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Introduction

The last decade has witnessed important advances in 
our understanding of the genetic basis of normal variation 
in human pigmentation [1]. To date, approximately 400 
genes have been identified as pigmentation candidate 

genes that contribute to determination of skin color [2]. 
Among numerous genes, oculocutaneous albinism (OCA) 
is an autosomal recessive disorder that is characterized by 
reduced or absent biosynthesis of melanin pigment in me-
lanocytes of the skin, hair follicles, and eyes [3]. Human 
OCA has several distinctive phenotypes of type 1 (OCA1; 
MIN #203100), OCA type 2 (OCA2; MIN #203200), OCA 
type 3 (OCA3; MIN #203290, and OCA4 (MIN #606574) 

[4]. The most common type OCA1 and OCA2 are caused 
by homozygous or compound heterozygous mutations in 
the OCA1 (tyrosinase gene; TYR) and OCA2 (P) gene), 
respectively. OCA1 which is located in chromosome 
11q14-q21, is expressed in melanocytes and controls the 
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major steps in pigment production [3]. Another common 
type, OCA2 is caused by mutation in the pick eyed dilu-
tion gene (P; OCA2) [5]. The OCA2 protein is important 
for normal biogenesis of melanosomes [6], and normal 
processing and transport of melanosomal proteins such 
as TYR and tyrosinase-related protein 1 (TYRP1). The 
prevalence of the various forms of OCA is shown widely 
in different populations. OCA1 is the common form of 
albinism, with a prevalence of 1 per 40,000 individuals 
in most populations [7]. And OCA2 is also common type 
of albinism, accounted for approximately 50% of OCA 
worldwide. The frequency of OCA2 is approximately 
8% in all OCA patients in Japan [8] and occurs in ~1 of 
30,000 Caucasians and in ~1 of 17,000 blacks in the Unit-
ed States, and at a surprisingly higher incidence (~1/1400) 
in Tanzania [9,10]. This diversity is highly correlated with  
geographical location, including that environmental fac-
tors as well as genetic aspects strongly influence skin col-
or [11].

While the overwhelming majority of studies on human 
pigmentation have focused on European populations, re-
searches in other population groups have been much more 
limited [12,13]. In addition, despite a large number of 
reported OCA, very little is known about the genetic basis 
of pigmentation gene in Koreans. Thus, we investigate 
the distributions of specific polymorphisms (rs1800414, 
rs74653330, and rs7497270) in the region of OCA2 in 
Korean. Based on the SNPs of OCA2 that reported in East 
Asia, we researched the allele frequencies of three poly-
morphisms within OCA2 in normal Koreans. Besides, we 
would discuss the different variants distribution genetic 
aspects of OCA2 among various populations. Our knowl-
edge about the polymorphisms involved in domestic fre-
quencies is still in its infancy, we think this study focused 
on Korean populations are needed to get a global perspec-
tive of the genetic aspects of human pigmentation.

Materials and Methods

1. Material

To determine the genotyped of the OCA2 gene, genomic 
DNA samples from 250 healthy individuals were obtained 
from the Biobank of Dongsan Hospital (Deagu, Korea). 
These samples were used for experiments after approval 
of the study by the Institutional Review Board (IRB) of 
Keimyung University, Daegu, Korea (IRB No. 2015-06-
066).

2. Single-strand conformation polymorphism (SSCP)

For SSCP, genomic DNA samples were used to geno-
type rs1800414, rs74653330, and rs7497270 of OCA2 
located in chromosome 15. PCR was performed in a final 
reaction volume of 30 μL containing ~50 ng of genomic 
DNA, 0.5 μM of each primer, 0.2 μM of each dNTP, 1.5 

mM of MgCl2, 1 × PCR buffer, and 0.01 U/μL Taq DNA 
polymerase (Toyobo Co., Japan). Amplification was per
formed with an initial denaturation at 95°C for 5 min fol-
lowed by 35 cycles of 95°C for 30 s, annealing at 57°C for 
30 s, and extension at 72°C for 1 min, with a final exten-
sion at 72°C for 5 min. Amplified PCR products were sub-
jected to SSCP analysis. Electrophoresis was performed 
in 10% polyacrylamide gel with 1 × TBE buffer (90 mM 
Tris-borate, 2 mM EDTA, pH 8.3). Gels were silver stain-
ed, dried, and scored manually for SSCP variants [14]. The 
primer sequences for the polymorphisms of OCA2 are 
listed in Table 1.

3. DNA sequencing

Purified PCR products were sequenced using a BigDye 
Terminator Cycle Sequencing kit (Applied Biosystems, 
USA) on an ABI 3730 Genetic Analyzer, and the raw 
sequence data was edited manually using Chromas Ver. 
2.4. Each of the identified SSCP variants was sequenced 

Table 1. Primer sequences for PCR-SSCP and detection assay

   Variant    SNP region Sequences

rs1800414 Exon 1 F: 5′-CCG TCT GTG CAC ACT AAC CT-3′
R: 5′-TAC TTC GAA GGC TGT GCT CC-3′

rs74653330 Exon 14 F: 5′-ATG TGG GCC TTT CAC GAT GT-3′
R: 5′-GGA GGT GTG CGT TTA CTG GA-3′

rs7497270 Intron region
position: 152422

F: 5′-GCT GCA GGA GTC AGA AGG TT-3′
R: 5′-TGG GAA CAG GCT CTG AAA CC-3′
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from both ends using both forward and reverse primers 

[15]. The exon segments that yielded aberrant patterns 
were independently reamplified from genomic DNA and 
sequenced directly.

4. Statistical analysis

The Hardy-Weinberg equilibrium was examined for each 
variant using the chi-square test. The Hardy-Weinberg 
equilibrium is a principle stating that the genetic variation 
in a population will remain constant from one generation 
to the next in the absence of disturbing factors. When 
mating in random in a large population with no disruptive 
circumstances, the law predicts that both genotype and 
allele frequencies will remain constant because they are in 
equilibrium.

Results

We evaluated the frequency of SNP rs74653330 within 
pigmentation gene, OCA2, in Korean samples. To deter-
mine the genotype of the polymorphisms, genomic DNA 
samples were used for the measurement of SNP frequency 
by SSCP and DNA sequencing after PCR amplification 

(Fig. 1). Most of single-strand DNA fragments showed 
the same pattern by SSCP electrophoresis except 2 among 
238 samples (Fig. 1A). The sequence of SNP of OCA2 in 

exon 14 predominate G allele approximately 99% in Ko-
rean samples and we did not observe any homozygote for 
the A allele (Fig. 1B).

Table 2 summarized the differences in the distribution 
of the genotype for the three polymorphism within OCA2 
and frequency in Koreans. The A allele of rs1800414 

(His615Arg) was found at a frequency of 38.8%. The other 
polymorphism located within the OCA2 gene, rs7497270, 
showed different allele frequencies that included minor 
allele frequency (MAF; C allele) 33.4% in Koreans. No 
significant deviations from HardyWeinberg equilibrium 
were observed for any of polymorphisms.

Discussion

We examined the frequencies of three non-synonymous 
variants (rs1800414, rs74653330 and rs7497270) within 
pigmentation candidate gene (OCA2) in Koreans. In this 
study, we observed that the G allele frequency (light skin 
allele) of rs1800414 was 61.2%, 61 and 105 of 232 sub-
jects were homozygous (G:G) and heterozygous (A:G), 
respectively. Donnelly et al. reported that rs1800414 

(A481T) was almost exclusively in East and Southeast 
Asia, frequency was at higher levels in eastern East Asia 

(62~76.1%) compared with Southeast Asia (0~54.3%) 
and Western China (15.5~37.5%) [16]. Outside of East 

Fig. 1. Analysis of SSCP and DNA sequences for the SNP rs74653330 (Ala481Thr) within OCA2 in Korean samples. (a) SSCP was per-
formed for the detection of a single-strand DNA fragment by electrophoresis on 10% polyacrylamide gel. (b) DNA sequencing of the SNP 

(Ala481Thr) region was performed for exon 14 of OCA2 on chromosome 15.

(a) (b)
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and Southeast Asia, the G allele of rs1800414 was only 
found in low frequencies in Europe (>1~3.6%), Siberia 

(8.8%), and the Pacific Islands (4.2%). In Japanese, the 
G allele frequency for A481T reached up to 82% [8,17]. 
In the Eaton K et al. study [18], the SNP rs1800414 was 
a nonsynonymous polymorphism of high frequencies 

(60.2%) in East Asians, which was similar with our data 

(61.2%). However, this results in Koreans had different 
level to the distribution of European.

The SNP rs74653330 is another nonsynonymous poly-
morphism (Ala481Thr) located on exon 14 within the 
OCA2 gene. In this study, the frequency of G allele was 
99.2% and we did not observe any homozygote for the 
A allele. Yuasa et al. studied the distribution of this poly-
morphism in several East Asian populations and found 
that the frequency of the derived A allele ranged between 
0% and 7.4% in Han Chinese and Japanese [17]. The A 
allele reached much higher frequencies in Mongolia and 
nearby regions (13% in the Khalha, 51.85% in the Oroqen  
of Northern China). By contrast, the A allele was not ob-
served in European, South Asian, and African samples 

[17]. This results indicated that the G allele distribution 
of rs74653330 in Korean has no different level with East 
Asian (96.7%) [18], European and Americans (100%) [19].

The other polymorphism located within the OCA2 gene, 
rs7497270, showed MAF (C allele) 33.4% in Koreans. 
Most of European had C allele which the frequency reach 
91.4%, American also included 84% with C allele of 
rs7497270. Among East Asians, the frequency of Japan 
and Han China included 32.7% and 39.5% [20], these fre-
quencies of East Asian were comparable with our data for 
C allele.

At first, we planned to investigate the pigmentation can-

didate polymorphisms both OCA1 and OCA2 in Koreans, 
however, the most of nonsynonymous SNP within OCA1 
has one allele system not only in East Asia but also world-
wide. Although this distribution data of SNP according to 
population was not shown differences within OCA1, OCA2 
has different allele frequencies of polymorphism between 
Western area and East Asian. Therefore we investigated 
the distribution of polymorphism for pigmentation gene 
OCA2 in Korean, because it would be influenced by geo
graphical location, as well as skin color was strongly in-
fluenced by environmental and genetic factors.

In summary, the distributions of rs1800414, rs74653330, 
and rs7497270 within OCA2 were investigated by selec-
tion of an allele frequency difference at least 30% between 
East Asian populations and European populations. The 
derived allele of OCA2 rs1800414 has reached very high 
frequencies in Korean similar to Chinese, Japanese. On 
the other side, the derived allele of OCA2 rs74653330 has 
a predominant of G allele than rs1800414. The polymor-
phism rs7497270 of MAF (C allele) has reached 33.4%. 
Therefore, this study indicated different frequencies for 
the three variants in OCA2 had dependency on geographic 
area, we could suggest that OCA2 may have a strong ef-
fect on the function of melanin level and human pigmen-
tation. Our knowledge about the polymorphisms involved 
in domestic frequencies is still in its infancy, and further 
studies focused on Korean populations are needed to get a 
global perspective of the genetics.
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Table 2. Genotype frequencies observed for the three polymorphisms analyzed in this study

 Gene     Chr (pos)     SNP (alleles) Genotype frequencies Allele frequencies HWE p

OCA2 15 (28197037) rs1800414 (G/A)
G:G = 61
A:G = 105
A:A = 66

G = 0.612
A = 0.388 0.150

OCA2 15 (28228553) rs74653330 (G/A)
G:G = 236
A:G = 2
A:A = 0

G = 0.992
A = 0.008 0.948

OCA2 15 (28344328) rs7497270(T/C)
T:T = 95
C:T = 106
C:C = 35

T = 0.666
C = 0.334 0.543

Chr: chromosome
HWE: Hardy-Weinberg equilibrium
pos: position
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한국인에서 OCA2의 단일뉴클레오티드다형태의 재평가

나안예1, 김대광1,2

1계명대학교 의과대학 의학유전학교실, 2한빛의학유전연구소

간추림 : 눈피부 백색증 (Oculocutaneous albinism, OCA)은 멜라닌 색소 합성과정의 장애로 피부나 모발, 안구 등 

전신에 무색소 또는 저색소증이 나타나는 보통염색체 열성의 이질 유전질환 (heterogenous hereditary disorder)이
다. 본 연구는 한국인 250명을 대상으로 OCA2 유전자에 위치한 3개의 단일뉴클레오티드다형태 (Single Nucleotide 
Polymorphism, SNP)의 분포를 조사하였다. 정상인 DNA를 이용하여 중합효소연쇄반응과 DNA 염기서열분석을 통

하여 한국인의 OCA2 단일뉴클레오티드다형태의 분포를 확인하였다. OCA2 유전자 가운데 단일뉴클레오티드다형

태는 동아시아 인구 및 아프리카와 유럽의 인구 사이에 30%의 빈도를 차지하는 것을 기준하여 한국인의 단일뉴클

레오티드다형태의 분포와 지역적인 차이를 비교하였다. 한국인에서 OCA2 유전자에서 rs1800414과 rs74653330 그
리고 rs7497270의 작은대립유전자빈도 (Minor allele frequency, MAF)는 각각 A 대립유전자 38.8%, A 대립유전자 

0.8% 그리고 C 대립유전자 33.4%로 나타났다. 이 연구 결과는 유럽인과 백인의 빈도와 다르지만 동아시아인에서는 

비슷하였다. 국내 OCA2의 단일뉴클레오티드다형태에 관련된 유전적 정보가 미비하기에, 한국인에 초점을 맞춘 추

후 연구가 세계적인 유전적 정보를 확립하기 위해 유용한 연구가 될 것이다.
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