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Abstract: This study focus on the phylogenetic relationships among six Proto-Malay tribes (Jakun, Temuan,
Semelal, Kuala, Seletar and Kanaq) and the effectiveness of using HVSI D-loop region segment and a 9 bp
deletion of the intergenic region of COIIARNA"® of mtDNA in pertraying the phylogenetic relationships. The
analysis showed high pairwise differences among Kanaq, Jakun and Semelai. Thirty two haplotypes were
formed from 89 D-loop sequences of Proto Malay individuals. Deletion on the 9 bp tandem repeats of
COIIRNA™ was detected in Semelai and Orang Kuala. Neighbor-Joining, Maximum Parsimony and Maximum
Likelihood analysis revealed Jakun and Semelai haplotypes are the earliest to split from ingroups and showed
that JTakun may be an ancestor for the Malay populations in the Malay Peninsular, which also support the
anthropological findings. Nine basepair deletion of COITARNA™® intergenic region had occurred in two clades.
Results mdicates a close relationships among Semelai, Temuan and Jakun. Most Kanaq and Seletar sequences
were merged mto tribe specific haplotypes, showing close relationships within tribes. The HV'S I D-loop region
of most Proto Malays are highly variable as 27 of 32 haplotypes were subgroup-specific. The HVS T of D-loop
successfully revealed the close relationships among the Proto-Malays but was less effective in discriminating
each tribe. Detection of ancestries for the Prote Malays using 9 bp deletion of COII/RNA" intergenic region
reveals the Asian origins for Kuala and Semelal.
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INTRODUCTION

Pemnsular Malaysia is a region with a great diversity
of human population formed by Malays, Chinese, Indian
and the minority aboriginal (Orang Asli) populations
(Lye, 2001; Hood, 2006). The Orang Asli of Peninsular
Malaysia is separated into three main tribal groups, the
Negrito, the Senoi and the Proto Malays based on the
physical appearance and sociological differences (Fig. 1)
(Nicholas, 2000; Bellwood, 1997, Hood, 2006, THEOA,
2002).

Negrito 1s believed to be the earliest to arrive in
Perunsular Malaysia, 1 about 25, 000 years ago. To date,
Negrito has the least populations among the three Orang
Asli groups. Their settlements are isolated and scattered
but mainly distributed in the Northern and middle part of
the pemnsular. The Negritos are physically similar to
Andaman islanders, Aeta in the Philippines, Melanesians
and Tasmamans. They were predicted to have originated

from Africa and spread throughout Southeast Asia
(Fix, 1995; THEOA, 2002; Macaulay et al, 2005).

Senot 1s the largest Orang Asli group in Perinsular
Malaysia (Nicholas, 2000) and mainly settle from the
Middle to Northemn part of the peninsular. Senoi 1s
estimated to reach Peninsular Malaysia during the second
wave of migration in about 8,000 years ago from South
Asia, the mountain areas of Cambodia and Vietnam
(Nicholas, 1996; Baer, 1999). Senoi has Mongoloid
physical characteristics and speaks Khmer dialects
(Nicholas, 1996). However, some believe Senoi are
descendants of Australoid from Australia and Veddoid
from South India (Fix, 1995).

The second largest race of Orang Asli, the Proto
Malays were separated into six tribes, including
Jakun/Orang Hulu, Temuan, Semelai, Kuala, Kanaq and
Seletar (Fig. 1). Fix (1995) had categorized the Proto
Malays into three categories: the first category consists
of Tribes of Melayu Asli, who speak Malay and wear
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| Omang Asli |
| Senoi | | Proto-Malay |
1 1
Kensiu Semai Temuan
Kintak Temiar Janlum
Jahai Jah hut Semelai
Lanoh Chewong Kuala
Mendriq Mah meri Seletar
Batek semoq beri Kanag

Fig. 1: Three main groups and 18 subgroups of Orang
Asli in Peninsular Malaysia

Malay costume, such as Temuan The second category
consists of tribes with the combination of Proto
Malays-Senoi from the linguistic and cultural aspect. The
last category consists of tribes settling at coastal areas.
The third category was mainly Muslim and speaks
Sumatra dialects. Early findings indicated Proto Malays’
main tribe (Jakun) were believed to have migrated to
Peninsular Malaysia, after the arrival of Negritos and
Senois, about 4 000 years ago. Fix (1995) believed Proto
Malays migrate from the middle part of Asia (Yunnan) and
came to Peninsular Malaysia through Peninsular
Indo-China. This was made based on the cultural,
linguistic and artifacts. Later finding based on archeology
and linguistic suggested the proto-Austronesian speakers
settled in Taiwan about 4000 B.C. before migrated
Southwards to Southeast Asia region through Philippines
into Bomeo, Sulawesi, Central Java and Eastern Indonesia
2500 years ago. The second wave of migration occurred
from central Java back to North into Peninsular Malaysia
via the Straits of Malacca between 1500 and 500 B.C.
(Andaya, 2001). On the other hand, Orang Kuala is
believed to have migrated from Sumatra Island and Kanagq
was migrated from the Riau Islands. Most of the Proto
Malays are settled in the middle and Southern parts of
Peninsular Malaysia (Fig. 1).

Proto Malays are similar to Deutero- Malays not only
from the morphological aspect, but they also share
similarity in their culture and languages. Therefore, they
were named Proto Malays and predicted as one of the
ancestral groups for Deutero-Malays (Kasimim, 1991).
Deutero-Malays are believed to have reached Peninsular
Malaysia about 1500-2000 vyears ago, through the
Southern part of China, which 1s also the starting point for
migration of Proto Malays to Peninsular Malaysia
(Fix, 1995). Deutero-Malays were the earliest to have
settled in Peninsular Malaysia compared to Chinese and
Indians (Kasimin, 1991). It 1s also believed that marmages
between Proto Malays with other populations from Arab,
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Chinese, Indians and Saimese that migrated into the
Malay peninsula that formed the diverse recent Deutero
Malay populations (Samuddin, 2003; Hussein et al., 2007).
Therefore, the origins of Proto Malays and Deutero
Malays were only based on speculation. The Proto
Malays were less well understood compared to Negrito
and Senoi because of the similarities between Proto
Malays and Deutero-Malays. Besides, most of the Proto
Malays populations are located at the border of wban or
suburban areas, creating a wrong impression that they
were Deutero-Malays.

To date, studies on the origins and the migration
history as well as the relationships among Orang Asli in
Peninsular Malaysia are limited (Lian, 2001; Hill et of.,
2006; Macaulay et al., 2005; Ang, 2009) with most of the
records bemng contributed from the anthropological point
of view (Nicholas, 1996; Kasimin, 1991). In the past two
decades, the migration history of Malays and Orang Asli
were revised from the molecular evolution approach.
MtDNA has been widely used in the studies of human
migration and population studies (Al-Zahery et al., 2003,
Kashyap et al., 2003; Hill et al, 2006, Lutz et al., 1998,
Macaulay et al., 2005). More recently the existence of a
Southern route has been supported by analysis of
mtDNA  restriction enzyme from New Guinea
(Forster et al., 2001) and control region from mainland
India and the Andaman Islands (Endicott, 2003) . The
mtDNA presents variation among individuals. It evolves
much faster than single copy nuclear genes. It has been
widely used in population and evolutionary studies for
the last two decades (Lim ef al., 2004).

Therefore, the objectives of this research were to
study the mtDNA polymorphism and phylogenetic
relationships among six Proto-Malay tribes (Jakun,
Temuan, Semelai, Orang Kuala, Orang Seletar, Orang
Kanaq). In addition the effectiveness of using the
hypervariable site T (HVS T) of D-loop region segment and
a 9-bp deletion of the intergenic region of COITARNAY® of
mtDNA m elucidating the phylogenetic relationships
among the Proto Malays can be assessed.

MATERIALS AND METHODS

Subjects: Blood samples representing Deutero-Malay and
six tribes of Proto Malays (Takun, Temuan, Semelai, Kuala,
Seletar, Kanaq) populations were collected at Hospital
Universitt Kebangsaan Malaysia, Hospital Jabatan Hal
Ehwal Orang Asli and the settlements for Proto Malays
from 2003 to 2006 (Fig. 2). The origins and ethnicity of
each confirmed for at least three
generations through a simple interview. Genomic
DNA was extracted using the standard method with the

individual was
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Legend:

4 Temuan; Nukit Manchong

¢ Jakun; Tasik Chini

# Semelai; Pos Iskandar at Tasik Bera
B Seletar; Began Batu, Johor Bahru

# Jankun and Orang Kuala; Kota Tinggi
+* Kang; Selengi Baru, Mawai Baru

Fig. 2: Map of the locations for sampling. Name of tribe
and the sampling site were listed according to the
symbols on the map. Small map at the bottom right
corner shows location of Peninsular Malaysia in
Southeast Asia region (Nicholas, 2000)

treatment of SDS 2%, Proteinase K 10 mg mL™" and
phenol/chloroform extraction (Hillis et al., 1996,
Sambrook and Rusell, 2001).

MtDNA analysis: HVS [ of D-loop region and tandem
repeats in the intergenic region of COII/tRNA"™ in mtDNA
was amplified by PCR method (Saiki, 1989) using
Invitrogen Taq Polymerase, recombinant. Primers A and
E (Table 1) designed by Fucharoen et a/. (2001) was used
to amplify a fragment from the HVS I D-loop region (15897
bp-100 bp according to mitochondrial map proposed by
Anderson ef al. (1981) whereas primers F and G were
designed by Horai et al. (1996) to amplify tandem repeats
of COII/tRNA"™" intergenic region (8211 bp-8310 bp).
Amplification for both of the regions were
performed using 50 uL of total volume per reaction with
50-120 ng uL.~' DNA template, 20 pmol puL™"' primers,
3.0 mM Magnesium Chloride, 0.2 mM dNTP mix, 20 mM
Tris-Cl in pH 84, 50 mM Potassium Chloride and
0.05 U Taq Polimerase. Temperature profile for 30 cycles
of amplification was 94°C of denaturation for 15 sec, 45°C
of annealing for 15 sec and 72°C of extension for 30 sec in
Perkin Elmer GeneAmp*PCR System 2400 (Horai ef al.,
1996: Fucharoen ef al., 2001). Amplified products were
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Table 1: Primers used in amplification and sequencing of HVS I D-loop
region (Horai et al,, 1996; Fucharoen et al., 2001)

Primers Primer’s sequence

A (Forward)  15897-5° GTATAAACTAATACACCAGTCTTGT 3'-
15921

C (Forward) 16204-5" AGCAAGTACAGCAATCAACC 3'-16223

E (Reverse) 100-5" CAGCGTCTCGCAATGCTATCGCGTG 3°-76

F (Forward) 8211-5" TCGTCCTAGAATTAATTCCC 3°-8230

G (Reverse) 8310-5" AGTTAGCTTTACAGTGGGCT 3°-8291

(The notation of Anderson ef afl. (1981) is used for numbering of bases)

purified before sequencing. All of the primers in Table 1
were used in sequencing. Sequencing was carried out in
ABI 3730 xL. machine (Applied Biosystems).

Data analysis: The nucleotide sequences for both regions
were aligned by CLUSTAL X 8.13, CLUSTAL W and
manually. HVS I DNA sequences from every subject were
edited and combined to form haplotypes using MacClade
3.0 (Maddison and Maddison, 1992). HVS I haplotypes
were analyzed for the variable sites, ratio of transition
to transversion and sequences diversity aspects using
PAUP 4.0b8 (Swofford, 2002). Total C-T transition sites
and pairwise differences were also analyzed using MEGA
3.0 (Kumar et al., 2004). Gene diversity index, F, and gene
flow, N, were calculated using DNASP 4.0 (Rozas et al.,
2003). Intergenic region of COII/tRNA"" sequences were
aligned and were scanned for the 9 bp (CCCCCTCTA)
deletion, 9 bp partial deletion and triple copy of the 9 bp
manually. Individuals with any of the mutations were
recorded.

Phylogenetic trees were constructed based on the
haplotypes and the 9 bp deletion intergenic region of
COI/tRNA™" feature, using PAUP version 4.0b8. Three
methods of the analysis are: a) Neighbor-joining (NJ) with
Tamura-Nei algorithm (Tamura and Nei, 1993; Swofford,
2002; b) Maximum Parsimony (MP) with Stepwise
Addition 1000 replicates in heuristic search (Swofford,
2002; Nei and Kumar, 2000); and ¢) Maximum Likelihood
(ML) with HKY 85 model (Hasegawa et al., 1985). The
9 bp deletion in COII/tRNA"™ intergenic region was
considered as one of the characters in the phylogenetic
trees. All of the trees were subjected to bootstrap analysis
with 1000 replicates to get the bootstrap value support.

RESULTS

Analysis on HVS I in D-loop region: About 529 bp of
HVS I from nucleotide 16048 to 16569 was involved in this
analysis (Anderson ef al., 1981). A total of 32 haplotypes
were formed from 89 nucleotide sequences (Table 2). Fifty
of 529 bp nucleotides were variable with two nucleotides
substitution (47 transitions sites and 3 A-C transversion).
Thirty-six of 47 transition characters were C-T transition
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Table 2: Composition of haplotypes detected in the six tribes of Proto Malays

Haplotypes Proto Malay Tribes Haplotypes Proto Malay Tribes

1 Termuan (1) 20 Seletar (5)

2 Kuala (1) 21 Jakun (1), Semnelai (4), Termian (1)
3k Kuala (1) 22 Ternuan (3)

4 Temuan (1) 23 Semelai (2)

5 Termuan (1) 24 Ternuan (1)

6 Kuala (2) 25 Jakun (1)

7 Jakun (1) 26 Kuala (1)

8 Temuan (1) 27 Jakun (2)

[ Semelai (1) 29 Jakun (1)

11 Jakun (1), Semelai (3) 32 Semelai (3)

12 Kanaq (9), Kuala (1) 37 Semelai (2)

13 Seletar (1) 39 Seletar (7)

14% Kuala (1) 40 Kuala (7)

15 Temuan (1) 41 Kuala (1)

17 Jakun (2), Termian (5) 42 Jakun (2)

19 Jakun (1) 43 Jakun (3), Kanaqg (5), Seletar (2)

*Represent sequence with @ bp deletion in COITARNALYs intergenic region. Numbers in brackets indicates individuals

Table 3: Polvcytosine tracts found in six tribes of Proto Malays

Poly cytosine tract Jakun Kanagq Kuala Seletar Semelai Temuan Total
AAAA -CCCCCTCCCC 8 14 11 15 9 9 66
AAAA -CCCCCTCCCT 2 2 V] 10
AA ---CCCCCCCCCCCC 2 1 1 4
AAAA -CCCCCCCCCC 1 3 4
AAA - -CCCCCCCCCCC 2 1 3
AAAA -CCCCCCCCCCC 2 2
Total 15 14 15 15 15 15 89

and the remaining 11 characters were A-G transition,
glving transition to transversion ratio of 31.16. Nucleotide
diversity was 1.47%.

Length polymorphism
(Polycytosine tract) within the range
16148-16193. Six polymorphisms were found among six
tribes of Proto Malays are shown in Table 3. Subjects of
74.16% involved in this study had polymorphism type T,
which i3 AAAA-CCCCCTCCCC. Seletar and Kanag
populations are two tribes that only have type 1
Polycytosine tract. Polycytosine tract of Jakun, Semelai
and Kuala were highly variable. Only two types of
Polycytosine tract were found in Temuan, one of the main
tribe of Proto Malays.

Pairwise differences between tribes were calculated
using MEGA 3.0. Tamwra-Nei algorithm was chosen in the
calculation. Average sequence divergence in each was
low, within the range 1 to 2% (Table 4). Lowest sequence
divergence was found between Temuan-Kuala (1%)
whereas highest occurred between Kanag-Jakun (2%) and
Kanag-Semelai (2%). Mean distance among tribes were
within 1.3 to 2.3%.

Most of the haplotypes (27 of 32 haplotypes) in this
study were ethnic specific. Therefore, only six haplotypes
were shared among tribes. Haplotype 43 was the most
common haplotype shared among three tribes: Jakum,
Kanaq and Seletar. Ten haplotypes were traced n Jakun
populations and 9 detected in Temuan. However, there
were only two haplotypes detected in Seletar and Kanaq

in HVS I
of nucleotide

ocecurred
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Table 4: Pairwise differences (percentage) among six tribes of Proto Malays
based on Tamura-Nei (1993) algorithm

Tribes Jakun Kanag Kuala Seletar Semelai  Temuan
Jakun

Kanag 2.0

Kuala 1.5 1.1

Seletar 1.3 1.4 1.1

Semelai 1.5 2.0 1.4 1.4

Temuan 1.4 1.5 1.0 1.2 1.4

(15 and 14 individuals, respectively). The two haplotypes
detected in Kanaq individuals were not ethnic specific.

Analysis on COII/tRNA™ intergenic region: The
mutations occurred between nucleotide 7586-8294 based
on the mtDNA map suggested by Anderson et al. (1981).
Out of 89 mdividuals from Proto Malays analyzed, only
three individuals (one Semelai and two Kuala) were
detected with the deletion of the 9 bp tandem repeats
(CCCCCTCTA). As a whole, there were only 3.37% of
total subjects in the study having the 9 bp deletion.

Three individuals detected with 9 bp deletion in
COI/tRNA™® intergenic region formed unique HVST
D-loop haplotypes, respectively, which are haplotype 3,
haplotype 9 and haplotype 14. C-T transition at the sites
16268 and 16318 were detected for haplotype 3 and
haplotype 9 whereas C-T transition at sites 16194, 16230,
16285 and 160 were detected in haplotype 14 but not in
haplotype 3 and haplotype 9. Therefore, haplotype 14 was
grouped 1 a separate clade from the other two haplotypes
1n the phylogenetic trees constructed.
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Fig. 3: NT Phylogram constructed based on Tamwra-Nei algorithm showed relationships among Proto Malays
haplotypes. Numbers on the branch represent Bootstrap value with analysis of 1000 replicates. Boxed subclades
consist of haplotypes with 9 bp deletions in COII/ARNA"® intergenic region

Polycytosine tract 18 a umnstable tract
(Malyarchuk et al, 2002). Haplotype 14 was not
group with the other three haplotypes with 9 bp
deletions in COITARNA™ intergenic region due to
different  polycytosine  pattern  (Haplotype 14
AAAACCCCCTCCC, Haplotype 3 and O
AACCCCCCCCCCCC). There are a few substitutions
which only detected in Haplotype 3 and 9 but not
Haplotype 14. However, none of the substitution that
segregated Haplotype 14 from Haplotype 3 and 9 were
considered as mutational hotspot sites for D-loop region
as listed by Malyarchuk et al. (2002). Haplotype 27 which
did not faced 9 bp deletions in COTTARNA™® intergenic
region was clustered in the clade consists of Haplotype
3 and 9 due to the similarity of polycytocine tract.

Phylogenetic analysis: NI, MP and ML trees were
constructed based on 32 haplotypes obtained. The 9 bp
deletions of tandem repeats in COIIARNA'Y intergenic
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region was considered as one character mn the analysis
and represented by numerical numbers: 1 for no deletion
detected and 0 for deletion detected. Out of a total of 529
HVS T sequences studied, 51 (inclusive of outgroup)
characters were variable and 29 of the variable characters
were parsimony informative. An African (AF347015)
individual was chosen as outgroup because all living
humans are believed to be of African descent based on
Out of Africa theory (Cann et al., 1987, Viligant et al.,
1991).

Proto Malays haplotypes were divided mto five main
clades (Fig. 3). Clade E was the biggest among five clades.
All Temuan and most of the Kuala haplotypes only
clustered m this clade. Subclade II of Clade E only
consists of haplotypes from the middle of Perunsular
Malaysia. Clade A, Clade B and Clade D were supported
by bootstrap value of 96, 81 and 96%, respectively. Four
Jakun haplotypes were clustered to form Clade B and
three of the haplotypes were Jakun-specific. Jakun and
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Fig. 4: MP consensus tree showed relationships among Proto Malays haplotypes studied. MP analysis done based on
hewristic search with stepwise addition of 1000 replicates. Numbers on the branch represent Bootstrap value with
analysis of 1000 replicates. Subclades with B consist of haplotypes with 9 bp deletions in COII/tRNA"Y® intergenic

region

Semelar haplotypes were among the earliest to split
from the ingroup. Haplotypes with @ bp deletions in
COItRNA™ intergenic region clustered separately,
Haplotype 3 and 9 in Clade A and haplotype 14 in
subclade 111 of Clade E.

On the other hand, unweighted parsimony analysis
formed 100 best trees. Consensus MP tree was
constructed using majority rules (Fig. 4). Best MP tree
length was 84 steps, CI = 0.643, HI = 0.357, R1 = 0.720,
RC = 0.463. Ingroups were divided into three maimn clades.
Clade B was the clade with 9 bp deletions in COTIARNAY®
intergenic region haplotypes (Haplotype 3 and
haplotype 9). The forming of Clade A and Clade B were
supported by 84 and 82% of bootstrap value,
respectively. Haplotypes for the coastal area individuals
were gathered in Clade D. Overall, Jakun and Semelai
haplotypes were among the earliest to split from mgroup
as shown mn NJ tree (Fig. 3) and bootstrap values for the
clades and sister taxa were similar to NJ tree.

Most possible ML, tree was constructed in ML
analysis (Fig. 5). Gamma distribution was 0.0155. ML tree
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showed mgroups were separated into four main clades
where Clade A was the earliest to diverge after outgroup.
Haplotypes for Jakun and Semelai remain the earliest to
split from ingroup as shown in NT (Fig. 3) and MP tree
(Fig. 4). The forming for Clade A and B were supported by
ML tree and were supported by 81 and 77% of bootstrap
value, respectively. In contrast to the NT and MP trees,
Kuala ethnic-specific haplotype was unresolved in the
subclade of ML tree and splt earlier than Temuan and
Seletar haplotypes i the tree. However, formation of
Subclade T and Subclade 1T were also supported by NT and
MP trees.

DISCUSSION

Phylogenetic relationships of Proto-Malays: Three
phylogeny trees show Jakun and Semelai were the earliest
haplotypes to split from ingroup and Kuala and Temuan
haplotypes were the latest among the six subgroups of
Proto Malays. The relationships among the six Proto
Malays subgroups become clearer when umrooted NJ
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Fig. 5 ML phylogeny tree constructed based on HYKS5 substitution model with heuristic search showed relationships
among Proto Malays haplotypes studied. Numbers on the branch represent Bootstrap value with analysis of 1000
replicates. Subclades with 3 consist of haplotypes with 9 bp deletions in COIIARINA™ intergenic region

phylogram was constructed (Fig. 6). From Fig. &, it is also
observed that Subclade I (mainly formed by Semelai,
Seletar and Kanaq) and Subclade TIT (mainly form by
Kuala, Temuan and Kanaq) form close relationships
within the taxa in each subclade, respectively. The
relationships can also be inferred from the pairwise
differences (Table 4) and the low number of steps to form
a branch in MP tree (Fig. 4). In Fig. 6, Subclade 1T of
Clade E on NJ phylogram did not show close relationships
within the taxa but the subclade was mamly made up of
Takun, Temuan and Semelai haplotypes.

From social sciences aspects, there are obvious
differences in cultural background, linguistic and the
religious beliefs for every subgroup of Proto Malays
when compared with the other two Orang Asli ethnic
groups, Negrito and Senoi. Therefore, anthropological
findings further group Proto Malays mto three main
categories: Temuan which speaks Malay language group,
Semelai which speaks own language and which allows
intermarriage with Senoi and Kuala and Seletar which
settle in the
Malaysia and speak Sumatran language (Idris, 1968).

Southern coastal area of Peninsular

77

7

Aftican.af347015

——0.001 substitution/site

Fig. 6: Unrooted NT phylogram shows the distribution of
the closely related haplotypes mn Subclade I and
IIT. Out group is African. The phylogram is
constructed based on Tamura-Nei (1993) algorithm
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The mitochondrial NJ, MP, ML tree topelogies that
reveal the relationships for Proto Malays in Fig. 3-5
support the clade with Haplotypes 3 (Kuala), 9 (Semelar)
and 27 (Jakun) (1.e., haplotype with 9 bp deletion of
COITARNA™ intergenic region) and the clade which
contained Haplotypes 11 (Jakun, Semelai), 29 {(Jakun),
25 (Jakun) and 19 (Jakun) as the earliest clades to
have diverge from ingroup. The matrilineal result supports
the anthropological findings that believed in the migration
of Takun from Yunan about 5,000 years ago, the third
wave of successful migration to the Malay Pemnsular
(Kasimin, 1991; THEOA, 2002). The date predicted was
believed to be the earliest arrival date for Proto Malays in
Perunsular Malaysia. Figure 7 the shared
haplotypes between each pair of populations. Jakun
shares two haplotypes with each of the land Proto Malay
subgroups (Temuan and Semelai), respectively. Jakun
also share a haplotype with Seletar and Kanaq. However,
there was no common haplotype between Jakun and
Kuala.

Semelai haplotypes were among the earliest to split
from ingroup in all the phylogeny trees. Not much

shows

mformation has been available on the Semelal origins.
Semelai was grouped under Proto Malays based on their
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physical appearance and similar culture. Semelai language
is different from the Malay language and is believed to
originate from Mon-Khmer language, like the Senoi
language. To date, Semelai still settle around Bera Lake
(Hoe, 2001). A number of genetic studies showed Semelai
is closely related to Temuan based on Adenosine
Deaminase-2 and Peptidase B-6 allele frequencies, closely
related to Semai based on Hemoglobn E allele
frequencies, closely related to Jakun based on
Glucose-6-Phosphate  Dehydrogenase, Tmunoglobulin
G 1;21 and Imunoglobulin G 1,2;21 allele frequencies.
However, Semelai 1s different from other Orang Asli
subgroups based on Duffy A allele frequencies
(Baer, 1999). Figure 7 shows there are two shared
haplotypes between Semelai and Jakun and one shared
haplotype between Semelai and Temuan, revealing closer
relationship between Jakun-Semelai than Jakun-Temuan.
Phylogeny trees show Semelai haplotypes fell in clades
with Jakun and Temuan haplotypes. Despite their
lingwistic difference, these prove the close relationships
of Jakun and Semelai.

Anthropological records indicated that Kuala
migrated from Sumatra Island a few hundred years ago
and speaks Indonesian dialect. Phylogeny trees (Fig. 3-5)
show most of the Kuala haplotypes cluster in the last
clade of the phylogeny trees. Figure 7 revealed that Kuala
only has one shared haplotype with Kanag, but seven
ethnic-specific haplotypes (Table 2). Highly diverse
haplotypes from 15 individuals and most distant
relationships with other Proto Malay subgroups suggest
the possibility of different origins of Kuala from Jakun,
although, 1t 1s still not proven that Kuala originate from
Sumatera Tsland. However pairwise differences (Table 3)
shows Kuala form closer relationships with Temuan and
coastal Proto Malays (Kanaqg, Seletar). Social
relationships between Kuala and other Proto Malays
subgroups are not close. Intermarriage with other ethnics
is not encouwraged in Kuala societies but the bonds
between Kuala villages are strong. Therefore, it can be
assume that Kuala had settled m the perunsular for a
sufficiently long enough of time to allow the genetic
evolved, or that the subgroup never subject genetic drift
like most of the Orang Asli subgroups (Negrito and Senoi)
since their arrival (Hill et al., 2006).

Results from this study found that Kuala is closer to
Temuan compared to Seletar or Kanag. This finding,
based on maternal inherited DNA beyond
anthropological expectation. High genetic affimty
between Kuala and Temuan can be observed from the
trees in Fig. 3-5 and the low pairwise differences (Table 3).
However, there was no shared haplotypes between
Kuala-Temuan. Temuan settlements were found to be

1s
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Malay tribe with populations near to the Tasik Bera and
Tasik Chini has lower haplotype variability. However,
mtermarriage of Jakun and Semelair with Chinese
populations near both lakes 1s believed to have increased
variability of these gene pools. Temuan on the other
hand, has high haplotypes variability in even though
mntermarriage seldom occurred m the tribe. This may be
due to mtramarriages among Temuan villages from
different places. High variation in Kuala haplotypes was
unexpected as Kuala populations are only found near to
the Tebrau Strait. However this may also be due to
mntramarriages and close relationships among Kuala
villages situated along the south coast of the peninsular.

There have been other related studies including
data based on alleles frequencies for five enzyme
loci 1.e., Phosphoglucomutase I, Adenosine Deaminase,
6-Phosphoglutanate Dehydrogenase, Haptoglobin dan
Transferrin done by Tan (2001) and other geneticists
during 1960s. UPGMA trees constructed based on the
allozyme data on 16 races from Southeast Asia placed
Proto Malays in the Mongoloid main clade, as the sister
taxon to Tfugao, Atayal and Bunun. The dendrogram
divided 16 studied races into two main clades, with one
descended from Mongoloid and the other as non-
Mongoloid. Although the study did not cover Proto
Malay tribes in detail, it agreed with the anthropological
data that showed the Proto Malays was decended from
Southern China.

The effectiveness of HVSI D-loop region segment and a
9-bp deletion of the intergenic region of COIL/ARNA"" of
miDNA in detecting the phylogenetic relationships
among Proto Malays: HVS I is one of the three variable
regions n D-loop mtDNA (Lian, 2001; Malyarchuk et al.,
2002). Rapid evolution rate of mtDNA control region also
caused transitions, differences m nucleotide frequencies
and high variability in nucleotide substitution rate
(Tamura and Nei, 1993). Polycytosine tract had been
reported create bias by extend the closely related samples
(Malyarchuk et al., 2002).

Polyeytosine tracts of Proto Malays were highly
variable although about 74.04% of the samples have type
I polycytosine tract (Table 2). The figure was more than
that reported by Horai and Hayasaka (1990) for
Caucasians, Negroid, Mongoloids and Japanese, which
by 60% from 101 tested individuals posted type T
polyeytosine tract. Polycytosine tract type 1 was also
detected in Deutero-Malays, Chinese and Indian
populations in Peninsular Malaysia (I.im et al., 2004). In
addition, Jakun and Semelai formed higher variability of
polycytosine tracts compared to Kanag and Seletar
(Table 2). These analysis showed polycytosine tracts
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were not ethnic-specific and not suitable as sufficient
informative characters are needed for MP analysis.

High t/tv ratio was another feature of D-loop
segment (Horai and Hayasaka, 1990). Analysis from the
results showed two thirds of polymorphic characters from
32 haplotype sequences studied had undergone C-T
transition with high ti/tv ratio, which 1s 31.36. The amount
of parsimony informative polymorphic characters was low
(5.5%). This led to the region being uninformative for
maximum parsimony analysis. Bootstrap values were less
due to the lack of mformative characters. HVS I actually
has low t/tv ratio at higher level of divergent above
species but the ratio is high among ingroup. Ti/tv ratio
dropped to 7.21 when Gorilla gorilla (NC001645), Pan
troglodytes (NC001643) and Pan paniscus (NC001644)
sequences were mcluded m the analysis as outgroups
(data not shown). This result support former studies
which stated that the bias by the transition-transversion
will be high in the beginning but will be decreased after a
certain peritod when tranversions have slowly
accumulated (Brown et al., 1982; Brown, 1985; Hixson and
Brown, 1986). The same result was reported for
Cytochrome b of mtDNA m Xentusiid lizards
(Hedges et al, 1991) and Dorsophila from Hawaii
(DeSalle et al., 1987).

High bootstrap values only obtained for sister taxa
proved that HVS I evolved rapidly. HVS I was unstable
and variable among species (Walberg and Clayton, 1981)
as well as at individual level (Barrientos et al, 1995). This
can be observed from the total number of ethnic-specific
haplotypes in the 89 samples. There are 18 ethnic specific
haplotypes out of the total haplotypes (32) discovered
from Proto Malays samples. However, HVS T from small
tribes like Kanag and Seletar were less variable. There
were only 2 haplotypes from 14 Kanaq individuals and 3
haplotypes formed out of 15 Seletar individuals. Despite
the bias caused by HVS I, the region successfully
revealed the matrilineal relationships among six Proto
Malay tribes. Bias caused by the nature of HVS I was
minimized by using several approaches such as chose an
appropriate algorithm and down-weighted unstable
characters during phylogenetic analysis.

The mutation recovery system for mtDNA was less
effective compared to other DNA molecules as it 13 in
single copy. Phylogenetic and evolution analysis that
depends on a single DNA region might not be accurate.
Hence, we combined data from two regions of mtDNA for
the phylogeny analysis. The 9 bp deletions occurred in
COIVRN A" intergenic region is used to traced the Asian
descendants such as Polynesian, Pacific islanders and
Native Amerindians (Horai and Mutsunaga, 1986; Schurr
and Wallace, 2002; Ballinger et af., 1992; Fucharoen et af.,
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2001). The deletion was also detected in African Pygmies
(Viligant et a., 1991, Chen et al., 1995) and Brazilians with
high frequencies. To date, the deletion 1s still considered
useful m detecting the descendants of Asia, Africa and
Amerindian. Tn this study, Proto Malays from Peninsular
Malaysia which are the descendants from Asia did not
show high frequencies m the 9 bp deletion in
COItRNA™ intergenic region as expected. The deletion
was only detected in a Semelai and two Kuala samples out
of the 89 tested individuals. This deletion was a special
feature for certain clades m the analysis for the
relationships of tribes m Japan (Horai et al, 1996),
Thailand (Fucharoen et al., 2001) and Yunan (Ya et al.,
2001). However, it was found to be less useful in this
study.

CONCLUSION

This matemnal phylogenetic study based on HVS I
and the 9 bp deletions in COIIARNA"* intergenic region
of mtDNA revealed the relationships of Proto Malays is
not only dictated by geographical factors but also
mnfluenced by their marriage system and the sociocultural
behavior of the tribes but not by the linguistic and
religion factors. Analysis of the haplotype variability
indicated the tribes settled in the wban areas (Temuan) or
outskirt areas (Jakun, Seletar) Pemunsular Malaysia having
higher varnability of haplotypes.

The accuracy of the analysis can be improved by
addition of data such as from the morphological and
anatomy fields. Molecular data can be increased by
selecting more loci including autosomal loct or through
genome analysis. In addition, it is important to select the
appropriate phylogeny approaches so as to increase the
accuracy and reliability of the result.

Supplementary material: The sequence data for this
study have been released in GenBank with accession
numbers EU332755-EU332786.
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