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Abstract

Inference of genetic ancestry is of great interest in many fields and one of the markers in these analyses is
ancestry informative marker single nucleotide polymorphisms (AIMSNPs). The Malay population is an ethnic
group located mainly in South East Asia and comprises the largest ethnicity in Malaysia. SNPs that were
informative for ancestry were previously selected from the genotyping data collected by the Malaysian Node of
the Human Variome Project and Singapore Genome Variation Project. The SNPs were compiled into AIM-SNP
panels, and from these a few SNPs were selected for optimization with multiplex PCR. Selected SNPs
determined to be informative for Malay ancestry were chosen and optimized in a multiplex PCR. The chosen
AIMSNPs were optimized and validated on Malay and non-Malay populations. Genotyping w as carried out on
participants of self-reported Malay and non-Malay ancestry respectively with five participants in each group,
and the data were compared for Malay and non-Malay population to investigate for significant differences in the
genotype between Malay and non-Malay participants. The results showed great similarities between the Malay
and non-Malay population, which may arise from many factors, and further optimization of more SNPs and
genotyping is required to definitively conclude the validity of the AIM-SNP panels for Malay population.
Knowledge of ancestry is important to minimise spurious association. This pilot study gives a brief account of
the optimization process and offers an insight into how this may be done in South East Asian populations.
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Introduction

Ancestry of an individual refers to the genetic
information inherited from the individual’s ancestors, in
the immediate or remote past (Phillips, 2015). Inferring
genetic ancestry and population genetic structure can be
useful in forensics, genealogy, disease association and
susceptibility, pharmacogenomics and personalized
medicine (Hatin et al., 2014; V. Pereira, Mogensen,
Borsting, & Morling, 2017; Salleh et al., 2013).
Knowledge of ancestry and identification of population
substructure is important to minimise spurious
association (Yahya et al., 2017) which occurs when the
study design does not take into consideration different
ethnicities in the population of interest, and the
subsequent proportion of different ethnicities in case and
control groups (Pritchard & Rosenberg, 1999). If a
disease is more prevalent in one subpopulation as
compared to another, the affected subpopulation may be
overrepresented in the group, thus leading to a spurious
association between disease phenotype and marker loci
(Pritchard & Rosenberg, 1999). This is especially of
importance when the population of interest is composed
of subpopulations of different genetic backgrounds (Ding
et al., 2011; F. Pereira et al., 2019). When a locus is
associated with disease in only one ethnic subpopulation
but not another, this may indicate ethnic differences in
the frequency of the risk allele (Tam et al., 2019).

Biogeographical analysis of ancestry focuses on an
individual’s genetic variation from which the person’s
ancestry or origin from a particular geographic region
can be inferred (Phillips, 2015). Different populations
share a great amount of genetic variation and only a
small amount of variations are specific to a population
(Zhao et al., 2019). Markers used to infer ancestry or
biogeographic origins are known as ancestry informative
markers (AIM) (Zhao et al., 2019).

Different markers has been used to infer ancestry, among
them Y chromosome and mitochondrial DNA
haplotypes, as well as single nucleotide polymorphisms
(Phillips, 2015; Xavier & Parson, 2017; Zhao et al.,
2019). Though Y-chromosome and mitochondrial DNA
is strongly associated with continental regions, it is
possible to misrepresent an individual’s ancestry if
analysis is based solely on these single markers,
especially if the person has an atypical ancestry (Phillips,
2015). Thus, autosomal markers are the main markers
when investigating individual ancestry (V. Pereira et al.,
2017).

As genome-wide databases of human genetic variation in
different populations like the International HapMap
Project (Altshuler, Donnelly, & Consortium, 2005;
Frazer et al., 2007; Gibbs et al., 2003; Pemberton, Wang,
Li, & Rosenberg, 2010) and the Pan-Asian SNP
Consortium (Ngamphiw et al.,2011) are widely and
publicly available, AIM-SNPs is an attractive and
convenient opportunity for the study of genetic ancestry.
Ideally, for a SNP to be considered as an AIM it should
be fixed in one ancestral population and be completely
absent in the other population, but this is rarely the
scenario in real life (Ding et al., 2011). Instead, SNPs
with large allele frequency differences between different
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populations are chosen instead (V. Pereira et al., 2017;
Yahya et al., 2017; Zhao et al., 2019).

One of the advantages of choosing SNPs as the marker of
choice in ancestry informative panels is their abundance,
where a polymorphism occurs approximately every 1000
bases, with negligible rate of recurrent mutation
(Fondevila et al., 2017; Kidd et al., 2006; Zhao et al.,
2019). They are also easy to genotype and their bi-allelic
nature lends to accurate automated typing and allele
calling (Fondevila et al., 2017; Kidd et al., 2006; Zhao et
al., 2019).

There has been many panels developed for ancestry
informative marker SNPs (AIM-SNP) and validated to
various degrees (Jung et al., 2019; Li et al., 2016;
Nakanishi et al., 2018; Pardo-Seco, Martinon-Torres, &
Salas, 2014; V. Pereira et al., 2017; Phillips et al., 2014;
Santos et al., 2016; Wei et al., 2014;Zhao et al., 2019).
Commercial kits such as the Precision ID Ancestry Panel
by Thermo Fisher Scientific (V. Pereira et al., 2017) and
the ForenSeq DNA Signature Prep Kit by Verogen
(Xavier & Parson, 2017) are also available for inferring
biogeographical ancestry. An optimal AIM-SNP panel
should have high discriminatory power while minimizing
the number of SNPs in the assay (Zhao et al.,2019).

Malaysia is a multi-ethnic country on two landmasses,
with the West Malaysia (Peninsular Malaysia) and East
Malaysia separated by the South China Sea. According to
the census of the Department of Statistics Malaysia in
August 2011, the population of Malaysia comprises
Bumiputera 67.4% (including Malays 63.1%), Chinese
24.6% and Indians 7.3%.

In Malaysia, though Malays have a formal political
definition (Article 160(2), Constitution ofMalaysia), this
definition does not take into full account their
Austronesian origins, the different ethnic sub-groups and
their genetic ancestry (Norhalifah, Syaza, Chambers, &
Edinur, 2016).

The Malay population in peninsular Malaysia consists of
several ethnic sub-groups that share a common
Austronesian origin (Norhalifah et al., 2016). The sub-
ethnicities are unique in their respective geographical
origins, migration patterns and genetic affinities, which
has developed over many centuries through mixing with
indigenous populations (Orang Asli) and populations
from further abroad (Deng et al., 2015; Hatin et al., 2014;
Hoh et al., 2015; Norhalifah et al., 2016; Yahya et al.,
2017). It has been theorized that modern Malays are
descended from the Proto-Malays of the Orang Asli
(Deng et al., 2014; Hatin et al., 2014; Hoh et al., 2015;
Norhalifah et al., 2016), and this admixture has been
demonstrated in a number of studies(Deng et al., 2015;
Hatin et al., 2014; Hoh et al., 2015).

As Peninsular Malaysia stood at the crossroad of trade
between the east and the west since ancient times,
populations from other regions of Asia involved in trade
and spread of religion have also left their cultural and
genetic mark on the Malays. These populations include
the Chinese, Indians, Arabians, and more recently
Europeans after the fall of the Malacca Sultanate. (Deng
etal., 2015).

AJMB, Official Journal of Faculty of Medicine, Universiti Sultan Zainal Abidin, Malaysia. Cheng, Y. T et al.



https://journal.unisza.edu.my/ajmb/index.php/ajmb/index

Asian Journal of Medicine and Biomedicine
elSNN: 2600-8173

https://journal.unisza.edu.my/ajmb

As a result, populations that have contributed to the
admixed ancestry of the Malay population include
populations of East Asia, South Asia, Austronesian and
South East Asia aboriginal people (Deng et al.,2015;
Hatin et al., 2011; Norhalifah et al., 2016). Together
these four major ancestral components allows
differentiation of the Malay genome from most of the
other South East Asian populations (Deng et al., 2015).

Yahya et al. (2017) demonstrated that by compiling 50 to
250 SNPs, the population structure of Peninsular Malay
could be differentiated from the other studied population
of Yoruba, Indian, Aboriginal, Chinese and Indonesian
populations. Differentiating Malay ethnicity from other
ethnicity is of interest in the medical field, as recent
studies have shown that patients of Malay ethnicity
presented with different risk variants and susceptibility to
diseases. Of note, Maran et al. (2013) demonstrated that
ethnic Malays in the northern state of Kelantan have an
exceptionally low prevalence of Helicobacter pylori
infection, which is a precursor to precancerous lesions of
the stomach. These precancerous lesions are associated
with H. pylori infection and is the first step of a cascade
leading from precancerous lesions to full-blown
malignancy. The authors further demonstrated that
different gene variants manifest at different stages of the
disease progression, and theorised that the disparity
follows a similar pattern of disease progression.

Ethnic differences were also demonstrated in a study
assessing susceptibility to mental disorders in association
with gene polymorphisms (Lim et al., 2014). With ethnic
stratification, significant differences were demonstrated
between controls and patients suffering from bipolar
disorder and schizophrenia in the Malay population .

Multiplex PCR allows for simultaneous amplification of
different SNPs in one sample. A multitude of SNPs can
be amplified at the same time for many samples, thus
providing higher throughput and saving on both time and
cost.

This pilot study aims to demonstrate and validate some
of the chosen AIM-SNPs from Yahya et al.(2017), by
genotyping participants of self-reported Malay ancestry
and non-Malay ancestry, to detect any significant
differences between the genotyping results of the two
populations, and to further develop the validated SNPs
into a multiplex assay Kit.

Methodology
Study design
Selection of SNPs for Malay ancestry AIM panel

The selection of SNPs for the development of the AIM-
SNP array kit for Malaysian Malays was based on data
from Yahya et al. (2017). The SNPs selected in the
above paper for an AIM panel for Malaysian Malays
were extracted from genotyping data collected by the
Malaysian Node of the Human Variome Project and
Singapore Genome Variation Project with a total of 165
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Malay individuals analyzed on the Affymetric SNP-6
SNP array platform and OMNI 2.5 lllumina SNP array
platform. These data were then referenced against data
from the International HapMap Project Phase 3 database.
After quality control filtering, the data was merged and
an SNP dataset consisting of 1766 individuals and 37,487
common SNPs was obtained. Panels of AIM-SNPs were
selected using different methods: informativeness of
assignment In, and PCAIM, and pairwise FST. Using
WEKA and ADMIXTURE analysis, the accuracy of each
panel of AIM-SNPs selected using the different methods
were assessed.

From this study, it is postulated that based on the
different approaches, AIM-SNP panels of approximately
200 SNPs were able to correctly classify Malay
individuals into their appropriate group with an accuracy
of more than 80%, though the number of SNPs required
to achieve that accuracy differ with method. While a set
of 157 SNPs with the highest FST has an accuracy of
more than 80%, the number of SNPs to achieve the same
accuracy using In and PCAIMs methods respectively
were 200. Among these SNPs, one SNP was shared.

Table 1: AIM-SNPs chosen and associated ancestry
coefficient, chromosome position, and associated
genes

Reference Ancestry | Chromosome Gene
SNP ID Coefficie Position
nt (GRCh38.12)
method
Rs4599414 In Chr4:7461577 | Intron variant
in SORCS2
Rs752625 PCAIM | Chr4:1690507 | None
66
Rs1978241 FST Chr17:615104 | None
91
Rs1255066 In and Chr8:1172244 | Intron variant
8 PCAIM | 5 in GATA4
Rs4134376 PCAIM | Chr15:858850 | Intron variant
and FST | 26 in
LOC10537095
3

To validate the AIM-SNP panels selected, 5 SNPs were
chosen (Table 1), where one SNP was shared between In
and PCAIM results (rs12550668), and another shared
between PCAIM and FST results (rs4134376). There
were no shared SNP between In and FST in the analysis.

Among these, three SNPs (rs4599414, rs12550668 and
rs4134376) are variants located in the intronic region of
genes while another two SNPs (rs752625 and rs1978241)
are not located within any genes. Each of these SNPs
were not detected to be of clinical significance in the
National Centre for Biotechnology Information (NCBI),
thus eliminating the possibility of selective pressures on
the frequency of the allele.

Study subjects

This is a cross-sectional study where the participants
were of Malay and Non-Malay descent. There are five
participants each of Malay and Non-Malay ancestry. All
the participants were from Peninsular Malaysia and can
trace their ancestry for at least 3 generations, with no
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history of admixture occurring with other ethnicities.
Detailed information was collected from the participants
including age, gender, and ethnicity. Family pedigrees of
all participants were obtained by interview to ensure that
there was no history of inter-ethnicity marriages within
the family in the last 3 generations. Informed consent
was obtained from all participants prior to blood taking.
Ethical clearance was obtained from the Human
Research Ethics Committee of Us™Mm
(USM/JEPeM/18080381).

Table 2: Design of primers used in PCR
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Results

Forward and reverse primers were designed for each
selected SNP (Table 2). As the overarching aim of this
study is the eventual development of a multiplex array kit
for Malaysian Malay ancestry, the primer sets were
designed to allow a difference in the length of its
amplicon for differentiation of the PCR products on gel
electrophoresis.

Forward primer Reverse primer Amplicon
SNP (5’>3") bp (3°>5) bp size

Rs4599414 CACACTGCGTGTGATCAGTG 20 CGGATCATGCAAACATGCTA 20 178
Rs752625 AAATGCCTGACGTTGTTTCC 20 CAAGCCGGGATATTGTTCTC 20 245
Rs1978241 TCTGACGTGGCAAGAAGCTA 20 CCAGTCTCTCGGCCTATTTG 20 336
Rs12550668 | ACTCACTTTCCCCCACACAG 20 TACATGAGCAACAGGGGACA | 20 449
Rs4134376 CACTGGGCCGTAGATGAGAT 20 GATCCTCCCCCATGACTTCT 20 557

DNA is was extracted from whole blood samples using DNA Variable 50 ng/uL Variable

the GeneAll Exgene ™ Blood SV Mini (GeneAll, Taq 5 units/ul 1.25 units 0.25

Germany) according to manufacturer’s proposal. The polymerase

purity and concentration of the obtained DNA was

measured using the NanoQuant Infinate M200 (TECAN, Rs12550668

Switzerland). The purity of the DNA samples was Distilled Variable

determined by the ratio A260/A280 and all samples were water

all determined to be within 1.7 and 2.0. Gel Buffer 5x 1x 5.00

electrophoresis was carried out on 1% agarose gel to MgCI2 25 mM 2.00 mM 2.00

check for the quality of the genomic DNA. dNTP 10 mM 0.2 mM 0.50

Forward 10 mM 0.4 mM 0.40

DNA amplification was carried out using Thermocycler primer

9600 ABI, with every primer optimized and amplified in Reverse 10 mM 0.4 mM 0.40

singleplex PCR. Optimization of the singleplex PCR primer

involves gradual trial-and-error, with the final DNA 50 ng/uL Variable

concentration of reagents and conditions of PCR Taq 5 units/ul 1.25 units 0.25

provided below. These apply to four SNPs (rs752625, polymerase

rs1978241, rs12550668 and rs4134376) as multiple
attempts at DNA amplification for the last SNP
(rs4599414) was not successful. In addition, one SNP
(rs12550668) required a lower concentration of primers
to reduce non-specific amplification. Concentration of
DNA sample was maintained at 50 ng/uL while the
amount of distilled water was adjusted to bring to a final
volume of 25 uL.

Table 3: Final concentration and volume of reagents
used for singleplex PCR for rs752625, rs1978241,
rs4134376 and rs12550668

PCR was performed by preparing the PCR master mix
(Table 3) with distilled water, 5 uL of 5x colourless
GoTaq ® Flexi Buffer (Promega, USA), 2.00 uL of 25
mM magnesium chloride (Promega, USA), 0.50 uL of
deoxyribonucleotide triphosphate (dNTP) (Promega,
USA), 0.25 uL of GoTag ® Flexi DNA polymerase
(Promega, USA), DNA sample volume equivalent to 50
ng/uL and concentration of primers as corresponding to
the desired SNP. The PCR parameters for rs752625,
rs1978241, rs12550668 and rs4134376 were listed in
Table 4.

Stock Final Final
concentration  concentrati  volume Table 4: PCR conditions
on

Rs752625, Temperature  Duration  Cycles
rs1978241, (°C)
rsf11_34376 ) Initial 95 2 minutes -
Distilled Variable denaturation
water Denaturation 95 30 35
Buffer 5x 1x 5.00 seconds
dNTP 10 mM 0.2 mM 0.50 seconds
Forward 10 mM 1.0 mM 1.00 Extension 72 30 35
primer seconds
Reverse 10 mM 1.0 mM 1.00 Final 72 5 minutes -
primer extension
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The singleplex PCR products were electrophoresed on
2% agarose gel after staining with SybrGreen (Cambrex
Bioscience Rockland Inc, USA) and photographs taken
by ultraviolet transillumination. The size of the PCR
amplicons was compared against the 100-bp DNA ladder
to gauge the approximate size of the PCR product, which
could indicate that PCR was successful in obtaining
amplicons of the desired size, which are then confirmed
with sequencing. An example of the gel electrophoresis
for rs1250668 is provided in Figure 1. The design of the
primers for rs1250668 is expected to produce amplicons
449 bp long, which are confirmed by gel electrophoresis.

/8 B CO LR LB LB

1500 bp—p

S00bp | AN A TR SRR SR AU e e REVEYS

Figure 1: Gel electrophoresis of PCR product
rs1250668 (449bp) for Malay samples in duplicate
with primer concentration of 0.4mM , with the
leftmost lane as the 100 bp DNA ladder.

After singleplex PCR had been optimized for the four
SNPs, five Malay and five non-Malay samples were
amplified at each SNP and the PCR products sequenced
to determine the polymorphism present at each SNP for
the Malay and non-Malay samples.

The sequencing results were analysed using Bioedit 7.2
software to ensure the correct amplicons have been
amplified. Figure 2, Figure 3 and Figure 4 show the
sequencing results with the SNP loci highlighted in red
boxes , respectively, for rs752625 showing
homozygosity T/T in two samples, rs12550668 showing
homozygosity A/A and heterozygosity A/G in each of
two samples, and rs4134376 showing heterozygosity
AJG in two samples.

Figure 2: Sequencing results for two non-Malay
subjects for rs752625 with SNP loci highlighted in the
red box, both showing homozygosity.
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Figure 3: Sequencing results for two Malay subjects
for rs12550668 with SNP loci highlighted in the red
box, showing homozygosity AA and heterozygosity
AlG.

Figure 4: Sequencing results for two Malay subjects
for rs4134376 with SNP loci highlighted in the red
box, both showing heterozygosity A/G.

At the same time, the four SNPs that were successfully
optimized in singleplex were subsequently optimized in
multiplex with the final concentration and volume of
reagents as detailed in Table 5.

Table 5: Final concentration and volume of reagents
used for multiplex PCR for rs752625, rs1978241,
rs4134376 and rs12550668

Final Final volume

concentration (1 sample, uL)
Distilled water Variable
Buffer 1x 5.25
MgCI2 2.00 mM 5.00
dNTP 0.2 mM 0.50
Forward primers
Rs752625 1.0 mM 1.00
Rs1978241 1.0 mM 1.00
Rs4134376 1.0 mM 1.00
Rs12550668 0.4 mM 0.40
Reverse primers
Rs752625 1.0 Mm 1.00
Rs1978241 1.0 mM 1.00
Rs4134376 1.0 mM 1.00
Rs12550668 0.4 mM 0.40
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DNA 50 ng/uL Variable Rs4134376  AA 2 (40%) 4 (80%)  0.683
Taq polymerase 1.25 units 0.25 AG 1 (20%) -
TOTAL 25.00 AC 1(20%) 1 (20%)

GG 1 (20%) -

A-allele 6(60%) 9(90%) 0.211
A temperature gradient for the annealing temeprature for G-allele 3 (30%) 0
the multiplex PCR was done to determine the optimal C-allele 1(10%) 1 (10%)

annealing temperature.  Gel electrophoresis  was
performed to verify the sizes of the four amplicons (245
bp, 336 bp, 449 bp, 557 bp) in the multiplex PCR (Figure
5).

1500 bp —

557
449bp

6 bp
245bp

500bp —

Figure 5: Gel electrophoresis with annealing
temperature gradient (45.5 — 54.7°C) of multiplex of
five SNPs, showing bands for rs752625 (size 245 bp) ,
rs1978241 (size 336 bp), rs4134376 (size 449 bp) and
rs12550668 (size 557 bp). SNP rs4599414 was not
amplified successfully and therefore not seen in this
gel electrophoresis . The leftmost lane indicates the
100 bp DNA ladder.

The genotypes of the Malay and non-Malay samples for
the four SNPs were determined, and statistical analysis
using IBM SPSS Statistics for Windows, Version 26.0.
The results of the genotypes for the four SNPs and the
statistical analysis using chi-square test between Malay
and non-Malay populations are presented in Table 6.

Table 6: Analysis of genotype and allele frequency of
4 SNPs rs7525625, rs1978241, rs12550668 and
rs4134376 in Malay and non-Malay population.

Population
RefSeq Genotype  Malay,n Non- p value
[Allele (%) Malay,
n (%)
Rs752625 TT 2 (40%) 5 0.167
(1009%)
CT 1 (20%) -
cC 2 (40%) -
C-allele 5 (50%) 0 0.033
T-allele 5 (50%) 10
(100%)
Rs1978241 GG 2(40%) 1(20%) 0.524
AG 3(60%) 4 (80%)

A-allele 3(30%) 4(40%)  1.000

G-allele 7(70%) 6 (60%)

Rs1255066 AA 4 (80%) 5 0.500
8 (100%0)
AG 1 (20%) -
A-allele 9 (90%) 10 1.000
(100%0)
G-allele 1 (10%) 0

Fisher exact test p-value <0.05 is considered significant.
Significant p-values are bolded.

Polymorphic variants for 4 SNPs rs752625, rs1978241,
rs12550668 and rs4134376 were outsourced and
sequenced by Sanger sequencing. The samples are
stratified into the Malay and Non-Malay population. No
statistical significance was seen between the different
genotypic frequencies between these two groups for the
four SNPs of interest as the p-values were above 0.05.

For rs752625, all the non-Malay samples presented with
TT genotype while only 40% of the Malay samples had
the same genotype. The remaining 60% were either
heterozygous (CT genotype at 20%) or homozygous for
the C allele (40%). The C allele with an allele frequency
of 0.5 is significantly associated with the Malay
population samples (p-value 0.033)

Many of the samples in both Malay (60%) and non-
Malay population (80%) was heterozygous AG at
rs1978241 while the remaining were homozygous for G
allele. Most samples (both Malay and non-Malay) are
homozygous for A allele at SNP loci rs12550668
whereby all the non-Malay samples and 80% of the
Malay samples showed homozygosity AA, with allele
frequency for A allele being more than 0.8 for both
populations.

Rs4134376 had 3 variant alleles at the locus — A/G/C.
Most of the non-Malay samples (80%) were homozygous
for the A allele with only 20% being heterozygous AC.
In contrast, the Malay population shows more
polymorphism at this locus than the non-Malay
population, with heterozygous genotypes of AG and AC
each being present in 20% the samples. The allele
frequency in the non-Malay population is 0.9 for the A
allele but decreases to 0.6 in the Malay population.

The following genotypes were not detected in the
samples: homozygous A genotype in rs1978241,
homozygous G genotypes in SNP rs12550668, and
heterozygous genotype GC in SNP rs4134376.In
comparing the sequencing results in SNPs rs752625 and
rs4134376, the homozygosity in the non-Malay
population is much higher than the Malay population,
with all being homozygous at rs752625 and 80% being
homozygous at rs4134376 as compared to 40% in the
Malay population.

The multiplex PCR for the 5 SNPs (rs4599414,
rs752625, rs1978241, rs4134376 and rs12550668)
performed showed the best resolution of bands at
annealing temperatures above 51.4°C, with clear bands
on gel electrophoresis (Figure 5). Unfortunately, the SNP
rs4599414 was not amplified successfully in either the
multiplex or singleplex PCR, hence it was excluded from
subsequent analysis.
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Discussion

This study had revealed a tri-allelic SNP rs4134376, that
may prove to be significant with increase in the number
of samples genotyped. Tri-allelic SNPs can perform as
ancestry markers as they follow patterns of population
divergence and their high heterozygosity maximizes the
information that can be obtained at the locus, and there
has been attempts to incorporate them into a panel for
forensic identification (Kidd et al., 2006; Phillips et al.,
2020).

Among the four AIM-SNPs that were genotyped, one
SNP rs752625 showed a significant difference in the
allele frequency (p-value < 0.05), with the C-allele being
much more common in Malays. Otherwise, there is no
significant difference in the genotypes of the Malay and
non-Malay population. The similarities in the SNP
variation between these two populations may stem from
the history of admixture in the Malay population in south
east Asia, where multiple different populations in Asia
have contributed to the genetic ancestry to the Malay
population, among which are populations from east Asia
and south Asia (Deng et al., 2015; Hatin et al., 2014;
Norhalifah et al., 2016).

Maritime trade between the east and the west in ancient
times focused on the passage through south east Asia,
whether by sea through the Straits of Malacca, or the
overland route across the neck of the Malay Peninsula
(Gungwu, 1958), and trading routes stretched from China
to Africa, involving Indian, Arabian and Chinese
merchants (Andaya & Andaya, 2016). There are
archaeological evidences of Indian traders coming into
contact with populations in the Malay Peninsula by 5th
century BCE, and later trade with Chinese merchants
followed by 10th century BCE (Andaya & Andaya,
2016). The spread of religion and the expansion of
influences from kingdoms based in India and China also
served to contribute to the gene flow from these regions
into the Malay population. As mentioned earlier, two of
the four major contributors to the genetic ancestry of the
Malay population were populations of South Asia and
East Asia populations of east Asia, south Asia,
Austronesian and south east Asia aboriginal people
(Deng et al., 2015; Hatin et al., 2011; Norhalifah et al.,
2016), and these may be the reason for the similarities.
Furthermore, Li et al. (2016) has also demonstrated that
some southern Chinese populations are admixed with
ancestry from south east Asia. Population admixture,
whether due to modern globalization and ease of travel or
international trade in ancient times and lack of
geographic barriers, has always been a challenging factor
in population analyses (Phillips et al., 2014).

The proximity of the populations and history of
admixture between the populations of interest may be a
factor in the similarity between the genotypes. While
many AIM-SNP panels have developed in recent years,
many of these focused on intercontinental populations of
significant geographic distance (V. Pereira et al., 2017
Phillips et al., 2014; Santos et al., 2016; Zhao et al.,
2019). For example, the panel developed by the
European Forensic Genetics Network of Excellence
(EUROFORGEN-NOE) (http://www.euroforgen.eu/)
concentrated on the five different populations that is
Asian, Africans, Europeans, Native Americans and
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Pacific Islanders, all populations that are divided by great
distances. Analyses of populations in close geographical
proximity to each other has always been difficult, as seen
in Phillips et al. (2013) where differentiation of Middle
Eastern populations were problematic, as these
populations occupy a region historically prominent in
between the east and the west.

Due to the limited number of samples and SNPs
genotyped in this pilot study, the applicability of these
results in discerning ancestry may be diminished. Zhao et
al. (2019) has determined that by increasing the number
of AIM-SNPs in a panel, the discriminatory power for
populations in close geographical proximity can be
improved. They developed a 36-AIM-SNP panel that was
able to distinguish between five major intercontinental
populations with an average accuracy of 99%, but when
differentiating between four different European
populations, the SNP panel required 175 SNPs to achieve
the same accuracy. This higher uncertainty and difficulty
in developing a highly discriminatory SNP panel with
minimum number of SNPs for intracontinental
populations has been noted in other studies as well (Liet
al., 2016; V. Pereira et al., 2017; Santos et al., 2016).

The AIM SNPs chosen and analysed for this AIM-SNP
panel were obtained from the data in a previously
published paper by Yahya et al. (2017) utilizing a merged
database compiled from the International HapMap
Project Phase 3, Malaysian Node of the Human Variome
Project and the Singapore Genome Variation Project. For
the Malaysian Node of the Human Variome Project, the
Malay subjects were genotyped on two platforms, the
Affymetrix SNP-6 SNP array platform and OMNI 2.5
lllumina SNP array platform whereas the Singapore
Genome Variation Project was genotyped on the
Affymetrix SNP-6 array platform only. The International
HapMap Phase 3 used both Illumina Human 1M
BeadChip and the Affymetrix SNP-6 array platform.
When data from different databases are merged, the
number of SNPs will reduce as SNPs available in some
populations may not be available in other populations
(Yamaguchi-Kabata et al., 2008). It is possible that these
excluded SNPs may be informative for Malay ancestry.

The International HapMap Project categorized their
Asian population as Japanese in Tokyo, Han Chinese in
Beijing, and Chinese in Colorado (Altshuler et al., 2005;
Frazer et al., 2007; Pemberton et al., 2010). However, it
has been demonstrated that the Chinese population shows
a distinct genetic cline along a north-south axis, with
significant  variations detected between northern
populations and southern populations corresponding
roughly to geographic locale (Chen et al., 2009; Xu et al.,
2009). The ethnic Chinese population of Malaysia is
descended mainly from the Chinese population in the
south of China who settled in Malaysia mostly during the
time of the European colonization (Andaya & Andaya,
2016; Hoh et al., 2015; Teo et al., 2009). Furthermore, a
South Asia population form southern India, from whom
Malaysians of Indian ethnicity most claim descent from
are not represented in the HapMap project. AIMs are
limited by their inability to discriminate between
unknown populations (Kidd et al., 2014) and bias may
occur when inference of ancestry is performed with
AIMSNP panels that do not include the population of
interest in the initial training data (Zhao et al., 2019).
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The underrepresentation of non-European ancestry in
genome-wide association studies is well documented,
and efforts are ongoing to reduce this bias (Santos et al.,
2016). Among these are the 1000 Genomes Project
Consortium, the Pan-Asian SNP Consortium and the
GenomeAsia 100K Project, all of which aim to improve
and expand the knowledge of variation across Asia. The
1000 Genomes Project provide genotype data for Indian
Telugu population and Sri Lankan Tamil population from
the UK, together with a Southern Han Chinese
population, while the GenomeAsia 100K project is more
ambitious in genotyping more South Asian populations.
These projects genotyped populations that may be of
more relevance in the inference of ancestry in the Malay
population, as they cover more Asian populations near
and far from the Malay Peninsula, and thus may offer
more choices for AIM-SNPs of relevance.

To improve on this study and further develop a multiplex
capable of determining Malay ancestry, more samples
from Malay and non-Malay populations should be
genotyped with a higher number of SNPs in a multiplex
to determine the discriminatory power of the SNP panel.
It has been shown that these 4 target SNPs were able to
be amplified in a PCR-multiplex successfully, and these
products should then be sequenced to validate the
amplicons produced. Upon successful PCR-multiplex
PCR amplification, further subjects can then be
genotyped. There are many methods for genotyping
SNPs, broadly categorized based on the method of
genotyping and the assay format (Sobrino, Brién, &
Carracedo, 2005). One of the most common method is
single base extension, followed by an assay either in
solution or on solid support (Fondevila et al., 2017,
Geppert & Roewer, 2012; Lundsberg, Johansen,
Barsting, Morling, & Consortium, 2013; Wei et al,,
2014). A popular assay for this is the SNaPshot®
Multiplex Kit (Thermo Fisher Scientific, USA), which
encompasses single base extension reaction and
minisequencing step for SNP genotyping.

SNP genotyping with single base extension (SBE)
reaction allows for high multiplexing capability,
robustness, sensitivity, and reproducibility. The protocol
is relatively simple, and uses equipment that are widely
available in most laboratories (Fondevila et al., 2017;
Geppert & Roewer, 2012)

As seen in this study, the genomic region with the SNP
of interest is amplified, preferably in a multiplex PCR.
After confirming the successful amplification, the PCR
products are cleansed with shrimp alkaline phosphatase
to remove the primers and unincorporated dNTPs, which
can interfere with subsequent reactions. The cleansed
PCR product then enters the SBE reaction as a template
for SBE primers. SBE primers are designed to anneal to a
position immediately adjacent to the SNP of interest, so
that fluorescently labelled didesoxynucleotides (ddNTPSs)
will bind during the PCR and inhibit further elongation.
A second clean-up step is needed to remove the
unincorporated  ddNTPs  with  shrimp  alkaline
phosphatase to avoid interference during capillary
electrophoresis. The results can then be analysed with
Genemapper®.
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This method is not without its disadvantages however,
and one of its limitation is the number of SNPs that can
be multiplexed in one reaction (Li et al., 2016). This can
be overcome by designing SNP panels with different
SNPs, where a panel is first used to differentiate between
continental populations, then a second-tier ancestry panel
is utilized to distinguish intracontinental populations (Li
et al., 2016). Alternatively, modern massively parallel
sequencing and DNA array technology can perform SNP
genotyping and provide more information without the
limitation in the number of SNPs that can be genotyped
simultaneously (Daniel et al., 2015; Li et al., 2016;
Xavier & Parson, 2017). Massively parallel sequencing
may be better suited to investigate admixture samples
with greater power of discrimination, and may discover
new SNPs of interest during the sequencing process
(Xavier & Parson,2017

Conclusion

AlMs are limited by their inability to discriminate
between unknown and bias may occur when inference of
ancestry is performed with AIM-SNP panels that do not
include the population of interest in the initial training
data. When data from different databases are merged, the
number of SNPs will reduce as SNPs available in some
populations may not be available in other populations. It
is possible that these excluded SNPs may be informative
for Malay ancestry. Therefore, by choosing only five
AIMSNP panel for Malay population is not enough and
further studies need to be done to determine the
reliability of the AIM-SNP.
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