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ABSTRACT: The conventional technique such as patrilocality suggests some substantial effects on population diversity. With that, this particular
study investigated the paternal line, specifically Scientific Working Group on DNA Analysis Methods (SWGDAM)-recommended Y-STR markers,
namely, DYS19, DYS385, DYS389l/Il, DYS390, DYS391, DYS392, DYS393, DYS438, and DYS439. These markers were tested to compare 184
Orang Asli individuals from 3 tribes found in Peninsular Malaysia. As a result, the haplotype diversity and the discrimination capacity obtained
were 0.9987 and 0.9076, respectively. Besides, the most diverse marker was DYS385b, whereas the least was DYS391. Furthermore, the Senoi
and Proto-Malay tribes were found to be the most distant, whereas the Senoi and Negrito clans were almost similar to each other. In addition, the
analysis of molecular variance analysis revealed 82% of variance within the population, but only 18% of difference between the tribes. Finally,
the phylogenetic trees constructed using Neighbour Joining and UPGMA (Unweighted Pair Group Method with Arithmetic Mean) displayed
several clusters that were tribe specific. With that, future studies are projected to analyse individuals based on more specific sub-tribes.
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Introduction
The 18 sub-tribes of Malaysian aborigines, also known as Orang
Asli, residing in Peninsular Malaysia make up 0.5% of the total
population or approximately 178 000 individuals.! However,
the Orang Asli is not a homogeneous group, but they are made
up of 3 separate tribes, namely, Negrito, Senoi, and Proto-Malay,
based on their physical appearances and sociological variances.
These groupings, in fact, ease the administrative work at the
Department of Orang Asli Development (JAKOA).? They
mostly live together and their social interactions, for instance,
marriage and mating with people outside of their tribe, are
almost unheard.? Besides, according to Act 134 stipulated in the
Malaysian Federal Constitution, a person is considered as an
Orang Asli if one’s parents are members of the Orang Asli ethnic
group who adhere to the related laws, beliefs, and rituals. In fact,
these tribes differ by a variety of factors, including language and
physical differences. According to the work by Bellwood,* phys-
ical variances between the Negrito and the Senoi are mainly due
to gene flow and founder effect, instead of local differentiation.
Nevertheless, only a handful of studies have compared them
genetically via molecular study. Moreover, the related molecular
studies that investigated these Orang As/i tribes mostly employed
maternal or autosomal markers.5

In addition, cultural practices such as patrilocality, polyg-
amy, and polygyny could have significant impacts on genetic

diversity of a population, making studying markers specific to
either paternal or maternal line leading to varied conclusions.®
Nevertheless, Y-STR does not undergo recombination because
it is placed at a non-recombining region on Y chromosome.
Hence, those from similar paternal line share similar Y-STR
profile, unless in a case of mutation.”® Moreover, Y-STRs are
used extensively to deduce population histories, ancestries, as
well as for forensic purposes.’ The repeat motif can be classi-
fied into mono-, di-, tri-, tetra-, or pentanucleotide based on
the presence of nucleotide number in the repeat motif.% In
addition, Ellegren noted that the longer the repeat motifs, the
less chance for the occurrence of mutation. However, with
increment in the number of repeat, the polymorphism also
increases due to mutation.!’2 Hence, this study focused on 11
Y-STR markers, namely, DYS19, DYS385a, DYD385b,
DYS3891, DYS38911, DYS390, DYS391, DYS392, DYS393,
DYS438, and DYS439. The markers were selected because
they were embedded in the Scientific Working Group on DNA
Analysis Methods (SWGDAM), as these were the recom-
mended markers for population study worldwide.!3
Furthermore, this study looked into the differentiation of 3
tribes of Orang Asli in Peninsular Malaysia using SWGDAM
with the recommended Y-STR markers. As for the samples, 3
tribes of Orang As/i in Peninsular Malaysia were chosen, spe-

cifically from Pahang, Kelantan, Johor, Perak, and Kedah.
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Table 1. The locations of sample collection and samples collected.

NO. OF SAMPLES, N TRIBE

10 Negrito

2 Senoi

2 Senoi

8 Senoi

3 Negrito

2 Negrito

10 Senoi

1 Senoi

7 Negrito

10 Senoi

10 Senoi

10 Negrito

3 Proto-Malay
10 Proto-Malay
8 Proto-Malay
4 Negrito

5 Negrito

3 Negrito

1 Senoi

10 Negrito

10 Negrito

10 Negrito

10 Proto-Malay
5 Proto-Malay
3 Senoi

5 Senoi

5 Senoi

1 Proto-Malay
1 Senoi

Materials and Methods

Written approvals from JAKOA, National Medical Research
Register (NMRR), and UiTM Research Ethics Committee
(REC) were acquired before data collection had begun. Hence,
informed consent was obtained from all potential subjects.
With that, a total of 184 respondents were chosen from several
villages located at Pahang, Kelantan, Johor, Perak, and Kedah.
Table 1 presents the names of the villages and the number of
samples collected from of the villages. After that, buccal swabs
were collected from pure lineage among male individuals with

STATE VILLAGE

Pahang Kg. Kuala Atok
Pahang Kg. Sungai Tiang
Pahang Kg. Sungai Tiang
Pahang Kg. Sungai Tiang
Pahang Kg. Dedari
Pahang Kg. Teresek
Pahang Kg. Kuching
Pahang Kg. Kuching
Pahang Kg. Gam
Kelantan Kg. Tuel
Kelantan Kg. Hendrop
Perak Kg. Aman Damai
Johor Kg. Mawai

Johor Kg. Layau

Johor Kg. Kempas Menang
Perak Kg. Air Raba
Perak Kg. Air Banun
Perak Kg. Aman Permai
Perak Kg. Aman Permai
Kedah Lubok Legong
Perak Kg. Bukit Asu
Perak Kg. Air Bah
Pahang Kg. Chinta Manis
Pahang Kg. Sungai Yol
Pahang Kg. Sungai Yol
Pahang Kg. Ulu Renggol
Pahang Kg. Sungai Pasu
Pahang Kg. Sungai Pasu
Pahang Kg. Sungai Pasu

both parents of Orang Asli origin and also above 18 years old at
the time of sample collection. Figure 1 shows the distribution
pattern of Orang Asli in Peninsular Malaysia.

Sample collection

Samples for the study were obtained by swabbing both inner
sides of the cheeks for 30 seconds using FTA sterile foam
applicator. After that, the foam applicator with saliva and buc-
cal cells was pressed onto F'TA card and left to dry for at least
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Figure 1. The locations of Orang Asli in Peninsular Malaysia. Adapted from Kardooni et al.*

an hour. This process ensured the integrity of the DNA sam-
ples (Whatman, Sigma-Adrich, St. Louis, MO USA).

FTA card washing

FTA card was punched with a micro-puncher to obtain discs
with a diameter of 2 mm. The discs were washed using 200 pL
FTA reagents and rinsed with 200 pL Tris-Borate-EDTA

(TBE) bufter, pH 8.0 before they were dried for an hour at
room temperature (Whatman, USA).

Polymerase chain reaction amp/ificaﬂan

An amount of 25 pL of polymerase chain reaction (PCR) com-
ponent mix containing DNA polymerase, KCl, MgCL,
(NH,),SO,, and nucleotide mix was added to the card.
Polymerase chain reaction was performed in T100 Thermal
Cycler (Bio-Rad, Berkeley, CA, USA) with an initial denatura-
tion at 95°C for 13 minutes and followed by 30 cycles of dena-
turation at 95°C for 15 seconds, annealing at 50°C to 60°C in

accordance with the markers for 45 seconds, extension at 72°C
for 90 seconds, and finally, a final extension for 7 minutes at
72°C.In addition, the primer pairs used for this study were cre-
ated using the primer sequences retrieved from a paper pub-
lished by Butler et al'® as tabulated in Table 2.

PCR product detection

Polymerase chain reaction product was detected in 2% agarose
gel electrophoresis, pre-stained with ethidium bromide, and
run in TBE buffer at 40 minutes, 100 V, and 400 mA. Later,
the DNA was visualized under UV transilluminator (Bio-
Rad). After that, the sizes of the products were compared with
100-bp ladder for estimation (New England Biolabs Inc.,
Ipswich, MA, USA).

Fragment analysis

The samples were sent to service provider for fragment analysis
(Applied Biosystems, Thermo Fisher Scientific, Forster City,
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Table 2. Information on Y-STR markers applied in this study.

MARKER NAME REPEAT MOTIF ALLELE RANGE

DYS19 TAGA 10-19
DYS385 a/b GAAA 7-28
DYS389l (TCTG) (TCTA) 9-17
DYS389lI (TCTG) (TCTA) 23-34
DYS390 (TCTA) (TCTG) 17-28
DYS391 TCTA 6-14
DYS392 TAT 6-17
DYS393 AGAT 9-17
DYS438 TTTTC 6-14
DYS439 GATA 9-19

Adapted from Butler'® and Schoske (2003).1”

CA, USA). The fragment analysis was completed using ABI
Prism 310 Genetic Analyzer. Next, the samples were prepared
via denaturation using deionized formamide. In fact, the inter-
nal size standard was added to the samples. Later, the samples
were introduced into the capillary via electrokinetic injection,
where the samples were applied with positive voltage to pull
the DNA molecules into the capillary, and each fragment was
segregated based on its sizes. The dye molecules on primers
were excited using laser source to emit lights of various wave-
lengths. The light signals were amplified with a photomulti-
plier to be converted into electronic signals, which were
translated into electropherograms for further statistical analy-
sis. After that, the number of repeats was obtained by calculat-
ing the number of repeats from a known sample sequence and
then comparing the fragment size of the known sample with
other samples.!® Moreover, a control sample was incorporated
for every analysis to ascertain that the sizes of fragments are
indeed reliable. The number of repeats or alleles was recorded
to construct the haplotype data.

Statistical analysis

After all the number of repeats for each sample had been
obtained, the haplotypes for Orang Asli using Y-STR were
developed. Besides, 2 samples with similar haplotype should
have similar number of repeats for each marker. In addition,
because Y-STR is highly polymorphic, it has been expected to
have a large number of haplotypes. However, the allelic fre-
quencies were calculated using simple and direct frequency cal-
culation, where the number of a specific allele found in a sample
was divided by the total number of samples. In addition, all the
samples were also checked for the presence of private alleles, ie,
unique alleles only found in one tribe. Moving on, pairwise
population matrix using Nei’s genetic distance, Nei’s genetic
identity, and Shannon’s mutual information index had been

PCR PRODUCT SIZES, BP GENBANK ACCESSION
214-250 AC017019
240-304 AC022486
133-169 AC004617
257-289 AC004617
191-227 AC011289
91-119 AC011302
242-272 ACO011745
108-136 ACO006152
299-334 AC002531
204-224 AC002992

calculated to observe both similarities and variances between
the selected tribes.’” After that, analysis of molecular variance
(AMOVA) was calculated using GenAlEx 6.2 with 9999 per-
mutations to increase the level of confidence. Moreover, phylo-
genetic trees were constructed using Neighbour Joining (N])
and UPGMA (Unweighted Pair Group Method with
Arithmetic Mean) methods based on the pairwise genetic dis-
tance of all the samples. These trees were built using freely
available software SplitsTree Version 4.8.

Results and Discussion
Haplotype diversity and discrimination capacity

The summary for the number of haplotypes obtained for each
sub-tribe, haplotype diversity, and discrimination capacity is
depicted in Table 3.

As a result, a total of 137 haplotypes had been retrieved
from 184 samples. From the 137 haplotypes, 13 were found to
be shared, whereas 124 were exclusive for 1 individual. In fact,
the most common haplotype was shared by 4 individuals
(HO001), whereas the second most common haplotypes were
shared by 3 individuals per haplotype (H005, H097), and 10
other haplotypes were shared by 2 subjects (H003, H012,
HO021, H023, H041, H095, H103, H123, H130, H160). From
all the 137 haplotypes, only 1 haplotype was not tribe specific.
Therefore, the findings suggest that the Y-STR data could be
used to differentiate tribes of individuals.

Table 3 portrays that the Temuan sub-tribe has the highest
value of haplotype diversity, whereas the Che Wong sub-tribe
has the smallest value of haplotype diversity. In fact, this finding
could be weighed in as the number of sample per sub-tribe had
been dissimilar. Next, the discriminatory power or the discrimi-
nation capacity for this set of markers had been the highest for
Che Wong and Kanag, in which the set of markers had been able
to differentiate the individuals of both sub-tribes at all times.
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Table 3. The haplotype diversity and discrimination capacity for each sub-tribe.

SUB-TRIBE NO. OF INDIVIDUALS NO. OF HAPLOTYPES
Bateq 24 11
Che Wong 2 2
Jahai 23 18
Jakun 8 8
Kanag 3 3
Kensiu 12 9
Kintak 10 8
Kuala 10 8
Lanoh 10 9
Semai 11 9
Semoq Beri 18 11
Temuan 21 19
Temiar 33 22

Furthermore, haplotype diversity was calculated using the
haplotype data and resulted in the value of 0.9987, whereas the
discrimination capacity was 0.9076. Moreover, the values
obtained in this study have been lower than the values of hap-
lotype diversity and discrimination capacity obtained from a
study that investigated other major groups in Malaysia, namely,
Malays, Chinese, and Indians.?® The haplotype diversity
obtained by Chang et al, for the 3 major groups in Malaysia
was 0.9996, whereas the discriminatory capacity was 94.6%.
These suggest that the Orang As/i population in Peninsular
Malaysia are more closely related to each other, in comparison
with the other major groups due to geographical isolation. In
addition, based on the haplotype diversity value, one can con-
clude that the 11 markers of Y-STR applied in this study had
been able to provide the haplotypes with high diversity.
Meanwhile, the discrimination capacity shows that in a given
time, the 11 markers used in the experiment did differentiate
an Orang As/i individual from another at 90.76% of the time.

Allele frequencies

As for allele frequencies, the most diverse marker was DY S385b
with 11 alleles, whereas the least diverse marker was DYS391
with only 4 alleles, which could be due to mutation. Meanwhile,
DYS391 displayed lower mutation rate compared with
DYS385b. The DYS385 is a multi-locus, where 2 loci can be
amplified using a set of primers. Besides, !¢ claimed that multi-
locus markers such as DYS385 and DYS389 have the ability to
increase the aspect of polymorphism in selected set of markers,
thus increasing its power of discrimination. Furthermore, the
locus diversity of all markers had been similar to those from
prior studies, except for DYS19 that is lower than the average.

HAPLOTYPE DIVERSITY DISCRIMINATION CAPACITY

0.861 0.458
0.500 1.000
0.926 0.783
0.843 0.750
0.667 1.000
0.875 0.750
0.860 0.800
0.840 0.800
0.880 0.900
0.876 0.818
0.809 0.611
0.936 0.904
0.920 0.666

Nonetheless, the results fail to concur with high gene diversity
of DYS19 in studies of Y-STR conducted in the US, Iran, and
Hispanic populations.?’23 As such, more studies have to be
conducted with more samples to ascertain whether this is just
an exception for the markers or whether Orang As/i does pos-
sess lower diversity for DYS19.° Meanwhile, the other marker
with small locus diversity value is DYS392, which is a trinu-
cleotide marker. Nonetheless, in comparison with the surpris-
ingly low value of DYS19, this marker had been expected to
exhibit low locus diversity as the mutation rate for this particu-
lar marker was not too high.

Genetic distance and AMOVA

The summary of pairwise population values for Nei’s genetic
distance, Nei’s genetic identity, and Shannon’s mutual informa-
tion index is presented in Table 4.

From the calculation of Nei’s genetic distance, the Senoi tribe
was found to be the most distant from the Proto-Malay but
exemplified the highest value of genetic distance when compared
with other tribes. Besides, the Senoi and Negrito sub-tribes dis-
played the closest genetic distance between each other. Genetic
identity refers to the value of similarity between 2 groups and it is
the opposite to genetic distance. In precise, the pair with the
highest genetic distance showed the least value of genetic identity,
whereas the pair with the lowest genetic distance had the highest
value of genetic identity. Moreover, the value obtained from Nei’s
genetic distance was translated in a similar way when Shannon’s
mutual information index was determined. Furthermore, based
on the Shannon’s mutual information index, the lowest value was
between Senoi and Negrito pair, followed by Proto-Malay and
Negrito, and finally, Senoi and Proto-Malay.
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Table 4. Summary of pairwise population values of Nei’s genetic distance, Nei’s genetic identity, and Shannon’s mutual information index.

POPULATION 1 POPULATION 2 NEI'S GENETIC
DISTANCE

Negrito Senoi 0.064

Senoi Proto-Malay 0.165

Proto-Malay Negrito 0.135

Table 5. Summary of analysis of molecular variance calculation.

SOURCE DF SS

Among population 2 1121.244
Within population 181 7271.337
Total 183 8392.582

NEI'S GENETIC SHANNON’S MUTUAL
IDENTITY INFORMATION INDEX
0.938 0.085
0.848 0.128
0.874 0.107
MS EST. VAR. % OF ESTIMATED
VARIANCES
560.622 8.741 18
40.173 40.173 82
48.914 100

Abbreviations: Est. var., estimated variances; MS, mean sum of squares; SS, sum of squares.

Although the number of samples for both Senoi and Negrito
differed, their diversity values did not vary much due to the
characteristic of Y-STR distribution, where the distribution
was uniform across various populations, except for several
exceptions, such as DYS19,as mentioned earlier.? Nonetheless,
more samples should be incorporated in future study to increase
its reliability.

In addition, the summary of AMOVA calculation is pre-
sented in Table 5. The calculation was repeated using 99, 999,
and 9999 permutations, in which all calculations with those
varied permutations resulted in similar findings. The results
displayed in this section were obtained after running the
AMOVA calculation using 9999 permutations.

Based on the AMOVA analysis, it was found that from the
total variances obtained, 82% derived from the diversities
among the population, whereas the remaining 18% reflected
the 3 tribes of Orang As/i. In other words, most of the variances
found were obtained between individuals in a tribe, whereas
the other minor differences were found among groups.
Furthermore, the percentage of difference between the indi-
viduals of Orang Asli had been lower than the percentage dif-
ference of other major groups in Peninsular Malaysia.?’ This
suggests higher genetic similarities between Orang As/i indi-
viduals when compared with the rest of the population.

Phylogenetic trees

Phylogenetic trees were constructed based on pairwise differ-
ences derived from the subjects using phylogenetic software
SplitsTree4. Hence, Figures 2 and 3 illustrate the phyloge-
netic trees, which were constructed using NJ and UPGMA,
respectively. The leaves were labelled with designated names
for the samples, including sub-tribe names, following by the
order of the samples collected. The sub-tribes and their

abbreviations are given in the following: Kintak (KT), Kensiu
(KS), Bateq (BT), Jahai (JH), and Lanoh (LH) for Negrito
tribe; Semoq Beri (SB), Temiar (TR), Che Wong (CW), Jah
Hut (JH), and Semai (SM) for Senoi tribe; and Jakun (JK),
Temuan (TN), Kuala (KU), and Kanaq (KQ) for Proto-Malay
tribe.

Overall, both NJ and UPGMA generated trees that
reflected the traditional method of classification for Orang
Asli, where various sub-tribes from the same tribe were clus-
tered into the same split. This suggests close correlation
between the sub-tribes from the same tribe. As for NJ trees, 3
clusters represented the Senoi tribe, whereas 4 clusters for
Negrito samples, and 5 clusters were made up of Proto-Malay
samples. Nevertheless, 2 clusters reflected samples from both
Negrito and Senoi. As for genetic calculation, the Negrito and
Senoi tribes appeared to have smaller genetic distance between
each other, hence explaining the mixture of samples from the
2 tribes in 1 split. Meanwhile, in the UPGMA tree, 4 splits
were made up of Senoi samples, whereas another 4 splits rep-
resented the Negrito tribe and 1 for Proto-Malay. However,
the UPGMA tree exhibited more mixed splits when com-
pared with NJ tree with 2 splits for Proto-Malay and Negrito
samples each, whereas 1 for all tribes of Orang Asl/i. Besides,
the Proto-Malay and Negrito tribes showed the second closest
genetic distance, right after Negrito and Senoi tribes, which
depicts the splits for both tribes.

Conclusions

In conclusion, the SWGDAM recommended Y-STR markers
could be used to differentiate Orang Asli based on tribes.
Moreover, as insignificant marker allele pattern was not found,
it is recommended to get more samples from the population to
set a larger haplotype database if Y-STR is used to differenti-

ate the individuals according to tribes. However, the
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Figure 2. Neighbour Joining Tree.

discrimination capacity had been low for it was inadequate to
differentiate individuals. In short, the set of markers could be
used for population studies, especially those for tribal affini-
ties, but not for forensic purposes. In addition, all the alleles
found in both Y-STR and autosomal STR had been in the
range of the expected alleles, indicating no unique allele for
Orang Asli (YHRD [Y Chromosome Haplotype Reference
Database]). Nevertheless, the allele frequency distribution was
not always congruent with worldwide databases. Based on the
Y-STR, the Senoi and Proto-Malay tribes had been the most

distant between each other, followed by Proto-Malay and
Negrito, as well as Negrito and Senoi. Meanwhile, according
to AMOVA analysis, all the variances found had been mostly
caused by the differences between individuals, in comparison
with the differences between varied populations. Furthermore,
phylogenetic trees were built using Y-STR and displayed clus-
ters that reflected their tribal affinities. Therefore, for those
with intention to expand this study, it is highly recommended
to incorporate more samples from all other sub-tribes of Orang
Asli while also considering other locations to better determine
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Figure 3. UPGMA (Unweighted Pair Group Method with Arithmetic Mean) tree.
similarities or differences between the sub-tribes. Moreover, to Author Contributions

increase the accuracy of the clusters, the samples for future
studies should be more pure and not tainted. This can be
achieved by selecting samples with known tribal background,
which refers to 5 pure generations, when compared with just 3,
as employed in this study. Moreover, in upcoming studies,
more population data should be embedded while comparing
the tribes to detect affinities of Oramg As/i in Peninsular
Malaysia with other populations worldwide.
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