of peoples in the Japanese Archipelago are
mitochondrial DNAs,5%7! with exceptions of the ABCCII gene’ and
the ABO blood group gene.”® If the genome-wide nuclear DNA
polymorphism data can be obtained for ancient DNA samples found
from the Japanese Archipelago, we will be able to have a much wider
scope on the history of peoples in this Archipelago.

Conclusion

We demonstrated that the Ainu are genetically dloser to the Ryukyuan
than they are to the Mainland Japanese in this study. The close
association between the Ainu and the Ryukyuan, despite their current
geographical locations, which is at the two opposing ends of the
Japanese Archipelago, may be interpreted as having a shared common
ancestry probably dating back to the Jomon period. The population
tree in Figure 4b also places the Mainland Japanese in an intermediate
position between the Ainu/Ryukyuan and the Continental population
clusters. This observation, coupled with the very short external branch
in the Mainland Japanese, strongly suggests that they are the result of
admixture between the two genetically distinct ancestors, namely the
Jomon people and the Yayol ancestors. Our analysis revealed a great
genetic variation within the individuals of the Ainu group, brought
about by admixture with the mainland Japanese and possibly another
population from Northeast Asia. Figure 5 depicts a plausible time
course of the human populations in the three regions of the Japanese
Archipelago based on the findings of this study, though many features
are still speculative. In conclusion, our results support the more

Okhotsk !
<t o i Nivkhi?
Ainu
J_u_mon people
Ryukyuan

Yayoi ancestors Mainland Japanese

Continental East Asian

T T T

Thousand years ago

Figure 5 A scenario of the evolutionary history of the human populations in
the three regions of the Japanese Archipelago based on the results of this
study and archeological evidences.5? The Northern, the Central and the
Southern populations, corresponding to the Ainu, the Mainland Japanese
and the Ryukyuan in the present day, were assumed to diverge
simultaneously, sometime during the Jomon period, afthough we do not
have a precise time estimate. The admixture of the indigenous Jomon
people and Yayoi migrants was assumed to occur sometime after the Yayoi
period started 3000 vears ago.’® Vertical arrows designate gene flows in
historical times, but their timings and frequencies are rather speculative.

793

Journal of Human Genetics

— 261 —



&

History of Japanese Archipelago populations
T Jinam et af

794

than 100-year-old hypothesis of von Baelz* that the Ainu and the
Ryukyuan have shared genetic ancestry, and the admixture hypothesis
(for example, Torii’* and Kanaseki’®) that the mainland Japanese are
the result of admixture between the ancestral Yayoi people and the
indigenous Jomon people.

The SNP genotype data determined in this study are available upon
requests to corresponding authors, under the conditions of collabora-
tion with us and with an appropriate approval of human genomic
DNA research ethics committee of institutions to which researchers
involved in the data analyses belong.
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besity is associated with chronic low-grade
inflammation characterized by increased pro-
inflammatory cytokines and infiltration of mac-
rophages within adipose tissue (1), leading to
insulin resistance (2). Although several inflammatory medi-
ators and cell types promote these processes, precise roles
of the immune system are not fully understood. Most of the
infiltrated adipose tissue macrophages (ATMs) in obese
adipose tissue are CDl1lc-positive inflammatory M1 mac-
rophages resporisible for the development of adipose tissue
inflammation, which is countered by CD208-positive anti-
inflammatory M2 macrophages (3,4).

Pattern recognition receptors (PRRs) such as Toll-like
receptors (TLRs) quickly recognize pathogenic agents
called pathogen-associated molecular patterns (5). The
TLR4/myeloid differentiation protein (MD)-2 complex is
indispensable for lipopolysaccharide (LPS) reeo@iﬁon (6,7).
TLR4 requires two iraportant adaptor molecules, myel
ferentiation factor 88 (MyD88) and TIR-domain
adaptor-inducing interferon8 (TRIF), to transmit its down-
stream signaling (5). A TLR4 homolog, redioprotective 105
(RP105), forms a complex with MD-1 (8,9). RP105 or MD-1
knockout (KO) mice show reduced proliferative responses to
LPS in B cells and are impaired in antibody
production against LPS (10-12), suggesting that the RP105
MD-1 complex cooperates with the TLR/MD-2 complex in
LPS responses. RP105/MD-1 also is on macrophages
(12). However, roles for RP105/MD-1 in chronic inflammation—
associated metabolic disorders have not been

PRRs also can sense endogenous ligands called o
associated molecular patterns. These include intracellular
molecules such as fatty acids (FAs), heat shock proteins,
and host nucleic acids, as well as extracellular
nents, such as hyaluronan and proteoglycans (13). These
molecules can ligate PRRs, leading to activation of proin-
flammatory pathways and cytokine secretion. This often is
referred to as “sterile” inflammation (14).

Adipose tissue-derived saturated free FAs may stimu-
late TLR4 and promote adipose tissue inflammation and
insulin resistance (16-17). The Nirp3 (nucleotide-binding
domain, leucine-rich repeats containing family, pyrin do-

inflammasome senses obesity-associated

main-containing-3)

FAs and contributes to obesity-induced inflammation and
insulin resistance (18,19). Double-stranded RNA-dependent
protein kinase can sense FAs from nutrients as well as en-
doplasmic reticulum stress and plays critical roles in regu-
lating insulin action and metabolism (20). Of interest, the
G-protein—coupled receptor 120 recognizes unsaturated
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