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Abstract Control region polymorphisms in the mitochon-
drial DNA of 124 unrelated individuals from the Malay
population living in or around Kuala Lumpur in Malaysia
were investigated and phylogenetic haplogroup lineages
were determined. The intergenic COII/tRNALys 9-bp
deletion, 3010 and 5178 mutations, and several coding
region polymorphisms were examined to discriminate some
phylogenetic haplogroups. Sequence comparison of the
control regions led to the identification of 117 mitochon-
drial haplotypes, in which 103 types were observed in only
one individual and the other nine types were shared by
more than two individuals. Gene diversity was estimated to
be 0.997. Phylogenetic haplogroup determination revealed
that the gene pool of the modern Malay population in
Malaysia consisted mainly of southeast Asian, east Asian,
unidentified and unique, and aboriginal southeast-specific
haplogroups. These results suggest a multi-original nature
for the modern Malay population. The present database
may help not only in personal identification but also in
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Introduction

Knowledge of the frequencies with which certain mito-
chondrial DNA sequences occur in a given population is of
crucial importance for the application of mitochondrial
markers to forensic studies because mitochondrial DNA
(mtDNA) sequence types are strongly correlated with
geographic origin [1]. Recent research on mtDNA sequence
data in the forensic field has begun to encompass the
complete control region sequence, with the aim of obtain-
ing more information on polymorphisms and more reliable
indicators of phylogenetic haplogroup than those based on
the HV1 and HV2 regions alone. Although knowledge of
mtDNA polymorphisms of the control region in the East
Asian population is increasing, only two reports have
investigated large numbers of the modern Malay population
[2, 3]. One of these reports did not present a database on
control region polymorphisms [2] and the other reported
only HV1 (16024-16364) and HV2 (73-340) region
information and did not show haplogroups [3]. Therefore,
the details of the phylogenetic characteristics and control
region variations of the modern Malay population remain to
be clarified. In this study, we investigated the complete
control region and some specific coding region poly-
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morphisms to obtain more reliable indicators of mtDNA
haplogroups and compared them with other datasets on the
Southeast Asian, East Asian, and neighboring populations.

Materials and methods
Samples

Genomic DNA was extracted from tooth samples from 124
healthy, unrelated, Malay individuals. Informed consent was
obtained from the donors. This study was approved by the
ethics committee of the Tokyo Dental College and met with
the conditions for cooperative study at the University of
Malaya. All samples were from Malay individuals living in
or around Kuala Lumpur. A family history was also taken to
ensure that their parents were of Malay origin. Tribal
population samples were not included in the study. Isolation
of genomic DNA from tooth samples was performed as
described previously [4], except that tooth samples were
decalcified with ethylenediaminetetraacetic acid for 2 days.

Polymerase chain reaction amplification and sequencing
of control region

We determined the nucleotide sequences of the 1.15-kb
control region from 16024 to 576. The PCR primer
sequences used in this study were the same as those used
previously [5]. The complete control region was amplified
using the primer pair L15978 and H601. When amplification
efficiency was low, two overlapping fragments (L15978-
H67 and L8-H601) were amplified.

PCR amplification, purification of amplicons, sequencing
PCR, and removal of excessive dye were performed as
described previously [5]. Sequence analysis was performed
with the ABI 3130 DNA Sequencer (Applied Biosystems,
Tokyo, Japan). Primers used for DNA sequencing were
essentially the original PCR primer pairs, H68 and LS.

Typing of other polymorphisms

The intergenic COII/tRNALys 9-bp deletion and the 3010 and
5178 mutations were determined as described elsewhere [6, 7].
Mutations of 1189, 5186, 6620, 7598, 7759, 8270, 8584, and
10834 were determined by sequencing. To sequence the
corresponding region, we selected primers from our primer
sets depending on the region targeted for analyzing each
haplogroup. Information on primers is available upon request.

Data analysis

Gene diversity was calculated as follows: 2 = n(1 — Xx7)/
(n — 1) (where n is sample size and x; is the frequency of
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the i-th mtDNA type) [8]. The probability of two randomly
selected individuals from a population having identical
mtDNA types was calculated as P = Xx?.

Results and discussion
Population data

We determined the nucleotide sequences of the control
region in 124 matrilineal unrelated individuals (Table S1).
Among 1,122 nucleotides in the control region (16024—
576), 159 (14.1%) sites were variable, excluding the
number of C-stretches in HV1 and HV2. A total of 111
different haplotypes were observed, among which two
types were shared by three individuals, nine types were
observed in two individuals, and 100 types were unique.
We did not include variation in the C-stretch in calculating
number of haplotypes because this variation frequently
shows length heteroplasmy in most haplogroups [9] and
haplotypes with a different length of C-stretch are some-
times obtained from biological materials from the same
individuals. However, we did include differences in the
number of CA repeats from nt 514-523, as this is
comparatively restricted to certain haplogroups. Gene
diversity was calculated as 0.9900. The probability of two
randomly selected individuals from a population having
identical mtDNA types was 1.01%.

Phylogenetic studies

Phylogenetic haplogroup lineages were estimated using
control region sequence variation together with polymor-
phisms of the intergenic COII/tRNALys 9-bp deletion,
3010 and 5178 mutations to discriminate D and D4
lineages, and several other haplogroup-specific mutations
in the coding region (Table S1). We referred to the
classification trees proposed by Palanichamy et al. [10],
Howell et al. [11], Sun et al. [12], Kong et al. [13], Hill
et al. [14, 15], Friedlaender et al. [16], and Soares et al.
[17]. Mutation 489 is informative for defining macro-
haplogroups M and N. The present Malay population
showed 52% for the M macrohaplogroup and 48% for the
N macrohaplogroup. We distinguished 42 haplogroups,
among which 20 samples in the M* haplogroup and two
samples in the D* haplogroup could not be specified
further. Characteristic sites defining haplogroup lineage and
diagnostic mutations defining final haplogroup lineage are
shown in Table S1.

The M7b1 haplotype has been found throughout East
and Southeast Asia in the Korean (0.3%) [18-21], Chinese
(1.8%) [22-29], Japanese (0.15%) [5, 9, 30-35], Thai
(1.9%) [36], Singapore Malay (2.4%) [3], Southern Chinese
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Daic and Austro-Asiatic (7.7%) [37], Vietnamese (6.95%)
[38], Aboriginal Taiwanese (3.3% and 0.74%) [39, 40], and
Island Southeast Asian populations (1.4%) [14, 15, 41], but
not in the Aboriginal Malay population [14, 41]. Of the
present M7bl individuals, two had the intergenic COIl/
tRNALys 9-bp deletion. When PCR products of these
samples were sequenced, both samples had an 8270 mutation
adjacent to the 8271-8279 deletion. This pattern is not
identical to the ordinary 9-bp deletion found in haplogroup
B, but is found in the 9-bp deletion type in other haplogroups
[32, 42]. The present M7bl possessing this 9-bp deletion
may constitute a different lineage in this haplogroup.

Of the nine individuals in haplogroup M7c, eight shared
the 16223-16295-16362 HV1 motif designated as M7clc
by Kivisild et al. [23]. This motif is frequent in the Island
Southeast Asian (8.3%) [15], Aboriginal Taiwanese (4.4%
and 7.87%) [39, 40], Aboriginal Malay (5.8%) [14, 41],
Singapore Malay (10%) [3], and Vietnamese (2.7%) [38]
populations; is rare in the Chinese (0.5%) [22-29], Thai
(0.5%) [36], and Southern Chinese Austro-Asiatic and Daic
(0.1%) [37] populations; and has never been found in the
Japanese [5, 9, 30-35] or Korean [18-21] populations.

The branches of haplogroup E were determined using
control and coding region mutations. Estimation of Ela,
Elb, and E2 lineages is possible from information on HV1
and HV2. However, discrimination between Ela and E2 is
not possible from HV1 alone in some cases [17]. Ela, Elb,
and E2 haplogroups have not been found in the Japanese
[5, 9, 31-35], Korean [18-21], Chinese [22-29], Thai [36],
Southern Chinese Daic and Austro-Asiatic [37], Vietnamese
[38], or Aboriginal Malay populations [14, 41]. The E
lineage is mainly found in the Aboriginal Taiwanese (11.1%
and 11.38%) [40, 41], Island Southeast Asian (11%) [15],
and Melanesian populations (4.9%), in which the Ela and
Elb lineages showed different distributions [16, 17]. The
Ela and E1b lineages were also found in Singapore Malays
(2.0% and 3.5%, respectively) [3]. One individual (Mal-70)
had a COII/tRNALys 9bp deletion at the same location
(8271-8279) as that of haplogroup B.

The haplogroup QI is a major haplogroup in Melanesia
(13.9%) [16] and Polynesia (7.9%) [43], is found at a low
frequency in Island Southeast Asia (2.9%) [15], but is
rarely found in modern or Aboriginal Malay populations [3,
15]; neither has it been observed in East Asian populations
such as the Chinese [22-29], Korean [18-21], Japanese [5,
9, 30-35], Thai [36], Vietnamese [38], Southern Chinese
Daic and Austro-Asiatic [37], or Aboriginal Taiwanese
populations [39, 40].

The M12 lineage has been found in the Thai (3%) [37],
Southern Chinese Daic (1.55%) [38], Singapore Malay
(1.5%) [3], Vietnamese (0.53%) [39], Chinese (0.36%) [23-
30], and Island Southeast Asian populations (0.2%) [14],
but has never been found in the Aboriginal Malay [14, 15],

Southern Chinese Austro-Asiatic [38], Korean, or Japanese
populations [5, 9, 19-22, 31-36].

M21la has been found only in the Aboriginal Malay
(21.5%) [14, 41], Thai (7.73%) [36], and Singapore Malay
populations (1.49%) [3]. M21b has been found in Aboriginal
Malay (3.97%) [14, 41] and in Southeast Asian populations
on rare occasions [15]. M22 has been found mainly in
Aboriginal Malay (2.3%) [14, 41], and rarely in Singapore
Malay (0.5%) [3] and Thai (0.5%) populations [36]. These
haplogroups may essentially be Malay markers.

Several kinds of Indian haplogroup, M3 [12], K1, U2b,
R30, and R8 [10], were found. It was possible to determine
the M3 lineage by control region mutations only. The K and
U2 haplogroups could be estimated by control region
mutations. However, to determine their sub-branches, coding
region mutations were examined. The R30 linecage was
determined by coding region mutations. Because the control
region sequence of this sample was almost completely
different from that of the reported Indian haplotype, except
mutation 373 [10], this Malay lineage may constitute a new
branch in the R30 haplogroup. No specific mutation motif in
the control region has been proposed for the R8 lineage [10].
Therefore, it is necessary to examine coding region
mutations to determine this haplogroup. These five lineages
are not usually found in East Asian populations. Although
the available databases including HV1 and HV2 poly-
morphisms are not ideal to estimate these lineages, the K
and U2 haplogroups have been found in the Silk Road
region in north China [29], and the U2b haplotype has been
found in the Singapore Malay population [3].

The G2al lineage is found widely in East Asia, including
in Chinese [23-30], Korean [18-21], Japanese [5, 9, 30-35],
Central Asian [44], and Southern Chinese Daic populations
[37], but not in Southeast Asian populations, such as the
Thai [36], Vietnamese [38], Southern Chinese Austro-Asiatic
[37], Island Southeast Asian [15], Aboriginal Malay [14,
41], or Singapore Malay populations [3].

Regarding the D haplogroup, the same haplotype as that
of the D4a3 lineage has been found in East Asia, including
in the Korean (0.9%) [18-21], Thai (0.5%) [36], Southern
Chinese Daic (0.4%) and Austro-Asiantic (0.8%) [37],
Japanese (0.3%) [5, 9, 30-35], and Chinese populations
(0.2%) [22-29], but not in the Vietnamese [38], Island
Southeast Asian [15], Aboriginal Malay [14, 41], or
Singapore Malay populations [3]. The same haplotype as
that of the D4* lineage (Mal-40) has not been found in East
[5, 9, 18-35] or Southeast Asia [16, 36-40], including in the
Aboriginal Malay [14, 41] or Singapore Malay populations
[3]. A similar haplotype to that of the D5°6 lineage (Mal-65) has
been found in a Chinese individual of the D6 haplogroup [45].

The 20 samples of macrohaplogroup M type appear
unrelated to any established lineage in East Asia [5, 13, 45],
Southeast Asia [14, 15, 17, 41], Melanesia [16, 46], or
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India [12]. These samples could be classified into at least
17 different haplogroups, of which three kinds of haplotype
(Mal-13 and 75, Mal-41 and 110, and Mal-16 and 53) were
shared by two individuals each out of the 20 samples.
These unclassified M* types suggest the presence of
various very old lineages in the modern Malay population.

N9al is sporadically found in East Asia [5, 9, 18-35, 37],
but has almost never been found in the Thai [36],
Vietnamese [38], Island Southeast Asian [15], Aboriginal
Taiwanese [39], Singapore Malay [3], or Aboriginal Malay
[14, 41] populations. In contrast, the N9a6 designated by
Hill et al. [14] has been found only in the Vietnamese
(2.7%) [38], Island Southeast Asian (1.1%) [15], Thai
(0.5%) [36], and Malay populations [3, 14, 41]. In the
Malay population, N9a6a, which further shares the 16294
mutation, is commonly observed and found in 6.5% of the
Aboriginal Malay and 3.5% of the Singapore Malay
populations [3, 14]. The Y2 haplogroup is also observed
in the Island Southeast Asian (2.9%) [15], Singapore Malay
(1%) [3], and Aboriginal Taiwanese populations (1.1%)
[39, 40]. The Y2 lineage is proposed to come from some
Neolithic movement from the Philippines [15].

The present N21 haplotype is rare and has been found in
only one sample of Sumatrans [15]. The N22 haplogroup is
also very rare and has been found only in Sumba island
Indonesian (8.0%) [15], Aboriginal Malay (1.5%) [14, 41],
and Vietnamese populations (0.5%) [38].

B and F are major haplogroups in the present population.
Haplogroup B is widely distributed throughout Continental
East Asia, Island Southeast Asia, Melanesia, Micronesia,
and Polynesia. Among six kinds of B haplogroups, B4c1b3
was the most common. Although this lineage is widely
distributed but not frequent throughout East Asia, including
in the Japanese [5, 9, 30-35], Korean (0.1%) [18-21],
Taiwanese Han (0.7%) [22], Daic (1.0%) and Southern
Chinese Austro-Asiatic (0.8%) [37], Continental Southern
Chinese (1.7%) [23, 27], Vietnamese (1.6%) [38], and
Singapore Malay populations (0.5%) [3], it is comparatively
frequent in the Aboriginal Taiwanese (5.5%) [39] and Island
Southeast Asian populations (2.8%) [15]. The B4c2 lineage
was also comparatively restricted to the Island Southeast
Asian (2.2%) [15], Singapore Malay (2.5%) [3], Thai (2.4%)
[36], and Southern Chinese Daic (0.8%) and Austro-Asiatic
(2.4%) populations [37], but was rare or not found at all in
the East Asian [5, 9, 18-35], Vietnamese [38], Aboriginal
Taiwanese [39], and Aboriginal Malay populations [14, 41].
The other B linecages are common haplogroups and are
distributed widely in East and Southeast Asian populations
[3, 5,9, 15, 18-39], and some of them (B4a) even further
into Oceanian populations [16, 40].

Among the four kinds of the present F haplogroup, Fla
was very frequent in all East, Continental Southeast, and
Island Southeast Asian populations [3, 5, 9, 15, 18-40], but
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Flala was relatively restricted to Continental Southeast and
Island Southeast Asia populations [3, 22, 23, 26, 27, 36-
38], including Aboriginal Malays [14, 41]. Fla2 seems to
be a rare lineage in East and Southeast Asian populations
[3, 5, 21, 24, 27, 29, 32, 34, 36-39], and F1a3 is also not
frequent in East and Southeast Asian populations [5, 9, 18-
39], but is more frequent in Island Southeast Asian (2.3%)
and Singapore Malay populations (2.0%) [3, 15].

In the two types of the Southeast Asian R haplogroup,
the R22 lineage was mainly found in the Island Southeast
Asian population (2.3%) [15], but has rarely been found in
other Southeast and East Asian populations [3, 5, 9, 18-35,
37, 39, 40]. It is reported that R9b diversified in Indochina
and then spread southward into the Malay Peninsula [14].
R9Db is most frequent in the Aboriginal Malay population
(9.6%) [14, 41], and is distributed mainly among continental
Southeast Asian populations, such as the Southern Chinese
Daic (4.4%) and Austro-Asiatic (3.2%) [37], Vietnamese
(2.1%) [38], and Thai populations (1.4%) [36]. It is further
found in some parts of Island Southeast Asia (0.9%) [15]
and in Singapore Malays (1.0%) [3], but it is almost never
found in East Asia [5, 9, 18-27, 29-35, 39].

Finally, the African haplogroup L2a was found. Because
a very similar control region haplotype is found in African
American individuals [47], it is not clear whether this
haplotype represents an early expansion from Africa.

In the present study, we analyzed control region poly-
morphisms and haplogroup lineages in modern Malay
individuals living in or around Kuala Lumpur, Malaysia.
The results demonstrated that modern Malay individuals of
this population consisted of characteristic Aboriginal Malay
haplogroups (M21a, M21b, M22, and N21), Southeast Asian
haplogroups (M7c with 16295, Ela, Elb, E2, M12, N9a6a,
Y2, N22, B4c1b3, B4c2, Flala, R22, and R9b), East Asian
haplogroups (M7b, M7bl, C, G2al, D4a3, N9al, B4a,
B4bla, B4bl, B5a, B5b, Fla, and F1a3), Indian haplogroups
(M3, K, U2b, R30, and R8), a Melanesian haplogroup (Q1),
an African haplogroup (L2a), and unclassified haplogroups
(M*, D* and D5’6). The high frequency of the M*
haplogroup lineages, which probably diverged in a deep
node of the M* lineage, in particular, suggests a highly
diverse and unique nature for the modern Malay population.
The results demonstrate the complexity of the modern Malay
population, and the present database will be useful not only
for personal identification in forensic casework in Malaysia,
but also as an aid for estimation of geographic origin in
forensic casework in East and Southeast Asian populations.

Acknowledgements We would like to thank Associate Professor
Jeremy Williams, Laboratory of International Dental Information,
Tokyo Dental College, for editing this manuscript. This research was
partially supported by the Ministry of Education, Science, Sports and
Culture; Grant-in-Aid for Scientific Research (B) (14370701); and
Grant-in-Aid for Young Scientists Research (B) (29791646).



Int J Legal Med (2010) 124:165-170

169

References

1.

11.

12.

13.

15.

16.

17.

18.

20.

21.

Forster P, Cali F, Rohl A et al (2002) Continental and
subcontinental distributions of mtDNA control region types. Int
J Legal Med 116:99-108

. Zainuddin Z, Goodwin W (2004) Mitochondrial DNA profiling of

modern Malay and Orang Asli populations in peninsular Malasia.
In: Doutremepuich C, Morling N (eds) Progress in forensic
genetics. Elsevier Science, Amsterdam, pp 428430

. Wong HY, Tang JS, Budowle B et al (2007) Sequence

polymorphism of the mitochondrial DNA hypervariable regions
I and II in 205 Singapore Malays. Legal Med 9:33-37

. Utsuno H, Minaguchi K (2004) Influence of template DNA

degradation on the genotyping of SNP and STR polymorphisms
from forensic materials by PCR. Bull Tokyo Dent Coll 45:33-46

. Nohira C, Maruyama S, Minaguchi K (2008) Phylogenetic classifi-

cation of Japanese mtDNA assisted by complete mitochondrial DNA
sequences. Int J Legal Med. doi:10.1007/s00414-008-0308-5

. Horai S, Murayama K, Hayasaka K et al (1996) mtDNA

polymorphism in East Asian populations, with special reference
to the peopling of Japan. Am J Hum Genet 59:579-590

. Umetsu K, Tanaka M, Yuasa I et al (2001) Multiplex amplified

product-length polymorphism analysis for rapid detection of human
mitochondrial DNA variations. Electrophoresis 22:3533-3538

. Tajima F (1989) Statistical method for testing the neutral mutation

hypothesis by DNA polymorphism. Genetics 123:585-595

. Maruyama S, Minaguchi K, Saitou N (2003) Sequence poly-

morphisms of the mitochondrial DNA control region and
phylogenetic analysis of mtDNA lineages in the Japanese
population. Int J Legal Med 117:218-225

. Palanichamy MG, Sun C, Agrawal S et al (2004) Phylogeny of

mitochondrial DNA macrohaplogroup N in India, based on
complete sequencing: implications for the peopling of South
Asia. Am J Hum Genet 75:966-978

Howell N, Elson JL, Turnbull DM, Herrnstadt C (2004) African
Haplogroup L mtDNA sequences show violations of clock-like
evolution. Mol Biol Evol 21:1843-1854

Sun C, Kong QP, Palanichamy MG et al (2006) The dazzling array
of basal branches in the mtDNA macrohaplogroup M from India as
inferred from complete genomes. Mol Biol Evol 23:683-690
Kong QP, Bandelt HJ, Sun C et al (2006) Updating the East Asian
mtDNA phylogeny: a prerequisite for the identification of
pathogenic mutations. Hum Mol Genet 15:2076-2786

. Hill C, Soares P, Mormina M et al (2006) Phylogeography and

ethnogenesis of aboriginal Southeast Asians. Mol Biol Evol
23:2480-2491

Hill C, Soares P, Mormina M et al (2007) A mitochondrial
stratigraphy for island southeast Asia. Am J Hum Genet 80:29-43
Friedlaender JS, Friedlaender FR, Hodgson JA et al (2007)
Melanesian mtDNA complexity. PLoS ONE 2:e248

Soares P, Trejaut JA, Loo JH et al (2008) Climate change and
postglacial human dispersals in southeast Asia. Mol Biol Evol
25:1209-1218

Lee SD, Shin CH, Kim KB, Lee YS, Lee JB (1997) Sequence
variation of mitochondrial DNA control region in Koreans.
Forensic Sci Int 87:99-116

. Pfeiffer H, Steighner R, Fisher R, Mornstad H, Yoon CL, Holland

MM (1998) Mitochondrial DNA extraction and typing from
isolated dentin—experimental evaluation in a Korean population.
Int J Legal Med 111:309-313

Jin HJ, Kwak KD, Hong SB et al (2006) Forensic genetic analysis of
mitochondrial DNA hypervariable region I/II sequences: an expanded
Korean population database. Forensic Sci Int 158(2-3):125-30

Lee HY, Yoo JE, Park MJ, Chung U, Shin KJ (2006)
Mitochondrial DNA control region sequences in Koreans:

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

identification of useful variable sites and phylogenetic analysis
for mtDNA data quality control. Int J Legal Med 120:5-14

Tsai LC, Lin CY, Lee JCI, Chang JG, Linacre A, Goodwin W
(2001) Sequence polymorphism of mitochondrial D-loop DNA in
the Taiwanese Han population. Forensic Sci Int 119:239-247
Kivisild T, Tolk HV, Parik J et al (2002) The emerging limbs and
twigs of the East Asian mtDNA tree. Mol Biol Evol 19:1737-1751
Yao YG, Kong QP, Bandelt HJ, Kivisild T, Zhang YP (2002)
Phylogeographic differentiation of mitochondrial DNA in Han
Chinese. Am J Hum Genet 70:635-651

Yao YG, Zhang YP (2002) Phylogeographic analysis of mtDNA
variation in four ethnic populations from Yunnan Province: new
data and a reappraisal. ] Hum Genet 47:311-318

Rao L, Wu MY, Liang WB, Zhang L (2003) Sequence poly-
morphisms of the mitochondrial DNA control region in 105
Chinese Han population. J Forensic Sci 48:891-895

Yao YG, Kong QP, Man XY, Bandelt HJ, Zhang YP (2003)
Reconstructing the evolutionary history of China: a caveat about
inferences drawn from ancient DNA. Mol Biol Evol 20:214-219
Kong QP, Yao YG, Liu M et al (2003) Mitochondrial DNA
sequence polymorphisms of five ethnic populations from northern
China. Hum Genet 113:391-405

Yao YG, QP WCY, Zhu CL, Zhang YP (2004) Different
matrilineal contributions to genetic structure of ethnic groups in
the silk road region in china. Mol Biol Evol 21:2265-2280
Imaizumi K, Parsons TJ, Yoshino M, Holland MM (2002) A new
database of mitochondrial DNA hypervariable regions I and II
sequences from 162 Japanese individuals. Int J Legal Med
116:68-73

Koyama H, Iwasa M, Maeno Y et al (2002) Mitochondrial
sequence haplotype in the Japanese population. Forensic Sci Int
125:93-96

Tanaka M, Cabrera VM, Gonzalez AM et al (2004) Mitochondrial
genome variation in eastern Asia and the peopling of Japan.
Genome Res 14:1832—1850

Asari M, Umetsu K, Adachi N, Azumi J, Shimizu K, Shiono H
(2007) Utility of haplogroup determination for forensic mtDNA
analysis in the Japanese population. Leg Med 9:237-240
Mabuchi T, Susukida R, Kido A, Oya M (2007) Typing the 1.1 kb
control region of human mitochondrial DNA in Japanese
individuals. J Forensic Sci 52:355-363

Sekiguchi K, Imaizumi K, Fujii K et al (2008) Mitochondrial
DNA population data of HV1 and HV2 sequences from Japanese
individuals. Leg Med 10:284-286

Fucharoen G, Fucharoen S, Horai S (2001) Mitochondrial DNA
polymorphisms in Thailand. J Hum Genet 46:115-125

Li H, Cai X, Winograd-Cort ER et al (2007) Mitochondrial DNA
diversity and population differentiation in southern East Asia. Am
J Phys Anthropol 134:481-488

Irwin JA, Saunier JL, Strouss KM et al (2008) Mitochondrial
control region sequences from a Vietnamese population sample.
Int J Legal Med 122:257-259

Tajima A, Sun CS, Pan IH, Ishida T, Saitou N, Horai S (2003)
Mitochondrial DNA polymorphisms in nine aboriginal groups of
Taiwan: implications for the population history of aboriginal
Taiwanese. Hum Genet 113:24-33

Trejaut JA, Kivisild T, Loo JH et al (2005) Traces of archaic
mitochondrial lineages persist in Austronesian-speaking Formosan
populations. PLoS Biol 3:e247

Macaulay V, Hill C, Achilli A et al (2005) Single, rapid coastal
settlement of Asia revealed by analysis of complete mitochondrial
genomes. Science 308:1034-1036

Thangaraj K, Chaubey G, Kivisild T et al (2008) Maternal
footprints of Southeast Asians in North India. Hum Hered 66:1-9
Ricaut FX, Thomas T, Arganini C et al (2008) Mitochondrial
DNA variation in Karkar Islanders. Ann Hum Genet 72:349-367

@ Springer


http://dx.doi.org/10.1007/s00414-008-0308-5

170 Int J Legal Med (2010) 124:165-170

44. Comas D, Calafell F, Mateu E et al (1998) Trading genes along 46. Ingman M, Gyllensten U (2003) Mitochondrial genome variation

the silk road: mtDNA sequences and the origin of central Asian and evolutionary history of Australian and New Guinean
populations. Am J Hum Genet 63:1824—1838 aborigines. Genome Res 13:1600-1606

45. Kong QP, Yao YG, Sun C, Bandelt HJ, Zhu CL, Zhang YP (2003) 47. Just RS, Diegoli TM, Saunier JL, Irwin JA, Parsons TJ (2008)
Phylogeny of east Asian mitochondrial DNA lineages inferred Complete mitochondrial genome sequences for 265 African American
from complete sequences. Am J] Hum Genet 73:671-676 and U.S. “Hispanic” individuals. Forensic Sci Int Genet 2:45-48

@ Springer



	MtDNA...
	Abstract
	Introduction
	Materials and methods
	Samples
	Polymerase chain reaction amplification and sequencing of control region
	Typing of other polymorphisms
	Data analysis

	Results and discussion
	Population data
	Phylogenetic studies

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


