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Abstract

Alcohol-induced flushing syndrome (AFS) is one of the alcohol 

hypersensitivity reactions commonly found among Asian population 

after alcohol intake due to inhibited or inability of alcohol 

metabolism caused by single nucleotide polymorphism (SNP) in

alcohol dehydrogenase (ADH) or aldehyde dehydrogenase (ALDH)

gene. Using such distinctive trait, this study was designed to find 

markers that can predict this particular propensity among Korean 

population and to assess the applicability of this finding to build a 

prediction model as forensic DNA phenotyping (FDP) tool to 

operate in practical forensic cases. 

570 unrelated Koreans were genotyped using microfluidic 

technology (Fluidigm 192.24 Dynamic Array™ systems) with 24 

possible candidate SNP markers. The subjects were randomly 

chosen and divided into AFS positive (n=255), AFS negative

(n=215), and control (n=100) groups based on their survey 

answers regarding responses after alcohol intake. Of the 24 

candidate SNPs, four markers, rs671 (ALDH2), rs2074356

(HECTD4), rs4646776 (ALDH2), and rs10849915 (CCDC63), on 

chromosome 12 showed statistically significant association with p-

values ranging from 1.39E-14 to 0.004988 among our subjects. 
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The association studies have shown that gender difference does not 

intervene with our findings, showing no additional significiant 

association. All four markers show relatively high specificity values, 

ranging from 0.804651 to 0.972093, presenting their capabilities as 

differential SNPs that can distinguish a person with or without AFS. 

Maneuvering these candidate SNPs as well as finding 

additional potential markers through future studies will help building 

an appropriate prediction model for Koreans that can be used as 

supplementary tool for individual identification. This finding is 

expected to be a meaningful foundation for designing Korean 

targeted propensity prediction model as part of FDP, which can be 

utilized in various practical forensic cases, such as criminal 

investigation as well as finding missing persons.

Keyword : Alcohol-induced Flushing Syndrome, Single Nucleotide 

Polymorphism, ALDH, ADH, Forensic DNA Phenotyping, Korean 

population 

Student Number : 2015-21961
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Chapter 1. Introduction

1.1. Forensic DNA Phenotyping (FDP) 

Forensic DNA phenotyping (FDP) is the newly introduced 

investigative technique, which can predict externally visible 

characteristics (EVC) of the person of interest based on genetic 

components, compensating the critical constraints for conventional 

DNA profiling based on short tandem repeats (STR). 

Though genetic profiles generated by conventional STRs were 

understood to be the most promising and robust resources for 

identification for the past few decades, their critical drawback is 

that there must be a control source profile to compare with the 

generated profiles. Therefore, if the law enforcements are looking 

for someone who is not registered in national DNA databases, it is 

extremely unlikely to identify that person of interest. FDP, in such 

case, will play an important role by generating an inference based 

profile, allowing law enforcements and investigative forces to 

generate relatively comprehensive physical traits to narrow down 

the investigative leads. 

Current technology allows the prediction of EVCs including; 

human pigmentation traits, such as hair, iris and skin color, facial 
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morphology, freckles, baldness as well as stature (Kayser and 

Schneider 2009; , Walsh et al. 2011; Walsh et al. 2013; Kayser

2015).

As human eye witnesses prone to have flaws due to various 

reasons, such as misperceptions, FDP is considered as trustworthy 

approach that provides a lot more reliable information with much 

less concerns about errors (Tully 2007; Kayser and Schneider

2009). However, FDP is not limited only to predicting human 

physical appearance; it can also be utilized to predict certain 

behavioral characteristics and propensities (Kayser and Schneider

2009; Kayser 2015). 

Developing an effective prediction model through 

comprehensive EVC researches is expected to take a vital part in 

the field of DNA-based investigation by narrowing down the 

investigative pool and serve as a solid biological witness not only in 

criminal investigation but also finding missing person or even in 

mass disaster cases (Dembinski and Picard 2014; Kayser 2015).

For instance, Identitas v1 Forensic chip is currently available so-

called ‘forensic profiling’ tool that allows inference of numerous 

different kinds of visible traits, such as pigmentation traits, as well 

as biogeographical ancestry by simultaneous genotyping based on 

NGS platforms (Keating et al. 2012).
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In order for FDP to thrive as one of the promising tools in the 

field of DNA intelligence, assuring to differentiate individuals’

genetic information, numerous world-wide researches have 

actively been conducted to generate a proper guidelines for 

targeting phenotypic traits and to construct a robust prediction 

model. 

1.2. Using FDP in Korea 

Despite the world-wide rapid progress in FDP, Asian countries 

show somewhat hesitant standpoint in terms of actively utilizing 

such technique. The current downside of utilizing FDP in Asian 

countries is that unlike western population with large phenotypic 

variations, such as hair and eye colors, Asian population groups 

show limited phenotypic traits (Stokowski et al. 2007; Kayser and 

Schneider 2009; Spichenok et al. 2011, Dembinski and Picard 2014). 

Even though certain prediction tools are already commercially 

available and ready to use, such prediction model based on 

American or European populations do not guarantee the similar 

prediction results among Asian population group (Spichenok et al.

2011, Pollack 2015).

A study presented by Lim and Oh investigated currently known 
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SNP candidate markers for phenotypic prediction in Korean 

population. Of the 20 phenotypic variants they have investigated, 

only about half of the SNPs turned out to be polymorphic in Korean 

subjects (Lim and Oh 2013). Such findings signify that thorough 

validations of known markers are necessary and their usability must 

first be verified to be implemented in prediction system in Korea. 

Therefore, in order to compensate for such limited phenotypic 

features in Asian population, prediction markers for propensity as 

well as certain behavioral characteristics can be introduced as a 

supplementary tool to provide additional clues to predict the person 

of interest. This is expected to increase the extent of differentiation 

and greatly narrow down the investigative pool.

1.3. About Alcohol-induced flushing syndrome 

Amongst the possible propensities that can be integrated in the 

prediction model, this research attempted to articulate the unique 

features found in Asian population groups, alcohol-induced flushing 

syndrome (AFS) to be precise. AFS is the condition commonly 

found among Asian population groups. It triggers flushing reaction, 

redness in face and body, even after small volume of alcohol intake. 

There are numerous studies currently available, exploring the 
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possible cause and mechanism for Asians to develop flushing 

reaction (Wall et al. 1997; Baik et al. 2011; Kim et al. 2016).

The following figure represents the simplified steps for alcohol 

metabolism pathway in human body (Figure. 1). The ethanol 

metabolism pathway is composed of two distinct parts – first, 

alcohol particles are broken down into acetaldehyde, catalyzed by 

alcohol dehydrogenase (ADH) family, then acetaldehyde is further 

oxidized into acetate by aldehyde dehydrogenase (ALDH) 

(Eriksson et al. 2001; Sherva et al. 2009). The rate of ethanol 

metabolism is determined by the activities of ADH and ALDH, which 

are main liver enzymes responsible for alcohol elimination that can 

also be critical in determining the level of toxicity caused by alcohol 

consumption in the body (Mizoi et al. 1979; Crabb et al. 1989; 

Eriksson et al. 2001; Peng et al. 2002; Crabb et al. 2004).

However, for any reason, when ADH and ALDH acquire 

variants in their genes, they fail to break down the byproducts and 

cause the acetaldehyde to build up in blood. This, as a result, can 

lead to flushing reaction, which is recognized as one of the alcohol 

hypersensitivity responses (Mizoi et al. 1979; Crabb et al. 1989; 

Chen et al. 1999; Sherva et al. 2009). 

Although the various studies have revealed different kinds of 

genes associated with alcohol metabolism pathways located in ADH 
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and ALDH, there still are many in these genes whose function and

the association to alcohol metabolism are currently unknown (Crabb 

et al. 1989; Linneberg et al. 2010). Of those various genes involved 

in alcohol metabolism pathways, studies have reported that ADH1 

family, ADH4, ADH7 and ALDH2 play major role in ethanol 

metabolization and elimination of alcohol byproducts from the 

internal system (Crabb et al. 1989; Goldman 1995; Choi et al. 2005; 

Matsuo et al. 2007; Birley et al. 2008; Sherva et al. 2009). 

Along with Harada et al., other various researches showed that 

some people have innate variations in one of these genes involved 

in alcohol metabolic pathways, such as structurally different ALDH 

enzyme, causing individual differences in rate and activity of ethanol

metabolism (von Wartburg 1977; Goedde et al. 1979; Harada et al. 

1981; Goldman 1995).

Of the numerous possible variants, ALDH2*2 variant is 

commonly found in Asian population, which is known to cause 

flushing responses after alcohol intake. According to a study,

heterozygous ALDH2*2 subjects exhibited slower alcohol 

elimination process with prolonged sensitivity responses when 

compared with subjects with ALDH2*1 form. This can be explained 

by a reduced ADH activity that would result in product inhibition by 

acetaldehyde in liver (Peng et al. 2002). 
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Moreover, elevated activities of ADH variants are expected to 

increase the rate of acetaldehyde accumulation by speeding up the 

process of oxidizing alcohol, while the ALDH variant is known to 

decrease or inhibit the metabolization of acetaldehyde in blood

(Crabb et al. 1989; Goldman 1995; Crabb et al. 2004; Linneberg et 

al. 2010). Especially, along with class I ADH, ALDH2, a gene that 

encodes mitochondrial aldehyde dehydrogenase, was known to be 

highly polymorphic and demonstrated an important role in ethanol 

oxidation (Goedde et al. 1986; Crabb et al. 1989; Goldman 1995).

For people with variants in these genetic components often 

result in the buildup of acetaldehyde in blood, which triggers the 

facial flushing (Mizoi et al. 1979; Peng et al. 2002; Crabb et al.

2004; Sherva et al. 2009; Linneberg et al. 2010). In addition to 

flushing reactions, some people experience elevated heart rate, 

shortness of breath as well as other hypersensitive reactions

mainly due to accumulation of toxic acetaldehyde (Mizoi et al. 1979; 

Goldman 1995; Eriksson et al. 2001; Crabb et al. 2004). 

Furthermore, a comprehensive family study done regarding alcohol 

hypersensitivity responses suggested that flushing reaction was

inherited as dominant trait (Schwitters et al. 1982; Crabb et al.

1989; Crabb et al. 2004; Linneberg et al. 2010). 
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1.4. Purpose of the research

The presented study was designed in order to explore the 

specific markers associated with AFS in Korean population, hoping 

to find Korean specific AFS markers that be integrated into

developing proper platforms and protocols to establish propensity 

prediction model. This prediction model is expected to provide 

supplementary investigative information, which can be utilized in 

real forensic applications to narrow down the investigative pool in 

crime scenes as well as mass disaster or even in finding missing 

persons. 
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Chapter 2. Materials and Methods

2.1. Participants and sample collection

Subjects volunteered to participate in this study for sample 

collection. Blood and saliva samples were obtained from volunteers, 

after getting informed consent. Along with blood and saliva samples, 

each participant filled out questionnaire regarding drinking habits, 

the amount and frequency of alcohol consumption and the presence 

of flushing and redness after alcohol intake. Each subject was asked 

to provide the frequency and number of drinks per week and 

whether he/she has experienced flushing responses after alcohol 

intake. Based on the survey responses, 255 subjects for AFS 

positive, 215 for AFS negative and 100 control samples, grand total 

of 570 participants, were randomly selected for this experiment. 

The following experimental procedure and process have been 

reviewed and approved by the Institutional Review Board of Seoul 

National University, College of Medicine (IRB approval No. C-

1501-078-641).
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2.2. Marker selection

Genes known to be associated with alcohol metabolism 

pathways, alcohol dependence, alcohol related pathologic conditions, 

and drinking behaviors were found in various publications (Agarwal 

et al. 1981; Shibuya et al. 1989; Choi et al. 2005; Matsuo et al. 

2007; Birley et al. 2008; Sherva et al. 2009). Some of the popular 

alcohol metabolism related genes include: ADH4, ADH7, ADH1B, 

ADH1C, and ALDH2 as well as various others (Table. 1).

From the genes found to be related to alcohol metabolism and 

consumption, only the Tag SNPs have been searched and selected 

as potential candidates. Tag SNPs were chosen from tagger website 

provided by NIH (http://manticore.niehs.nih.gov/snpinfo/snptag.php) 

with linkage disequilibrium (LD) threshold set to r2 ≥ 0.8 and 

minor allele frequency range of [0.05,0.5]. Because there was no 

Korean exclusive population pool, Japanese (JPT) and Chinese-

Beijing population groups (CHB) were selected; the two population 

groups assumed to present the highest resemblances to Koreans. 

As a result, total of 34 candidate SNP markers were selected for 

experiment. Figure. 2 represents the result of Tag SNP map within 

the corresponding genes.
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2.3. Genotyping

DNA from 570 samples was extracted from 300 µl of blood and 

each extracted DNA was diluted to > 50ng/µl for reliable 

experimental results. SNP genotyping of 570 samples was 

performed using 192.24 Dynamic Array ™ Integrated Fluidic 

Circuits (IFC) (Fluidigm Corporation, CA, USA), a platform that 

uses IFC is known to be capable of performing multiple real time 

PCR reactions in a single run with high accuracy and call rates. 

‘192’ indicates the number of samples that can be loaded on a single 

batch and ‘24’ corresponds to the number of markers used in this 

experiment. The complete primer sequences for all 24 markers are 

provided in Table. 2. The experimental data was collected using 

SNP Genotyping Analysis Software and Fluidigm Data Collection 

Software as indicated in user guide (Fluidigm Corporation, CA, 

USA)

2.4. Statistical Analysis

We tested for the efficacy of associated markers to predict AFS 

in our samples. The associations of each markers were observed 

using Chi-Square test, p-value < 0.05. All experimental data 
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analysis was performed using PLINK software (version 1.07; 

http://ngu.mgh.harvard.edu/purcell/plink/) (Purcell et al. 2007).

For further assessment, the experiment data was divided into 

three groups; AFS positive-AFS negative pair, AFS positive-

control pair, AFS negative-control pair. In order to examine the 

markers significantly associated with flushing conditions, inter-

group comparisons were performed; association analysis for each 

pair was done.
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Chapter 3. Results

3.1. Overall remarks

Total of 570 individuals were genotyped to investigate the 

associated candidate markers for predicting AFS in Korean 

population. The example raw data of genotyped sample is provided 

in Figure. 3. The average DNA concentration of 570 samples was 

160.8726ng/µl ± 88.7881. 

3.2. Final candidate markers

Of the total of 34 markers, only 24 SNP markers were approved 

to be testable and thus selected for genotyping. The list of final

candidate markers, located genes and minor allele frequency (MAF)

is provided below in Table. 3.

The candidate markers were found mostly in chromosome 4, 9 

and 12, except one, rs4909801, found in chromosome 8, with the 

minor allele frequency ranging from 0.049 to 0.441. The average 

MAF was 0.240458 ± 0.11933. MAF values for all markers were 

obtained via Haploview (Barrett et al. 2005).
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3.3. Association analysis of the candidate markers

Chi-square test was performed to observe the associations 

among the tested samples. According to initial association analysis, 

combining all samples from three groups, five were found to show 

possible association with flushing syndrome: rs671, rs2074356, 

rs4646776, rs10849915, rs4767035 with p-values ranging from 

1.39E-14 to 0.01886 (Table. 4). According to this analysis, rs671 

was found to be the most significantly associated with AFS in our 

sample population (odds ratio AA vs. GG: 12.37, 95% CI 5.651–

27.09). The highest odds ratio was seen with rs2074356 (odds 

ratio AA vs. GG: 14.65, 95% CI 0.4701 – 0.9351).

Followed by the combined association analysis, the samples 

were divided into grouped pairs and inter-group comparisons were

performed for each pair. In AFS positive-AFS negative group, total 

of 10 SNP markers showed statistically significant p-value (p < 

0.05), and both AFS positive-control and AFS negative-control 

pairs showed 5 statistically significant (p < 0.05) markers that may 

have significant association with flushing. Of those markers with 

significant p-values, four SNP markers were commonly found in all 

grouped pairs: rs671, rs4646776, rs2074356, and rs10849915 

(Figure. 4). Although each pair showed those mentioned four 
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markers with statistically significant p-values, each group showed 

slight variations in markers with the strongest association; AFS 

positive-AFS negative presented and AFS negative-control group 

showed rs671 as the marker with the strongest possible association, 

the lowest p-value, while AFS positive-control group pair had 

rs4646776 as the candidate marker with the highest statistical 

significance (Table. 5).

Moreover, the major and minor alleles with frequency values 

for each candidate SNPs are indicated in Table. 6. The risk allele 

for rs671 is A, for rs207436 is also A, rs4646776 and rs10849915 

are both C. Major and minor frequency among AFS negative and 

control show relatively clear distinction, while the frequency for 

AFS positive group presents rather ambiguous values for definite 

prediction. This may be due to the fact that even one allele carriers 

in AFS positive group exhibited flushing responses. For instance, 

rs671 has risk allele of ‘A’ and both subjects with ‘AA’ and ‘AG’

genotype would present flushing reactions. 
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3.4. Sensitivity, Specificity, and Accuracy

In order to evaluate differential power for the candidate SNPs, 

sensitivity, specificity and accuracy for each marker were

calculated (Table. 7).

The average values for sensitivity, specificity and accuracy 

were 0.602941 ± 0.03866, 0.923256 ± 0.079434, and 0.749468 ±

0054809, respectively. rs4646776 presented the highest sensitivity, 

while the highest specificity value was observed in rs2074356, a 

marker in which also presented the largest gap between sensitivity 

and specificity. The highest accuracy was found in rs671. 

rs10849915 had the lowest values for all sensitivity, specificity and 

accuracy among those four markers. 

Meanwhile, in order to examine whether the gender difference

could act as another factor for provoking AFS incidence, additional 

statistical assessment analysis was done assigning the gender as 

possible covariant (data not shown). According to analysis data, no 

statistically significant gender effect was found (p < 0.05). Knowing 

that difference in gender does not affect the association within our 

samples, the sensitivity, specificity and accuracy were re-

calculated, dividing the samples into male and female groups (Table. 

8 and Table. 9). The sample size for male subject group was 264 
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and the female group was 306.

The average sensitivity, specificity and accuracy for male group 

were 0.566667 ± 0.052453, 0.955357 ± 0.081543, and 0.739418 ±

0.061609, respectively. rs4646776 showed the highest sensitivity, 

0.619048, specificity ,1, and accuracy, 0.78836, in male group. 

Notice that both rs4646776 and rs2074356 had specificity of 1, 

however, this is only due to extremely small sample number thus

may not be signified as a reliable index.

Moreover, within female group, rs671 showed the highest 

sensitivity, 0.66667, specificity, 0.94656, and accuracy, 0.797153 

while the lowest values for all three criteria were observed in 

rs10849915. The other three markers, other than rs10849915, 

showed relatively similar rates of specificity, however, rs10849915 

showed considerably low specificity within female sample group. 

rs2074356 showed the lowest sensitivity with the greatest gap 

between sensitivity and specificity value. The overall average 

sensitivity for female group was 0.628333 ± 0.040506, 0.902672 ±

0.078685 for specificity, and 0.756228 ± 0.050787 for accuracy.
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Figure. 1 Human alcohol metabolism pathway. Alcohol is broken 

down to acetaldehyde by alcohol dehydrogenase (ADH) enzyme and 

acetaldehyde is further oxidized into acetate by aldehyde 

dehydrogenase (ALDH).  
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Gene Function

ADH4 High activity of oxidation of long-chain of aliphatic alcohol

AHD7 Contributes to first pass ethanol metabolism

ADH1B 

& ADH1C
High activity in ethanol oxidation and ethanol catabolism

ALDH2 Major oxidative pathway of alcohol metabolism

Table.1 Examples of major genes known to be associated with AFS; 

these are the key functional genes responsible for alcohol 

metabolism (Agarwal et al. 1981; Sherva et al. 2009).
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Figure. 2 Examplary result of TagSNP marker selection in ALDH2 

gene within Japanese population pool. TagSNPs are the ones that 

are marked with red dots. Green square represents the MAF value 

and regions with red building blocks indicate that markers with high 

LD. Each gene was searched twice, once with Japanese and once 

with Chinese population pool to verify whether there were any 

discrepancies in search results.
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N

o.
rs # ASP1_SEQ ASP2_SEQ LSP_SEQ STA_SEQ

1 rs1002

6860

GTACCAGAAATGCTTTTAAGGG

CTTTAA

ACCAGAAATGCTTTTAAGGGC

TTTAC

ATGTTCAAATTTTCCACAACAAAAATG

TTTTAAGAGTT

CGGCCAGGGAACAAACT

2 rs1084

9915

GACTTACCAGTTTTTCTGGCTC

G

TGACTTACCAGTTTTTCTGGC

TCA

ATGCAGAGAGCTGTACATTGTAGCT ACAAAGTGAGGGTGACTTACC

A

3 rs1106

6028

AGCTCACAGCCAGTCTTGTTTA GCTCACAGCCAGTCTTGTTTC GGATGAAGTGTACCCACTGGGA CCCACCATAAAGCTATGACAA

AGAT

4 rs1115

8907

GTCACTGATAGGATGCCATGAG

AA

GTCACTGATAGGATGCCATGA

GAG

AACACTAGCAAGAATATCACAGAAAGA

ATACTGT

ACATCATTGGTAAGAATACAA

ATCAAAATTGT

5 rs1229

984

CTAACCACGTGGTCATCTGTGT ACCACGTGGTCATCTGTGC CAATCTTTTCTGAATCTGAACAGCTTC

TCTT

ACCAGGTTGCCACTAACCA

6 rs1314

8577

TTCACATTCATTCAACATTTAA

TACATACCACA

TCACATTCATTCAACATTTAA

TACATACCACG

ATTAAGTTCTGAAATAATACATGTAA

GTAGTTATAATGGT

GCTTCGATGCCTGAGGTC

7 rs1694

1669

CTACTTAAAATGCTCCCATAGC

TGC

TTCTACTTAAAATGCTCCCAT

AGCTGA

GCCCTTGTTGGCCATGATGT AAAATTGAGCCACCTAATTCT

TCTACTT

8 rs2074

356

AGCTGGTAAACAGTATGACTTC

AGATG

CAGCTGGTAAACAGTATGACT

TCAGATA

TCTGTGGTCTGGTGGTTAACA AGTAATTTTCTCAAGTCCACA

CAGC

9 rs2075

633

ACTCATGTATTGTACCCTTCAA

CCA

ACTCATGTATTGTACCCTTCA

ACCG

CCTGGTGCCTGGCTTCTAGTA ACCCAAGCATGTATGCATTCA

G

1

0

rs2238

151

CTGCAATGGACTTTCCCTGG GCTGCAATGGACTTTCCCTGA AAAGGACCTTATTGCAAAGTATTTGGA

AGTTT

GGTTTGGCAACCTCTATCTTGC

1

1

rs3043 CTTTAAAACAGCTTGGCAAGCA

TTG

CTTTAAAACAGCTTGGCAAGC

ATTC

CCCAGTCACAGTCCAGCAATT ACAAAGAAAGGGTGTTCTTGG

C

1

2

rs3805

322

CAGATAAGCAGGTTGAGATGTC

CA

AGATAAGCAGGTTGAGATGTC

CG

TCTTACAAAGCATCTGATCTAGAACTA

GAGAGA

TCAGGGAGGTTCAGATAAGCA
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1

3

rs4147

536

CAAGGCAATGAGAGACGAAAGG CCAAGGCAATGAGAGACGAAA

GT

TCCTGAAGTCCTGGCTGCG CCAGCCTGGATAAGGAAACC

1

4

rs4148

888

GTGGCATGTGTTCAGTATGATT

CTTAATG

TGTGGCATGTGTTCAGTATGA

TTCTTAATA

GGCTCCTTTTAACTGAGACTCTGGA TGGCTTCTTTACTATAATGTT

GTGGC

1

5

rs4242

647

GCATATCCTCCTGAATACAGGC

AG

GCATATCCTCCTGAATACAGG

CAA

GTCCGGTCCTTCCCGCT CAGACTTCCACAAACCTAGCTT

T

1

6

rs4646

770

CAGTTCCCGCGGATAGAGAA CAGTTCCCGCGGATAGAGAG ACCCACAGCGGGAAGGAC CCCTTTCCCCCGCAGAA

1

7

rs4646

771

CTGCTTCAACTAATCTGGGAAC

AC

ACTGCTTCAACTAATCTGGGA

ACAT

ACGGCATATAATACATATTAAATGAA

AATTAAACAGAGTG

GCAGAGAGATTCAAATTCTGA

CTGA

1

8

rs4646

776

GGCTGGAGCCACAACAG GGCTGGAGCCACAACAC TGGCCTTGAAGGTAGCCCT CCAACGCCATTGGGCAC

1

9

rs4646

777

TGTTGTGGCTCCAGCCA TGTTGTGGCTCCAGCCG CAACCAACGCCATTGGGCA GCCTTGAAGGTAGCCCTG

2

0

rs4767

035

GGCTACTGATATGGCTTGGCTT GGCTACTGATATGGCTTGGCT

G

TTGTGGGAGCTACAATTCAAGATGAGA CATGCTATTGCATGCATGGC

2

1

rs4909

801

GTAAAGTGTCCACCACGTTGTC TGTAAAGTGTCCACCACGTTG

TT

CCACAGCTGTCATGTGTTAAGCTC TTTTGAGAATGGGCAAGATGT

GT

2

2

rs671 CCCACACTCACAGTTTTCACTT

T

CCCACACTCACAGTTTTCACT

TC

ACGGGCTGCAGGCATACA CCTCAAGCCCCAACAGG

2

3

rs7846

941

CCTACCAAAGCGTTACCAGCA CTACCAAAGCGTTACCAGCG GGTCCCCGGCCCCATAAAA CTCAAGCAGTCCTTCCACTTC

2

4

rs7859

877

CCCAAACATCCCAAATGTCCA CCCAAACATCCCAAATGTCCG CCATGGAAACATTTTATTAATCCACTC

ATCAGT

GATTACACCTGTAAAGTAAGC

CCA

Table. 2. The complete primer sequences used in this experiment. ASP stands for allele specific primers, LSP primer 

indicates locus specific primers and STA is the primers representing specific target amplification, providing unbiased 
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target enrichment and sufficient template.  
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Figure. 3 Raw data of genotyped result for samples via Fluidigm IFC. All 24 candidate SNPs are listed horizontally and 

corresponding genotypes were reported for all 570 samples. 
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dbSNP Associated Gene Chromosome MAF

1 rs10026860 ADH4 chr4 0.189

2 rs2075633 ADH1B chr4 0.194

3 rs4646771 ALDH1B1 chr9 0.422

4 rs10849915 CCDC63 chr12 0.200

5 rs2238151 ALDH2 chr12 0.049

6 rs4646776 ALDH2 chr12 0.201

7 rs11066028 ALDH2 chr12 0.114

8 rs3043 ALDH1B1 chr9 0.330

9 rs4646777 ALDH2 chr12 0.234

10 rs11158907 SIPA1L1 chr14 0.441

11 rs3805322 ADH4 chr4 0.415

12 rs4767035 ALDH2 chr12 0.388

13 rs1229984 ADH1B chr4 0.245

14 rs4147536 ADH1B chr4 0.078

15
rs4909801

RP11-

1057B8.2
chr8

0.358

16 rs13148577 ADH4 chr4 0.115

17 rs4148888 ADH4 chr4 0.307

18 rs671 ALDH2 chr12 0.198

19 rs16941669 ALDH2 chr12 0.053

20 rs4242647 ALDH1B1 chr9 0.226

21 rs7846941 ALDH1B1 chr9 0.185

22 rs2074356 HECTD4 chr12 0.177

23 rs4646770 ALDH1B1 chr9 0.242

24 rs7859877 ALDH1B1 chr9 0.41

Table. 3 List of 24 final candidate markers selected with gene 

location and MAF values. Most of the potential candidates were 
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found in chromosome 4, 9, and 12, except one marker (rs4909801)

found in RP11-1057B8.2 gene in chromosome 8.
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CHR SNP P OR CHI SQ

12 rs671 1.39E-14 12.37 59.25

12 rs2074356 5.39E-14 14.65 56.58

12 rs4646776 6.37E-13 9.534 51.73

12 rs10849915 0.004988 1.984 7.884

12 rs4767035 0.01886 0.663 5.514

Table. 4 List of five significant markers through initial association 

studies within three groups; all samples were combined for 

preliminary analysis. The corresponding p-value, odds ratio and 

Chi-Square values for five markers were as follows. Among those, 

rs671 showed the strongest possible association (p-value of 

1.39E-14) and rs2074356 presented the highest odds ratio (OR of 

14.65).
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Figure. 4 Significant SNPs found within each comparison pair. Four 

SNP markers that are marked in red were the commonly found 

markers in all grouped pairs. Those four markers were taken into 

account as candidate indicators for further assessment.
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CHR SNP P-N P-C N-C

12 rs671 2.52E-37 2.30E-05 1.39E-14

12 rs4646776 1.29E-36 8.19E-06 5.39E-14

12 rs2074356 1.77E-33 0.000119 6.37E-13

12 rs10849915 6.27E-14 0.001205 0.004988

Table. 5 p-values of four markers found in each grouped pair. P 

indicates AFS positive, N means AFS negative and C denotes for 

the control group. Between P-N, rs671 showed the strongest 

association; P-C group presented rs4646776 to be the strongest 

potential indicator and finally N-C group also had rs671 as the 

marker with the highest possible association with AFS. 
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rs671 rs2074356 rs4646776 rs10849915

Major 

allele
A G C C

Minor 

allele
G A G T

P

Freq. 

major
0.353 0.684 0.357 0.296

Freq. 

minor
0.647 0.316 0.643 0.704

N

Freq. 

major
0.019 0.986 0.023 0.098

Freq. 

minor
0.981 0.014 0.977 0.902

C

Freq. 

major
0.190 0.828 0.185 0.177

Freq. 

minor
0.810 0.172 0.815 0.823

Table. 6 Major and minor allele for each marker and its allele 

frequency values are as presented above. P is AFS positive group, 

N stands for AFS negative group and C indicates the control group 

samples. rs10849915 showed the largest differences between 

frequency of major and minor alleles in AFS positive group, 

rs2074356 showed the greatest difference for AFS negative and 

rs10849915 for the control group. 
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Sensitivity Specificity Accuracy

rs671 0.6392157 0.9627907 0.787234

rs10849915 0.5568627 0.804651 0.670213

rs4646776 0.6431373 0.9534884 0.785106

rs2074356 0.572549 0.972093 0.755319

Table. 7 Sensitivity, specificity and accuracy values for four 

potential SNPs. rs4646776 showed the highest sensitivity value, 

rs2074356 showed the highest specificity, and the highest accuracy 

was found in rs671. All four markers presented remarkably high 

specificity values compared to sensitivity and accuracy.
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Sensitivity Specificity Accuracy

rs671 0.6 0.988095 0.772487

rs10849915 0.504762 0.833333 0.650794

rs4646776 0.619048 1 0.78836

rs2074356 0.542857 1 0.746032

Table. 8 Sensitivity, specificity, and accuracy assessment for male 

subjects. Within the male subject group, both rs4646776 and 

rs2074356 showed the perfect specificity value of 1. The highest 

sensitivity and the accuracy were seen with rs4646776. 

Sensitivity Specificity Accuracy

rs671 0.666667 0.946565 0.797153

rs10849915 0.593333 0.78626 0.683274

rs4646776 0.66 0.923664 0.782918

Rs2074356 0.593333 0.954198 0.761566

Table. 9 Sensitivity, specificity and accuracy assessment for female 

subjects. For female subjects, rs671 showed the highest sensitivity 

and accuracy while rs2074356 showed the greatest specificity. 
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Figure. 5 Different variants found in different racial groups (Crabb 

et al. 2004). ADH is known to be highly polymorphic and different 

variants have been reported in various ethnic groups. Asians have 

ADH2*2 variant, known to be the main polymorphism that causes 

facial flush after alcohol intake while such variant is rarely found 

among Caucasians. 
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Chapter 4. Discussions 

4.1. Overview

Through this study, the potential SNP markers that are highly 

associated with AFS in Koreans were investigated and also 

examined whether these candidate SNPs can be used to construct a 

propensity prediction model to be applied in real forensic cases.

We have selected 24 SNP testable markers and assessed their 

association with AFS in our samples. The statistical analysis 

showed four candidate SNP markers that can possibly be used to 

predict the expression of AFS.

All four candidate SNPs were located in chromosome 12. rs671 

and rs4646776 are located in ALDH2, which is one of the highest 

polymorphic regions in Asian population as well as the main gene 

responsible for acetaldehyde oxidation (Crabb et al. 1989; Crabb et 

al. 2004; Linneberg et al. 2010). rs2074356 is found in HECTD4 

(also noted as C12orf51), a gene related to ubiquitin-protein 

transferase activity; combination of ubiquitin and alcohol is known 

to stimulate the proliferative activity of hepatocytes and recent 

researches have shown its possible association to alcohol related 

behaviors in Korean men (Baik et al. 2011). A study revealed that 
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SNP located in C12orf51 (HECTD4) was identified to be strongly 

associated with drinking behavior in Han Chinese (Yang et al. 2013). 

A notable remark was that our data also presented a marker located 

at C12orf51 (HECTD4) to be significantly associated with AFS 

among our samples. This may indicate that variants found in or near 

C12orf51 (HECTD4) can be East Asian specific characteristic that 

can be used as prediction marker. 

Also, rs10849915 from CCDC63 gene, a protein coding gene 

associated with drinking behavior as well as the amount and/or 

frequency of alcohol consumption, was found to be significant (Baik 

et al. 2011). According to a study, CCDC63 gene was noted to be 

associated with drinking behavior in Japanese population. This may 

indicate that CCDC63 could exhibit similar effects among Korean 

population due to genetic resemblances and biogeographic 

similarities between the two population groups (Quillen et al. 2014). 

Of those markers, rs671 showed the highest statistical 

significance, p-value of 1.39E-14, and accuracy. The highest 

specificity value was observed with rs2074356, and rs4646776 

presented the highest sensitivity rate within this sample pool. 

However, this result may be exclusive trend only found among our 

sample population. Because this research was conducted involving 

relatively small number of subjects, with uneven gender ratio, to 
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represent the entire Korean population, additional experiment 

performed with larger sample sizes may generate outcomes that are 

different from current reports. 

Moreover, because numerous studies have claimed that AFS is 

known as distinct features found among Asians (Goedde et al. 1979; 

Harada et al. 1981; Linneberg et al. 2010), further experiment 

comparing our samples to other regional population groups, both 

Asians and other ethnic groups, may present other remarkable

results, allowing more comprehensive data analysis.

4.2. Data analysis remarks  

Because the primary purpose of this research was to discover

specific markers with strong associations with AFS, statistical 

analyses were performed to examine inter-group differences and 

possible correlations. The noteworthy aspect was that all four 

markers we have chosen presented high specificity, with average of 

0.923256 ± 0.079434, showing their potentials to discriminate 

people with or without flushing responses from certain population 

pool, sorting out possible suspects at a significantly high rate.

Moreover, although the statistical evaluation based on gender 
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effect did not show significant differences, both male and female 

groups showed slightly improved specificity values; better result 

was observed in male group compared to female group, whereas 

female subjects exhibited better sensitivity values. 

These changes or discrepancies may be due to small sample 

sizes; due to the fact that the sample pool even got smaller when 

we divided our samples into gender groups. As a result, very small 

sample sizes in both false positive and true negative values were

obtained after sorting them into gender groups. The false positive 

values for rs4646776 and rs2074356 in male group were 0, and 

female group, though not as small as male group, also showed very 

small number of false positives, the smallest being 6 in rs2074356.

This can be due to the fact that our male sample pool was smaller 

than female sample. A further assessment with much larger sample 

sizes would be necessary in order to clarify whether there would be 

significant differences in specificity values, as well as sensitivity 

and accuracy, depending on gender differences. 

Moreover, additional analytical approach, such as using different 

analytical method or grouping the samples in a different way with 

other possible covariants, such as age, in order to find markers that 

may be able to provide further information. 

One of the noteworthy remarks was that the experimental 
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group division to AFS positive and negative groups was solely 

based on the survey answer provided from subject; each participant 

self-reported his/her experiences after alcohol consumption. 

However, according to experimental data, there were certain level 

of discrepancies found in between the answers that subjects have 

provided and the genotyping results – for instance, a subject 

declared ‘yes’ to flushing response in spite of the genotyped result 

showing no carrier alleles. Because each person has different 

extent of recognizing and acknowledging his/her flushing responses 

after alcohol intake, self-reported answers may be biased 

depending on each person’s different point of view. According to 

study done by Wall et al., measuring the occurrence and the extent 

of flushing responses must be done by an investigator in order to 

prevent any biased result. The self-reported answers are subject 

to change depending on environmental settings and circumstances; 

there are multiple factors that can affect the occurrence of flushing 

responses, such as the amount of alcohol intake, time after alcohol 

consumption, duration of drinking, the gap between first and the last 

drink and many more. Each and every factor like this would yield

discrepant outcomes. Therefore, an instructor-mediated 

measurement and report, following the strict experimental protocols 

and conditions, are necessary for collecting accurate, unbiased 
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experimental results (Wall et al. 1997). Hence if the subjects

participated in this study were to be re-evaluated under explicit 

experimental conditions, such as equalizing the number of drinks 

and duration of alcohol consumption, then our analytic results may 

significantly be different from what we have obtained through 

current study. This is one of the major factors that must be 

considered when conducting future studies with much larger sample 

sizes. 

4.3. Ethnic group specific trait

AFS is known to occur mostly among Asians, especially East 

Asians, due to variants found in genes responsible for alcohol 

metabolism pathways (Zeiner et al. 1979; Takao et al. 1998; Crabb 

et al. 2004; Linneberg et al. 2010). 

The possible reasons for such incident to be commonly found in 

Asians, especially in large proportions of Korean, Japanese and 

Chinese populations, are due to genetic polymorphisms found in 

ADH and ALDH cause the accumulation of acetaldehyde, affecting 

the rates of alcohol metabolism and clearance rates (Wolff 1972; 

Reed et al. 1976; Zeiner et al. 1979; Agarwal et al. 1981; Harada et 
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al. 1981; Crabb et al. 1989; Goldman 1995; Eriksson et al. 2001; 

Crabb et al. 2004; Linneberg et al. 2010).

Several studies have shown that Caucasians and Asians clearly 

show difference in hypersensitivity reactions after alcohol intake.

According to study done by Wolff et al., comparing optical density

and pulse pressure between Asians (Japanese, Korean and 

Taiwanese) Caucasian subjects, the result showed that 83% of

Asian subjects, even infants, showed visible flush with significantly 

elevated optical density and pulse pressure, while only one of 34 

Caucasian subjects showed flushing response (Wolff et al. 1972; 

Mizoi et al. 1979). Moreover, Reed et al. and Zeiner et al. also 

presented studies illustrating the differences in blood acetaldehyde 

level, responses after alcohol consumption, as well as the rate of 

alcohol metabolism between Caucasians and Asians (Reed et al. 

1976; Zeiner et al. 1979). 

Of the various genes in ADH family, AD1A, B and C are 

responsible for ethanol oxidizing in liver. The variants found in ADH 

gene can lead to differences in ethanol oxidizing capacity (Edenberg 

2007). According to multiple researches reported, the different 

variants were found in ADH family depending on racial and ethnic 

groups (Figure. 5), which can explain the diversity in alcohol 

metabolism and sensitivity reaction in various racial groups (Zeiner 
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et al. 1979; Eriksson et al. 2001; Crabb et al. 2004). 

For instance, ADH variant form of ADH2*2 is predominantly 

found in Asian population, for up to 70 percent of the East Asian 

population (Peng et al. 2002).  It is the common variant reduces 

ADH activity resulting in faster production of acetaldehyde and 

eventually causes flushing responses due to excessive 

acetaldehyde in blood, while such variant is rarely found among 

Caucasians (Eriksson et al. 2001; Peng et al. 2002). 

Moreover, σ-ADH, one of the major gastric isozymes of ADH, is 

found to be absent in nearly 30 percent of Asians, and those people

lacking in σ-ADH showed decrease in first-pass metabolism. This 

was found to be Asian-specific observation, which leads to 

conclusion that σ-ADH plays an essential role in breaking down the 

alcohol (Dohmen et al. 1996; Crabb et al. 2004). Also, it is often 

noted that ADH1B*2, a gene in charge of rapid ethanol oxidation,

variant is found in high frequency among East Asian populations, 

whereas rarely detected in Europeans as well as African population 

groups; this variant is said to possess protective effect against 

alcoholism, causing aversive responses after alcohol consumption 

(Edenberg 2007). 

While the polymorphic characteristics of ADH may cause 

different reactions to alcohol intake in various population groups, 
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some researchers claimed that it is more of variants found in ALDH 

that determines the rate and extent of hypersensitivity responses. 

As mentioned in various publications, the distribution of ALDH2 

polymorphisms is known to vary among different races (Harada et 

al. 1981; Takao et al. 1998), and despite the fact that certain 

genetic variants are found in Europeans, this does not lead to 

expression of alcohol hypersensitivity reactions, such as facial 

flushing (Dickson et al. 2006).

There are different types of ALDH variants; however, the one 

that needs to be focused is ALDH2*2. The normal allele is termed 

ALDH2*1 and the polymorphic ALDH2*2 is caused by a single 

substitution of amino acid, ALDH2 487lys. The variant causes 

structural change, which eventually result in inactivation of ALDH2 

that slows down the removal of acetaldehyde in blood (Crabb et al.

1989; Edenberg 2007; Eriksson et al. 2001; Crabb et al. 2004;

Dickson et al. 2006; Linneberg et al. 2010; Baik et al. 2011). It 

would also cause increased levels of acetaldehyde, leading to 

excessive release of histamines from the mast cell that triggers the 

prolonged clearance process of accumulated acetaldehyde in blood 

(Yoshida et al. 1984; Crabb et al. 2004; Edenberg 2007; Linneberg 

et al. 2010). This ‘inactive’ form of ALDH2 is commonly found in 

East Asians; up to 50 percent of Asians are carriers of ALDH 
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487lys variant, attributing to high prevalence of hypersensitive 

flushing reaction after alcohol intake, while ALDH2 487lys is hardly 

found among Caucasian populations (Linneberg et al. 2010). 

Another study reported that about 40 percent of Japanese 

population lack ALDH2 activity and people with homozygous variant 

in ALDH2 show profoundly more frequent occurrences of facial 

flushing with far higher acetaldehyde level in blood compared to 

people with heterozygous variants (Harada et al. 1981; Yoshida et 

al. 1984; Goldman 1995; Crabb et al. 2004). In addition, studies 

done with Taiwanese male and Han Chinese have found that 

subjects with heterozygote ALDH2*2 also exhibited slower alcohol

elimination and flushing responses after alcohol intake, suggesting 

that people with either homo and heterozygotes for ALDH2 variants 

demonstrate decrease in enzymatic activity and thus are susceptible 

to alcohol metabolism (Chen et al. 1999; Peng et al. 2002; Edenberg 

2007).

Moreover, family studies have remarked that flushing response 

is inherited as dominant traits (Schwitters et al. 1982; Eriksson et 

al. 2001). When families of different race group, Japanese, Chinese 

and Caucasians, were compared, significant differences were 

noticed regarding the sensitivities to alcohol and showed great 

resemblances within family members, suggesting that to alcohol 
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experimental data showed that flushing response can be considered 

as an inherited traits (Schwitters et al. 1982). 

Regardless of profound researches conducted apropos of AFS 

in Asian population, there still are more to come; there are other 

genes and enzymes whose function and its association to alcohol 

sensitivity responses are yet to be discovered. The future studies

would be required in order to discover other possible genetic 

variants that may explain further mechanism of alcohol metabolism 

as well as other additional variants that may have higher association 

to flushing responses in particular ethnic groups. 

4.4. Targeting Koreans

Considering the fact that the world-wide trend of EVC 

prediction model cannot fit into Korean society due to limited 

phenotypic characteristics, it is inevitable that propensities must be 

taken into account in order to increase the differential power and 

efficacy of the prediction model targeting Korean population. 

Therefore, it is extremely important to find and isolate the 

markers that not only hold the sufficient power to differentiate

individuals but also have the ability to distinguish Koreans from 



４５

other populations under any circumstances; in this case, genetic 

variants causing AFS being the East Asian specific target markers 

for differentiating individuals. 

There has been reported study demonstrating that chromosome 

4 and 9 are related to drinking behaviors in Korean male, and that 

chromosome 12 includes markers pertinent to alcohol dependence 

(Baik et al. 2011). With regards to such information, interesting 

finding from our study was that all of our four significant markers in 

this experiment were located in chromosome 4, 9, and 12. This can 

indicate that, somewhere on or near those choromosomal locations,

there may be markers that can represent the presence of flushing 

reaction, distinctively in East Asians or may even be exclusive in 

Koreans. Moreover, other studies also declared that rs11066280 

located in gene C12orf51, also noted as HECTD4, may be 

associated with facial flushing in Korean men and also have 

discovered that SNP markers around CCDC63 gene, known to be 

associated with alcohol consumption behavior, can be Korean

distinctive association indicator (Baik et al. 2011; Kim et al. 2016).

Although C12orf51 (HECTD4) and CCDC63 may not be the 

typically cited genes in alcohol metabolism and their exact function 

and mechanism for alcohol elimination is yet to be revealed, several 

studies have begun to depict their roles after alcohol intake as well 
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as drinking behavior, especially in Asian population (Baik et al

2011; Yang et al. 2013; Quillen et al. 2014). Additionally, because 

these two genes are also located in chromosome12, in which all of 

our significant SNP markers were found, it may be adequate to 

presume that the neighboring genes and proteins are engaged in

ethanol clearance pathways by influencing one another. 

However, these two genes are one of the less prominent genes 

with still limited understandings about their functions and 

capabilities hence the further examination around these positions 

may be the crucial key for discovering distinct markers to represent 

Korean population (Baik et al. 2011). This is to suggest that future 

research with larger number of markers around these chromosomes 

may provide additional AFS indicators with even higher sensitivity 

and specificity which can facilitate in constructing an effective 

prediction model.

Further study evaluating current sets of markers with various 

other population groups, such as the distribution of variants in 

European or Americans, would immensely help understanding

genetic polymorphisms in our samples and also finding Korean 

specific target markers, thus yield a better platforms for 

constructing propensity prediction model for forensic applications.
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4.5. For practical application in forensics field

Until now, most of the alcohol metabolism and/or ADH and 

ALDH polymorphism studies focused its significance in regards to 

medically relevant conditions induced by genetic polymorphisms or 

drinking behaviors (Chen et al. 1999; Crabb et al. 2004; Dickson et 

al. 2006).

This is the very first study solely dedicated to explore 

Korean-specific traits and that highlighted AFS as potential 

criminal investigation propensity prediction marker to explore the 

occurrences of AFS in broad range of population group, regardless 

of gender and age differences. After thorough future studies and 

validation to test for its capability and operability as FDP factor, it 

is expected to be a valuable supplementary tool in criminal 

investigation. This research can be the foundation to construct an 

operable Korean specific phenotypic and trait prediction model; 

research data only pertaining to Korean phenotypic trait studies are 

very scarce as of now and this exclusive data may aid in creating 

physical appearance inference guidelines. 

Another important remark is that despite the rapid progress of 

development of technology and experimental kits, it is still an 

irrefutable truth that crime scene samples and trace evidences are 
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still considered as challenging samples to be interpreted in the field 

of forensic science. Although microfluidic technology, such as 

Fluidigm, is known for its high throughput performance even with 

relatively small amount and concentration of DNA, additional 

assessment may be crucial in order to incorporate this into practical 

uses. 

Considering the fact that crime scene samples are found usually 

in extremely low quantity and quality of DNA, the current 

experimental protocol may not be efficient for real forensic 

applications. The current Dynamic Array™ system used in this 

experiment requires about 50ng/µl of DNA sample. Although the

manufacturer’s protocol states that the very minimum required 

sample concentration is about 10ng/µl (Fluidigm Corporation, CA, 

USA), we must understand that some of real trace evidences found 

in crime scenes may not even meet this minimum requirements. In 

such cases, alternative approach is necessary to validate its 

sensitivity, specificity and accuracy in low quality DNA and test 

whether this platform with same set of markers would guarantee 

the equivalent results and thus be feasible to construct a prediction 

model that can be used in practical cases.
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4.6. Future steps for constructing prediction model

The potential candidate SNP markers for predicting AFS in 

Koreans were selected and the efficacy of significant markers were 

examined in this study. 

Albeit this experiment has discovered four candidate markers 

significantly associated with AFS, larger set of appropriate markers 

and improved efficacy of current markers are crucial through 

further assessment in order for to create robust experimental 

platform as well as the prediction model that holds sufficient 

discrimination power to be applied in practical forensic cases. 

Moreover, even if there are adequate markers with satisfactory 

results for predicting AFS in Koreans, experiment wise, there also 

are administrative and procedural complications that we must 

overcome in order to implement phenotypic prediction model in 

criminal investigation. 

Unlike some countries that currently allow FDP in criminal 

investigation (Kayser and Schneider 2009), Korean legislature and 

law enforcements rather hold conservative views about 

implementing FDP and propensity prediction model into real 

criminal investigation due to various reasons. In order for this 

prediction system to be introduced, these disputes must first be 
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settled as well as any other possible ethical or legal concerns. Also, 

exceptionally cautious approach is required when selecting the 

candidate markers; all markers, the ones that we have already 

found and also the ones that we might discover in near future, 

should absolutely be free from any controversial ethical or legal 

concerns. For instance, if any of the markers are known to be 

associated with any kinds of medical conditions or diseases, then 

those must shall be completely eliminated from any further 

inferences usages (Kayser and Schneider 2009; Lee et al. 2015).

The establishment of proper guidelines and further research, 

accompanied by Korean population exclusive marker sets with 

strong differential powers, would tremendously contribute to the 

construction of effective platforms for FDP and propensity 

prediction model as supplementary investigative tool. 

Consequently, this findings of AFS associated markers are 

expected to be meaningful foundation for constructing Korean 

specific propensity prediction model fro future forensic applications. 
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요약 (국문초록)

음주 후 나타나는 안면 홍조 증상(Alcohol-induced flushing 

syndrome; 이하 AFS)은 아시안인들에게 흔히 나타나는 알코올 과민

반응 중 하나로써, alcohol dehydrogenase (ADH) 혹은 aldehyde 

dehydrogenase (ALDH)에 있는 단일염기서열다형성 (single 

nucleotide polymorphism; SNP)에 의한 알코올 대사 억제나 불능에 의

해 야기된다. 이러한 유전적 특징은 DNA 검사를 통해 외형이나 습성을

예측함으로써 대상을 추정하는 데에 활용될 수 있다. 본 연구에서는 이

러한 유전적 변이를 이용하여 표현형으로 나타나는 특징을 추정할 수 있

는 마커를 발굴하고자 하였다. 여러 문헌을 통해 후보 마커 24개를 선

별하였고, 집적유체회로(IFC) 방법으로 570명의 한국인에 대한 유전자

형 검사를 수행하였다. 대상군은 설문 조사를 통해 판단된 AFS 양성군

과 음성군, 무작위로 추출된 대조군으로 구분되었다. 

실험 결과 염색체 12번에 위치한 네 개의 마커 rs671 (ALDH2), 

rs2074356 (HECTD4), rs4646776 (ALDH2), 및 rs10849915 

(CCDC63)가 표현형질의 발현과의 연관성이 통계적으로 유의한 것으로

나타났고 (p-value range 1.39E-14 ~ 0.004988), 성별에 따른 결과

의 차이는 확인되지 않았다. 이 마커들은 음주 후 안면 홍조가 나타나는

사람과 나타나지 않는 사람들 구분하는 데에 높은 특이도를 보였고

(range 0.80465~ 0.972093), 이는 대상을 예측하는 데에 유망할 것으
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로 기대되었다. 이 마커들을 이용하여 추가적인 연구를 통해 한국인을

대상으로 한 습성 추정 모델을 구축할 수 있을 것이고, 이는 범죄 수사

뿐만이 아니라 개인 식별에 추가적인 정보를 제공하는 데에 기여할 수

있을 것으로 기대한다.

Keyword : Alcohol-induced Flushing Syndrome, Single Nucleotide 

Polymorphism, ALDH, ADH, Forensic DNA Phenotyping, Korean 

population 
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