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Mitochondrial Genome Variation in Eastern Asia
and the Peopling of Japan
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To construct an East Asia mitochondrial DNA (mtDNA) phylogeny, we sequenced the complete mitochondrial
genomes of 672 Japanese individuals (http:/ fwww.giib.or.jp/ mtsnp/index_e.heml). This allowed us to perform a
phylogenetic analysis with a pool of 942 Aslatic sequences. New clades and subclades emerged from the Japanese
data. On the basis of this unequivocal phylogeny, we classified 4713 Asian partial mitochondrial sequences, with
<10% ambiguity. Applying population and phylogeographic methods, we used these sequences to shed light on the
controversial issue of the peopling of Japan. Population-based comparisons confirmed that present-day Japanese have
their closest genetic affinity to northern Asian populations, especially to Koreans, which finding is congruent with
the proposed Continental gene flow to Japan after the Yayol period. This phylogeographic approach unraveled a
high degree of differentiation In Paleolithic Japanese. Ancient southern and northern migrations were detected based
on the existence of basic M and N lineages in Ryukyuans and Ainu. Direct connections with Tibet, parallel to those
found for the Y-chromosome, were also apparent. Furthermore, the highest diversity found in Japan for some
derived clades suggests that Japan could be Included in an area of migratory expansion to Continental Asia. All the
theories that have been proposed up to now to explain the peopling of Japan seem insufficient to accommodate fully
this complex picture.

(Supplemental material is available online at www.genome.org.]

Recent analysis of global mitochondrial DNA diversity in hu-
mans based on complete mtDNA sequences has provided com-
pelting evidence of a human mtDNA origin in Africa (Ingman et
al. 2000). Less than 100,000 years ago, at least two mtDNA hu-
man lineages began to rapidly spread from Africa to the old
World (Maca-Meyer et al. 2001). The archaeological records attest
that humans reached Japan, at the eastern edge of Asia, around
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Article and publication are at hitp://www.genome.org/cgi/doi/10.1101/
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30,000 years ago (Glover 1980). At that time, Japan was con-
nected to the Continent by both northern and southern land
bridges, enabling two migratory routes. As early as 13,000 years
ago, pottery appeared in Japan and Siberia for the first time in the
world (Shiraishi 2002). Subsequent technical improvements gave
rise to the Japanese Neolithic period known as the Jomon period,
in which the population growth was considerable. Later, Conti-
nental people arrived in Japan from the Korean peninsula, initi-
ating the Yayoi period, with this migration reaching its maxi-
mum at the beginning of the first millennium.

With this archaeological framework in mind, it was of an-

14:1832-1850 ©2004 by Cold Spring Harbor Laboratory Press ISSN 1088-9051/04; www.genome,org



Variation in Japanese mtDNA

thropological interest to us to know whether the modern Japa-
nese are the result of an admixture between the Paleolithic-
Neolithic aborigines and more recent immigrant populations,
whether the indigenous population gradually evolved to give rise
to the modern Japanese, with subsequent colonizations having
strong cultural Influences but only minor demographic impact,
or even whether the late Neolithic waves entirely replaced the
indigenous residents. Morphometric data obtained from the re-
mains of Japanese Paleolithic people are more in accordance with
a southern origin for these first immigrants. Subsequent morpho-
logical studies on modern indigenous (northern Ainu and south-
ern Ryukyuans) and mainland Japanese favored an admixture
model in which the former would be descendants of the Paleo-
lithic Japanese and the latter derived from the Continental im-
migrants who gave tise to the Yayoi period (Hanihara 1991).
Genetic analysis using classical markers assigned a definitive
northern origin to the Upper Paleolithic inhabitants of Japan;
but whereas some authors favored a homogeneous background
for all modern Japanese (Nei 1995), others claimed that although
Upper Paleolithic and Yayoi period immigrants had probably a
northern Asian origin, they were genetically differentiated
{Omoto and Saitou 1997). The applicaticn of molecutlar markers
to define maternal and paternal lineages to the peopling of Japan
confirmed the dual admixture model but added some interesting
novelties. For example, the study of Y-chromosome markers led
to the discovery of remarkable Korean and Tibetan influences on
the Japanese population (Hammer and Horai 1995); and mtDNA
HVS-1 sequences also confirmed the Korean input (Horai et al.
1996) and closer affinities of the Japanese to Tibetans than to
southern Asians (Qian et al, 2001). In quantitative estimations of
maternal admixture, it was found that ~65% of the mainland
Japanese gene pool was derived from Continental gene flow after
the Yayol period. However, the indigenous Ainu from the north-
ern island of Hokkaido and the Ryukyuans from southern Oki-
nawa showed <20% Continental specificity, pointing to them as
the most probable descendants of the Jomon people. The fact
that these indigenous groups were, in turn, genetically well dif-
ferentiated indicated a notable degree of heterogeneity and/or
tsolation among the early japanese immigrants (Horai et al.
1996). However, two handicaps of these studies are the incom-
plete representation of Asian populations and the relatively small
sample size of those analyzed, which weakens the reliance on the
relative affinities found by genetic distance methods (Helgason et
al. 2001). For mtDNA there are currently enough HVI/HVII data
from eastern Asia, including Japan, to test the validity of the
above-mentioned results. However, these sequences have been
assorted into different clades following different insufficient cri-
teria or even have not been classified at all. Furthermore, the
phylogenetic confidence of results based only on sequences from
the noncoding tegion (HVI, HVII} has been recently questioned
(Bandelt et al. 2000). This is mainly due to the frequent occur-
rence of parallel mutations in independent lineages that confuse
the correct classification, a source of error that is increased be-
cause the basal motif in the nonceding region for the two mac-
rolineages that expanded throughout Asia is the same (16223}.In
addition, as the noncoding region has not evolved at a constant
rate across all human lineages, it is considered inappropriate to
use this reglon for dating evolutionary events (Ingman et al.
2000; Finnilg et al. 2001).

To make reliable use of this important source of available
data on the mtDNA noncoding region to contrast the maternal
structure and to determine the most probable origin of the mod-
ern Japanese, we have undertaken the following approach: First,
we used a set of complete mtDNA sequences of 672 Japanese
individuals to create a phylogenetic network (Bandelt et al. 1999)
that related them to other complete sequences, already pub-

lished, belonging to the major haplogroups proposed by others
(Torroni et al. 1992, 1996; Macaulay et al. 1999; Yao et al. 2002a).
Discriminative positions in the noncoding region, defining ad-
ditional Asian subhaplogroups, were then used to further classify
766 previously published Japanese partial sequences. For this
purpose we also included other unambiguously assorted se-
quence data reported by other research groups (Derbeneva et al.
2002b; Yao et al. 2002a). These HVI sequences thus pooled were
then compared with other pubtished Asian sequences. Finally,
using all of these classified sequences, we tested the relative af-
finities of modern Japanese and Continental Asians using global
distance methods and phylogeographic approaches framed at
different age levels.

RESULTS

Eastern Asia Phylogeny Based

on Complete mtDNA Sequences

The phylogenetic network constructed with the complete
mtDNA sequences fully coincides with those previously pub-
lished at worldwide (Maca-Meyer et al. 2001; Herrnstadt et al.
2002) or regional scale (Kong et al, 2003). Moreover, their main
branches are well supported by high bootstrap values on a neigh-
bor-joining tree (Supplemental material, condensed by more
than 40% bootstrap values).

From the L3 African trunk, two early branches came out of
Africa and radiated extensively, criginating superhaplogroups M
and N, which were defined by the basic mutations depicted in
Figures 1A and 2, respectively. Representatives of both superhap-
logroups reached Japan. The construction of these phylogenetic
trees by using our Japanese complete sequences and other pub-
lished Asian sequences (Table 1) resulted in a better definition of
the known haplogroups and in the identification of new clades at
different phylogenetic levels. Characteristic HV] motifs and di-
agnostic RFLPs in the coding region, and coalescence ages for
these haplogroups and subhaplogroups are given in Supplemen-
tal Tables A and B, To contribute to the unification of the mito-
chondrial nomenclature, we revised the previously proposed
haplogroups by adding the following new information.

Subdivisions Within Macrohaplogroup M

Haplogroup D

Haplogroup D has been defined by the specific RFLP — 5176 Alul
(Torroni et al. 1992). Studies on Native American HVI sequences
permitted further subdivision of D into subgroups D1 by muta-
tion 16325 and D2 by mutation 16271 (Forster et al. 1996). Ad-
ditional subdivisions into subhaplogroups D4 and DS have been
proposed for Asian lineages (Yao et al. 2002a). These investigators
characterized D4 by position 3(¢10. Two additional mutations,
8414 and 14668, have been proposed to define D4 (Fig. 1B;
Kivisild et al. 2002), Wheteas these two latter mutations seem to
be rare events, 3010 has also been independently detected in
haplogroups H and J. A new branch at the same phylogenetic
level as D4 and D5 has been detected in Japan (Fig. 1B). It is
characterized by mutations 709, 1719, 3714, and 12654 and was
named D6. The subdivision of D4 into subgroups D4a and Ddb
was proposed on the basis of the distinctive mutational motif
152, 3206, 14979, and 16129 for the first and 10181 and 16319
for the second (Kivisild et al. 2002}. Both subclades have been
detected in our Japanese sample. From our data it can be deduced
that mutation 8473 is also basal for D4a. In relation to D4b it
seerns that its ancestral branch is defined by the 8020 substitu-
tion {Fig. 1B). Consequently, the D4b subgroup proposed by Yao
et al. (2002a) should be renamed D4bl harboring 15440 and
15951 as additional basic mutations. A new subgroup character-
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Table 1. List of Individuals Used to Build Up the Networks

Shown In Figures 1 and 2 7

Sample - Haplogroup  Origin References

PD32 M12 Japanese This work

HN152 M11 lapanese . This work )

M1, M1 Jordanian  Maca-Meyer et al. 2001

Ite M10a Japanese  This work

ONZ6 M10b Japanese  This work

ND168 M7a2 Japanese This wark

PD56 M7alb Japanese  This work

ON17 MZala Japanese This work

ND165 M7b2 Japanese This wark

TC77 + M7c¢- - |apanese:  This work

HN231 M8al Japanese This work

ND18 MBa2a-  Japanese - This work

130 MB8a2 Japanese This work .

K061 Z1 Koryac Ingman and Gyllensten 2003

PD47 z2 Japanese This waork

o221 z3 Japanese This work

TC46 Z4 |apanese This work

ON27 Z5 Japanese " This work .

TC52 C1 |apanese . This work

6979 Cda Evenki Ingman et al. 2000

6970 C4B Buryat Ingman et al. 2000

HN177 cs "Japanese  Thiswork = .

F170 E Philippine  Ingman’ and Gyllensten 2003

ND208 Gda |apanese This work -

HN248 G3 |apanese . This work

HN246 G2a2 |apanese This work

20 Glalc Japanese This work

JD40 G2alb - |apanese This work

KAT4 G2ala . Japanese This work

KA10 G2ala .  Japanese This work

1011 G2ala Japanese - This work -

115 Glal Japanese -This work

ON127 Glaz lapanese This work

14 M2al Japanese This work

|D41 M9%a2a - - Japanese This work

PD11 M9a2b Japanese This work

|D47 Dé Japanese This work

TC12 D5a2 japanese This work

PD97 D5ala Japanese This work

GC2z2 DSalb Japanese This work

CN46 Dsbla Japanese This work

TC24 D5blb Japanese This work -

TC3Q Dsb2 Japanese This work

121 D5cl lapanese This work

|Dé D5c2 Japanese This work

ND140 D4a Japanese This work

TC73 D4bla Japanese This work

PD48 D4bib Japanese This work

GC20 Ddb2a Japanese This work”

KA83 D4b2Zb Japanese This work

ON143 D4c |apanese This work

|D36 D4f japanese This work

TC70 D4d1a Japanese This work

KA96 D4d1b |apanese This work

ND205 D4d2 Japanese This work

ON138 D4el Japanese This work

135 D4e2 Japanese This work

143 D4g lapanese  This work

KASQ D4h Japanese This work

ND188 D4i Japanese This work

KAS3 D4j Japanese This work

PD60 D4kl Japanese This work

ND212 D4k2 |apanese This work

TC8 D4k3 Japanese This work

jD100 D4l |apanese  This work

PC134 D4m |apanese This work

HN194 Ddn |apanese This work

ND41 F4a Japanese This work

TW96 F4b Indigenous  Ingman and Gyllensten 2003
Taiwanese

(continued)

Table 1. Continued

Sample Haplogroup Origin References
X)8451 F3 Chinese Kong et al. 2003
KA1 F2a Japanese This work
ON123 Flc Japanese This work

TC20 Flal Japanese This work

TC69 Fib3 Japanese This work

KA70 F1b2 Japanese This work

ND214 Fibla Japanese This work

TC4 B5a Japanese This work

TC14 BSbla Japanese This work

ON42 B5b3 Japanese This work

PD33 B5b2 Japanese This work

HN153 B4al Japanese This work

D73 B4a2 Japanese This waork

D101 B4dblal Japanese This work

ON22 B4blb |apanese This waork

HN238 B4d |lapanese This work

PE139 Bde Japanese This work

7011 B4c2 Uzbek Ingman et al. 2000
ON104 B4cla |apanese This work

D106 B4clbl |apanese This work

ON392 B4clcl Japanese This work

|D62 B4f |apanese This work

rCRS H2 English Andrews et al. 1999
Ni1b N1b Jordanian Maca-Meyer et al. 2001
ON&7 Alala japanese This work

ND218 Ala Japanese This work

PD26 Albl Japanese This work

D57 Ale Japanese This work

6971 AZa Chukehi Ingman et al. 2000
KAZ21 A2 Japanese This work

ON125 A2 Japanese This work

ND28 A3 Japanese This work

TC48 - A4 Japanese This work

142 A5 Japanese This work

TC2 N9al Japanese This work

HN186 °  N9%a2al Japanese This work

ON34 N9a2b Japanese This work

1079 N9a2¢ Japanese This work

1085 - N9bl1c Japanese This work

D15 N9b1 Japanese This work

KA92 NIb1b Japanese This work

ND153 N9b1a Japanese This work

KA97 Y1b Japanese This work

HN249 Y2 Japanese This work

ized by 1382C, 8964, and 9824A mutations and named D4b2, is
represented by lineages GC20 and KA83 in Figure 1B. Further-
more, 12 new branches at the same phylogenetic level as sub-
haplogroups D4a and D4b can be identified in the network. Ac-
cordingly, they have been successively named from D4c to D4n.
On the other hand, D5 was defined by mutations 150, 10397,
and 16189 (Yao et al. 2002a); however, 16189 is not present in all
D5 lineages. We have named D5a and D5b those lineages that
share this mutation and 9180 and D5c those lacking them. Con-
sequently, we propose to rename DSa of Yao et al. (2002a) as
Dsal. Additional mutations (1107 and 5301) define DS (Fig. 1By,
as has been recently confirmed (Kong et al. 2003). Of the four
mutations at the basal branch of this group, 10397 seems to be a
unique event; and the group can be diagnosed by the RFLP poly-
morphism +10396 Bsrl. Recently, the phylogeny of haplogroup
D has been revised in the light of complete sequences from Aleuts
(Derbeneva et al. 2002b). By comparing their nomenclature to
ours, it is possible to equate their D2 lineage to our D4el and
their D3 lineage to our D4b1. As a total, D is the most abundant
haplogroup in people of central and eastern Asia including main-
land Japanese but not in the Ainu and Ryukyuans. However, the
geographic distributions of some subhaplogroups are peculiar.
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