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Abstract To investigate the genetic structure of individuals from the Shell midden (Kaizuka)
period in Okinawa Island, sequence polymorphisms in hypervariable region 1 (HVR1), HVR2, the
coding region that defines macrohaplogroup M and N, and 24 single nucleotide polymorphisms in
the coding region of mitochondrial DNA were analyzed in 29 tooth samples excavated from an
Ufutobaru shell midden site and a Gushikawa Gusuku-Gakeshita site. Suspected false-positive
results stemming from contamination with contemporary DNA and other questionable data were
not included in this study. Six of the 14 Ufutobaru samples and 9 of the 15 Gusuku-Gakeshita sam-
ples were successfully analyzed, and haplogroups were assigned. Genetic variation within a group
is inherited from the group's ancestors; therefore, the genetic markers in the contemporary popula-
tion are expected to be similar to those of its ancestors. High frequencies of haplogroups M7a and
D4 are characteristic of the contemporary Okinawa population, and both haplogroups were found
among the ancient samples. This finding provides proof of a genetic continuity between the ancient
and contemporary populations of Okinawa, at least since the late Shell midden period. In contrast,
the existence of haplogroup B4 in these populations hints at their linkage with Taiwanese aborigi-
nes.

Key words: Ancient DNA, Mitochondria, late Shell midden (Kaizuka) period, Okinawa, Popula-

tion genetics

Introduction

The formation of the modern Japanese popula-
tion is an area of intense study in anthropology,
archaeology, and genetics in East Asia. In this
context, the Ryukyu Islands attract particular
attention owing to their geographical position,
which makes them ideal for attempts to recon-
struct the population movements of the indige-
nous Japanese population (e.g., Tagaya and
Ikeda, 1976). During the Jomon era, the main
island of Okinawa, the largest island of the
Ryukyu Islands, was subjected to the cultural
influence of Mainland Japan, especially from the
southern part of Kyushu Island. While Mainland

Japan made the transition from the hunter-gath-
erer lifestyle of the Jomon society to the agricul-
tural Yayoi period around 800 B.C, the hunter-
gatherer lifestyle continued until 12th century in
the island of Okinawa. Accordingly, the Neo-
lithic period of this island is referred to as the
Shell midden (Kaizuka) period in order to distin-
guish it from the Jomon period of Mainland
Japan. Subsequently, this lifestyle too began to
evolve with the advent of the agricultural society,
heralding the start of the Gusuku period in all
parts of the Ryukyu Islands (Asato, 1996).

To explain the spread of agriculture through
the island of Okinawa, 2 contrasting hypotheses
have been proposed, namely, the cultural diffu-
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sion model and the demic diffusion model. The
cultural diffusion model supports the idea that
the farmers did not move and that agricultural
knowledge was transmitted from the southern
part of Kyushu Island to Okinawa due to the
movement of technology and ideas. In contrast,
the demic diffusion model supports the idea that
farmers moved from the southern part of Kyushu
Island and spread into Okinawa taking the agri-
cultural technology with them. This model
involves gene flow between the hunter-gatherers
who inhabited the island of Okinawa at that time
and the farmers who arrived at the island (Taka-
miya, 2005). The extent to which this important
cultural transition was mediated by the arrival of
new peoples and the degree of hunter-gatherer
and early farmer ancestry in modern Okinawa
today are not known.

Advances in molecular biology within the last
20 years have enabled the analysis of DNA
extracted from ancient bone samples, making it
possible to obtain information on lineage with
significantly higher probabilities of accuracy.
Mitochondrial DNA (mtDNA), which follows a
matrilineal pattern of inheritance, has been
extensively analyzed in this field (e.g., Adachi et
al. 2009). Ancient DNA analysis could therefore
potentially help to resolve the formation of
recent Ryukyu population, as it allows us to
directly study the ancient populations that were
undergoing these evolutionary processes, rather
than their descendent populations.

Although mtDNA have been analyzed in many
Jomon populations (e.g., Shinoda and Kanai,
1999) and, the Ryukyu population of the recent
period (Shinoda and Doi, 2008), there is a com-
plete absence of mtDNA data in the Shell midden
(Kaizuka) period from the island of Okinawa.
The aim of this study was to provide the basic
genetic data for analyzing the relationships
between the hunter-gatherer people and the con-
temporary population of the Ryukyu Islands. A
detailed analysis of the coding and control
regions of mtDNA was used to address the ques-
tion of whether the cultural changes in the island
of Okinawa were accompanied by changes in the

genetic composition of the population.

Materials and methods

Archaeological sites and specimens

In this analysis, we used human skeletal
remains excavated from 2 archaeological sites in
mainland Okinawa. The approximate locations of
these sites are shown in Figure 1. Since no ceme-
tery inventory remains, the chronology of these
sites were determined on the basis of the design
of burial goods. The dates of both sites are esti-
mated to range from approximately the 3rd to 8th
century, corresponding to the late Shell midden
(Kaizuka) period.

The Gushikawa Gusuku-Gakeshita site is a
cliff burial site located at Uruma city, excavated
in 2004-2007 by researchers from Ryukyu Uni-
versity, and it comprises at least 67 individuals.
These individuals consisted of 18males, 11
females, 19 juveniles, and 19 individuals of
undetermined sex, ranging from infants to
mature adults (Katagiri et al, 2008). Sixteen
well-preserved samples were selected for further
DNA analysis.

A sediment production project in the 1970s
identified the Ufutobaru site, located at Yomitan-
son, in the central part of Okinawa Island. One
human skull covered with pottery and accumu-
lated human remains, were found during the
excavations conducted 1972 and 1989. By count-
ing skull and limb bones, the number of individ-
uals was estimated as at least 18 (12 adult males,
5 adult females, 1 immature individual) (Kobash-
igawa et al. 2008). Of these 18 samples, 14 well-
preserved remains were stored in the Okinawa
Prefectural Archaeological Center and selected
for DNA analysis.

Tooth enamel forms a natural barrier to exoge-
nous DNA contamination; additionally, the DNA
recovered from teeth appears to lack most of the
inhibitors of the enzymatic amplification of
ancient DNA (Woodward et al. 1994). Accord-
ingly, tooth samples were used in the present
analysis. A list of all the samples used in this
study is presented in Table 3.
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Fig. 1.
the Gushikawa Gusuku-Gakeshita site.

Authentication methods

When ancient DNA is analyzed, it is necessary
to exclude false-positive results that stem from
contamination with contemporary DNA (Sampi-
etro et al., 2006). In order to ensure the accuracy
and reliability of results, standard contamination
precautions, such as separation of pre- and post-
PCR experimental areas, use of disposable labo-
ratory ware and filter-plugged pipette tips, treat-
ment with DNA contamination removal solution
(DNA-OFFTM; TaKaRa, Otsu, Japan), UV irra-
diation of equipment and benches, negative
extraction controls, and negative PCR controls,
were employed in the present study. Other rigor-
ous authentication methods were employed
throughout the DNA-based analyses as described
elsewhere (Shinoda et al., 2006). Tooth prepara-
tion, DNA extraction, and PCR amplification
were carried out in a physically separate room, in
a laboratory dedicated to the study of ancient
DNA.

Sakishima Islands

Oklnawa. Isl:ndy. @

[
od Miyako Islands

Geographic distribution of Ryukyu archipelago. Map showing location of the Ufutobaru shell midden and

Extraction and purification of DNA

In order to prevent contamination from post-
excavation handling, the tooth samples were
rinsed with DNA-decontamination agents and
then washed thoroughly with distilled water
before drying. Next, the samples were crushed
into powder using a Multi-beads Shocker (Yasui
Kikai Corporation). DNA was extracted from
0.5 g of the powder for each sample using a com-
mercial DNA extraction kit (Qiagen, DNA Inves-
tigator kit, Germany) after Protainase K diges-
tion.

Amplification and sequencing of HVRI, HVR2,
and coding region 10360—10485

In all the samples, segments of HVRs (nucleo-
tide positions 16121-16238, HVRI1-1; 16209—
16402, HVR1-2; and 128-267; HVR2), and a
segment of the coding region (10360—-10485) that
covers part of the NADH dehydrogenase 3 and
tRNA-Arg genes, as per the revised Cambridge
reference sequence (Andrews ef al., 1999), were
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sequenced. This coding region sequence includes
sites 10398 and 10400 that are among the defin-
ing sites for macrohaplogroups M and N (Quin-
tana-Marci et al., 1999).

Aliquots (2ul) of the extracts were used as
templates for PCR. Amplifications were carried
out in a reaction mixture (total volume, 25ul)
containing 1 unit of Taq DNA polymerase (Hot-
StarTagTM DNA polymerase; Qiagen, Ger-
many), 0.1M of each primer and 100mM of
deoxyribonucloside triphosphates in 1 XPCR
buffer provided by the manufacturer. The PCR
conditions were as follows: incubation at 95°C
for 15min; followed by 40 cycles of heat treat-
ment at 94°C for 20sec; 50°C-56°C for 20sec,
and 72°C for 15sec; and final extension at 72°C
for 1 min.

The following primers were used to amplify
HVRI1-1, HVR1-2, HVR2, and the coding
region:

L16120 5'-TTACTGCCAGCCACCATGAA-3'

H16239 5-TGGCTTTGGAGTTGCAGTTG-3'

L16208 5'-CCCCATGCTTACAAGCAAG-3'

H16403 5'-TTGATTTCACGGAGGATGGTG-3'

L127 5-TAGCACCCTATGTCGCAGTAT-3’

H268 5-TGTTATGATGTCTGTGTGG-3'

L10360 5'-TCCCCATGCTTACAAGCAAG-3'

H10485 5'-ATTGATTTCACGGAGGATGG-3'

The PCR products were subjected to agarose
gel electrophoresis on a 1.5% gel and were
recovered by using a QIAEX II agarose gel
extraction kit (Qiagen, Germany). Aliquots of the
samples were prepared for sequencing on a Big-
Dye cycle sequencing kit Ver.3.1 (Applied Bio-
systems, Foster City, CA, USA), which was per-
formed using forward and reverse primers. The
primers that were used in the PCR amplification
were also used in the sequencing reaction.
Sequencing was performed in both directions to
enable identification of polymorphisms or
ambiguous bases by using a single primer. The
sequencing reactions were performed on a DNA
Sequencer (ABI model no., 3130) equipped with
SeqEd software.

Genotyping of Polymorphisms

Recently, a large number of complete
sequences of the human mitochondrial genome
have been reported and the haplogroup-defining
SNPs have been determined. (e.g., Kong et al.
2003, 2006). Moreover, a rapid, economical
method for analyzing the mtSNPs has been
developed, namely, the multiplex amplified prod-
uct-length polymorphism technique (Umetsu et
al. 2001).

In this study, 24-plex PCRs were performed
for amplifying mtDNA fragments that contain
mtDNA SNPs that define major haplogroups
found in Japanese and East Asian population. To
minimize the risk of contamination and to raise
the efficiency of PCR, the very short DNA frag-
ments (average 60-80bp) required by this
approach. The reaction mixture (25 ml) contained
S5ul of template DNA, 0.2 umol of each primer,
104l of 2.5 XPCR buffer, and 0.625U of DNA
polymerase. The amplification protocol consisted
of an initial denaturation at 95°C for 10 min; fol-
lowed by 30 cycles of denaturation at 94°C for
20sec, annealing at 55°C for 30sec, and exten-
sion at 72°C for 30sec; with a final extension at
72°C for 7min. SNPs that define major hap-
logroups were detected by use of suspension-
array technology (Luminex 100; Luminex) with
sequence specific oligonucleotide probes (G&G
Science, Fukushima). The methodology used for
genotyping has been described in detail else-
where (Itoh et al. 2005), and the primers used are
shown in Table 1. Probes used for haplotyping
are shown in Table 2.

Results

Due to the poor quality of the mtDNA
extracted from the ancient material, it was not
possible to amplify all samples. Among the 29
individuals considered in this study, ancient
DNA data was successfully extracted from 15
samples (9 for the Gushikawa Gusuku-Gakeshita
site and 6 for the Ufutobaru site, Table 3). The
remaining 14 samples either failed to yield a
product on amplification or contained several
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Table 2. Probe set for haplotyping.
Fragment Target mtSNP Haplogroup Plobe 5'-Seq-3'
1 856 A>G D4dlb Sense AAAGTTTAACTAGGCTATACTA
2 3010 G>A D4 Antisense GGCTGCACCATTGGGATGT
3 3644 T>C D4h Sense TAGCCTAGCCGCTTACTCAAT
4 4048 G>A M7b Sense CTAGGAACAACATATAACGCACT
5 4386 T>C MT7a Antisense GGTGTGGTAGGTGGCAC
6 4820 G>A B4b Sense TTCTGAGTCCCAGAAGTTACCC
7 5147 G>A N9b Sense CCAGCACCACAACCCT
Sense TCCAGCACCACAACCCTA
8 5178 C>A D Antisense GTGTTAGTCATGTTATCTTGTTT
9 5231 G>A NO9a Sense TCCCTAGGAGGCCTACCCCC
10 5964 T>C D4el Antisense CATGCGCCGAATAGTAGGTAT
11 6689 C>T D4blb Antisense TGGTTCTTTTTTTCCAGAGTAGT
12 8272 C>del.9bp B Sense TATAGCACCTCCTCTAGAGCCCA
Sense ATAGCACCTCCTCTAGAGCCCA
13 8701 A>G N,D4g Antisense TAGTGTTGTGTATGGCTATCATTTG
14 8793T>C M10 Antisense TGGTGTAAATGAGTGGGGCAG
8794 C>T A Antisense TGGTGTAAATGAGTAAGGCAGG
15 9296 C>T D4b2b Antisense AAATCACATGGCTAGACCGG
16 9950 T>C B5 Antisense CAGAAATAGTCAGACCACATCTA
17 10310 G>A F Antisense ACATAACTATTAGTGGTAGGTTA
Antisense ATTAGTGGTAGGTTAGTTGTT
18 10397 A>G D5 Antisense ACATAACTATTAGTGGTAGGTTA
Antisense ATTAGTGGTAGGTTAGTTGTT
10400 C>T M GGATTAGACTGAGCTGAATTGGTA
19 13563 A>G G2 Antisense GATGAGAGTAATAGACAGGGCT
20 14979 T>C D4a Antisense AGGTAGCGGATGGTTCAGC
21 15346 G>A B4c Sense CACCTCCTATTCTTACACGAAAC
22 15497 G>A Gl Antisense ATTGTCTGGGTCGCTTAGGAG
23 15524 A>C D4b2a Antisense GTGTTTAAGGGGTCGGCTAG
24 15874 A>G D4e2 Antisense AGGCCCATTTGAGCATTTTGTT
ambiguous nucleotide positions during the seen in Table 3, the base sequence was deter-

sequencing reaction, possibly due to misincorpo-
rations by the DNA polymerase during PCR.
Nine samples failed to amplify any portion of
mtDNA, and no DNA was recovered. Collec-
tively, the success rate was 51.7%. Past studies
have shown that the success rate of DNA analy-
sis of ancient human remains is 60%—80% at
best, even when well-preserved samples are used
(e.g., Shinoda, 2004); accordingly, our results
suggest that the preservation conditions of DNA
in these samples are poor.

We were able to successfully retrieve different
variants of the 280-bp HVRI (16121-16402)
sequence. Comparison of the mtDNA sequence
enabled the identification of 7 mitochondrial hap-
lotypes in the Gushikawa Gusuku-Gakeshita site
and 4haplotypes in the Ufutobaru site. Table 3
shows the positions at which the sequences of the
2 sites differed from the reference sequence. As

mined in 141 base pairs of HVR2 (128-267), in
which mutations were observed in 6 portions in
all. According to analysis of the D-loop
sequences, there was no shared haplotype among
these sites, which could be attributed to the
absence of closely matrilineal relationships.

Of the 29 specimens examined in the coding
region (10360—10485), we were unable to obtain
PCR products from 16 specimens. Consequently,
only 13 specimens were analyzed in this region
(Table 3). According to the defining sites for
macrohaplogroups M and N, 8 individuals
belong to the macrohaplogroup M and 5 individ-
uals belong to macrohaplogroup N.

Fifteen of the 29 samples were successfully
typed in each haplogroup by multiplex SNP typ-
ing assays to simultaneously analyze important
SNPs within the mtDNA coding region (Table 3).
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Table 3. Sample used for DNA exreaction and the result of the analysis.
HVI HVI f;’;‘éf -
No Code Sample (16121- (16209- HV2 (10360— PCR Hap-
" Name 16238) 16402) (128-267) 10485) Lumin-ex logroup
(16,000 +) (16,000 +) (10,000 +)
Gusuku-Gakeshita site
1 85  Maxilla, Right, M3 N.D. 223,362 152 398, 400 D4 D4
2 121  Maxilla, Right, M3 N.D. 223,362 152 398, 400 D4 D4
3 237  Mandible, Left, M2 ~ N.D. N.D. N.D. N.D. M N.D.
4 270  Mandible, Left, M2~ N.D. 217,311 152,207  CRS B4c B4c
5 273 Maxilla, Right, M3 209, 223 209, 223 152 N.D. M7a M7a
6 275 Mandible, Right, M2 N.D. N.D. 152 N.D. M7a M7a
7 329  Maxilla, Left, M3 N.D. N.D. N.D. N.D. N.D. N.D
8 344  Maxilla, Right, M3 N.D. 290,319, 150 CRS N A4
362
9 409  Maxilla, Left, M3 N.D. 217,311 152 N.D. * B4c
10 422 Mandible, Left, M2  N.D. N.D. N.D. N.D. * N.D.
11 423 Mandible, Left, M2 N.D. N.D. N.D. 398, 400 M N.D.
12 467  Maxilla, Right, M3 N.D. N.D. N.D. N.D. * N.D.
13 622  Maxilla, Right, M3 N.D. N.D. N.D. (398) * N.D.
14 671  Mandible, Left, M2 209, 223 209,223, 185 N.D. * M7a
324,325
15 699  Mandible, Right, M2 209, 223 209,223, 150,152 398,400 * M7a
270, 324
Ufudobaru shell mound site
1 93 Mandible, Left, M2 223 223,298, 249d 398, 400 M C
325,327
2 96  Mandible, Left, M2 183,189 N.D. 152 N.D. Bdc Bdc
3 97  Maxilla, Right, PM2  N.D. N.D. N.D N.D. N.D N.D
4 98  Maxilla, Left, M2 223 N.D. N.D. 398, 400 D4 D4
5 99  Maxilla, Left, M2 182, 183, 217,261 146 CRS N.D B4a
189, 217
6 100 Mandible, Right, M2 N.D. N.D N.D. N.D. * N.D.
7 109  Mandible, Right, M2 223 N.D N.D N.D D4 D4
8 114  Maxilla, Right, PM2 223 N.D N.D. N.D. N.D N.D
9 116  Maxilla, Right, M3 N.D. N.D N.D. N.D. N.D N.D
10 118  Maxilla, Right, M3 N.D. N.D N.D. 398, 400 M N.D
11 119  Maxilla, Right, M3 N.D. N.D N.D. N.D. N.D N.D
12 122 Mandible, Left, M2  N.D. N.D. N.D. 398, 400 M N.D
13 124 Mandible, Left, M1 ~ N.D. N.D. N.D. N.D. N.D N.D
14 125  Maxilla, Left, PM2 (184),223 223,290, 152 CRS N A4
319,362

A serious

All polymorphic sites are numbered according to the revised Cambridge reference sequence (Andrews et al., 1999).

CRS indicates that the sequence of the segment is identical to the revised

Cambridge reference sequence.

N.D. denotes “not determined”.

“d” indicates deletion.

The asterisk means no experiment has done because of the lack of the sampled DNA.

Discussion

problem when working with
degraded templates typical of ancient DNA, is
contamination of the samples, even when all rea-
sonable safeguards are taken. Multiplexed PCR

reactions provide a potential solution to the prob-

lem of contamination, because multiple primer
pairs amplify different parts of the genome
together in a single reaction tube, thereby reduc-
ing the chances of contamination dramatically
(Endicott et al., 2006). In this study, all of the
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mtDNA SNP typing results were concordant with
the haplogroup assignments, according to the
HVS-I and HVS-II sequence information. Our
results therefore also confirmed that multiplex
assays are a powerful tool for analyzing highly
degraded ancient DNA.

MtDNA haplogroups show geographic speci-
ficity within Asia (Kivisild et al., 2002; Li et al.,
2007; Soares et al., 2008). Firstly, in order to
clarify the genetic characteristics of the modern
Ryukyu population, their mtDNA haplogroup
frequency data obtained from the published data
were compared with those of neighboring mod-
ern Japanese and aboriginal Taiwanese popula-
tions (Figure 2). As shown in the figure, regard-
less of their geographical position, the modern
Ryukyu and Taiwanese aboriginal populations
were not similar when compared according to
their share of haplogroups. It may be safely
assumed, therefore, that both populations had
different origins and population histories as a
whole.

The most distinct feature of the modern
Ryukyu population is the higher frequencies of
the D4 and M7a haplogroups compared with
other populations. The Mainland Japanese popu-
lation shares the same haplogroups with the
Ryukyu population: haplogroup D4 is dominant
in both groups, although the frequencies of hap-
logroup M7a is quite different, with a higher fre-
quency in the Ryukyu population (23%) than in

M7c M8 M0 .,

the modern Japanese population (7%). Moreover,
this haplogroup is absent or scarce in other East
and Southeast Asian populations outside Japan.

The M7a haplogroup has been previously sug-
gested to be the “Jomon genotype” (Kivisild et
al., 2002; Tanaka et al., 2004), and the clinal pat-
tern from the south to the north in the Japanese
archipelago has been interpreted as reflecting a
population movement in ancient Japan. It is
highly possible that this haplogroup was intro-
duced by a Paleolithic ancestor from Southeast
Asia or the southern region of the Asian conti-
nent. Considering the biased distribution pattern
of the haplogroup M7a in Japan, it may have
diversified from the ancestral M7haplogroup,
which was introduced into Japan around the Last
Glacial Maxim within the Japanese archipelago
(Adachi ef al. 2011), and the Ryukyu Islands is
one of the candidates for the origin of this hap-
logroup.

The most comprehensive autosomal study of
the Japanese population shows a relatively clear
difference between the Ryukyu population and
Mainland Japanese population (Yamaguchi-
Kabata et al. 2009). This evidence also suggests
a different population history of the Ryukyu
Islands compared to Mainland Japan.

The haplogroup composition of the samples of
this analysis is M7a (26.7%); D4 (26.7%); B4
(26.7%); A4 (13.3%); and C (6.7%). Owing to
the small sample size, it is difficult to verify the

B5 N9a N9b
M7b O / Ly \" |
Mainland D4 D5 M7a|r A|B4| |F other

Japan | | [

Ryukyu D4 ps M7a M7b A B4 |[efr|ne
Aboriginal . o
Taiwanese | O+ |°® IVll7b " BI4 B5 | F H R |

A
0 25 50 75 100

Fig. 2. Estimated frequencies of mtDNA haplogroups in regional populations. Population references are as fol-
lows: Mainland Japan; Tanaka et al. (2004). Ryukyu; Umetsu et al. (2005). Taiwan aborigines; Trejaut et al.

(2005)
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genetic characteristics by statistical methods,
although it is noteworthy that M7a and D4 hap-
logroups were in high proportion. Although the
sample size is recognized to be small, all of the
dominant haplogroups in the modern Ryukyu
population existed in the late Shell midden
period. The haplogroup composition of the
ancient population is similar to that found in
modern populations from the Ryukyu Islands,
suggesting a genetic continuity, at least since the
late Shell midden period.

The distribution of mtDNA haplogroups in this
period will afford some insights into the popula-
tion history. The M7a haplogroup is dominant
only in contemporary Ryukyu populations; in
contrast, the frequency of the D4 haplogroup is
relatively high in East Asian populations, includ-
ing in Mainland Japan. We speculate that popula-
tion expansion southward from Mainland Japan
during the ancient period resulted in the admix-
ture of these people with the indigenous Ryukyu
population and led to the formation of the basic
pattern observed in the modern Ryukyu popula-
tion.

It is highly possible that the haplogroup
D4-dominated profile of the Mainland Japanese
mtDNAs was established after the Yayoi period.
In fact, immigration of the Yayoi people to north-
ern Kyushu might reflect an increase in the num-
ber of people with a haplogroup D4-dominated
mtDNA profile in Mainland Japan (Shinoda,
2007). The most plausible explanation for this
observation may be that the diffusion of the hap-
logroup D4 in the island of Okinawa might have
occurred after the Yayoi Period. D4-dominated
pioneer farming groups carried farming into the
island of Okinawa, and therefore the dispersal of
agricultural techniques during the late Shell mid-
den (Kaizuka) period took place through a demic
diffusion model. To test this hypothesis, we
should analyze additional specimens prior to the
late Shell midden period from the island of
Okinawa.

It seems reasonable to suppose from this anal-
ysis that the Ryukyu population shares its mater-
nal ancestry with aboriginal Taiwanese through

haplogroup B4. This haplogroup is the most
prevalent in the aboriginal Taiwanese of the east
coast region (Trejaut ef al., 2005), indicating that
this haplogroup may have been introduced by the
ancient aboriginal Taiwanese. It seems that the
ancestral population of coastal East Asia and
Island Southeast Asia was enriched by the
founder lineages of haplogroup B4, and its north-
ernmost arrival area might be the Ryukyu
Islands. This finding indicates that the Southeast
input on the ancient Okinawa population affected
their genetic structure and that the ancestors of
the aboriginal Taiwanese might be the main
source of South East Asian mtDNA in the Oki-
nawa.

The number of samples for which DNA
sequences could be determined was small in the
present analysis; therefore, unfortunately, we
could not make major conclusions on the basis of
these results. However, if it were possible to col-
lect DNA data of the people inhabiting Ryukyu
Islands over a prolonged period, it may be possi-
ble to deduce the movement of groups and the
population dynamics in the region with greater
accuracy. Since hot and humid conditions are
unfavorable to the preservation of DNA, the pos-
sibilities are low for finding well-preserved DNA
in a region like the Ryukyu Islands, which is
located in a tropical environment. However, the
present experiment showed the possibility that
sufficient amounts of DNA are retained in human
skeleton samples. We believe, therefore, that it is
important to continue the experiments to obtain
more detailed data on the human skeletal remains
excavated in this region.
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