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Keywords: ABSTRACT

Alcohol The rs671 single nucleotide polymorphism (SNP) in the ALDH2 gene results in
Aldehyde dehydrogenase-2 | A1 g enzyme inactivation, impairing acetaldehyde detoxification. Individuals
Allele frequency carrying the ALLDH2%*2 allele are at increased risk for alcohol-related diseases. The
Acetaldehy‘de rs671 polymorphism is common in East Asia, likely originating from the Han-
Genotype freq}l ency Chinese ethnic group. Studies in Indonesia report high variability in the frequency
South 'East Asia of the ALDH2%*2 allele, ranging from 15.5 % to 72.6 %, raising questions about why
Submitted: its prevalence in Indonesia exceeds that of China. This study aimed to determine
24 September 2024 the genotypic and allele frequencies of rs671 among Indonesians from different eth-
Accepted: nic backgrounds, including the Dayak, Javanese, Minahasan, and highland Papuan
f)g llz/llig;lif: dQO% groups. SNP rs671 was detected using the TagMan SNP genotyping assay on the

u :

QuantStudio 5 real-time PCR system. In the Minahasan group, the genotypic fre-
Ot .August 2025 quencies were 97.8 % typical homozygous (4ALDH2%*1/*1), 2.2 % heterozygous
EdltOI_‘S: e (ALDH2*1/%2), and 0 % atypical homozygous (4LDH2%*2/*2), with an allele fre-
Arda'lmng I\.Iurlhan'l quency of 1.1 % for ALDH2%*2. In contrast, the Dayak, Javanese, and highland Pa-
Annisaa Widyasari puan groups exhibited 100 % typical homozygotes (ALDH2* 1/*1), with no rs671
variants detected. These results suggest a lower prevalence of rs671 SNPs in the
Minahasan group and the absence of variants in Javanese and highland Papuan
populations, differing from prior reports. The absence of rs671 in highland Papuans
indicates that this polymorphism likely emerged and spread after the divergence of
East Asian and Papuan populations. Further studies are needed to elucidate the
evolutionary and migratory history of rs671 in Southeast Asia.
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INTRODUCTION

Alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) are the
two main enzymes involved in alcohol metabolism (Edenberg 2007). Most of
the alcohol metabolism processes occur in liver cells, where the ADH enzyme
oxidises ethanol to acetaldehyde, and the ALDH enzyme oxidises acetalde-
hyde to acetate (Edenberg 2007). The ALDH enzyme exists in several iso-
zymes. The ALDH2 enzyme is commonly found in mitochondria and is one of
the isozymes of ALDH which has a very important role in the detoxification
of acetaldehyde in the human body (Cederbaum 2012). ALDH2 has a very
high affinity for acetaldehyde, as a toxic metabolite of ethanol so it is very ef-
ficient at converting acetaldehyde into acetic acid (Cederbaum 2012).

Deficiency in ALDH2 enzyme activity inhibits acetaldehyde metabo-
lism, resulting in its accumulation and increased concentration of acetalde-
hyde in the blood after alcohol consumption (Lee et al. 2019). ALDH2 en-
zyme deficiency increases sensitivity to alcohol, and the accumulation of acet-
aldehyde in the body may cause discomfort such as facial flushing, light-
headedness, rapid heartbeat, motion sickness and vomiting, and headache
(Agrawal & Bierut 2012; Cederbaum 2012). Hypersensitivity to alcohol, with
the symptom of facial flushing after drinking alcohol found in East Asia popu-
lations, was the first phenotypic symptom known to be associated with defi-
ciency of ALDH2 enzyme activity (Harada et al. 1980). The results of previ-
ous studies indicate that ALDH2 enzyme deficiency is associated with poly-
morphisms in the gene coding for this enzyme. Research into the relationship
between ALDH2 enzyme deficiency and ALDH2 gene polymorphism began
with the discovery of a substitution of glutamic acid with lysine in the inac-
tive ALDH2 enzyme (Yoshida et al. 1984), and the identification of single-
point mutations in ALDH2 DNA clones (Hsu et al. 1985; Yoshida et al. 1985).
The research on ALDH2 gene polymorphism progressed with the discovery
of the structure of the ALDH?2 gene by Hsu et al. (1988).

The ALDH2 gene is located on chromosome 12 at q24.2 (12q24.2), with
a gene structure composed of 43099bp (13 exons), coding for 517 amino acids
to produce 56kDa ALDHZ2 protein (Matsumoto 2019). The mutation occurs
in exon 12, where guanine (G) is replaced by adenine (A), resulting in a
change in gene expression from the amino acid Glu to Lys (Yoshida et al.
19845 Hsu et al. 1985). Substitution of guanine with adenine causes a change
in the typical allele of ALDH2*1 (wild type) to atypical allele of ALDH2%*2
(variant) resulting in an enzyme that is dominant negative, i.e. the activity of
the enzyme decreases drastically in heterozygotes and is inactive in homozy-
gotes (Crabb et al. 1989).

The presence of the ALDH2%*2 allele has a protective effect again ex-
cessive alcohol consumption and alcohol dependence (Edenberg & McClintick
2018) thereby reducing the risk of developing related diseases. Discomforts
such as flushing, nausea, chest palpitations, and drunkenness make individuals
carrying the ALDH2%*2 allele more likely to avoid consuming alcohol. On the
other hand, the dominant social and cultural factors of alcohol consumption
tend to eliminate this preventive effect (Ting et al. 2015). This explains the
result of previous studies revealed an association between rs671 and diseases
related to alcohol consumption (Han et al. 2019; Kim et al. 2020; Yokoyama et
al. 2021). In that case, the presence of the ALDH2%*2 allele will increase the
risk of developing diseases related to alcohol consumption, such as liver dis-
eases (Yokoyama et al. 2017), stroke (Sun et al. 2017), hypertension (Han et
al. 2019; Yoo et al. 2020; Kim et al. 2021), and cancer (Suo et al. 2019; Ugai et
al. 2019). Other studies have shown an association between rs671 and hyperu-
ricemia and gout (Sakiyama et al. 2016; Zhang et al. 2018).

The allele of rs671 is common in East Asia populations but almost ab-
sent in Europe, Africa, and among American Indians (Goedde et al. 1992; Li
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et al. 2009; Katsarou et al. 2017). In China, Japan, and Korea, the prevalence
of the ALDH2%*2 allele ranges from 16 to 40.9 %, while in Tibet, Mongolia,
Thailand, Vietnam, Laos, Malaysia, it is around 1-10 %, and in Taiwan-
Aboriginal and Filipino, only around 0.6-3 % (Goedde et al. 1992; Chen et al.
1997; Luo et al. 2009; Luczak et al. 2017). Research data consistently shows
that the highest frequency is found among the Han ethnicity in Central Chi-
na, the coasts of South China and the coasts of East China (Zhong et al. 2018;
Millwood et al. 2019). Li et al. (2009) and Luo et al. (2009) concluded that the
ALDH2*2 allele originated in the Han-Chinese ethnic group which spread
throughout China and around Asia following the migration of the Han ethnic
group.

Data on the prevalence of rs671 among ethnic groups in Indonesia are
still very limited. Research in Jakarta showed that the frequency of the ALD-
H2%*2 allele was quite high, at 15.5 % (Wanandi 2002). Other research on eth-
nic Papuans, East Nusa Tenggara, and Javanese populations shows a high
prevalence of ALDH2%*2: 28.2, 40.2, and 72.6 %, respectively (Nugroho 2018;
Suhartini et al. 2019; Busyra et al. 2021).

Data on active alcohol drinkers in several regions in Indonesia is quite
high, namely 11-16 % for men aged >10 years (RISKESDAS 2018), 13.4—
31.5 % for men aged >15 years (Suhardi 2011), and tends to increase from
year to year (World Health Organization 2018). Therefore, the high preva-
lence of rs671 in Indonesia needs to be studied further because the presence of
the ALDH2%*2 allele increases the risk of diseases related to alcohol consump-
tion. In addition, it raises the question whether the prevalence of the 4LD-
H2%*2 allele in Indonesia is higher compared to China, which is believed to be
the origin of the ALDH2%*2 allele. It is necessary to study the distribution
pattern of the ALDH2%*2 alleles in Indonesia, considering that geographically
Indonesia is divided into three areas, namely the western part which in the
past was a unit with the Asian continent (Sundaland), the eastern part which
in the past was a unit with the Australian continent (Sahul-land), and the
Wallacea area which is in the middle (Bellwood 2017). In addition, Indonesia
has two major racial groups: the Austronesian-speaking Mongolids and the
Papuans, who speak Tras-Papuan (non-Austronesian) languages (Diamond &
Bellwood 2003).

A study on the frequency of rs671 in Indonesia, based on ethnic back-
ground and geographic location, compared to the distribution of the ALD-
H2%*2 allele in East Asia, Southeast Asia and Oceania is important to be car-
ried out. The aim of this study was to determine the genotype and allele fre-
quencies of rs671 in the Dayak, Javanese, Minahasan, representing the Mon-
goloid, and highland Papuan representing the Austromelanesoid.

MATERIALS AND METHODS

Participants

This study examined a total of 289 participants consisting of four population
groups: Dayak, Javanese, Minahasan, and highland Papuan ethnic back-
grounds. The participant's ethnic background was obtained through the par-
ticipant's personal confession of parent's origin (In the Minahasa and high-
land Papuan, the family name can be used as an initial guide). For the Dayak
and highland Papuan samples, tracking of ethnic background was carried out
down to their grandparents. The Dayak, Javanese, and Minahasan ethnic
groups represent the descendants of the Austronesian-speaking Mongolid
race, while the highland Papuan ethnic groups represent the descendants of
the Papuan race (Diamond & Bellwood 2003). Based on geographical location,
the Javanese and Dayak ethnic groups represent populations living in an area
that was formerly part of Asia continent (Sundaland), while the highland Pa-
puan represents people who live in the area that used to join the Australian
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continent as the Sahul Shelf (Sahul-land) (Bellwood 2017). The Minahasan
ethnic group represents the #allacea area which is located between Sundaland
and the Sahul-land (Bellwood 2017).

The 95 Javanese participants came from the village of Tegalrejo Salati-
ga, Central Java. The Minahasan participants consisted of 96 people from
North Sulawesi (51 people came from villages in the Belang Health Center,
Southeast Minahasa Regency and 45 people came from Tara-Tara 1 Village,
Tomohon City). The 50 Papuan participants were taken from students cur-
rently studying in Salatiga, originating from several sub-ethnic groups of the
highland Papuan (Dani, Lani, Amungme, Ngalum, Nduga, Damal, Yali, Mee,
Muyu, Retengban, Moni, Komoro) originally from the Central Highlands of
West Papua, Indonesia. The 48 Dayak ethnic participants came from Bengka-
yang Regency in the working area of Bengkayang Hospital, Samalantan
Health Center, Bengkayang Health Center, Sungai Betung Health Center,
Lumar Health Center, Sanggau Ledo Health Center, and Jagoi Babang Health
Center. Participants were not differentiated by sex because previous research
showed that gender had no effect on the prevalence of rs671 (Wu et al. 2021).

All participants were more than 18 years old and given informed con-
sent to be signed as proof of willingness to participate voluntarily. The re-
search protocol was approved by the Research Ethics Committee of the Fac-
ulty of Medicine and Health Sciences, Satya Wacana Christian University.

Blood sampling and DNA extraction

All participants had their blood taken approximately 8 mL of blood samples
by certified nurse staft. The blood sample was put into a vacutainer tube with
a purple lid containing EDTA bufter. Samples were stored in an ice box with
ice gel cooling during transportation from the sampling location to the labor-
atory. In the laboratory, blood samples were stored in a freezer at -20°C. To-
tal genomic DNA was extracted from whole blood samples using the Ge-
nomic DNA Mini Kit: Blood/Cultured Cell reagent (Geneaid,
#cat:GB100/300) according to the manufacturer's protocol.

DNA quality test

Good DNA quality is the basis for determining and preparing samples for re-
al-time PCR testing. The rigidity test of the DNA was done using the aga-
rose gel (0.8 %) electrophoresis method. DNA electrophoresis agarose gels
were stained with ethidium bromide (1 pg ml:') and visualised using a UV
transilluminator (CleverView, Clever Scientific) (Sambrook & Russell 2001).
The DNA concentration was calculated based on the absorbance at a wave-
length of 260 nm according to the Beer-Lambert formula. DNA purity was
calculated based on the absorbance ratio at a wavelength of 260 nm and 280
nm with a good DNA purity value between 1.7-2.0 (Bruijns et al. 2022). DNA
absorbance was measured using a Shimadzu 19001 UV-Vis spectrophotome-
ter.

SNP Genotyping Assays (rs671)

The ALDHZ2 gene polymorphism (rs671) was detected using the TaqMan
SNP genotyping assay method with the QuantStudio 5 Applied Biosystems
real-time PCR and Taqman SNP assay kit (Thermofisher Scientific,
C_11703892_10) (Huang et al. 2017; Chien et al. 2019; Koyanagi et al. 2021;
Tokiya et al. 2024). Reactions were performed in a 20 pL reaction mix con-
sisting of 5 pLL. DNA sample (10 ng), 10 uL of 1x TaqgMan GTXpress Master
Mix (Applied Biosystems, Foster City, CA), 1 pL. of 20 X TagMan SNP Gen-
otyping Assays rs671 Reagent (Thermofisher Scientific, C_11703892_10:
#4362691), and 4 pL of Nuclease-Free Water. The rs671 test procedure re-
terred to the reagent kit manufacturer protocol with real-time PCR settings
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as follows: pre-read (25 °C, 30 seconds), hold (95 °C, 20 seconds), 40X cycle
[denaturation (95 °C, 8 seconds), annealing/extention (60 °C, 30 seconds)],
and post-read (25 °C, 30 seconds).

Data Analysis

Data from SNP genotyping assay real-time PCR were processed using the
QuantStudio Design & Analysis v1.5 application and presented in the form of
spreadsheet data, while the quality of the test results can be seen based on the
amplification plot graphs and allelic discrimination plot graphs. Amplification
plot graphs were made using QuantStudio Design & Analysis v1.5 software
and allelic discrimination plot graphs were made using TagMan Genotyper
v1.4 software. TagMan Genotyper software was also used to calculate the chi
-square and P-value according to the Hardy-Weinberg Equilibrium (HWE)
principle. Chi-square and P-value calculations for other research data were
also conducted to assess conformity with the HWE principle. The P>0.05
means the proportion of sample genotype frequencies according to the HWE
principle (Graftelman 2020).

The rs671 polymorphism was presented in two categories: first based
on genotypic frequencies, namely homozygous typical (ALDH2%*1/%*1), heter-
ozygous (ALDH2%*1/%*2) and homozygous atypical (ALDH2%*2/%*2), and sec-
ond based on allele frequencies, namely typical allele (4LDH2%*1) and atypical
allele (ALDH2%*2) (Zhong et al. 2018). Descriptive analysis was used to com-
pare the rs671 genotype and allele frequencies with distribution data in East
Asia, Southeast Asia, and Oceania as well as with data on several ethnic
groups in Indonesia in previous studies.

RESULTS

The SNP genotyping assay was carried out in stages according to the capaci-
ty of the real-time PCR tool (96 samples), starting with Javanese ethnic sam-
ple and continuing with Minahasan, Papuan, and Dayak ethnic samples. Neg-
ative control (Negative Control Template, NTC) was included in each test
series. Heterozygous genotype samples found in the Minahasa ethnic group
were included as positive controls for the heterozygous genotype in the next
sample test, namely highland Papuan and Dayak ethnic groups, serving as
quality control to see the consistency of testing on each batch. Four samples
of Minahasan ethnicity from Taratara Village were undetermined. All Dayak,
Javanese and Papuan ethnic samples were successfully read in the test. Thus,
a total of 285 samples could be analysed further (95 Javanese, 92 Minahasan,
50 highland Papuan, and 48 Dayak ethnic groups).

The amplification plot curve of the test results for each ethnicity is
shown in Figure 1. The Y axis on the amplification plot curve is the fluores-
cence signal and the X axis is the number of PCR cycles. The blue colour
curve shows the fluorescence signal amplification for the typical ALDH2*1
allele (C_11703892_10-G), while the red colour represents the atypical ALD-
H2*2 allele (C_11703892_10-A). The allelic discrimination plot, shown in
Figure 2, illustrates the quality of genotype group separation for each ethnici-
ty. The blue plot shows typical homozygous (G/G), the green plot shows het-
erozygous (G/A), the red plot shows atypical homozygotes (A/A), and the
light blue plot shows the negative control template (NTC).

The amplification curve in Figure 1 shows that all Javanese, Dayak, and
highland Papuan ethnic samples were amplified only on the typical ALDH2*1
allele. In the Minahasan ethnic group, 90 samples were amplified only on the
typical ALDH2*1 allele, while two samples were amplified for both the atypi-
cal ALDH2*1 allele and ALDH2%*2 typical allele, respectively. Separation of
genotypes is more clearly seen in the Allelic discrimination plot curve (Figure
2), where the plot of all Javanese, Dayak, and highland Papuan ethnic samples
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Figure 1. Amplification plot curve of Javanese (A), Minahasan (B1 and B2), Highland Papuan (C), and Dayak (D)

samples.

(blue plot) clusters on the Y axis as the G/G group (ALDH2*1/%*1). In the
Minahasa ethnic group, 90 samples are clustered on the Y-axis side
(ALDH2*1/*I) and two samples (green plot) are clustered separately on the
diagonal line as the G/A group (ALDH2%*1/%2). The heterozygous positive
control appearance of the Minahasan ethnic samples included in the Dayak
and highland Papuan ethnic testing indicates the consistency of the testing.
The rs671 frequency data are presented based on typical homozygous
(ALD2*1/*1), heterozygous (ALD2%*1/*2), and atypical homozygous
(ALD2%*2/%*2) allele variations, as well as two variations of the [typical allele
(*1) and atypical alleles (*2)7. In Table 1, the genotypic frequencies of the
Dayak, Javanese, and highland Papuan ethnic groups show the same results:
all individuals (100 %) were homozygous ALDH2*1/#*1, with no atypical
ALDH2%*2/%*2 alleles observed. The genotypic frequency of the Minahasan
ethnic group shows that there were 90 individuals (97.8 %) homozygous
ALDHZ2*1/*1, two individuals (2.2 %) heterozygous ALDH2%*1/%*2, and none
homozygous ALDH2%*2/*2. The allele frequencies for the Minahasan ethnic
group were 98.9 % typical ALDH2*1 alleles and 1.1 % atypical ALDH2%*2
alleles, while the Dayak, Javanese and highland Papuan ethnic groups show
the same values, i.e. 100 % typical ALDH2%*I alleles. The frequency distribu-
tion of ALDHZ2 polymorphism genotypes in the Minahasan ethnic group com-
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Figure 2. Allelic discrimination plots of Javanese (A), Minahasan (B), Highland Papuan (C), and Dayak (D) sam-

ples.

Table 1. ALDH2 genotype and allele frequencies of Dayak, Javanese, Minahasan, and Highland Papuan ethnic
group in Indonesia.

Ethnic ALDH?2 Genotype, n (%) Frequency ALDH2
Groups N X2 P-nwe Alel
*1/ *1 *1/*2 *2/%2 *1 *2

Dayak 48 48 (100) 0 (0) 0 (0) 0 1 100 0
Javanese 95 95 (100) 0 (0) 0 (0) 0 1 100 0
Minahasan 92 90 (97.8) 2 (2.2) 0 (0) 0011 0916 98.9 1.1
Highland Pa-

50 50 (100) 0 (0) 0 (0) 0 1 100 0

puan

plies with the Hardy-Weinberg equilibrium principle (¢2=0.011, p=0.916).

The results of this study indicate that rs671 was found only in the Mi-
nahasan ethnic group, at a very low frequency, and was absent in the Dayak,
Javanese, and highland Papuan ethnic groups. Based on racial background,
rs671 was not found in the Melanesoid population in Papua or in the Astrone-
sian-speaking Mongolid populations in Kalimantan and Java, but was found
in the Astronesian-speaking Mongoloid population in Minahasa.

DISCUSSION
Studies on the global distribution pattern of rs67, based on geographical loca-
tion and ethnic background, state that rs671 originated in China and spread
throughout China and around Asia following the Han-Chinese ethnic migra-
tion (Oota et al. 20045 Li et al. 2009; Luo et al. 2009; Zhang et al. 2021).
There is very little research on the prevalence of rs671 in Archipelagic South-
east Asia, including Indonesia. Research data on rs671 in Indonesia are quite
diverse and some are even contradictory.

Data on the distribution of rs671 in East Asia, Southeast Asia and Oce-
ania based on geographical location and ethnic background are presented in
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Table 2. In this study, rs671 was not found on the islands of Java and Kali-
mantan, islands that were formerly a unitary unit with Mainland Southeast
Asia called Sundaland (Bellwood 2017). This result is consistent with the find-
ings of Ariyono (2016), but contrary to the results of the research by Suharti-
ni et al. (2019), who reported an ALDH2*2 allele frequency reaching 72.6 %.
The results of this study also show that rs671 was not found in highland Pa-
pua, a region geographically adjacent to the Australian continent, formerly
part of the Sahul-land. Our result of the absence of the rs671 variant among
highland Papuan is in accordance with the results of Goedde et al. (1992) and
Li et al. (2009) in Papua New Guinea (PNG) and reject the result reported by
Nugroho (2018) who found that the ALDH2%*2 allele frequency was 28.2 %,
which was too high and biased from overall patterns of rs671 among Papuan,
and resemble the frequency in East Asia Population.

Based on this research and distribution data in Mainland Southeast
Asia, the spread of rs671 to southern China is thought to have stopped at the
tip of the Mainland Southeast Asia peninsula (Malaysia) and did not reach the
islands of Kalimantan and Java. The absence of rs671 in the highland Papuan
ethnic group is allegedly due to its geographical location which is remote and

Table 2. ALDH2%*2 allele frequencies in populations in the regions of East Asia, Southeast Asia and Oceania.

Area Country/ ethnicity ALDH2%*2 (%) Reference

East Asia Chinese-Han 17.0 —40.9 Li et al. 2009
Chinese-Han 11.0—30.9 Luo et al. 2009
Chinese-Han 17.2 Wu et al. 2021
Chinese-Hakka 28.1 Zhong et al. 2018
China 13.0 —29.0 Millwood et al. 2019
China 29.4 Wu et al. 2017
Chinese in America 30.0 Luczak et al. 2017
Japan 11.1 — 34.1 Li et al. 2009
Japan 26.2 Yokoyama et al. 2021
South Korean 21.6 Li et al. 2009
Korean in America 18.5 Luczak et al. 2017
Korean 15.8 Kim et al. 2021
Taiwanese (Han) 30.1 Huang et al. 2017

Taiwanese-Aborigin 0.9-3.3 Chen et al. 1997
Mainland South-  Vietnam 12.2—17.9 Li et al. 2009
east Asia Kamboja 14.0 Oota et al. 2004
Laos 0.0—10.7 Li et al. 2009
Thailand 10 Goedde et al. 1992
Thailand 7.9 Assanangkornchai et al. 2003
Malaysia 3.4 Goedde et al. 1992
Archipelagic Phillipine 0.6 Goedde et al. 1992
Southeast Asia Indonesia:
- Dayak 0 This study
Javanese 0 This study
Javanese 0 Ariyono 2016
Javanese 72.6 Suhartini et al. 2019
Minahasa 1.1 This study
Papua 0 This study
Papua 28.2 Nugroho 2018
NTT 40.2 Busyra et al. 2021
Indonesia 15.5 Wanandi 2002
Oceania Papua New Guinea 0.004 Goedde et al. 1992
Papua New Guinea 0 Li et al. 2009
Samoa 0 Li et al. 2009
Polynesia 0 Chambers et al. 2002
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far from East Asia and has a background of the Austromelanesoid race which
chronologically came to Indonesia long before the arrival of the Mongoloid
race (Bellwood 2017). This assumption is supported by the results of previous
studies which did not find rs671 in Papua New Guinea (Li et al. 2009) and
Australian-Aborigines (Goedde et al. 1992).

The Minahasan ethnic group, residing on the northern peninsula of Su-
lawesi, an island in the Wallacea area (Bellwood 2017), was the only ethnic
group in this study who had rs671 with an ALDH2*2 allele frequency of 1.1
%. This low prevalence of rs671 is similar to findings in Taiwanese-
Aborigines (0.9-3.6 %) and Philippines (0.6 %) (Goedde et al. 1992; Chen et al.
1997), but differs significantly from the results of (Busyra et al. 2021) in East
Nusa Tenggara (located in the Wallacea area) with an ALDH2%*2 allele fre-
quency of 40.2 % (Table 2). The prevalence of rs671 in Minahasa may follow
the Out of Taiwan migration theory, which states that the origins of the Aus-
tronesian-speaking Mongolid race originated from the island of Formosa
(Taiwan) and migrated to the Philippines, Kalimantan, and Sulawesi, spread-
ed throughout the archipelago to Madagascar and Oceania (Bellwood 2017).
The low frequency of the ALDH2%*2 allele in Minahasa, contrasted with its
absence in Kalimantan, indicates that the results of this study need to be in-
terpreted with caution.

The low prevalence of rs671 in Minahasa and its absence in Kalimantan
and Java in this study, when compared to similar findings among some indig-
enous groups in Laos, such as the Katu, Phunoi, and Lamet ethnicities (Li et
al. 2009), and in Oceania (Goedde et al. 1992; Chambers et al. 2002), could
indicate that the spread of rs671 did not occur during the early migration of
the Mongoloid race to Archipelagic Southeast Asia around 4,300 BC, or even
during the migration of the Austronesian-speaking Mongoloid race between
2,500 and 500 BC (Bellwood 2017). This is also in accordance with Luo et al.
(2009) who states that rs671 was brought to Mainland Southeast Asia during
the warring state period (476-221 BC) by the Pai-Yuei tribe (indigenous peo-
ple on the coast of Southeast China), some of whom migrated to North Vi-
etnam when their country was controlled by other tribes, and to North Thai-
land during the Han dynasty (156-87 BC). Oota et al. (2004) state that rs671
is classified as a young SNP, presumably appearing for the first time in popu-
lations in East Asia.

As mentioned above, there are several research findings in Indonesia
that are very different compared to our results and to the global distribution
pattern of rs671. This is inconsistent with the hypothesis that rs671 origi-
nates from Han-Chinese. Table 8 shows the prevalence of rs671 in Indonesia
compared to several data in East Asia which so far has the high distribution
and prevalence of rs671. The studies by Suhartini et al. (2019), Nugroho
(2018) and Busyra et al. (2021) in addition to being contrary to the data of
this study, had higher frequency of the ALDH2%*2 allele (28.2-72.6 %) com-
pared to global data, even higher than China (11.0-40.9 %), Japan (11.1-26.2
%) and Korea (15.8—21.6 %). Moreover, the genotypic proportions of the three
studies deviated from the Hardy-Weinberg Equilibrium (HWE) principle
(P<0.05). Data show that the genotypic frequencies in each of these studies
include a higher proportion of atypical homozygotes (4LDH2%2/*2) than
heterozygotes (ALDH2*1/%*2). Difterent data is shown by the results of other
studies in the East Asia, where the frequency of heterozygous genotypes is
much greater than atypical homozygous according to the HWE principle
(Hosking et al. 2004.).

The results of Wanandi’s (2002) research comply with the HWE princi-
ple and has a genotypic frequency proportion similar to research data in East
Asia with typical homozygous (70 %), heterozygous (29 %), and atypical ho-
mozygous (1 %) genotypic frequencies. However, the research data is not ac-
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Tabel. 3. The genotype and allele frequency of rs671 in Indonesia compared to East Asia.

Area/ N Genotype (%) Alelle (%) HWE* Reference

Ethnicity *1/%1 *1/*2  *g/*2 *9 c? P

China 7,966 52.0 39.7 8.3 28.1 2.9 0.090  Zhong et al. 2018
364 76.7 20.6 2.7 13.1 3.1 0.079 Han et al. 2019
1,235 49.1 43.0 7.9 29.4 1.5 0.218 Wu et al. 2017

Japan 1,260 50.3 40.6 9.1 31.9 0.7 0.411  Koyanagi et al. 2017
1,016 53.8 39.9 6.3 26.2 0.9 0.8338  Yokoyama et al. 2021

Korea 214 65.9 31.8 2.8 18.5 0.3 0.558  Luczak et al. 2017

23,318 70.8 26.7 2.5 15.8 0.0001  0.994 Kim et al. 2021

Indonesia 100 70.0 29.0 1.0 15.5 1.2 0.284  Wanandi 2002

Minahasa 92 97.8 2.2 0 1.1 0.011 0.916  This study

Java 199 27.1 0.5 72 .4 72.6 194.0 < 0.001 Suhartini et al. 2019

Papua 39 641 15.4 20.5 28.2 150 <0.001 Nugroho 2018

Highland

NTT 51 52.9 13.7 33.3 40.2 26.4 < 0.001 Busyraetal. 2021

a Chi-square test for conformity with HWE where P > 0.05 means the distribution of genotypes is in accordance

with the HWE principle.

companied by ethnic background.

Differences in results may occur due to differences in location, samples,
and methods used. In Indonesia, SNP assay has so far used the Polymerase
Chain Reaction - Restriction Fragment Length Polymorphism (PCR-RFLP)
method (Wanandi 2002; Nugroho 2018; Suhartini et al. 2019; Busyra et al.
2021). The PCR-RFLP workflow is quite long, starting with PCR followed
by restriction enzymes and data visualization by electrophoresis. In contrast,
the Tagman probe genotyping assay qPCR method used in this study is con-
cise, fast, and real-time data. Osaki et al. (2011) showed that the Tagman
probe qPCR method was as accurate as sequencing, while the PCR-RFLP
method, in certain cases, resulted in a higher frequency of atypical genotypes
than expected. For a small number of SNPs and large samples, the TagMan
genotyping assay using real-time PCR is preferred due to its high through-
put, time efficiency, and cost-eftective, highly accurate and precise comparable
to Sanger sequencing (Shen et al. 2009; Osaki et al. 2011; Zhang et al 2015).

One of the limitations of this research is that the sampling area for the
Javanese is concentrated in one area at the sub-village level. Therefore, re-
search with a broader geographic area and larger sample size is needed.
Group representation in the population (sub-ethnicity) and a clear history of
heredity are needed to answer whether it is true that the frequency of the
ALDHZ2%*2 allele is not found in certain ethnicities or there is a possibility of
different results in other population groups even though it is the same ethnic-
ity. In addition, the number of ethnic groups also needs to be added to get a
more complete picture of the pattern of rs671 distribution in Indonesia and in
Archipelagic Southeast Asia. From a health perspective, the finding of the
ALDHZ2%*2 allele in the Minahasan ethnic group is significant for further re-
search, as this region has the highest number of active alcohol drinkers in In-
donesia (Suhardi 2011; RISKESDAS 2018).

CONCLUSION

The ALDH2 gene polymorphism (rs671) was found in the Minahasan ethnic
group at a very low ALDH2%*2 allele frequency (1.1 %) but was not found in
the Javanese, Dayak, or highland Papuan ethnic groups. The results of this
study contrast with those of several other studies in Indonesia. The frequency
of rs671 in the Dayak, Javanese, Minahasan, and highland Papuan ethnic
groups in this study is consistent with the distribution pattern of rs671 ob-
served in China, Mainland Southeast Asia, Archipelagic Southeast Asia, and
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Oceania. This study confirms the hypothesis that the ALDH2*2 allele is char-
acteristic of East Asia.
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