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Mitochondrial DNA analysis of Yayoi period human
skeletal remains from the Doigahama site

Kazunari Igawa1, Yoshitaka Manabe1, Joichi Oyamada1, Yoshikazu Kitagawa1, Katsutomo Kato2,
Kazuya Ikematsu3, Ichiro Nakasono3, Takayuki Matsushita4 and Atsushi Rokutanda1

We analyzed the mitochondrial DNA extracted from 14 human skeletal remains from the Doigahama site in Japan to clarify the

genetic structure of the Doigahama Yayoi population and the relationship between burial style and kinship among individuals.

The sequence types obtained in this study were compared with those of the modern Japanese, northern Kyushu Yayoi and

ancient Chinese populations. We found that the northern Kyushu Yayoi populations belonged to the groups that include most

of the modern Japanese population. In contrast, most of the Doigahama Yayoi population belonged to the group that includes a

small number of the modern Japanese population. These results suggest that the Doigahama Yayoi population might have

contributed less to the formation of the modern Japanese population than the northern Kyushu Yayoi populations. Moreover,

when we examined the kinship between individuals in the Doigahama site, we found that the vicinal burial of adult skeletons

indicated a maternal kinship, although that of juvenile skeletons did not. The vicinal burial style might have been influenced

by many factors, such as paternal lineages, periods and geographical regions, as well as maternal lineages. In addition,

skeletons considered to be those of shamans or leaders had the same sequence types. Their crucial social roles may have been

inherited through maternal lineage.
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INTRODUCTION

According to the generally accepted ‘dual structure model’ proposed
by Hanihara1 with regard to population history in Japan, modern
Japanese people have two morphologically and genetically distinguish-
able ancestral populations. One of them is the indigenous Jomon
population as Neolithic hunter-gatherers. The other is the immigrant
population that migrated from East Asia to the southwestern part of
Japan, bringing with them metal technologies and rice cultivation after
the end of the Jomon period.1–4

After the beginning of the subsequent Aeneolithic Yayoi period, the
mixing of the indigenous Jomon population and the immigrant post-
Jomon populations progressed.1,2,5–13 Skeletal remains of the immi-
grant post-Jomon populations show a marked difference in morpho-
logical characteristics from those of the Jomon population, along with
a closer similarity to the East-Asian populations and the post-Jomon
Japanese population. The immigrant post-Jomon populations and
their descendants have contributed considerably to the formation of
the majority of the modern Japanese population.2,5,6,8,12,13

The immigrant post-Jomon populations (the immigrant Yayoi
populations) were mainly distributed in northern Kyushu and

southwestern Honshu in the Yayoi period. Many northern Kyushu
Yayoi sites, most of which existed from the middle to late phases of the
Yayoi period, are located on the inland plains of northern Kyushu
(Figure 1). By contrast, most of the southwestern Honshu Yayoi sites,
which existed from the early to middle phases of the Yayoi period, are
located on the northwest coast of the southwestern end of Honshu.
The most representative burial site of the southwestern Honshu Yayoi
sites is the Doigahama site (Figure 1).

As to the regional differences in the immigrant Yayoi populations,
there are many differences in the social and osteomorphological
characteristics between the northern Kyushu Yayoi populations and
the Doigahama Yayoi population. The lifestyle of the northern Kyushu
Yayoi populations is believed to have differed from that of the
Doigahama Yayoi population. The northern Kyushu Yayoi populations
subsisted mainly on rice agriculture, whereas the Doigahama Yayoi
population survived mainly by fishing and gathering.14 In addition,
there is a great difference in the funerary customs between the
northern Kyushu and Doigahama sites. Most of the skeletons at the
sites in northern Kyushu were buried in jar coffins (Kamekan), but
this burial style was not found at the Doigahama site, where stone
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coffins (Sekikan) and pits (Dokoubo) are common.15 In addition,
many osteomorphological studies have been carried out on the skeletal
remains from the sites in northern Kyushu and Doigahama.3,16–21

Dodo et al.3 reported, on the basis of cranial nonmetric traits, that
the protohistoric and historic Japanese were more closely related to
the northern Kyushu Yayoi populations than to the Doigahama Yayoi
population. These differences between the northern Kyushu sites and
the Doigahama site provide us with important information for
investigating the regional variations in the immigrant Yayoi popula-
tions and the influence of the immigrant Yayoi populations on the
formation of the modern Japanese population.

At present, it is necessary to weigh new findings from human
genetic studies with data from traditional fields of study, such as
archeology and anatomy, using an interdisciplinary and integrated
approach to clarify anthropological questions. Until the late 1970s, it
was difficult to analyze small quantities of DNA extracted from
ancient human remains. In the 1980s, as a result of the development
of the PCR technique, it became possible to amplify small quantities of
DNA samples.22,23 Subsequently, this method of DNA amplification
has been widely used for analyzing the kinships and phylogenetic
characteristics of ancient human remains.24–33

In Japan, DNA extracted from ancient human remains was first
analyzed in the late 1980s. Using molecular biological methods,
kinship and phylogenetic analyses of ancient human remains were
carried out.34–43 Analyses of DNA from the Yayoi period were carried
out mainly on skeletal remains from northern Kyushu.35–37 By
contrast, analysis of DNA from the Doigahama site has not yet been
carried out.

In this study, we analyzed mtDNA extracted from the Doigahama
Yayoi population to examine its genetic structure. To outline the
genetic structure of the Doigahama Yayoi population, a phylogenetic
network was constructed from the mtDNA sequence types. On the
basis of the phylogenetic network, six radiation groups were identified,
and the frequency distributions of these radiation groups in the
Doigahama Yayoi population were compared with those of the north-
ern Kyushu Yayoi populations, the ancient Chinese populations
and the modern Japanese population. In addition, we discuss the

consistency between the molecular genetic data and the osteomor-
phological and archeological data, as discussed comprehensively by
Oota et al.,37 Sato et al.43 and others.

In addition, we examined some interesting kinships among the
individuals buried at the Doigahama site. By analyzing the funerary
custom at the archeological site, we can clarify a part of the social
structure of the ancient population. Archeological and morphological
evidence has often been used to estimate the kinships of ancient
human skeletal specimens.44–48 However, it is difficult to examine the
kinship with accuracy based on only morphological evidence. In this
study, DNA analyses on the remains, which have involved some
interesting data in previous archeological and morphological studies,
were carried out to investigate the relationship between burial style
and kinships at the Doigahama site.

MATERIALS AND METHODS

Samples
More than 300 Yayoi skeletal remains were excavated from the Doigahama site

between 1953 and 2000. The preservation of the skeletal remains was relatively

good for most of the specimens. However, as the osteomorphological study of

the skeletal remains from the Doigahama site is still underway, the number of

samples available for DNA analysis is limited. In this study, we could use only

14 skeletal remains that were stored at the Doigahama site anthropological

museum (Table 1). We analyzed the hypervariable (HV) region I of the control

region in the mtDNA that was extracted from the specimens.

Contamination precautions
During each step of the handling of the samples, precautions were taken to

minimize the risk of contamination and also to detect any potential contam-

ination.49–51

The equipment used (dental drills, drill tips, mills and pipettes) and the

bench were treated with a DNA contamination removal solution (DNA-OFF,

TaKaRa, Takara Bio Inc., Otsu, Shiga, Japan and 12% liquid sodium hypo-

chlorite) and with ultraviolet (UV) irradiation. The disposable equipment

(tubes and filtered pipette tips) was irradiated with UV rays. The samples

were always handled by researchers wearing gloves, face masks, laboratory coats

and caps.

Honshu

Kyushu

Doigahama

Kuma-Nishioda

Takuta-Nishibun

Asian Continent

Japan

Linzi (Shandong Province)

Figure 1 Map of the Doigahama site, located in the southwestern part of Honshu, Japan.
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To detect any potential contamination, extraction and amplification

blanks were used as negative controls, and the sequence types of individuals

who were involved in the study were defined by using fingernail and hair

follicle samples. In addition, DNA extraction that included the cutting of

bone samples was independently performed at least twice, and at least three

PCR amplifications were performed for each extract to assess the reproduci-

bility of the results.

DNA extraction
DNA was extracted from bone samples (Table 1). Samples were soaked in a

12% liquid sodium hypochlorite solution for 5 min, washed several times with

distilled water and then allowed to air dry. The outer surface of the samples was

removed at a depth of 1�2 mm using a dental drill. The samples were then

washed with distilled water and allowed to air dry. The dried samples were

exposed to UV irradiation for 15 min. Next, the samples were frozen with liquid

nitrogen, and then pulverized in a mill (Cryo-Press CP-50W, Microtech

Nichion, Funabashi, Chiba, Japan). DNA was extracted from B0.4 g of the

pulverized sample using the Geneclean Kit For Ancient DNA (MP Biomedicals

United States, Solon, OH, USA).

DNA amplification
A primer set was designed to amplify a segment, HVI, which has been described

in previous studies involving mtDNA from ancient human remains in

Japan.36,37,40–42,52 Primer MT1 corresponds to the HVI segment (nucleotide

position (n.p.) 16185�16439 of the revised Cambridge Reference Sequence

(rCRS)) (Table 2).

PCR amplifications were performed in 20ml of the reaction mixture

containing 1�2ml of the ancient DNA extract, 0.2ml (1 Unit) of Taq DNA

polymerase (Ex Taq, TaKaRa), 2ml of 10� Ex Taq buffer, 1.6ml of dNTP

mixture, 0.04ml (100 pmolml�1) of each primer and 1ml of DMSO (dimethyl

sulfoxide). The PCR reaction mixture was treated with 0.2ml Uracil

N-glycosylase (Applied Biosystems Inc., Foster City, CA, USA) to excise the

uracil that resulted from the hydrotic deamination of cytosine. DNA is decayed

by many environmental factors after the death of an organism. This is referred

to as postmortem DNA damage and can generate miscoding lesions in ancient

DNA analyses. Hydrotic deamination of cytosine is considered to be one of the

major causes of postmortem DNA damage.53–55 The amplification of DNA was

performed under the following conditions: 36 1C for 10 min and 94 1C for

1 min, followed by 40 cycles of 94 1C for 30 s, 52 1C for 30 s, 72 1C for 1 min and

72 1C for 4 min.

DNA analysis
The PCR products were checked on a 2.5% agarose gel and purified using the

ExoSAP-IT reagent (GE Healthcare Biosciences Corp., Piscataway, NJ, USA).

A set of primers (Seq MT1) was designed for sequencing; primer set Seq MT1

(L16236 and H16350) was used to sequence the HVI segment (Table 2).

Sequencing reactions were performed using the BigDye Terminator Cycle

Sequencing Kit v3.1 (Applied Biosystems) according to the manufacturer’s

protocol. The sequencing reaction products were analyzed using a Genetic

Analyzer 3100 system (Applied Biosystems). The sequences from each region

not containing primer regions were compared with the rCRS.56

RESULTS AND DISCUSSION

In all, 13 of the 14 specimens were successfully amplified and
sequenced for the HVI (16204–16419) segment (Table 3). Unfortu-
nately, mtDNA obtained from the fourteenth specimen, identified as
individual no. 88B, could not be amplified. As the sequence types of
individuals who were involved in this study differed from those of the
ancient specimens, the possibility of modern DNA contamination was
considered low.

Among the skeletal remains, five individuals, nos 1301, 1405, 1406,
1903 and 88A, shared the same sequence type for the HVI segment.
No nucleotide difference was recognized in HVI. Three other indivi-
duals, nos 1, 124 and 1601, also shared the same sequence type for the
HVI segment. Among these individuals, T-C substitution was
discovered at the 16209 position (16209T-C) in HVI. Consequently,
six types of mtDNA sequences containing two of the above-mentioned
types were recognized.

A homology search (BLAST search) was conducted using the
mtDNA data samples obtained from the East-Asian populations in

Table 1 Human remains used for sequencing analysis

Individual number Sex Age Phase Burial style Sample Date of excavation Source

1 ~ Middle adult Early to middle Dokoubo Tibia 1953 Tsuboi and Kanaseki86

124 # Middle adult Early to middle Dokoubo Costa 1954 Tsuboi and Kanaseki86

913 ~ Unknown Early to middle Dokoubo Vertebra 1984 Private communication

914 ~ Unknown Early to middle Dokoubo Vertebra 1984 Private communication

1301 # Unknown Early to middle Dokoubo Femur 1994 Matsushita87

1305 ~ Young adult Early to middle Dokoubo Vertebra 1994 Matsushita87

1405 # Middle adult Early Dokoubo Vertebra 1995 Matsushita81

1406 # Middle adult Early Dokoubo Vertebra 1995 Matsushita81

1601 ~ Middle adult Early Haisekibo Femur 1997 Matsushita88

1604 ~ Young adult Middle Dokoubo Ulna 1997 Matsushita88

1903 Unknown 4 years old Middle Dokoubo Vertebra 2000 Matsushita et al.83

1904 Unknown 15 years old Middle Dokoubo Vertebra 2000 Matsushita et al.83

88A ~ Young adult Early Dokoubo Cranium 1988 Private communication

88B # Young adult Early Dokoubo Scapula 1988 Private communication

Young adult: about 20–39 years of age, Middle adult: about 40–59 years of age.

Table 2 Primers used for PCR and sequence

Primer Sequence Length (bp)

For PCR

MT1 (for HVI) 254

L16185 5¢-CCCTCCCCATGCTTACAA-3¢
H16439 5¢-GCACTCTTGTGCGGGATATT-3¢

For sequence

Seq MT1 (for HVI)

L16236 5¢-CATCAACIGIAACTCCAAAGC-3¢a

H16350 5¢-TTGACTGTAATGTGCTATGTACGG-3¢

Abbreviation: HVI, hypervariable region 1.
a‘I’ denotes inosine.
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the DNA Data Bank of Japan (http://www.ddbj.nig.ac.jp/) (Table 4).
Only individual no. 1305 shared the same HVI sequence type with the
modern mainland Japanese population.57,58 The other individuals
(excluding no. 913) shared the same HVI sequence type with a
small percentage of the East-Asian populations.59–72

The sequence type of individual no. 913 did not correspond to that
of the modern East-Asian populations. This result might be caused by
postmortem DNA damage. However, as described above, the PCR
reaction mixture was treated with Uracil N-glycosylase so as to excise
uracil resulting from the hydrotic deamination of cytosine. The
sequence type, which was not observed in the modern East-Asian
populations, might have become extinct as a result of the genetic drift.
In addition, the sequence type might be found through further
analyses of past or modern East-Asian populations.

Phylogenetic analysis based on frequency distributions of DNA
sequence types
The control region of mtDNA is often used for phylogenetic analysis
because it is known as the region for which the evolutionary rate is
several times higher than the coding region of mtDNA.73,74 Many
previous studies have been carried out on the control region sequence
types of ancient populations that existed geographically close to the
Doigahama Yayoi population, such as the northern Kyushu Yayoi and
the ancient Chinese populations.52,75–77 In this study, we analyzed the
control region for examining the genetic structure of the Doigahama
Yayoi population. As a preliminary analysis of the phylogenetic
relationships of the Doigahama Yayoi population, the HVI sequence
types obtained in this study were compared with those of the northern
Kyushu Yayoi, modern Japanese and ancient Chinese populations that
have previously been reported by other researchers, and a phylogenetic
network was constructed to outline the phylogenetic characteristics of
the Doigahama Yayoi population.

The HVI segments from the 13 Doigahama Yayoi specimens were
added to the phylogenetic reference network constructed from the
HVI segments of 1298 modern Asian and circum-Pacific individuals.76

The segments from the 35 specimens from the Kuma-Nishioda Yayoi
site in northern Kyushu52 and 50 modern Japanese specimens57 were
added as objects of comparison in the Japanese archipelago. Moreover,
segments from 13 specimens from the 2500-year-old Linzi population
(Shandong province, China)77 and 34 specimens from the 2000-year-
old Linzi population75 were added as East-Asian populations con-
temporary with the Yayoi populations (Figure 2).

On the basis of the phylogenetic reference network, six radiation
groups were identified. Group I was characterized by n.p.16223C-T,
without n.p.16362T-C. Group II was characterized by n.p.16362T-
C, without n.p.16319G-A. Group III was characterized by base
substitutions at n.p.16223, 16319 and 16362. Group IV was character-
ized by no nucleotide difference at n.p.16217, n.p.16223, n.p.16304,
n.p.16319 and n.p.16362. Group V was characterized by n.p.16217T-
C, without nucleotide difference at n.p.16223 and 16362. Group VI
was characterized by n.p.16304T-C, without nucleotide differences
at n.p.16223 and n.p.16362.

With regard to the Doigahama Yayoi specimens, only 1 individual
belonged to group I; the other 12 individuals belonged to group IV. In
all, 5, 2, 1, 21, 1 and 3 individuals from the 2500-year-old Linzi site
belonged to groups I, II, III, IV, V and VI, respectively. For the
individuals from the 2000-year-old Linzi site, 3, 4, 1 and 5 individuals
belonged to groups I, II, V and VI, respectively. A total of 34
individuals and 1 individual from the Kuma-Nishioda Yayoi site
belonged to groups I and V, respectively. In the modern Japanese
population, 21, 21, 1, 3 and 4 individuals belonged to groups I, II, IV,
V and VI, respectively.

The frequency distributions of six radiation groups in the Doiga-
hama Yayoi and other populations are shown in Figure 3. We
compared the frequency distributions of radiation groups in the
Doigahama Yayoi population with those of the Kuma-Nishioda
Yayoi population (one of the northern Kyushu Yayoi populations).
The Doigahama Yayoi population showed a high frequency for group
IV (92%), whereas the Kuma-Nishioda Yayoi population showed a
high frequency for group I (97%).

There is another important study on the Takuta-Nishibun Yayoi
population in northern Kyushu: Oota et al.37 analyzed the HVI
segments (n.p.16224–n.p.16391) of 14 remains from the Takuta-
Nishibun site. As two informative sites (n.p.16217 and n.p.16223),
which were used to determine the radiation groups I, IV and V, were
not analyzed in their study, the data collected from the Takuta-

Table 3 mtDNA sequences of the Doigahama Yayoi people

HVI

16209 16223 16266 16311 16343 16390

rCRS T C C T A G

Individual no.

1 C — — — — —

124 C — — — — —

913 — — — — G A

914 — — — C — —

88A — — — — — —

88B * * * * * *

1301 — — — — — —

1305 — T — C — —

1405 — — — — — —

1406 — — — — — —

1601 C — — — — —

1604 — — — C — —

1903 — — — — — —

1904 — — T — — —

Abbreviation: rCRS, revised Cambridge Reference Sequence.
Dash (—) denotes identical nucleotide with rCRS.56 Asterisk (*) denotes unamplifiable.

Table 4 Geographical distribution of HVI sequence types observed in

Doigahama Yayoi specimens

Individual number Sharing populations (number of individuals)

1, 124, 1601 Vietnam (1)

1301, 1405, 1406,

1903, 88A

Thai (15), China Nei Mongol (11), China Xinjiang (11),

China Hainan (10), China Yunnan (8), Vietnam (7), China

Guizhou (6), Russia Buryat (6), Japan Okinawa (4), China

Shandong (3), China Shanghai (2), Indonesia (1), China

Bouyei (1), China Dai (1), Taiwan Yami (1) and other China

(2)

914, 1604 China Guangxi (4), China Nei Mongol (4), China Guizhou

(2), China Xinjiang (2), Taiwan Chinese (1), China Hubei (1)

and other China (4)

1904 China Xinjiang (1)

1305 China Yunnan (7), China Shandong (4), Japan mainland (3),

China Hainan (3), Thai (3), China Liaoning (2), China

Guangxi (2), Russia Nivhi (2), South Korea (1), Taiwan

Chinese (1), Indonesia (1) and other China (4)

913 ––a

aNot found in East-Asian population.
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Nishibun Yayoi population were not added to the phylogenetic net-
work in this study. As the sequence type (n.p.16362T-C, without
base substitution at n.p.16319) was found in 9 of the 14 individuals
from the Takuta-Nishibun Yayoi population, these individuals
belonged to group II (64%). Consequently, the Takuta-Nishibun
Yayoi population might show a high frequency for group II. In
addition, their study showed that many of the mtDNA sequence
types from the Takuta-Nishibun Yayoi population belonged in the
same cluster with those of the modern Japanese population.37

The modern Japanese population showed high frequencies for
groups I (42%) and II (42%). The northern Kyushu Yayoi populations
also showed high frequencies for these groups. In contrast, the
Doigahama Yayoi population had a high frequency for group IV, for
which the modern Japanese population showed a low frequency (2%).
These findings suggest that the Doigahama Yayoi population might

have contributed less to the modern Japanese gene pool than to the
northern Kyushu Yayoi population. As described in the ‘Introduction’
section, it is suggested that there were many differences between the
northern Kyushu Yayoi populations and the Doigahama Yayoi popu-
lation in several morphological and archeological studies.3,14,15,18,19

The genetic results of this study support these previous morphological
and archeological studies.

The 2500-year-old Linzi population (group I: 15%, group II: 6%,
group III: 3%, group IV: 65%, group V: 3%, group VI: 9%) resembled
the 2000–2300-year-old Doigahama Yayoi population with respect to
the high frequency for group IV. It was suggested that there were
phylogenetically similar populations in China and Japan during the
ancient period, from 2500 to 2000 years ago.

On the other hand, the low frequencies of group IV in the modern
East-Asian populations were reported by Wang et al.77 In addition,
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their study indicated that the 2500-year-old Linzi populations
showed less genetic resemblance to modern East-Asian populations.77

These findings suggest that more than one ancient population, which
had different phylogenetic characteristics from modern East-Asian
populations, existed in the past in East Asia. This is informative for
estimating the phylogenetic relationships among ancient East-Asian
populations. The resemblance between the ancient populations in
China and Japan might support the notion that ancient China is
the place from which the Doigahama Yayoi population immigrated.
The amount of genetic data is still not sufficient enough to
discuss the phylogenetic relationships among the ancient East-Asian
populations. Further genetic studies are required to shed light on
the phylogenetic relationships among the ancient East-Asian
populations.

Kinship analyses
Kinship relationships were examined by focusing on particularly
interesting individuals in the Doigahama Yayoi population who were
successfully sequenced in this study. Two categories of interest were
identified. The first category involved two cases of vicinal burials
(skeletons that were buried side by side) (nos 1405 and 1406 and nos
1903 and 1904, respectively). The second category involved skeletons
that were believed to have had the same social role in the Doigahama
population (nos 1 and 124).

As the present analysis covered only segments from the control
region, these results are insufficient to determine the presence of
kinship. Furthermore, if the population has small variability of the
mtDNA sequence types, a concordance of sequence types does not
always show the presence of a kinship. For these reasons, in this study,
the possibility of a maternal kinship was examined using DNA
analyses for the individuals, for which the possibility of kinship has
been suggested in the archeological findings.

Cases of vicinal burials
Case A: nos 1405 and 1406. On the basis of the morphological
evidence, both individuals were estimated to be middle-aged males. It
is believed that no. 1405 was buried soon after no. 1406 (Table 1).78

They were buried opposite each other. No. 1405 was buried in a face-
up position that was common at the Doigahama site, whereas no.
1406 was buried in a facedown position that was extremely rare at the
Doigahama site.

Ritual tooth extraction was observed in both skulls. The teeth
extracted from each individual differ. In no. 1405, the bilateral upper
and lower lateral incisors were extracted, whereas in no. 1406, the
bilateral upper canines were extracted. This custom has been observed
frequently in skulls from ancient Japan during the Jomon and Yayoi
periods. Harunari79 and Nakahashi80 have suggested that the type of
tooth extraction might depend on differences in ancestry (and/or
origin).

In the osteomorphological study, the skeletons differed not only by
the size of the neurocranium but also in the length of the femur. In
particular, the estimated body height differed greatly for each skeleton
(no. 1405: 164.78 cm; no. 1406: 158.01 cm).81 There was little mor-
phological similarity between these two individuals, although it is
noted that the skeletal measurements of the femur and cranium show
a family resemblance.82 As a whole, although the skeletons were buried
side by side, the archeological and morphological findings were
different.

The mtDNA analysis showed that both skeletons contained the
same sequence types (Table 3). As the analysis covered only segments
of the control region, this result is insufficient to determine the

presence of kinship, but it suggests that the skeletons might have
been buried side by side on the basis of their maternal lineage. As their
burial times were relatively close to one another, a high level of
consanguinity was considered likely; for example, they were believed
to be brothers, or nephew and uncle, or cousins.

In this case, although many findings, such as burial positions, tooth
extraction types and osteomorphological features, differed between
these two individuals, the mtDNA sequences showed that the skele-
tons might be related along a maternal lineage. The differences in the
archeological and morphological findings between the specimens
might indicate some relationships other than the maternal lineage.

Case B: nos 1903 and 1904. According to the excavator’s report, no.
1903 was determined to be 4-years-old, and no. 1904 was 15.83 It has
been estimated that no. 1903 was buried after no. 1904 (Table 1).84

Ritual tooth extraction was not observed in either skull, and there was
no overt difference in the archeological findings between them.
Moreover, as there is a large age difference between them, and the
skeletons were in an immature stage, it was difficult to make a
comparison using skeletal measurements. It has been suggested that
the skeletons might have been buried on the basis of kinship because
they were buried side by side.

Their mtDNA sequence types were different. In no. 1903, there was
no nucleotide difference in HVI. On the other hand, in no. 1904, a
16266 C-T base substitution was observed in HVI. These results
indicate that the skeletons were not related along the maternal lineage.

Using molecular biological methods, Adachi et al.40,42 reported
kinship analysis for skeletal specimens found in double burials
excavated from the Jomon site. However, as there are many different
factors, such as period, geographical region and burial style, between
their study and our study, it is difficult to compare the results. The
association between burial style and kinship is not entirely clear for
individuals buried vicinally, as indicated by Cases A and B in this
study. To clarify this association, it is necessary to accumulate more
data with regard to the kinship between individuals and to analyze the
data obtained from archeological and morphological findings.

In addition, to identify kinship relationships, it is necessary to
examine the paternal as well as the maternal lineage. Many researchers
have analyzed autochromosomes extracted from ancient human
remains and have used them to examine the paternal lineage.30,31,33,35

However, in general, ancient DNA is often highly damaged, which
makes it rather difficult to analyze. It is hoped that a highly accurate
and simple technique for ancient DNA analysis will be developed.

Adult skeletons that were believed to have the same social role in
the Doigahama Yayoi population
The skeletal remains of individual no. 1, which were excavated along
with a piece of cormorant skeleton, were estimated to be those of a
middle-aged female. This was the only skeleton excavated along with
bird bones from the Doigahama site. Individual no. 124, estimated to
be a middle-aged adult male, was excavated with 12 stone arrow tips
and 2 arrow tips made of shark teeth. Moreover, the skeleton had two
bracelets made of cone shells (made from Tricornis latissimus, an
organism that lives in the subtropical and tropical areas of the Pacific
Ocean) on his right arm.

Owing to this unique burial style, it was suggested that these
skeletons might have been those of shamans (or leaders) among the
Doigahama Yayoi population.85 In addition, individual no. 1 showed
ritual tooth extraction of the bilateral upper and lower lateral incisors.
For no. 124, as the facial bones of the skull were fragmented, it was
difficult to examine the whole of the alveolar bone. However, alveolar
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closure was observed in the right upper lateral incisor. Thus, it is
possible that the lateral incisor was extracted from the skeleton during
ritual tooth extraction. In this case, teeth extraction types might
correspond with one anther. The skeletons were buried relatively
close to each other, but not side by side. For this reason, these
skeletons have never been examined in terms of their kinships.

mtDNA sequencing showed that the skeletons shared the same
sequence types (Table 3). In both skeletons, a base substitution of
16209T-C was observed. Thus, the skeletons might have been related
through a maternal lineage. These results suggest that the role of
shaman might have been passed down through the maternal line in
the Doigahama Yayoi population.

Kurosaki et al.35 reported that the two skeletons believed to be those
of shamans or leaders at the Hanaura Yayoi site in northern Kyushu
were not related along maternal and paternal lineages. These results
differed from those of our study. These facts might suggest some
regional differences in social structures during the Yayoi period.

CONCLUSIONS

We analyzed the segments of control regions in mtDNA extracted
from 14 ancient human skeletal remains that were excavated from the
Doigahama site. We amplified and sequenced mtDNA control regions
from 13 of the 14 specimens. The HVI sequence types from specimens
excavated from the Doigahama site were compared with those of the
modern Japanese population, the northern Kyushu Yayoi populations
and the ancient populations of the Shandon province of China.
Although the analysis is preliminary, the results suggest that the
Doigahama Yayoi population might have contributed less to the
modern Japanese gene pool than the northern Kyushu Yayoi population.

Moreover, we examined the kinship among particularly interesting
individuals in the Doigahama site. Our results showed that the two
adult skeletons (nos 1405 and 1406) buried vicinally might have been
related along a maternal lineage, but the two juvenile skeletons (nos
1903 and 1904) buried vicinally were not related. In cases of vicinal
burials, individuals may or may not be related along a maternal
lineage and it can be concluded that the styles of vicinal burials might
have been influenced by many complex factors, such as paternal
lineages, periods and geographical regions. In addition, our results
showed that the adult skeletons (nos 1 and 124) that were believed to
be those of shamans (or leaders) in the Doigahama Yayoi population
might have been related along a maternal lineage, although the
skeletons did not receive vicinal burials. This fact suggests that their
crucial social roles might have been inherited along a maternal lineage
in the Doigahama Yayoi population.
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50 Pääbo, S., Poinar, H., Serre, D., Jaenicke-Despres, V., Heber, J., Rohland, N. et al.
Genetic analysis from ancient DNA. Annu. Rev. Genet. 38, 645–679 (2004).

51 Bouwman, A. S., Chilvers, E. R., Brown, K. A. & Brown, T. A. Brief communication:
identification of the authentic ancient DNA sequence in a human bone contaminated
with modern DNA. Am. J. Phys. Anthropol. 131, 428–431 (2006).

52 Shinoda, K. Ancient DNA analysis of skeletal samples recovered from the Kuma-
Nishioda Yayoi site. Bull. Natl Sci. Mus. Ser. D 30, 1–8 (2004).

53 Gilbert, M. T., Willerslev, E., Hansen, A. J., Barnes, I., Rudbeck, L., Lynnerup, N. et al.
Distribution patterns of postmortem damage in human mitochondrial DNA. Am. J.
Hum. Genet. 72, 32–47 (2003).

54 Gilbert, M. T., Hansen, A. J., Willerslev, E., Rudbeck, L., Barnes, I., Lynnerup, N. et al.
Characterization of genetic miscoding lesions caused by postmortem damage. Am. J.
Hum. Genet. 72, 48–61 (2003).

55 Hofreiter, M., Jaenicke, V., Serre, D., von Haeseler, A. & Pääbo, S. DNA sequences from
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