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Abstract

Objectives: The Ainu, the indigenous people living on the northernmost island of Japan, Hokkaido,

have long been a focus of anthropological interest because of their cultural, linguistic, and physical

identity. A major problem with genetic studies on the Ainu is that the previously published data

stemmed almost exclusively from only 51 modern-day individuals living in Biratori Town, central

Hokkaido. To clarify the actual genetic characteristics of the Ainu, individuals who are less influ-

enced by mainland Japanese, who started large-scale immigration into Hokkaido about 150 years

ago, should be examined. Moreover, the samples should be collected from all over Hokkaido.

Materials and methods: Mitochondrial DNA haplogroups of 94 Ainu individuals from the Edo era

were successfully determined by analyzing haplogroup-defining polymorphisms in the hypervariable

and coding regions. Thereafter, their frequencies were compared to those of other populations.

Results: Our findings indicate that the Ainu still retain the matrilineage of the Hokkaido Jomon

people. However, the Siberian influence on this population is far greater than previously recog-

nized. Moreover, the influence of mainland Japanese is evident, especially in the southwestern

part of Hokkaido that is adjacent to Honshu, the main island of Japan.

Discussion: Our results suggest that the Ainu were formed from the Hokkaido Jomon people, but

subsequently underwent considerable admixture with adjacent populations. The present study

strongly recommends revision of the widely accepted dual-structure model for the population his-

tory of the Japanese, in which the Ainu are assumed to be the direct descendants of the Jomon

people.
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1 | INTRODUCTION

The Ainu, the indigenous people living on the northernmost island of

Japan, Hokkaido (Figure 1), have long been a focus of anthropological

and archeological interest because of their unique cultural, linguistic,

and physical characteristics. From a cultural perspective, it is generally

agreed that the ethnic identity of the Ainu was established in the 13th

century AD. However, the origin of their biological identity remains

unclear, which has been a major focus of anthropological discussion.

Conventionally, based on the close morphological resemblance

between the Jomon people and the Ainu (e.g., Brace & Nagai, 1982;

Dodo & Ishida, 1990; Dodo & Kawakubo, 2002; Hanihara, 1991;

Turner, 1976, 1990; Yamaguchi, 1963, 1982), it is generally agreed that

the indigenous Hokkaido population maintained its genetic and phe-

netic characteristics throughout the Neolithic Jomon era to the Ainu

era (Figure 2) (Dodo & Kawakubo, 2002).
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However, recent morphological and genetic studies (e.g., Hanihara,

Yoshida, & Ishida, 2008; Hanihara, 2010; Ishida, Hanihara, Kondo, &

Fukumine, 2009; Sato et al., 2009; Shigematsu, Ishida, Goto, & Hanihara,

2004) have indicated that the Siberian influence via the Okhotsk culture

people on the Ainu significantly affected the latter’s genetic structure.

The Okhotsk culture people are thought to have migrated from north-

eastern Eurasia and been distributed in the coastal regions of northern

and northeastern Hokkaido as well as southern Sakhalin during the 5th

to 13th centuries AD (Amano, 2003). On Hokkaido, this culture was rap-

idly diminished by the invasion of Satsumon culture people at the end of

the 9th century. As a result, Okhotsk culture had almost disappeared by

the beginning of the 10th century. However, in the easternmost part of

Hokkaido, the Okhotsk culture transformed into the Tobinitai culture

under the strong influence of the Satsumon culture, and this culture con-

tinued until the beginning of the Ainu era (Segawa, 2007).

Recently, we also confirmed the considerable genetic influence of

the Okhotsk culture people on the formation of the modern-day Ainu.

We found that mitochondrial DNA (mtDNA) haplogroups A, C, and Y,

which are shared by the modern-day Siberian populations, Okhotsk cul-

ture people, and the modern-day Ainu, are not observed in the Hok-

kaido Jomon people (Adachi et al., 2011).

However, previous genetic studies aimed at clarifying the ethnic

derivation of the Ainu have two major drawbacks. The first is that

almost all of these studies (Hammer et al., 2006; Harihara, Hirai, &

Omoto, 1986; Harihara et al., 1988; Horai et al., 1996; Jinam et al.,

2012, 2015; Tajima et al., 2004) were based on modern-day samples.

Historically, after the Meiji government started sending settlers to Hok-

kaido as a national policy in 1869 (Fumoto, 2004), an enormous num-

ber of mainland Japanese migrated to Hokkaido, and their apparent

genetic influence on the modern-day Ainu was confirmed by a

genome-wide single-nucleotide polymorphism (SNP) analysis by Jinam

et al. (2012). In this context, the extent of the earlier genetic contribu-

tion of the mainland Japanese to the original formation of the Ainu

cannot be evaluated.

The second problem is that the study area focused on in previous

genetic studies is limited or unclear. The samples used in most studies

were derived from only 51 individuals who lived in Biratori Town, cen-

tral Hokkaido. Actually, Ainu people live throughout Hokkaido, so it is

unclear whether these 51 individuals can represent all of the Ainu.

Besides these studies, Horai et al. (1991) analyzed six early-modern

(200–300 years BP) Ainu in Hokkaido. However, unfortunately, they

did not describe the region of origin of these samples.

This sampling bias precludes genetic evaluation of possible regional

differences of the Ainu as suggested by previous morphological studies

(e.g., Dodo, Kawakubo, Sawada, & Ishida, 2012; Hanihara et al., 2008;

Hanihara, 2010; Ito, 1967; Kondo, 1995; Ossenberg, Dodo, Maeda, &

Kawakubo, 2006; Shigematsu et al., 2004; Yamaguchi, 1981). There-

fore, to clarify the process of formation of the Ainu and their regional

characteristics, individuals who were not influenced by the large-scale

immigration of mainland Japanese must be examined. In addition,

regional bias of the samples must be corrected.

In the current study, we thus present the mtDNA data of Ainu

skeletons excavated from all over Hokkaido. All of these skeletons are

dated to the Edo era (1603 to 1868 AD), a period for which no distinct

FIGURE 1 Map of Asia and the geographic locations of the
populations analyzed or used for comparison in this study

FIGURE 2 Chronological table of Hokkaido and mainland Japan
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proof of an intensive genetic influence of mainland Japanese on the

Ainu has been reported. A detailed analysis of the coding and control

regions of mtDNA was used to address the questions regarding the

matrilineal genetic characteristics of the Ainu, as well as those about

the relationship between the Ainu and the ancient and modern-day

populations in eastern Eurasia. Moreover, regional differences of the

Ainu were discussed.

2 | MATERIALS AND METHODS

2.1 | Samples

We sampled the teeth from 115 Ainu skeletons from the Edo era (Edo

Ainu, hereafter), which were housed at Sapporo Medical University and

Date City Institute of Funkawan Culture, Hokkaido, Japan. Only well-

preserved teeth were selected from each individual. The use of these

samples was approved by the Ainu Association of Hokkaido and Educa-

tional Committee of Hokkaido. Moreover, this study was approved by

the ethics committee of the Faculty of Medicine of the University of

Yamanashi. This study was performed against the background of dis-

cussions being held among the Ainu Association of Hokkaido, the

Anthropological Society of Nippon, and the Japan Archaeological Asso-

ciation together with the Ministry of Education, Culture, Sports, Sci-

ence and Technology, Japan, about ways of studying Ainu skeletal

remains and burial goods; this work forms a part of such study.

2.2 | Authentication methods

To minimize the risk of prelaboratory contamination (Sampietro et al.,

2006), the tooth samples were collected only by N.A. and K.S. while

wearing a face mask, laboratory coat, cap, and gloves. DNA-based stud-

ies were performed in a laboratory dedicated exclusively to ancient

DNA analysis. In the current study, we employed standard precautions

to avoid contamination, such as the separation of pre- and post-PCR

experimental areas, use of disposable laboratory wares and filter-

plugged pipette tips, treatment with DNA contamination removal solu-

tion (DNA Away; Molecular Bio Products, San Diego, CA), UV irradia-

tion of equipment and benches, and negative extraction and PCR

controls.

2.3 | DNA extraction and purification

DNA was extracted from the skeletal samples in accordance with

slightly modified versions of previously published protocols (Adachi,

Sawada, Yoneda, Kobayashi, & Itoh, 2013) at the University of Yamana-

shi by N.A. In brief, tooth samples were immersed in a 13% bleach

solution (Nacalai Tesque Inc., Kyoto, Japan) for 15 min, rinsed several

times with DNase/RNase-free distilled water (Thermo Fisher Scientific,

Waltham, MA), and allowed to air-dry. Furthermore, the outer surface

of the samples was removed to a depth of 1 mm by using a dental drill.

Next, the samples were rinsed with DNase/RNase-free distilled water

once again and allowed to air-dry under irradiation in a UV crosslinker

for 90 min, during which time they were turned over twice. The sam-

ples were then encased in Exafine silicone rubber (GC, Tokyo, Japan)

following the protocol described by Gilbert et al. (2003). After approxi-

mately 5 min, or once the rubber was hard, the tip of the root of the

tooth sample was removed with a horizontal cut and then powdered

using a mill (Multi-beads Shocker®; Yasui Kikai, Osaka, Japan). There-

after, the dentin around the dental cavity and the dental pulp was pow-

dered and removed through the root tip by using a dental drill. The

powdered samples were then decalcified with 0.5 M EDTA (pH 8.0)

(Thermo Fisher Scientific) at 568C overnight. The EDTA buffer was

then replaced with a fresh solution, and the samples were decalcified

for a further 36 hr at 568C. Decalcified samples were lysed in 1,000 lL

of Genomic Lyse buffer (Genetic ID, Fairfield, IA) with 50 lL of 20 mg/

mL proteinase K (Thermo Fisher Scientific) overnight at 568C. Finally,

the lysate was extracted twice with 1,500 lL of phenol-chloroform-

isoamyl alcohol (25:24:1) (Thermo Fisher Scientific) and 1,500 lL of

chloroform (Wako Pure Chemical Industries, Osaka, Japan). DNA was

extracted from the lysate by using a FAST ID DNA Extraction Kit

(Genetic ID) in accordance with the manufacturer’s instructions. Finally,

130 lL of DNA extract was obtained from each sample.

2.4 | Sequencing and SNP typing of mtDNA

Sequencing and SNP typing of mtDNA were performed at the Univer-

sity of Yamanashi by N.A., T.K., and R.T. For all samples, we followed

slightly modified versions of previously described protocols (Adachi

et al., 2013) to amplify and sequence the segments of mtDNA. The

segments examined covered parts of the tRNAPro gene, hypervariable

segment (HVS) 1 (nucleotide positions [np] 15,999–16,141, 16,121–

16,238, and 16,209–16,366, relative to the revised Cambridge refer-

ence sequence [rCRS: Andrews et al., 1999]), and HVS 2 (128–256).

Amplifications were carried out in a total reaction volume of 20 lL

containing a 2-lL aliquot of DNA extract, 0.2 lM of each primer, and

reagents of a Multiplex PCR kit (QIAGEN, Hilden, Germany). The PCR

conditions were as follows: initial denaturation at 958C for 15 min; fol-

lowed by 36 cycles at 948C for 30 s, 578C for 90 s, and 728C for 30 s;

and final extension at 728C for 10 min. Following PCR, the products

were subjected to direct sequencing by using the same primers and the

BigDye® Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems,

Foster City, CA) on a 310 DNA Sequencer (Applied Biosystems).

To accurately assign mtDNAs under study to the relevant hap-

logroups, haplogroup-diagnostic polymorphisms, especially those in

coding regions, were also analyzed. This analysis was performed by

using a multiplex system for analyzing mitochondrial single-nucleotide

polymorphisms (mtSNPs), which relies on a novel amplified product-

length polymorphism (APLP) method that uses inosine-flapped primers

and is specifically designed for the detailed haplogrouping of degraded

mtDNA (Kakuda et al., 2016). This analysis was performed only for the

samples for which the sequence analysis was successful. Sequence and

APLP analyses were performed at least twice to confirm reproducibility.

2.5 | Haplogroup assignment

Haplogroup assignment was performed by N.A. and T.K. Each Edo

Ainu mtDNA was assigned to the relevant haplogroup according to the
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HVS and coding region data, by using Phylotree, the updated compre-

hensive phylogenetic tree of global human mtDNA variation (www.

phylotree.org; mtDNA tree Build 17) (Van Oven & Kayser, 2009), so

that each mtDNA was allocated to the smallest named haplogroup.

Since several segments of the same mtDNA sample were analyzed

independently, meticulous care was taken to avoid artificial recombina-

tion of the results.

2.6 | Population, statistical, and phylogenetic analyses

These analyses were performed by H.K-K. and K.S. To clarify the bio-

logical relationships between the Edo Ainu and other populations, their

haplogroup frequencies were compared with those of 14 ancient and

modern-day East Asian and Siberian populations obtained from previ-

ously published data (Adachi et al., 2011; Lee et al., 2006; Maruyama,

Minaguchi, & Saitou, 2003; Sato et al., 2009; Schurr, Sukernik, Starikov-

skaya, & Wallace, 1999; Sekiguchi et al., 2008; Starikovskaya, Sukernik,

Schurr, Kogelnik, & Wallace, 1998; Starikovskaya et al., 2005; Sukernik

et al., 2012; Tajima et al., 2004; Xu & Hu, 2015; Yao, Kong, Bandelt,

Kivisild, & Zhang, 2002). The approximate locations of these popula-

tions are shown in Figure 1.

To investigate the relationship between the Edo Ainu and the

other populations, neighbor-joining (NJ) trees based on haplogroup

frequency-based pairwise Fst were constructed in the program Mega

7.0.18 (Kumar, Tamura, & Nei, 2004).

2.7 | Comparison between regions

As described earlier, previous morphological studies have indicated

possible regional differences in the Ainu people. These studies divided

Hokkaido Island in several different ways. Among them, Dodo et al.

(2012) explicitly explained their particular system of division as follows.

The area that is southwest of Ishikari Low Land (southwestern Hok-

kaido, classified by the dashed line in Figure 3) often shared the same

culture as the northern part of Honshu since the Jomon era. Moreover,

the influence of the Kofun culture of northern Honshu, which played

an important role in the formation of the Satsumon culture, extended

into this area. Therefore, this area is expected to have been genetically

more influenced by the mainland Japanese than the other areas of

Hokkaido. On the other hand, the area along the coast of the Sea of

Okhotsk was intensively inhabited by the Okhotsk culture people;

therefore, their influence is expected to be more evident in this area.

The other area is considered to be less influenced by mainland Japa-

nese and the Okhotsk people, and is expected to have retained the

characteristics of the indigenous Jomon people. We adopted this classi-

fication and analyzed the observed haplogroups in each region and

their frequencies to elucidate the regional differences of the Ainu.

However, the number of samples from along the coast of the Sea of

Okhotsk that were successfully analyzed was small (seven individuals

from four sites, see Figure 3), so we combined this area with the central

area and analyzed this as “northeastern/central Hokkaido.”

FIGURE 3 Regional classification of the population sample sites. Geographic locations of the sites are indicated by black dots. Numbers in
parentheses denote the numbers of samples from each site that were successfully analyzed
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Aside from the Hokkaido Jomon and the Okhotsk culture people,

the populations inhabiting the neighboring area of Hokkaido are expected

to have contributed to the establishment of the Ainu. Therefore, to eluci-

date the regional differences of the haplogroups observed in the Edo

Ainu, we classified them into four types as follows: (1) Hokkaido Jomon

type (the haplogroups that are observed in the Hokkaido Jomon); (2)

Okhotsk type (the haplogroups that are observed in the Okhotsk culture

people, but are absent from the Hokkaido Jomon); (3) mainland Japanese

type (the haplogroups that are absent from the Hokkaido Jomon and the

Okhotsk culture people, but are observed in modern-day mainland Japa-

nese at higher frequencies than in modern-day native Siberians); and (4)

Siberian type (the haplogroups that are absent from the Hokkaido Jomon

and the Okhotsk culture people, but are observed in modern-day native

Siberians at higher frequencies than in modern-day mainland Japanese).

Based on the frequencies of these four haplogroup types, regional differ-

ences of the Ainu between southwestern Hokkaido and northeastern/

central Hokkaido were examined by Fisher’s exact probability test by

using R version 3.4.1 (R Core Team, 2017).

3 | RESULTS

3.1 | Authenticity of the mtDNA data

Both negative extraction and PCR controls consistently showed nega-

tive results throughout the experiment. Of the 115 samples, 3 were

fragile and broke down during the decontamination process, and 7 did

not yield PCR products in the sequence analysis. Of the remaining 105

samples that yielded PCR products, 11 were excluded from APLP analy-

sis due to the lack of reproducibility and/or ambiguity of the sequence

results. As a result, 94 samples were successfully sequenced. APLP anal-

ysis was performed for these 94 samples, generating reproducible and

unambiguous results (Supporting Information Table S1 and Figure 3).

All mtDNAs that were successfully analyzed fully represented the

haplogroup motifs; therefore, we confidently assigned them to the rele-

vant haplogroups. This means that the reliability of the data obtained

from the samples was supported by the established mtDNA phyloge-

netic system. We have submitted these 94 mtDNA sequences to the

DNA Data Bank of Japan (http://www.ddbj.nig.ac.jp/index-e.html) with

the accession numbers LC219528-LC219567, LC219569-LC219594,

LC219596-LC219663, LC219665-LC219690, LC219692-LC219719.

3.2 | Genetic characteristics of the Ainu mtDNAs

Twenty-one haplogroups and their subhaplogroups were identified in 94

Edo Ainu individuals (Supporting Information Table S1). As described ear-

lier, conventionally, the Ainu are considered to be descended from the

Hokkaido Jomon people, with little admixture with other populations.

Among the haplogroups observed in the Hokkaido Jomon (N9b1, N9b4,

N9b*, D4h2, G1b*, M7a2, M7a*; Adachi et al., 2011), haplogroups N9b1,

G1b*, andM7a2 are also observed in the Edo Ainu. Above all, haplogroup

N9b1, which is the most frequently observed haplogroup in the Hokkaido

Jomon people (55.6%, 30 of 54 individuals; Adachi et al., 2011), is also

observed at a relatively high frequency (20.2%, 19 of 94 individuals) in

the Edo Ainu. These findings indicate the genetic continuity between the

Hokkaido Jomon and the Ainu. This possible genetic continuity is corro-

borated by Y chromosome DNA analysis of the modern Ainu. Y chromo-

somal DNA haplogroup D1b, which is considered to be a strong

candidate for the Jomon paternal lineage, was observed at high frequency

in the modern Ainu (Hammer et al., 2006; Tajima et al., 2004).

However, there is a crucial difference between the Hokkaido

Jomon people and the Ainu. Four haplogroups (N9b4, N9b*, D4h2,

M7a*) are missing in the Edo Ainu, whereas they have 19 haplogroups

that are not observed in the Hokkaido Jomon. This raises questions

about the conventional hypothesis that the Ainu are the direct

descendants of the Hokkaido Jomon people.

To clarify the matrilineal genetic relationship between the Edo Ainu

and the other populations, pairwise Fst values between each pair of pop-

ulations (Supporting Information Table S2) were calculated from the

mtDNA haplogroup frequencies of the Edo Ainu and the 14 ancient and

modern-day East Asian and Siberian populations (Table 1, Figure 1). In

the frequency-based clustering of compared populations determined by

neighbor-joining based on the Fst values described earlier, the Ainu of

the Edo era was located almost in the median center between the Hok-

kaido Jomon/Udegey cluster and the Lower Amur region cluster includ-

ing the Okhotsk culture people (Figure 4). This confirmed our hypothesis

(Adachi et al., 2011) that the genetic characteristics of the Ainu are

based on the Hokkaido Jomon people and the subsequent input of

Lower Amur region Siberian genes through the Okhotsk culture people.

However, when examining in detail the haplogroups observed in the

Ainu examined in the present study, haplogroups M7a1, M7b1a1a1, D4

(except for D4h2), M8a, Z1a, M9a, F1b, N9a, A5a, and A5c are observed

neither in the Hokkaido Jomon nor in the Okhotsk culture people. This

suggests the presence of populations other than the Hokkaido Jomon

and the Okhotsk culture people that contributed to the formation of the

Ainu. Mainland Japanese and the native Siberians are considered to be

the major candidates for the origin of these haplogroups because of the

proximity of their distributions to Hokkaido.

3.3 | Regional differences of the Ainu inferred from

mtDNA data

When comparing the frequencies of the four haplogroup types

observed in southwestern and northeastern/central Hokkaido (Table

2), their regional differences were statistically significant at the 5% level

(p-value5 .03194). As described earlier, the results of mtDNA analysis

of the Edo Ainu suggested the multiple origins of this population. This

possible multiplicity of origins of the Ainu is considered to be an impor-

tant factor behind their regional differences.

4 | DISCUSSION

4.1 | Ethnic derivation of the Ainu inferred from

mtDNA data

As widely recognized, mtDNA provides only matrilineal information of

the populations. Moreover, it covers only a tiny portion of genetic
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variation of the individual and is very prone to genetic drift. Therefore,

many of the population parameters examined in the present study

must be interpreted cautiously. We tried to shed as much light as pos-

sible on the genetic features of the Ainu despite these restrictions.

Nowadays, among the theories explaining the population history

of the Japanese, the dual-structure model proposed by Hanihara

(1991) is the most widely accepted. This model assumes that the first

occupants of the Japanese archipelago came from somewhere in

Southeast Asia and they gave rise to the Jomon people. Thereafter, the

second wave of migration from Northeast Asia took place in and after

the Aeneolithic Yayoi age. These two populations gradually mixed with

each other and brought the Japanese people into existence. In this

model, the Ainu are considered to be descended from the Jomon peo-

ple, with little admixture with other populations.

However, the results of our study suggest that the later admixture

of Ainu with other populations than Jomon people was more consider-

able than it was proposed until today.

First, our results showed that the genetic influence of the Okhotsk

culture people on the Ainu is significant. The proportion of Okhotsk-

type haplogroups in the Edo Ainu was 35.1%, which is as high as that

of the Jomon-type haplogroups (30.9%). This suggests that the

Okhotsk culture people were one of the main genetic contributors to

the formation of the Ainu.

Moreover, intriguingly, a genetic contribution of the mainland Jap-

anese to the Edo Ainu is evident (28.1%), which is almost as consider-

able as those of the Jomon and the Okhotsk culture people. As

referred to above, conventionally, the genetic influence of the mainland

Japanese on the Ainu is considered to have been limited until the Meiji

government started sending settlers to Hokkaido as a national policy in

1869. However, our findings cast doubt on this accepted notion.

In addition, Siberian-type haplogroups are observed in the Edo

Ainu. Although their frequency is low (7.3%), as described earlier, the

existence of these haplogroups may hint at the continuity of the

genetic relationship between the Ainu and native Siberians even after
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FIGURE 4 Frequency-based clustering of 15 ancient and modern
East Asian and Siberian populations determined by neighbor-joining
using the Fst values based on haplogroup frequencies
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the Okhotsk culture disappeared from Hokkaido. However, the number

of Okhotsk people who were genetically analyzed is still small (n537;

Sato et al., 2009), so it is possible that these haplogroups will be identi-

fied in the Okhotsk people in further study.

4.2 | Regional differences of the Ainu

By classifying the mtDNA haplogroups into four types as described ear-

lier, regional differences of the Ainu people were highlighted. Judging

from the data shown in Table 2, the high frequencies of Jomon-type

haplogroups in northeastern/central Hokkaido (44.2%) and the high

frequencies of mainland Japanese-type haplogroups in southwestern

Hokkaido (37.3%) might be plausible reasons for these regional

differences.

This result is consistent with the result of a morphological analysis

by Ossenberg et al. (2006). They described that, among the Ainu in

Hokkaido, individuals in southeastern Hokkaido (this area is contained

within our category of “northeastern/central Hokkaido”) are the closest

to the Jomon people, whereas the individuals in western Hokkaido

(this area is included within our category of “southwestern Hokkaido”)

are the closest to mainland Japanese. This result is considered reasona-

ble, given the geographical proximity of southwestern Hokkaido to the

main island of Japan.

However, surprisingly, there were no regional differences in the

frequencies of the Okhotsk-type haplogroups (35.3% in southwestern

Hokkaido and 34.9% in northeastern/central Hokkaido). This indicates

that the genetic influence of the Okhotsk culture people diffused rap-

idly in the fledgling Ainu.

As described earlier, Segawa (2007) stated that the invasion of the

Satsumon culture people into the areas inhabited by the Okhotsk cul-

ture people and the subsequent decline of Okhotsk culture occurred

rapidly. The Okhotsk culture people were considered to have been

assimilated rapidly into the Satsumon culture during this process, and

became part of the basis of the Ainu.

5 | CONCLUDING REMARKS

In the current study, we clarified that the Ainu were established from

the Hokkaido Jomon people and subsequently underwent considerable

admixture with adjacent populations. The present study strongly rec-

ommends review of the widely accepted dual-structure model regard-

ing the population history of the Japanese, in which the Ainu are

assumed to be the direct descendants of the Jomon people. However,

the causes of the regional differences in the genetic influence of the

Okhotsk culture people on the Ainu remain unresolved by mtDNA

analysis. Nuclear genome analysis using next-generation sequencing is

expected to be helpful to resolve this issue.
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TABLE 2 Frequencies of the four types of mtDNA haplogroups (%)
observed in the Edo Ainu in each region

Hokkaido Jomon
type

Total

(n5 94)

Southwestern

Hokkaido

(n5 51)

Northeastern/
Central

Hokkaido

(n543)

N9b1 20.2 (n519) 13.7 (n5 7) 27.9 (n512)

M7a2 2.1 (n52) 2.0 (n51) 2.3 (n51)

G1b* 8.5 (n58) 3.9 (n52) 14.0 (n56)

Total 30.9 (n529) 19.6 (n5 10) 44.2 (n519)

Okhotsk type

Y1 31.9 (n530) 29.4 (n5 15) 34.9 (n515)

C5a2b 3.2 (n53) 5.9 (n53) 0

Total 35.1 (n533) 35.3 (n5 18) 34.9 (n515)

Mainland Japanese type

D4 (exc. D4o1) 11.7 (n511) 17.6 (n5 9) 4.7 (n52)

M7b1a1a1 3.2 (n53) 5.9 (n53) 0

F1b1a 2.1 (n52) 3.9 (n52) 0

N9a 1.1 (n51) 2.0 (n51) 0

M7a1a7 2.1 (n52) 2.0 (n51) 2.3 (n51)

A5a 1.1 (n51) 2.0 (n51) 0

A5c 6.4 (n56) 3.9 (n52) 9.3 (n54)

Total 27.7 (n526) 37.3 (n5 19) 16.3 (n57)

Siberian type

D4o1 2.1 (n52) 3.9 (n52) 0

G1b1 1.1 (n51) 0 2.3 (n51)

Z1a 1.1 (n51) 2.0 (n51) 0

M8a 1.1 (n51) 0 2.3 (n51)

M9a 1.1 (n51) 2.0 (n51) 0

Total 6.4 (n56) 7.8 (n54) 4.7 (n52)
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