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Abstract Historic Japanese culture evolved from at least
two distinct migrations that originated on the Asian
continent. Hunter-gatherers arrived before land bridges
were submerged after the last glacial maximum
(>12,000 years ago) and gave rise to the Jomon culture,
and the Yayoi migration brought wet rice agriculture
from Korea beginning 2,300 years ago. A set of 81 Y
chromosome single nucleotide polymorphisms (SNPs)
was used to trace the origins of Paleolithic and Neolithic
components of the Japanese paternal gene pool, and to
determine the relative contribution of Jomon and Yayoi
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Y chromosome lineages to modern Japanese. Our global
sample consisted of >2,500 males from 39 Asian populations, including six populations sampled from across
the Japanese archipelago. Japanese populations were
characterized by the presence of two major (D and O)
and two minor (C and N) clades of Y chromosomes,
each with several sub-lineages. Haplogroup D chromosomes were present at 34.7% and were distributed in a
U-shaped pattern with the highest frequency in the
northern Ainu and southern Ryukyuans. In contrast,
haplogroup O lineages (51.8%) were distributed in an
inverted U-shaped pattern with a maximum frequency
on Kyushu. Coalescent analyses of Y chromosome short
tandem repeat diversity indicated that haplogroups D
and C began their expansions in Japan 20,000 and
12,000 years ago, respectively, while haplogroup O47z began its expansion only 4,000 years ago. We infer
that these patterns result from separate and distinct genetic contributions from both the Jomon and the Yayoi
cultures to modern Japanese, with varying levels of
admixture between these two populations across the
archipelago. The results also support the hypothesis of a
Central Asian origin of Jomonese ancestors, and a
Southeast Asian origin of the ancestors of the Yayoi,
contra previous models based on morphological and
genetic evidence.
Keywords Japanese populations Æ Y-SNPs Æ Y-STRs Æ
Jomon Æ Yayoi Æ Paleolithic Æ Neolithic Æ Migrations
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After more than 100 years of intense investigation
(Mizoguchi 1986), the origin of the Japanese population still remains controversial. A number of contrasting models attempt to explain the fairly large
range of morphological, cultural, and genetic variation
represented in modern Japanese populations and
recognized in the archaeological and fossil records.
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Abundant archaeological evidence documents at least
two major migration processes that brought people
from the Asian continent to the Japanese archipelago.
An early wave of migration brought people to Japan
more than 30,000 years ago (Ono et al. 2002; Takamiya 2002), and gave rise to the Jomon culture
‡12,000 years ago (Chard 1974). The Jomon people
lived a hunter-gatherer lifestyle and made some of the
world’s earliest pottery for several thousand years in
isolation before a second major wave of migration
began. Entering from the Korean Peninsula around
2,300 years ago, the Yayoi migration brought wet rice
agriculture, weaving, and metalworking to Japan
(Chard 1974). The eﬀects of this new culture are ﬁrst
seen in Kyushu, and then spread northeastward. By
about 300 A.D. Yayoi culture completed its expansion,
resulting in the alteration of all local cultures south of
Hokkaido. It is generally accepted that modern Japanese are descendants of the two populations who
produced the Jomon and the Yayoi cultures. However,

Fig. 1 Map showing the
approximate geographic
positions of 39 populations
sampled in this study. The
populations are grouped into
four major geographic areas
(dashed circles surround
Central, Southeastern, and
Northeastern Asians). Three
letter codes are as follows:
Japan: AIN Ainu, AOM
Aomori, SHI Shizuoka, TOK
Tokushima, KYU Kyushu, OKI
Okinawa; Northeast Asia: KOR
Korea, NHA northern Han,
MAN Manchu, MEV
Manchurian Evenk, BUR
Buryat, EVK Evenk, EVN
Even, ORO Oroqen; Southeast
Asia: TAI Taiwan Han and
Hakka, TAB Taiwan
Aboriginal, SHA Southern
Han, TUJ Tujia, YIZ Yizu,
MIA Miao, YAO Yao, ZHU
Zhuang, SHE She, VIE
Vietnam, MAL Malay, FIL
Philippines, INW Indonesia
West; Central Asia: UYG
Uygur, MON Mongolia, ALT
Altai, TIB Tibet; South Asia:
IND India and SRI Sri Lanka;
Oceania: INE Indonesia East,
AUS Australian aboriginal
people, PNG Papua New
Guinea, MEL Melanesia, MIC
Micronesia, POL Polynesia.
The sampling locations of four
populations (EVN, MIC, POL,
MEL) are not on the map

the relative genetic contribution each of these populations made to mainland Japanese, and the geographic regions from where they originated on
continental Asia are still in dispute.
There are two contemporary ethnic groups that are
distinct from Japanese populations living on the centrally located islands of Honshu, Shikoku and Kyushu
(Fig. 1). These are the Ainu, inhabiting the northern
island of Hokkaido, and the Ryukyuans living on the
southernmost islands, including Okinawa. The Ryukyuans and Ainu are generally recognized as remnant
populations descended from the Jomon, with the Ainu
surviving in Hokkaido in relative isolation from postJomon inﬂuences until the end of the last century (Howells 1966; Omoto and Misawa 1976; Turner 1976;
Ossenberg 1986; Hanihara 1991). Like many debates on
human evolution, current hypotheses on the origins of
the mainland Japanese can be classiﬁed into three
groups: replacement, hybridization, and transformation
(Suzuki 1981). The ﬁrst model involves complete
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replacement of Jomon genetic lineages by those of the
Yayoi (Howells 1966; Turner 1976). Transformation
models contend that genetic variation in modern Japanese populations derives solely from Jomon ancestors
and does not reﬂect Yayoi admixture (Suzuki 1981;
Mizoguchi 1986). The hybridization model claims that
modern Japanese are the result of admixture between the
diﬀerent immigrant populations, with contemporary
variation reﬂecting diﬀerent degrees of admixture between Jomon and Yayoi people. Both the replacement
(Cavalli-Sforza et al. 1994) and the transformation (Nei
1995) models have been supported by genetic data, with
more recent support emerging in favor of the hybridization model (Hammer and Horai 1995; Horai et al.
1996; Omoto and Saitou 1997; Sokal and Thomson
1998; Tanaka et al. 2004).
Controversy also surrounds the origins of Japanese
lineages before they arrived on the archipelago. While
the Yayoi are generally believed to have come from
northeast Asia by way of Korea (Chard 1974; Sokal
and Thomson 1998), there is a longstanding controversy on the origin of the Jomon. Inferences based on
dental (Turner 1976, 1990) and cranial morphology
(Hanihara 1991) have been used to suggest that the
Jomon people are direct descendants of Southeast
Asians who migrated to Japan when it was still connected to the Asian mainland. There were Pleistocene
land bridges connecting Japan to the mainland both in
the north by way of Hokkaido and Sakhalin Island,
and in the south by way of Korea (Aikens and Higuchi 1982). On the other hand, several authors have
claimed support for the hypothesis of a northeast
Asian origin of the Jomon, with classical marker
polymorphisms revealing Japanese aﬃnities with north
Asian populations (Nei 1995; Bannai et al. 1996;
Matsumoto et al. 1997; Omoto and Saitou 1997), and
Y chromosomal and mitochondrial DNA (mtDNA)
studies exhibiting closer connections of Japanese with
Koreans and Tibetans (Hammer and Horai 1995;
Horai et al. 1996; Tajima et al. 2002, 2004).
The male-speciﬁc portion of the Y chromosome has
proven to be an extremely useful tool for tracing
paternal ancestry. As a result of its lack of recombination and multiple marker systems, this haploid system
provides the opportunity to infer demographic processes
that have occurred over a range of time scales (Jobling
and Tyler-Smith 2003). Previously, Hammer and Horai
(1995) surveyed a small number of Y-linked polymorphisms and hypothesized that both the Jomon and Yayoi cultures made signiﬁcant genetic contributions to
extant Japanese populations. Here, we further address
this hypothesis, and investigate the origins of Jomon and
Yayoi male lineages before they arrived in Japan,
through a large-scale survey of Japanese and Asian
populations using a battery of 81 Y-linked binary
polymorphisms. We also analyze a set of ten Y-short
tandem repeats (STRs) in the same samples to provide a
temporal framework for the origin of Japanese founder
Y chromosomes.

Materials and methods
Subjects and Y chromosome terminology
We examined 259 individuals from six Japanese populations representing key geographic areas: Okinawa,
Kyushu, Tokushima, Shizuoka, Aomori, and Hokkaido
(Fig. 1). In addition, we included a total of 2,248 males
from 33 populations. These populations are subdivided
into regional groups: Northeast Asia, Southeast Asia,
Central Asia, and South Asia, and Oceania (Fig. 1).
Many samples analyzed here were included in previous
studies (Hammer and Horai 1995; Hammer et al. 2001;
Karafet et al. 2001, 2005; Redd et al. 2002b). All
sampling protocols were approved by the Human
Subjects Committee at the University of Arizona. We
follow the terminological conventions recommended by
the Y Chromosome Consortium (YCC 2002) for naming NRY lineages. Capital letters A–R are used to
identify the 18 major Y chromosome clades or haplogroups. Lineages not deﬁned on the basis of a derived
character state represent interior nodes of the tree
(shown as dotted lines in Fig. 2) are potentially paraphyletic (Hammer and Zegura 2002). These ‘‘paragroups’’ are distinguished from haplogroups by the
asterisk symbol. For convenience we refer to paragroups as haplogroups or lineages throughout the text.
When no farther downstream markers in the latest
YCC tree (Jobling and Tyler-Smith 2003) are typed, we
designate haplogroups by a capital letter corresponding
to the Y chromosome clade and the name of the most
derived typed marker. Distinct Y chromosomes identiﬁed by STRs are designated as ‘‘haplotypes’’ (de Knijﬀ
2000).

Genetic markers
The polymorphic sites in the present study included a set
of 71 previously published binary Y chromosome
markers (Karafet et al. 2005). Additionally, we genotyped seven polymorphisms (M25, M73, M55, M116,
M124, M269, and M178) (Underhill et al. 2000; Cruciani et al. 2002). We also typed three novel polymorphisms within the arylsulfatase D-pseudogene (ARSDP)
that were discovered in a panel of 92 Y chromosomes
from sub-Saharan Africa, Asia, Europe, Oceania, and
the Americas (Hammer et al. 2003). These mutations
(referred to as P42, P47, and P49, respectively) mark
sub-clades of common Japanese haplogroups: a G ﬁ A
transition at position 57,713, a C ﬁ T transition at
position 73,152 and an A ﬁ T transversion at position
72,392. Primer sequences and conditions for allele-speciﬁc PCR are available upon request. We followed a
hierarchical typing strategy (Underhill et al. 2000;
Hammer et al. 2001), wherein additional genotyping of a
sample was restricted to markers on the appropriate
branch of the haplogroup tree.
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Fig. 2 Maximum-parsimony
tree of 44 Y chromosome
haplogroups together with their
frequencies in Japan and ﬁve
Asian regions. Samples sizes for
each region: Japan 259;
northeast Asia (NEA) 441;
Southeast Asia (SEA) 683;
central Asia (CAS) 419; south
Asia (SAS) 496; Oceania (OCE)
209. Major clades (i.e., C–R)
are labeled with upper case
letters to the left of each clade.
Mutation names are given
along the branches. The length
of each branch is not
proportional to the number of
mutations or the age of the
mutation. Dotted lines indicate
internal nodes not deﬁned by
downstream markers (i.e.,
paragroups). The names of the
41 haplogroups observed in the
present study are shown to the
right of the branches.
Haplogroup frequencies are
shown on the far right, and
frequencies of selected Japanese
clades are shown within black
boxes

Japan

For our single nucleotide polymorphism (SNP) data, we
used ARLEQUIN 2.0 software (Schneider et al. 2000) to
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Statistical analyses

NEA

calculate UST distances (Excoﬃer et al. 1992), which
include frequency as well as molecular distance information. Y-STR diversity was estimated by using the
software package MICROSAT 1.5d (Minch 1997).
Multidimensional scaling (MDS) (Kruskal 1964) was
performed on the UST distances using the software
package NTSYS (Rohlf 1998). Median-joining networks
(Bandelt et al. 1999) were constructed using the NETWORK 4.0c program. For network calculations, STRs
were weighted according to their repeat number variances such that higher weights were assigned to the least
variable loci. The reduced median output was used as
input for the median-joining network. This procedure
reduces the chances of obtaining large reticulations
within the network (Hurles et al. 2002).
Estimates of haplogroup ages based on microsatellite
diversity were obtained by two methods. We performed
Bayesian analyses of coalescent simulations of Y-STR

For STR analysis, ten STRs (DYS19, DYS388,
DYS389I, DYS389II, DYS390, DYS391, DYS392,
DYS393, DYS426, and DYS439) were typed in two
multiplex PCR reactions. Primer sequences and PCR
conditions have been described previously (Kayser et al.
1997; Redd et al. 2002a). PCR products were electrophoresed on a 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA) using a 36-cm array and ﬁlter set
D. The data were analyzed with Genescan (v. 3.7, Applied Biosystems) and Genotyper (v. 1.1, Applied Biosystems). We deﬁne DYS389CD as equivalent to
DYS389I, and we deﬁne DYS389AB as equivalent to
DYS389II minus DYS389I.
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diversity by using BATWING (Wilson and Balding
1998), which is dependent on a population model. We
explored three models: (1) constant population size; in
this case BATWING implements the standard coalescent time; (2) pure exponential growth at rate alpha to a
current population size; and (3) a model that incorporates a population growth at time beta with growth rate
alpha. Prior distribution for the STR mutation rate was
speciﬁed as a log normal with a mean of 6.9·10 4 per
locus per generation (Zhivotovsky et al. 2004). For the
initial eﬀective population size, we used a log normal
prior distribution (5,1). We considered a model of
exponential growth with prior distributions as a gamma
(1,14) for alpha and a gamma (5,1) for beta parameters.
The population size and growth rate parameters were
based on data presented by Koyama (1992). Each BATWING run consisted of 20,000 Markov steps after a
warm-up of 1,000. We also used the YMRCA method,
which is based entirely on genetic parameters such as
mutation rates and allele length (Stumpf and Goldstein
2001). The YMRCA method calculates the genetic distance between all current chromosomes and an inferred
ancestral haplotype average over all loci. We assumed
the same mutation rate as above, and a generation time
of 25 years. The conﬁdence limits for the age estimates
were calculated with consideration of the 95% conﬁdence interval (CI) of the mutation rate estimates.

Results
Geographic distribution of NRY haplogroups
Y chromosome haplogroup frequencies for 6 Japanese
and 33 Asian populations are presented in Fig. 2, which
also shows the evolutionary relationships among the 41
haplogroups represented in this survey. A total of 19
binary haplogroups is observed in Japanese populations.
Four major haplogroups C, D, N, and O) account for
98.9% of Japanese Y chromosomes, with haplogroups O
and D comprising the majority of these (86.4%). Haplogroup O is the most frequent haplogroup in Japan,
accounting for 51.7% of Japanese Y chromosomes in
this survey. It is found in all Japanese groups except the

Ainu, with frequencies ranging from 37.8% in Okinawa
to 46.2–62.3% on mainland Japan (Table 1). There are
two major sub-clades of this haplogroup, O-P31 and
O-M122 (Fig. 2), both of which are present at high
frequencies in Japan. O-P31 is present at a frequency of
31.8% and is split into two sub-clades, O-SRY465 and
O-M95 (Fig. 2). O-SRY465* and its derived haplogroup
O-47z are almost entirely restricted to, and have opposite frequency patterns in, Japan (7.7 and 22.0%,
respectively) and Korea (33.3 and 4.0%, respectively)
(supplementary material). O-47z is found in all Japanese
populations except the Ainu, with higher frequencies on
mainland Japan (21.3–28.3%) than in Okinawa (11.1%).
O-M95, a marker found at notable frequencies in
Southeast Asia and south Asian tribal populations and
rarely in northeast Asia, is present at 1.9% in Japan
(supplementary material). O-M122, the other major subclade of haplogroup O, is represented in Japan by two
derived subtypes, O-M134 (10.4%) and O-LINE (3.1%),
as well as by chromosomes not marked by any downstream mutations, O-M122* (6.6%) (Fig. 2). These lineages are very common in southeastern Asia, Oceania,
and several central Asian populations, with O-LINE1
and O-M134 comprising almost 50% of all sampled
chromosomes in China (supplementary material).
The D clade, Japan’s second most frequent haplogroup, is divided into three sub-clades: D-P37.1, D-M15,
and D-P47 (Fig. 2). The D-P37.1 lineage is a remarkably
long branch on the Y haplogroup tree, with six
mutations falling on an internal branch, and three
downstream mutations deﬁning three sub-lineages
(D-M116.1, D-M125, D-P42). Along with D-P37.1*,
these sub-lineages account for 34.7% of Japanese
Y chromosomes (Table 1). Haplogroup D exhibits a
very diﬀerent spatial pattern than haplogroup O in Japan, with frequencies varying from 75% in the Ainu to
25.7% in Tokushima (Table 1). Outside of Japan
D-P37.1 and its sub-lineages are extremely rare, being
found in only three Korean males (D-P37.1* and
D-M125*) and one male from Micronesia (D-M116.1*).
The other two sub-clades of D-M174 are found only on
mainland Asia. D-M15 is present in Tibet, Mongolia,
and Southeast Asia, and D-M174* is found in Central
Asia. The newly identiﬁed P47 mutation establishes a

Table 1 Frequencies (%) of Japanese haplogroups in six Japanese populations

Ainu (AIN), this study
Ainu (Tajima et al. 2004)
Aomori (AOM)
Shizuoka (SHI)
Tokushima (TOK)
Kyushu (KYU)
Okinawa (OKI)
Alla
a

N

D-P37.1

O-P31

O-M122

C-M8

C-M217

N

Others

4
16
26
61
70
53
45
259

75.0
87.5
38.5
32.8
25.7
26.4
55.6
34.7

0.0
0.0
30.8
36.1
32.9
35.8
22.2
31.7

0.0
0.0
15.4
19.7
21.4
26.4
15.6
20.1

0.0
0.0
7.7
4.9
10.0
0.0
4.4
5.4

25.0
12.5
0.0
1.6
2.8
7.5
0.0
3.1

0.0
0.0
7.7
1.6
7.1
3.8
0.0
3.9

0.0
0.0
0.0
3.3
0.1
0.0
2.2
1.1

Not including the 16 Ainu samples from Tajima et al. (2004)
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a cluster on the upper side of Fig. 3, with the Ainu as an
outlier and populations from Kyushu, Tokushima,
Shikoku, and Aomori occupying a position closer to the
Southeast Asian cluster. The presence of Tibetans within
the Japanese cluster is likely due to prevalence of D
lineages in both populations (supplementary material).

fourth Asian D lineage that marks most chromosomes
that were previously ancestral D-M174* from Central
Asia (Karafet et al. 2001).
The third most frequent major clade in Japan is haplogroup C, which accounts for 8.5% of Japanese Y
chromosomes in this survey (Table 1). Three sub-clades
in haplogroup C are marked by the mutations M8,
M217, and M38 (Fig. 2). C-M217 and the derived
C-M86 lineage are common haplogroups in Northeast
and Central Asia, but are present only at low frequency
in Japan (1.9 and 1.2%, respectively). Interestingly,
C-M217 is found in the Ainu and mainland Japanese,
but not in Okinawa (Table 1). C-M38 chromosomes are
found only in the Paciﬁc and east Indonesia. C-M8
chromosomes are completely limited to the Japanese
archipelago, present at 5.4% on the mainland and
Okinawa, but not in the Ainu. Haplogroup N is the
fourth most common haplogroup in Japan (1.5%) and is
found only among mainland Japanese (Table 1). Clades
N and O share a common node in the Y chromosome
tree that is deﬁned by marker M214. While NO* chromosomes are extremely rare, they are found in Japan at
higher frequency than elsewhere in our survey, albeit
only at 2.3%.

Median-joining networks of Y-STR haplotypes
Median-joining networks based on Y-STR haplotypes
were constructed to examine STR variation within
Japanese candidate founding haplogroups. A medianjoining network of O-47z STR haplotypes exhibits starlike features with a common Japanese haplotype
accounting for 31% of the entire cluster (Fig. 4a). Four
of the ﬁve non-Japanese O-47z haplotypes (from Korea
and Southeast Asia) lie in the middle of the network and
appear to be undiﬀerentiated from Japanese haplotypes.
A network of O-SRY465* chromosomes (Fig. 4b), shows
much higher haplotype diﬀerentiation in Korea than in
Japan. Two distinctive clusters are revealed in the
median-joining network for the O-M95* lineage
(Fig. 4c). All Indian haplotypes are clustered together,
while another cluster contains haplotypes from Southeast Asia, including those from Japan. In the medianjoining network of C-M8 and C* chromosomes
(Fig. 4d), C-M8 haplotypes are connected to an Indian
C* cluster, which is distinct from simpler star-like Paciﬁc
and Southeast Asian clusters.

Non-metric MDS plots
Figure 3 presents an MDS plot based on UST genetic
distances, with a low stress value of 0.16. All southeastern Asian populations cluster together on the left
side of the plot; with only northern Han Chinese, Korean, and Manchu populations showing closer aﬃnities
with southeastern groups than with their geographic
neighbors. All other northeast Asians, as well as central
Asians, south Asians, and Oceanic populations, are on
the right side of the plot. All Japanese populations form
Fig. 3 MDS plot of 39
Japanese and Asian
populations based on UST
genetic distances. For
population codes and symbols,
see Fig. 1

Haplogroup dating
Table 2 reports the time to the most recent common
ancestor (TMRCA) for the three Y chromosome lineages that are almost entirely restricted to Japan. There
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Fig. 4 Median-joining
microsatellite networks for
lineages O-47z (a), O-SRY465*
(b), O-M95* (c), and C* (d) (the
position of the M8 mutation is
denoted by a black line and the
open circle represents a single
central Asian haplotype).
Microsatellite haplotypes are
represented by circles with area
proportional to the number of
individuals with that haplotype.
Branch lengths are proportional
to the number of one-repeat
mutations separating the two
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is good agreement between the BATWING method
when constant size model is assumed and the YMRCA
method for the age of the D-P37.1 lineage (20,180 and
19,350 years, respectively). This is not the case for the CM8 and O-47z haplogroups where estimates of
20,010 years vs 11,650 years and 12,270 years vs
7,870 years were returned for the BATWING and
YMRCA methods, respectively. Nevertheless, both
dating methods yielded considerably older coalescence
times for the D-P37.1 and C-M8 haplogroups compared
with those for O-47z. BATWING was also used to explore two alternative demographic models (Table 2).
Continuous growth has the eﬀect of reducing the coalescence time for the D-P37.1, C-M8, and O-47z lineages
(6,290, 9,710, and 3,810 years, respectively), while
growth from a constant size population returns intermediate ages for C-M8 (14,510 years) and O-47z
(8,690 years), and a similar age as that returned in a
constant size model for the D-P37.1 lineage
(19,410 years).

Discussion
Japanese founder Y chromosomes and the dual
origins of mainland Japanese
This survey of Y chromosome SNPs in Asia reveals a set
of 41 haplogroups, 19 of which are present in Japan
(Fig. 2). Three haplogroups are almost entirely
restricted to the Japanese archipelago: haplogroup

D-P37.1 and its descendants (D-P37.1*, D-M116.1*,
D.M125*, and D-P42), O-47z, and C-M8. These lineages
account for 34.7, 22.0, and 5.4% of Japanese Y chromosomes, respectively, and may have originated on the
Japanese archipelago. The Japanese population also has
high frequencies of other haplogroup O lineages that are
shared mainly with Southeast Asian populations, and C
lineages that are shared primarily with northern Asians.
In this section, we make the case that these Y chromosome lineages descend from diﬀerent ancestral populations that gave rise to the Jomon and Yayoi cultures.
More than 10 years ago, Hammer and Horai (1995)
surveyed a small number of Y-linked polymorphisms in
three Japanese populations and hypothesized that both
Jomon and Yayoi male lineages (marked by YAP+ and
p47z, respectively) made contributions to the contemporary mainland Japanese population in support of the
hybridization model. We tested this hypothesis in the
context of spatial patterns predicted by the three
competing models for the origin of mainland Japanese.
Sokal and Thomson (1998) suggested that if the
hybridization model is correct, there should be
U-shaped (or inverted U-shaped) clines centered on
Kyushu and southern Honshu. They interpreted their
ﬁnding of alleles at several classical loci with these
spatial patterns as diﬀusion associated with the Yayoi
culture. Under the transformation or substitution
models no U-shaped clines are expected. We plotted the
frequencies of haplogroups D, O-P31, and O-M122 in
each of our six Japanese samples against the approximate geographic distances of each of these populations

12,590 (4,520–29,530)
10,820 (4,510–22,900)
6,800 (2,990–13,800)
b

a

YMRCA conﬁdence limits are based on 95% CI of the mutation rate estimates
BATWING age estimates are based on the median of the posterior distribution and the limits of the 95% even-tailed interval

19,410(7,200–44,180)
14,510 (6,140–30,410)
8,690(3,840–17,640)
6,290 (2,550–12,490)
9,710 (3,470–22,860)
3,810 (1,640–7,960)
20,180 (8,050–44,880)
20,010 (7,070–47,320)
12,270 (4,680–27,630)
19,350 (14,060–31,050)
11,650 (8,460–18,690)
7,870 (5,720–12,630)
88
14
58
D-P37.1
C-M8
O-47z

Start of expansion
(95% limit)
TMRCA
(95% limit)

Growth from constant-size population
Constant-size population
TMRCA (95% limit)
TMRCA (95% CI limit)

Continuous population
growth TMRCA (95% limit)
BATWINGb
YMRCAa
n
Lineage

Table 2 Estimates of coalecsence time (in years) for Y chromosome lineages based on variation at 10 Y-short tandem repeats (STRs). TMRCA Time to the most recent common
ancestor
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from Kyushu Island (Fig. 5). Together, these haplogroups account for 86.9% of Japanese Y chromosomes.
There is a U-shaped cline for haplogroup D, and inverted U-shaped patterns for haplogroups in clade O.
The pattern of higher frequencies of haplogroup O in
southwestern Japan and haplogroup D lineages among
the Ainu and Ryukyuans is concordant with the
hybridization model. Based on the frequencies of these
two clades, we estimate the Jomon contribution to
modern Japanese to be 40.3%, with the highest frequency in the Ainu (75%) and Ryukyuans (60%). On
the other hand, Yayoi Y chromosomes account for
51.9% of Japanese paternal lineages, with the highest
contribution in Kyushu (62.3%) and lower contributions in Okinawa (37.8%) and northern Honshu
(46.2%) (Fig. 5). Interestingly, there is no evidence for
Yayoi lineages in the Ainu (Table 1). The presence of CM217 chromosomes in this population may well be the
result of male gene ﬂow from north Asian populations
on northern Sakhalin Island and the Kamchatka Peninsula to the Ainu on Hokkaido (Tajima et al. 2004).
The very low incidence of D chromosomes in Korea and
in Micronesia is likely explained by recent admixture.
This is not surprising given that Korea was ruled by
Japan from 1910 to 1945 and Micronesia was under
Japanese control for more than three decades since1914
until the end of World War II. The same may be true for
the very few O-47z chromosomes found in Korea and
Southeast Asia.
Absolute dating estimates based on our Y-STR data
provide further support for an earlier wave(s) of
migration of haplogroups D and C into Japan and a
more recent Yayoi expansion of haplogroup O, in concordance with the hybridization model. Coalescence
times for the D and C-M8 lineages are 20,000 years
ago, assuming a constant population size. However,

Fig. 5 Haplogroup frequencies for six Japanese samples plotted
against their approximate geographic distances from Kyushu.
Black line/solid circles Haplogroup D, dotted gray line/open squares
haplogroup O-P31, solid gray line/triangles haplogroup O-M122
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populations have clearly grown dramatically during the
Jomon (ca. 21,000 B.P. to 400 B.C.) and Yayoi (ca. 400 B.C.
to 300 A.D.) periods (Koyama 1992), so this model may
be unrealistic. Pure exponential growth is also unlikely
to provide a good model for human population size
throughout the Jomon and Yayoi periods because recent
high growth rates would imply a vanishingly small
population size just a few thousand years ago. Koyama
(1992) estimated the number of Paleolithic inhabitants
to be 3,000 individuals based on archaeological, ecological, and ethnographic data. Taking into account
marked population growth throughout the Jomon period from 10,000 until about 4,500 B.P., and more
explosive growth during the Yayoi and Kofun (ca. 300–
600 A.D.) periods (Koyama 1992), a model of exponential
growth from a constant-size ancestral population should
yield the most realistic dates. Under this model, the D
lineage has a coalescence time of 19,400 years, with an
expansion that started 12,600 years ago (Table 2). The
coalescent time of haplogroup C-M8 is estimated to be
14,500 years ago, with evidence for population
expansion starting 10,820 years ago. We assume that
both systems are detecting the same expansion process
given the large conﬁdence intervals on our estimates.
Therefore, it is quite possible that these two lineages
represent a major and a minor component in a single
polymorphic Paleolithic founding population.
The continental origins of Japanese Y haplogroups
Given that we have identiﬁed putative Y chromosome
markers of Jomon (or pre-Jomon) and Yayoi migrations, can we trace the origins of these lineages before
they entered Japan? We infer that the Japanese have at
least two lineages (D-P37.1 and C-M8) that descend
from Paleolithic founders. Evidence from SNPs and
STRs (Table 2) suggests that both lineages have great
genealogical depth. In the case of haplogroup D, a
striking number of point mutations have accumulated
on this Japanese lineage (Fig. 2). The divergence of the
Japanese D lineage implies a very early period of dispersal into the Japanese archipelago followed by a long
period of isolation from populations on the mainland.
There is only one other lineage that exhibits more
mutations along an internal branch on the Y chromosome haplogroup tree (YCC 2002; Jobling and TylerSmith 2003). This branch, A2, is found among the
Khoisan of Namibia, a population that also may have
been isolated for a very long period of time (Hammer
et al. 2001; Wilder et al. 2004).
The highest frequency of continental D lineages is
found in central Asia (Fig. 2), especially in Tibet
(50.4%). Evidence for shared ancestry between Tibetans
and Japanese is seen in the MDS plot (Fig. 3). We
hypothesize that the area between Tibet and the Altai
Mountains in northwestern China is the primary
candidate region for the geographic source of Paleolithic
Japanese founding Y chromosomes. Although Tibetans

and people from the Altai have D lineages that are differentiated from those in Japan, there are still ‘‘ancestral’’ chromosomes that are not marked by any known
mutations on the D lineage in Tibet and the Altai
(Fig. 2). Historical records suggest that Tibetan populations were derived from ancient tribes of northwestern
China that subsequently moved to the south and admixed with southern natives in the last 3,000 years (Ruofu and Yip 1993; Cavalli-Sforza et al. 1994; Wen et al.
2004). The survival of ancient lineages within haplogroup
D in Tibetans and Japanese may well reﬂect long periods
of isolation for both groups. Interestingly, a Y-SNP
survey of Andaman Islanders found a very high frequency of haplogroup D-M174* chromosomes in this
isolated population that likely descends from Paleolithic
Asian ancestors (Thangaraj et al. 2003). Recent expansions and population replacements in Asia, perhaps
associated with the spread of agriculture, may have led to
the near extinction of haplogroup D in other Asian
populations. The other postulated Japanese Paleolithic
founding haplogroup, C-M8, is associated with Y-STR
haplotypes that are related to Indian and central Asian C
chromosomes (Fig. 4d). The presence of NO* chromosomes in Japan also may be an indication of a remnant
Tibetan ancestry (Deng et al. 2004). A recent mtDNA
study revealed direct connections of Japanese haplotypes
with Tibet, parallel to those found for the Y chromosome
(Tanaka et al. 2004). Haplogroup M12 is the mitochondrial counterpart of Y chromosome D lineage. This
rare haplogroup was detected only in mainland Japanese,
Koreans, and Tibetans, with the highest frequency and
diversity in Tibet (Tanaka et al. 2004).
Haplogroup O-SRY465 ﬁts basic criteria (Karafet
et al. 1999) for a Yayoi founding lineage because it is
widespread in (and almost entirely restricted to) both
Japan and Korea. Its higher Y-STR diversity in Korea
(Fig. 4b; average repeat size variance in Korea is 0.308
vs 0.258 in Japan, data not shown) is consistent with the
hypothesis that O-SRY465 tracks male lineages that migrated to Japan from Korea. Geographic distribution
data and the median-joining network in Fig. 4a support
the hypothesis that the 47z mutation arose on an
ancestral O-SRY465 chromosome during early phases of
the Yayoi migration. As in the case of haplogroups D
and C, the coalescent time for O-47z depends on the
demographic model assumed. However, in this case, a
model of pure exponential growth seems the most suitable for estimating the age of this lineage. According to
Koyama (1992) the population increased rapidly as a
result of a stable agricultural food supply during the
Yayoi period. The population size exceeded 106 by the
end of Yayoi period. This growth continued through
historic times, and by the end of the Edo period (ca.
1868) the population is estimated to have grown to a size
of 3·107. Our estimate for the age of O-47z under a
continuous population growth model is 3,810 (1,640–
7,960) years (Table 2), consistent with the hypothesis
that this lineage expanded in conjunction with Yayoi
culture.

56

Our data also support the hypothesis that other Y
haplogroups, such as lineages within haplogroup
O-M122 (i.e., O-M134 and O-LINE), as well as the
O-M95 lineage within O-P31, entered Japan with the
Yayoi expansion (Fig. 5). High frequencies of these
lineages in southwestern Japan, Korea, and Southeast
Asian populations likely explain the aﬃnity of these
populations in the MDS plot (Fig. 3). The entire O
haplogroup has been proposed to have a Southeast
Asian origin (Su et al. 1999; Kayser et al. 2000;
Capelli et al. 2001; Karafet et al. 2001). In fact, nearly
all lineages within the O-M175 clade in Fig. 2, except
O-SRY465 and O-47z, are present at their highest
frequencies (e.g., O-M95, O-P31*, M122*, O-LINE,
O-M119) in southeastern Asia/Oceania (Fig. 2), and
have been proposed to have southern Chinese origins
(Santos et al. 2000; Su et al. 2000; Karafet et al.
2005). Their expansion into surrounding regions likely
accompanied the proliferation of Neolithic culture and
rice cultivation. We hypothesize that the dispersals of
Neolithic farmers from Southeast Asia also brought
haplogroup O lineages to Korea and eventually to
Japan.
In summary, our data suggest that Paleolithic male
lineages entered Japan at least (12,000–20,000 years
ago from central Asia, and were isolated for thousands
of years once land bridges between Japan and continental Asia disappeared at the end of the last glacial
maximum (12,000 years ago). More recently, Y
chromosomes that originated in Southeast Asia expanded to Korea and Japan with the spread of wet
rice agriculture. The ages and spatial patterns of haplogroups D and O in Japan are concordant with the
hypothesis that Y chromosomes spread via a process
of demic diﬀusion during the Yayoi period (Sokal and
Thomson 1998). Each of the populations carrying
these diﬀerentiated lineages made separate contributions to modern Japanese, both genetically and culturally. In contrast to previous models, we propose
that the Yayoi Y chromosomes descend from prehistoric farmers that had their origins in southeastern
Asia, perhaps going back to the origin of agriculture in
this region. This places the Yayoi in the context of
other population expansions stimulated by the acquisition of agriculture, whereby farming societies gained
advantages over hunter-gatherer societies (Diamond
and Bellwood 2003). In this case, however, the Jomon
hunter-gatherers may have held oﬀ the onslaught of
farmers for thousands of years as a result of their
highly successful brand of subsistence. The dramatic
Yayoi transition ﬁnally may have been triggered in 400
B.C. by a combination of developments, such as rice
ﬁeld irrigation, cold-resistant rice strains, an increasing
Korean population, and the invention of iron tools for
producing farming implements (Diamond 1998). The
data indicate, however, that Jomon genes survive at
high frequencies in contemporary Japanese, possibly
because their unique and varied culture complemented
that of the immigrant farmers.
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