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Investigation of blood group 
genotype prevalence in Korean 
population using large genomic 
databases
Cheol O Bae , Soon Sung Kwon * & Sinyoung Kim 

Blood group antigens, which are prominently expressed in red blood cells, are important in transfusion 
medicine. The advent of high-throughput genome sequencing technology has facilitated the 
prediction of blood group antigen phenotypes based on genomic data. In this study, we analyzed data 
from a large Korean population to provide an updated prevalence of blood group antigen phenotypes, 
including rare ones. A robust dataset comprising 72,291 single nucleotide polymorphism arrays, 5318 
whole-exome sequences, and 4793 whole-genome sequences was extracted from the Korean Genome 
and Epidemiology Study, Genome Aggregation Database, and Korean Variant Archive and then 
analyzed. The phenotype prevalence of clinically significant blood group antigens, including MNSs, 
RHCE, Kidd, Duffy, and Diego, was predicted through genotype analysis and corroborated the existing 
literature. We identified individuals with rare phenotypes, including 369 (0.51%) with Fy(a−b+), 188 
(0.26%) with Di(a+b−), and 16 (0.02%) with Jr(a−). Furthermore, we calculated the frequencies of 
individuals with extremely rare phenotypes, such as p (0.000004%), Kell-null (0.000310%), and Jk(a−
b−) (0.000438%), based on allele frequency predictions. These findings offer valuable insights into the 
distribution of blood group antigens in the Korean population and have significant implications for 
enhancing the safety and efficiency of blood transfusion.

Blood group antigens serve as surface markers for red blood cells (RBCs) and play a pivotal role in transfusion 
medicine. These antigens are determined by specific genes that encode for glycoproteins and glycolipids present 
in the membranes of RBCs. ABO and Rh blood group systems are the most clinically significant, and numerous 
other blood group systems have varying degrees of clinical importance. In addition to ABO, several other blood 
group systems, such as Rh, Kidd, Duffy, and Kell, possess clinically significant antigens that can be associated 
with hemolytic transfusion reactions caused by irregular antibodies to these antigens. Irregular antibodies, also 
known as alloantibodies, can develop in response to foreign blood group antigens during pregnancy, transfu-
sion, or transplantation. Alloantibodies pose risks for hemolytic transfusion reactions. Thus, when recipients 
possess alloantibodies against particular blood group antigens, specialized transfusion strategies, such as select-
ing antigen-negative donors, are employed to minimize the possibility of hemolytic transfusion  reactions1. For 
patients with rare RBC phenotypes, finding compatible RBCs for transfusion can be challenging, potentially 
affecting the quality of transfusion  support2,3.

To date, the International Society of Blood Transfusion (ISBT) has reported 44 blood group systems with 
354 red cell antigens (December 2022)4. Traditionally, the presence of certain blood group antigens has been 
confirmed using immunological methods. Advances in genetic and molecular technologies have revealed that 
blood group diversity is commonly caused by differences in blood group genes. Recent advances in molecular 
methods have enabled the precise identification of blood group antigens.

Reliable data regarding the prevalence of blood group antigens within a population are useful for practical 
applications in transfusion medicine. This information can help healthcare providers optimize blood transfusion 
compatibility, ensure an adequate supply of antigen-negative blood products, and manage blood inventories 
more effectively.

In the Korean population, limited data are available regarding the distribution of blood group phenotypes 
and genotypes, including extended phenotypes and rare blood group types. Previous studies have determined 
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the genotypical blood group composition of the Korean  population5–9. However, the overall genotypic prevalence 
of blood group antigens, especially rare ones, is difficult to determine because of limited sample size.

Large population genomic databases have been accumulated by several research groups, and access to these 
databases makes various population genomic studies available, including blood group genotype investigations. 
In the present study, we used these large genomic databases to determine the frequencies of the predicted blood 
group phenotypes in the Korean population. We also investigated rare blood group phenotypes with a high 
probability of producing antibodies against high-frequency antigens.

Materials and methods
Blood group alleles. The variants in blood group genes that determine blood group antigen changes were 
investigated using ISBT blood group tables as a reference. Lists of ISBT blood group alleles and relevant genetic 
information were obtained from www. isbtw eb. org/ isbt- worki ng- parti es/ rcibgt/ blood- group- allele- tables. html 
(last accessed May 8th, 2023). A total of 46 blood group alleles, including two erythrocyte-specific transcription 
factors, GATA1 and KFL1, were listed. Among the blood groups, those for which we could predict the blood 
group phenotypes using genetic data from each database were selected. Consequently, the ABO, MNS, P1PK, 
RHCE, Lutheran, Kell, Duffy, Kidd, Diego, Yt, Dombrock, Colton, Landsteiner–Wiener, Cromer, Knops, Indian, 
Ok, RHAG (Rh-associated glycoprotein), JR, LAN, KANNO, and SID blood groups were included in the analy-
sis. For the selected blood groups, we collected variant information related to the phenotype of each blood group 
from their respective databases. We obtained allele frequency information for each genotype and calculated the 
corresponding frequencies by predicting phenotypes based on the genotype.

Phenotype prediction. To predict the phenotype of each blood group antigen, we relied on the nucleotide 
sequences at specific genomic locations corresponding to these antigens. The genomic positions relevant to the 
major antigens are as follows: ABO (ABO) at positions c.261 and c.796; RHCE (RHCE) at positions c.48, c.307, 
and c.676; Duffy (ACKR1) at c.125; Kidd (SLC14A1) at c.838; Ss (GYPB) at c.143; MN (GYPA) at c.59, c.71, and 
c.72; Diego (SLC4A1) at c.2561; Dombrock (ART4) at c.793; JR (ABCG2) at c.376; KANNO (PRNP) at c.655; 
and Ok (BSG) at c.274.

Phenotype frequency prediction. Based on the allele frequency, the predicted phenotype frequency was 
calculated using the Hardy–Weinberg equation. For two antithetical alleles, if we presume p as the frequency 
of allele “A” and q as the frequency of allele “a”, p + q = 1 and the Hardy–Weinberg equation are expressed as 
 p2 + 2pq +  q2 = 1. The frequencies of the homozygous genotype AA, heterozygous genotype Aa, and homozygous 
genotype aa are represented as  p2, 2pq, and  q2, respectively. This equation was used to predict the population 
frequency of each phenotype.

The Korean Genome and Epidemiology Study. The Korean Genome and Epidemiology Study 
(KoGES) is a large cohort study of Koreans. In addition to epidemiological data, genetic data were obtained 
from various Korean cohorts. Whole-genome sequencing (WGS) and single nucleotide polymorphism (SNP) 
array data were provided by CODA in the National Biobank of Korea, the Agency for Disease Control and 
Prevention, Republic of Korea. In total, 72,291 SNP array data points were collected from community-based 
(5493 individuals), urban-based (58,693 individuals), and rural-based (8105 individuals) cohorts. SNP array 
data were produced using the Korea Biobank Array, which encompasses over 833,000 markers, including more 
than 247,000 rare frequency or functional variants derived from the analysis of over 2500 sequencing datasets 
from  Koreans10. In addition to SNP array data, 2897 WGS datasets were investigated.

Genome Aggregation Database. The Genome Aggregation Database (gnomAD) contains a large vol-
ume of genetic data, and gnomAD v2.1.1 is composed of 15,708 genomes and 125,748 exomes, including data 
from 1909 Koreans, 8068 East Asians (excluding Koreans), and 77,165  Europeans11,12. The gnomAD data (v2.1.1) 
for each blood group gene were obtained from https:// gnomad. broad insti tute. org/. We analyzed the genome and 
exome data of Koreans, East Asians, and Europeans.

Korean Variant Archive for a reference database of genetic variations in the Korean popula-
tion. The Korean Variant Archive, a reference database of genetic variation in the Korean population (KOVA), 
is a large Korean control  database13,14. KOVA database is a collection of WGS and whole-exome sequencing 
(WES) data generated from multiple projects. Normal tissue samples were obtained from diverse populations, 
40.16% of which were from patients with cancer, 28.4% from healthy parents of patients with rare diseases, and 
31.44% from healthy volunteers. After filtering inadequate data from the 6654 original sequencing data, 5305 
samples (3409 WES and 1896 WGS) were selected and provided publicly. The KOVA data were obtained from 
https:// www. kobic. re. kr/ kova/.

Ethics statement. We used three anonymized databases (KoGES, gnomAD, and KOVA). No direct contact 
with the research subjects was involved, and no additional information about them were gathered or searched 
for. The Institutional Review Board for Human Research, Yonsei University, Severance Hospital, Seoul, Korea, 
approved this study (approval number: 2022-1239-001) and waived the need for informed consent. All methods 
were performed in accordance with relevant guidelines and regulations.

http://www.isbtweb.org/isbt-working-parties/rcibgt/blood-group-allele-tables.html
https://gnomad.broadinstitute.org/
https://www.kobic.re.kr/kova/
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Results
Predicted blood group phenotype frequencies from large population SNP array. A total of 
72,291 SNP array data points were analyzed, and the predicted RBC antigen phenotype frequencies of each 
blood group according to genotype analysis are summarized in Table 1. For the ABO blood group, individuals 
with A, B, AB and O phenotypes were observed to be 25,044 (34.65%), 19,676 (27.22%), 8008 (11.08%) and 
19,554 (27.05%) respectively. These results are consistent with the ABO blood type distribution reported in the 
2022 blood services statistics by Korean Red  Cross15, as well as with previous  study16. For the MNS blood group, 
only the S antigen was available for analysis. Among these, 186 individuals (0.26%) had the SS genotype, which 
was predicted to be negative for the s antigen. In the RHCE blood group, 31,772 individuals (43.95%) were 
negative for the c antigen, whereas 8345 individuals (11.54%) were negative for the C antigen. The numbers of 
individuals who were negative for the E and e antigens were 35,569 (49.20%) and 6540 (9.05%), respectively. In 
the Duffy blood group, only 369 individuals (0.51%) carried the Fy(a−b+) phenotype. In the Kidd antigen group, 
16,721 (23.13%) and 19,669 (27.21%) individuals carried the Jk(a+b−) and Jk(a−b+) phenotypes, respectively. In 
the Diego blood group, most of the population exhibited the Di(a−b+) phenotype (n = 64,768, 89.59%), and only 
7523 (10.41%) carried the Di(a) antigen. Meanwhile, only 188 individuals (0.26%) were negative for the Di(b) 
antigen. Among other high-frequency antigen blood groups, Jr(a−) was observed in only 16 individuals (0.02%), 
and KANNO1− was found in only 182 individuals (0.25%).

Predicted blood group phenotype frequencies from WGS data. WGS enabled the analysis of blood 
groups that could not be examined using SNP array data, such as the MN, Kell, Ok, and other high-frequency 
antigen groups (Lutheran, Yt, Colton, Landsteiner–Wiener, Cromer, Knops, and Indian). The results of the 
2897 WGS analyses are summarized in Table 2. For the blood groups included in the SNP array data analysis, 
similar results were observed for each blood group frequency compared with the SNP array data. Among the 
blood groups that could not be predicted based on the SNP array data, the MM and NN phenotypes of the 
MN blood group were observed in 717 (24.75%) and 870 (30.03%) individuals, respectively. For the Ok blood 
group, all study populations were predicted to have the Ok(a+) phenotype. Unlike the SNP array data analysis, 
no individuals with the Jr(a−) phenotype were observed possibly because of the smaller sample size of the entire 

Table 1.  Frequencies of blood group antigen phenotype predicted based on Korean SNP array data 
(n = 72,291). *72,282 individuals analyzed (9 undetermined results).

Group Phenotype Individuals Frequency (%)

ABO*

A 25,044 34.65

B 19,676 27.22

AB 8008 11.08

O 19,554 27.05

S

ss 65,364 90.42

Ss 6741 9.32

SS 186 0.26

C

cc 8345 11.54

Cc 32,174 44.51

CC 31,772 43.95

E

ee 35,569 49.20

Ee 30,182 41.75

EE 6540 9.05

Duffy

Fy(a+b−) 62,334 86.23

Fy(a+b+) 9588 13.26

Fy(a−b+) 369 0.51

Kidd

Jk(a+b−) 16,721 23.13

Jk(a+b+) 35,901 49.66

Jk(a−b+) 19,669 27.21

Diego

Di(a+b−) 188 0.26

Di(a+b+) 7335 10.15

Di(a−b+) 64,768 89.59

Dombrock

Do(a+b−) 732 1.01

Do(a+b+) 13,040 18.04

Do(a−b+) 58,519 80.95

JR
Jr(a+) 72,275 99.98

Jr(a−) 16 0.02

KANNO
KANNO1+ 72,109 99.75

KANNO1− 182 0.25



4

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15326  | https://doi.org/10.1038/s41598-023-42473-8

www.nature.com/scientificreports/

study population. For the Lutheran, Kell, Yt, Colton, Landsteiner–Wiener, Cromer, Knops, and Indian blood 
groups, all study populations were predicted to have Lu(a−b+), K−k+, Yt(a+b−), Co(a+b−), Lw(a+b−), Cr(a+), 
Kn(a+b−), and In(a−b+), respectively.

Predicted extended blood group phenotype frequencies from WGS data. WGS data provide 
gene sequences for each individual, allowing the prediction of the extended blood group antigen phenotypes of 
each individual. These data are shown in Table 3. The most common phenotype combination, observed in 137 
cases (4.74%), included MN, ss, CcEe, Fy(a+b−), Jk(a+b+), Di(a−b+), Do(a−b+), and KANNO1+ . Individu-
als with blood group antigen phenotypes exhibiting a frequency of > 1% accounted for approximately half of 
the total cases (1403/2897, 48.4%). These individuals were predicted to display the s, Fy(a), Di(b), Do(b), and 
KANNO1+ antigens. Extended blood antigen phenotypes with a frequency of less than 1% are shown in Sup-
plementary Table S1.

Genotype-based estimation of rare blood group phenotypes. Investigation of the frequencies of 
low-frequency antigen alleles from KoGES, gnomAD, and KOVA enabled us to predict the frequencies of low-
frequency antigen phenotypes in the Korean population. The predicted phenotype frequencies were calculated 
using the Hardy–Weinberg equation and are presented in Table 4. For comparison, the allocated antigen phe-
notype frequencies of East Asian and European populations, as analyzed from gnomAD, are also provided. 
Detailed number and frequencies of identified alleles for each antigen are shown in Supplementary Table S2. 
Alleles associated with the Fy(a−b−), Di(a−b−), and Cr(a−) phenotypes were not observed in any of the three 
databases. Except for the c.274G>A variant in BSG (Ok(a−)), c.376C>T variant in ABCG2 (Jr(a−)), c.655G>A 
variant in PRNP (KANNO1−), and c.1396T>C variant in B4GALNT2 (Sd(a−)), all other variant alleles were 
observed at frequencies of < 0.2%. The frequencies of p, Co(b+), In(a+b−), and Rhnull were predicted to be less 
than 0.000005%.

Table 2.  Frequencies of blood group antigen phenotype predicted based on WGS data (n = 2897).

Group Phenotype Individuals Frequency (%)

MN

MM 717 24.75

MN 1310 45.22

NN 870 30.03

S

ss 2627 90.68

Ss 259 8.94

SS 11 0.38

C

cc 341 11.77

Cc 1305 45.05

CC 1251 43.18

E

ee 1434 49.50

Ee 1199 41.39

EE 264 9.11

Duffy

Fy(a+b−) 2468 85.19

Fy(a+b+) 417 14.39

Fy(a−b+) 12 0.41

Kidd

Jk(a+b−) 650 22.44

Jk(a+b+) 1439 49.67

Jk(a−b+) 808 27.89

Diego

Di(a+b−) 10 0.35

Di(a+b+) 315 10.87

Di(a−b+) 2572 88.78

Dombrock

Do(a+b−) 31 1.07

Do(a+b+) 551 19.02

Do(a−b+) 2315 79.91

Ok
Ok(a+) 2897 100.00

Ok(a−) 0 0.00

JR
Jr(a+) 2897 100.00

Jr(a−) 0 0.00

KANNO
KANNO1+ 2892 99.83

KANNO1− 5 0.17
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Discussion
Previous studies have attempted to elucidate the distribution of RBC antigen phenotypes and genotypes in the 
Korean population. However, conventional serological methods have proven challenging for examining a wide 
range of RBC antigens because of the considerable cost, time, and effort required to verify an individual’s RBC 
antigens using antisera for multiple antigens. Similarly, for the genotyping of RBC antigens, most previous studies 
obtained data by enrolling patients and conducting genetic testing with their blood samples, primarily based on 
sequencing using PCR methods or commercial allele-specific  probes6–8. Consequently, large-scale studies are 
difficult to conduct, and only a limited number of variants have been investigated. Advancements in genome 
sequencing techniques have facilitated the conduct of WGS and WES, leading to the compilation of several data-
bases. Using these resources, we were able to investigate the distribution of blood group genotypes in Koreans 
with the largest sample size to date, including the KoGES database with 2897 individual WGS data, 72,291 SNP 
array data, 1909 individual gnomAD data, and KOVA data. The distribution of Korean blood group phenotypes 

Table 3.  Extended blood group antigen phenotype predicted based on WGS data (n = 2897).

MNS RHCE Duffy Kidd Diego Dombrock KANNO

Individuals %M N S s C c e E Fya Fyb Jka Jkb Dia Dib Doa Dob KANNO1

 +  +  −  +  +  +  +  +  +  −  +  +  −  +  −  +  + 137 4.73

 +  +  −  +  +  −  +  −  +  −  +  +  −  +  −  +  + 136 4.69

 −  +  −  +  +  −  +  −  +  −  +  +  −  +  −  +  + 106 3.66

 −  +  −  +  +  +  +  +  +  −  +  +  −  +  −  +  + 94 3.24

 +  +  −  +  +  −  +  −  +  −  −  +  −  +  −  +  + 85 2.93

 +  +  −  +  +  +  +  +  +  −  −  +  −  +  −  +  + 83 2.87

 +  −  −  +  +  +  +  +  +  −  +  +  −  +  −  +  + 80 2.76

 +  −  −  +  +  −  +  −  +  −  +  +  −  +  −  +  + 70 2.42

 +  +  −  +  +  +  +  +  +  −  +  −  −  +  −  +  + 61 2.11

 +  +  −  +  +  −  +  −  +  −  +  −  −  +  −  +  + 60 2.07

 −  +  −  +  +  −  +  −  +  −  +  −  −  +  −  +  + 57 1.97

 +  −  −  +  +  −  +  −  +  −  −  +  −  +  −  +  + 52 1.79

 −  +  −  +  +  −  +  −  +  −  −  +  −  +  −  +  + 52 1.79

 −  +  −  +  +  +  +  +  +  −  −  +  −  +  −  +  + 48 1.66

 +  −  −  +  +  −  +  −  +  −  +  −  −  +  −  +  + 44 1.52

 +  −  −  +  +  +  +  +  +  −  −  +  −  +  −  +  + 42 1.45

 −  +  −  +  +  +  +  +  +  −  +  +  −  +  +  +  + 37 1.28

 +  +  −  +  +  +  +  +  +  −  +  +  −  +  +  +  + 33 1.14

 −  +  −  +  +  +  +  +  +  −  +  −  −  +  −  +  + 33 1.14

 +  +  −  +  −  +  −  +  +  −  +  +  −  +  −  +  + 32 1.10

 +  +  −  +  +  −  +  −  +  −  +  +  −  +  +  +  + 31 1.07

 +  +  −  +  +  −  +  −  +  +  +  +  −  +  −  +  + 30 1.04

Table 4.  Predicted frequencies of rare blood group phenotypes. *Data analyzed from Korean Genome and 
Epidemiology Study, Genome Aggregation Database (gnomAD), and Korean Variant Archive. **Data analyzed 
from gnomAD.

Group Phenotype

Predicted phenotype frequency

Korean (%)* East Asian (%)** European (%)**

P1PK p 0.000004 0.000000 0.000004

Kell Null 0.000310 0.000176 0.000142

Kidd Jk(a−b−) 0.000438 0.017780 0.521999

Colton Co(b+) 0.000002 0.000000 0.171543

Indian In(a+b−) 0.000004 0.000000 0.000000

Ok Ok(a−) 0.002116 0.000000 0.000000

RHAG Rhnull 0.000001 0.000000 0.000001

JR Jr(a−) 0.031014 0.002288 0.000065

LAN Lan− 0.000123 0.000174 0.001151

KANNO KANNO1− 0.262555 0.097632 0.000000

SID Sd(a−) 0.181149 0.071783 5.931266
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predicted by the genotypes obtained from the three databases showed relatively good agreement with each other. 
In addition, it correlated with previous genotype studies (see Supplementary Table S3).

The investigation of the frequency of rare RBC antigens is significant because it allows transfusion centers 
to be prepared for unusual instances of transfusions. This approach mitigates the risk of antigen sensitization 
and the acquisition of irregular antibodies. However, the prevalence of rare blood group antigens in the Korean 
population has yet to be adequately determined. While these data are lacking, there have been several reports 
of irregular antibodies to high-frequency antigens in Korea, including anti-PP1Pk, anti-Rh17, anti-Ku, anti-
Fy(a), anti-Di(b), anti-Ge, anti-Yk(a), anti-Ok(a), anti-JMH, anti-Jr(a), and anti-Sd(a)17. This study revealed the 
presence and number of individuals with the Fy(a−b+), Di(a+b−), Jr(a−), Sd(a−), and KANNO1− phenotypes 
in the population. In the present study, the Fy(a−b+) phenotype frequency ranged from 0.21 to 0.51%, which 
was slightly lower than the ranges in previous  studies7,8,18,19. The Fy(a−b−) phenotype, which is linked to resist-
ance to malaria, was not observed across the three databases investigated in this study. The prevalence of the 
Di(a+b−) phenotype is consistent with previous  studies7,8,20. The Jr(a) antigen is a high-frequency antigen. The 
Jr(a−) phenotype is predominantly reported in Japan, with an estimated prevalence of 0.05% in the Japanese 
 population21. Several reports focused on Jr(a−) and anti-Jr(a) in  Korea17,21. However, to the best of our knowledge, 
the prevalence of individuals with the Jr(a−) phenotype in the Korean population has not been investigated. 
In the KoGES SNP array analysis, 16 individuals exhibited the Jr(a−) phenotype, with a prevalence of 0.02%. 
Similarly, the prediction of Jr(a−) phenotype prevalence, as calculated using the Hardy–Weinberg equation 
based on allele frequency, was 0.03%. These frequencies within the Korean population are slightly lower but still 
show a high degree of similarity to the Japanese prevalence data. Antibodies against Duffy, Diego, and JR have 
previously been associated with hemolytic disease of the fetus and newborn (HDFN) or hemolytic transfusion 
reaction (HTR)17. Although some suspected HTRs have been reportedly caused by an unusually strong Sda 
antigen (Sd(a++))1,22, anti-Sd(a) is generally considered clinically insignificant because of its extreme rarity in 
causing  HTRs1. Consequently, prevalence data for Sd(a−) had not been identified in the Korean population prior 
to this study. Anti-KANNO1 has been associated with pregnancy in Japanese women, but it is not related to 
HTR or  HDFN23. The KANNO1− phenotype has been reported in 0.44% of the Japanese  population24. Frequency 
data of the KANNO1− antigen among Koreans are currently lacking. In the present study, the prevalence of the 
KANNO1− phenotype was 0.25% in KoGES SNP array data, 0.17% in KoGES WGS data, and 0.37% in gnomAD 
data, all of which are slightly less than the Japanese prevalence.

At the allele level, alleles associated with the p, Kell-null, Ok(a−), Jk(a−b−), and Lan− phenotypes were 
observed. The Kell blood group characterized by high immunogenicity and antibodies that evoke HTR or HDFN. 
K+ is rare among Korean and East Asian  populations18,25,26, and no individuals with the K+ antigen were identified 
in this study. The Kell-null allele, however, was shown to be 0.18% in total, and the predicted phenotype frequency 
was 0.000310%, indicating that approximately 150 individuals with the Kell-null phenotype are expected in Korea. 
Anti-Ok(a) is not associated with HTR or HDFN, but it is deemed clinically significant because its reaction with 
the Ok(a+) antigen decreases the survival of  RBCs27–29. The allele frequency was predicted to be 0.46%, resulting 
in a phenotype frequency of 0.002%. Moreover, alleles associated with Co(b+) and Rhnull were identified, and 
the Colton and RHAG systems were also considered to be clinically significant antigens that may cause HTR or 
 HDFN30,31. Although not observed in the homozygous pattern, the frequency of Jk(a−b−) alleles was estimated 
to be more than 0.2% in our investigation. Kidd antigens cause delayed HTR in addition to typical HTR, and the 
Kidd-null phenotype is rarely observed in most ethnic  groups32. To date, no reports of the Jk(a−b−) phenotype in 
Korea are available. In East Asian countries, the frequency of the Jk (a−b−) phenotype is expected to be 0.002% 
in Japanese, 0.023% in Taiwanese, and 0.008% in  Chinese32. According to the Hardy–Weinberg equation, the 
prevalence of individuals with the Jk(a−b−) phenotype was predicted in the present study to be 0.0004%, which 
is much lower than that of their East Asian neighbors (0.0178%). The overall frequency of alleles associated with 
Lan− was > 0.1%. Anti-Lan, which causes mild-to-severe HTR and  HDFN33, has not been reported in the Korean 
population. Only a few Japanese reports on the Lan− phenotype have been published in Asian  countries34. In the 
present study, the prevalence of individuals with the Lan− phenotype was predicted as 0.0001%.

When determining the pool of potential donors for patients in need of transfusions involving rare blood 
phenotypes, estimating the frequency of these rare blood antigen phenotypes necessitates consideration of the 
concurrent expression of ABO and RhD antigens. Thus, it should be noted that the frequencies of rare blood 
antigens should be interpreted in the context of the frequencies of ABO and RhD phenotypes, as demonstrated 
in this study and previous  studies35,36.

This study has some limitations. First, analyses were limited by each data format. KoGES SNP array data were 
initially generated to investigate specific gene regions associated with diseases or SNPs common to Koreans. 
Therefore, only these particular genetic regions were included in the KoGES SNP array data, and variants related 
to blood group antigens outside of these regions could not be analyzed. gnomAD and KOVA data only provide 
the frequency of specific variants in the population, complicating the analyses of blood group antigen variations 
that require two or more variants. Second, there may be discrepancies in phenotype prediction. We predicted 
blood group antigen phenotypes by investigating specific gene regions associated with blood group antigen 
expression. Although this investigation was based on established references, such as ISBT working parties, the 
actual phenotype could not be confirmed. This limitation could cause discrepancies and, thus, inaccuracies in 
the results to some extent.

In this study, we examined the prevalence of blood group antigens in a Korean population by using various 
genetic databases. To the best of our knowledge, this study is the most comprehensive blood group genotype 
analysis conducted in the Korean population. Investigating a large sample size allowed us to provide accurate 
and representative data on genotype prevalence in Koreans. Furthermore, our study extended beyond the fre-
quency of blood group phenotypes and also explored the extended blood group antigen phenotype frequencies 
through KoGES WGS data analysis. Importantly, our relatively large sample size enabled the identification of rare 
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antigen-associated alleles, which were either difficult to detect or presumed to be nonexistent in Koreans owing 
to their extreme rarity. The increased sample size also enhanced our understanding of their potential phenotypic 
existence. The collated allele and phenotype frequencies from each dataset are expected to be particularly valu-
able for transfusion centers. Based on the findings of this study, we encourage the continued collection of large 
genome datasets from the general Korean population or blood donors. A more extensive database will facilitate 
a more accurate determination of blood group antigen prevalence in Koreans and identification of donors with 
rare phenotypes, thereby contributing to safer blood transfusion practices.

Data availability
All data are available from the corresponding author upon reasonable request.

Received: 29 June 2023; Accepted: 11 September 2023

References
 1. Lomas-Francis, C. Clinical significance of antibodies to antigens in the International Society of Blood Transfusion collections, 700 

series of low-incidence antigens, and 901 series of high-incidence antigens. Immunohematology 34, 39–45 (2018).
 2. Seltsam, A., Wagner, F. F., Salama, A. & Flegel, W. A. Antibodies to high-frequency antigens may decrease the quality of transfusion 

support: An observational study. Transfusion 43, 1563–1566 (2003).
 3. Kim, H. O. Current state of blood management services in Korea. Ann. Lab. Med. 42, 306–313 (2022).
 4. International Society of Blood Transfusion (ISBT). Red Cell Immunogenetics and Blood Group Terminology. https:// www. isbtw eb. 

org/ isbt- worki ng- parti es/ rcibgt. html (2023).
 5. Delaney, M. et al. Red blood cell antigen genotype analysis for 9087 Asian, Asian American, and Native American blood donors. 

Transfusion 55, 2369–2375 (2015).
 6. Hong, Y. J. et al. Genotyping of 22 blood group antigen polymorphisms and establishing a national recipient registry in the Korean 

population. Ann. Hematol. 95, 985–991 (2016).
 7. Shin, K. H. et al. Frequency of red blood cell antigens according to parent ethnicity in Korea using molecular typing. Ann. Lab. 

Med. 38, 599–603 (2018).
 8. Jekarl, D. W. et al. Blood group antigen and phenotype prevalence in the Korean population compared to other ethnic populations 

and its association with RBC alloantibody frequency. Transfus. Med. 29, 415–422 (2019).
 9. Hyun, J., Oh, S., Hong, Y. J. & Park, K. U. Prediction of various blood group systems using Korean whole-genome sequencing data. 

PLoS ONE 17, e0269481 (2022).
 10. Moon, S. et al. The Korea biobank array: Design and identification of coding variants associated with blood biochemical traits. 

Sci. Rep. 9, 1382 (2019).
 11. Lek, M. et al. Analysis of protein-coding genetic variation in 60,706 humans. Nature 536, 285–291 (2016).
 12. Karczewski, K. J. et al. The mutational constraint spectrum quantified from variation in 141,456 humans. Nature 581, 434–443 

(2020).
 13. Lee, S. et al. Korean Variant Archive (KOVA): A reference database of genetic variations in the Korean population. Sci. Rep. 7, 4287 

(2017).
 14. Lee, J. et al. A database of 5305 healthy Korean individuals reveals genetic and clinical implications for an East Asian population. 

Exp. Mol. Med. 54, 1862–1871 (2022).
 15. Korean Red Cross 2022 Blood Services Annual Report. https:// www. blood info. net/ knrcbs/ na/ ntt/ selec tNttL ist. do? mi= 1158& bbsId= 

1061 (2022).
 16. Song, S. H. et al. Analysis for eight ABO alleles in Korean population. Korean J. Lab. Med. 26, 374–379 (2006).
 17. Choi, S. J., Chung, Y. N., Cho, D. & Kim, S. Alloantibodies to high-incidence antigen: Review of cases and transfusion experiences 

in Korea. Korean J. Blood Transfus. 30, 101–112 (2019).
 18. Kim, I. T. et al. The genotyping of kell, duffy, and kidd system in Korean. Korean J. Blood Transfus. 14, 9–19 (2003).
 19. Lim, C. S., Kim, Y. K. & Lee, K. N. The Duffy blood group genotypes in Asian populations. Korean J. Blood Transfus. 18, 145–151 

(2007).
 20. Ohkura, K. et al. Distribution of blood groups in Korea. Hum. Hered. 39, 223–229 (1989).
 21. Tanaka, M. et al. Defining the Jr(a−) phenotype in the Japanese population. Transfusion 54, 412–417 (2014).
 22. Reznicek, M. J., Cordle, D. G. & Strauss, R. G. A hemolytic reaction implicating Sda antibody missed by immediate spin crossmatch. 

Vox Sang 62, 173–175 (1992).
 23. Kawabata, K. et al. Anti-KANNO: A novel alloantibody against a red cell antigen of high frequency. Transfus. Med. Rev. 28, 23–28 

(2014).
 24. Omae, Y. et al. Integrative genome analysis identified the KANNO blood group antigen as prion protein. Transfusion 59, 2429–2435 

(2019).
 25. Shin, K.-H., Lee, H. J. & Kim, H.-H. Clinical importance and the prevalence of Kell group antigen in Korea according to ethnicity. 

Korean J. Blood Transfus. 32, 132–134 (2021).
 26. Lee, S. Y. Further analysis of Korean blood types. Yonsei Med. J. 6, 16–25 (1965).
 27. Shim, H., Park, H. J., Lee, C. S. & Kwon, S.-W. Anti-Ok a antibody: The first case report in Korea. Korean J. Blood Transfus. 21, 

171–174 (2010).
 28. Sterling, K. & Gray, S. J. Determination of the circulating red cell volume in man by radioactive chromium. J. Clin. Investig. 29, 

1614–1619 (1950).
 29. Schanfield, M. S., Stevens, J. O. & Bauman, D. The detection of clinically significant erythrocyte alloantibodies using a human 

mononuclear phagocyte assay. Transfusion 21, 571–576 (1981).
 30. Moghaddam, M. & Naghi, A. A. Clinical significance of antibodies to antigens in the Raph, John Milton Hagen, I, Globoside, 

Gill, Rh-associated glycoprotein, FORS, JR, LAN, Vel, CD59, and Augustine blood group systems. Immunohematology 34, 85–90 
(2018).

 31. Crottet, S. L. Clinical significance of antibodies to antigens in the Scianna, Dombrock, Colton, Landsteiner-Weiner, Chido/Rodg-
ers, H, Kx, Cromer, Gerbich, Knops, Indian, and Ok blood group systems. Immunohematology 34, 103–108 (2018).

 32. Lawicki, S., Covin, R. B. & Powers, A. A. The Kidd (JK) blood group system. Transfus. Med. Rev. 31, 165–172 (2017).
 33. Reid, M. E. et al. Alleles of the LAN blood group system: Molecular and serologic investigations. Transfusion 54, 398–404 (2014).
 34. Okubo, Y. et al. The rare red cell phenotype Lan negative in Japanese. Transfusion 24, 534–535 (1984).
 35. Garratty, G., Glynn, S. A. & McEntire, R. ABO and Rh(D) phenotype frequencies of different racial/ethnic groups in the United 

States. Transfusion 44, 703–706 (2004).
 36. The Korean Society of Blood Transfusion. Transfusion Medicine 5th edn. (Korea Medical Book Publishing Company, 2023).

https://www.isbtweb.org/isbt-working-parties/rcibgt.html
https://www.isbtweb.org/isbt-working-parties/rcibgt.html
https://www.bloodinfo.net/knrcbs/na/ntt/selectNttList.do?mi=1158&bbsId=1061
https://www.bloodinfo.net/knrcbs/na/ntt/selectNttList.do?mi=1158&bbsId=1061


8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15326  | https://doi.org/10.1038/s41598-023-42473-8

www.nature.com/scientificreports/

Acknowledgements
This study was supported by a grant of the National Institute of Organ, Tissue and Blood Management, funded by 
the Ministry of Health & Welfare, Republic of Korea (Grant Number: 2022-31-1239). This study was conducted 
using bioresources from the National Biobank of Korea and Center for Disease Control and Prevention, Republic 
of Korea (NBK-2022-072). This study also received bioresources from CODA at the National Biobank of Korea, 
Agency for Disease Control and Prevention, Republic of Korea.

Author contributions
C.O.B. contributed to Acquisition, Analysis and Interpretation of the data, Writing—Original Draft. S.S.K. con-
tributed to Conceptualization, Methodology, Acquisition, Analysis and Interpretation of the data, Writing—
Review & Editing. S.K. contributed to Conceptualization, Methodology, Resources, Interpretation of the data, 
Writing—Review & Editing. All authors reviewed the results and approved the final version of the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 42473-8.

Correspondence and requests for materials should be addressed to S.S.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-42473-8
https://doi.org/10.1038/s41598-023-42473-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Investigation of blood group genotype prevalence in Korean population using large genomic databases
	Materials and methods
	Blood group alleles. 
	Phenotype prediction. 
	Phenotype frequency prediction. 
	The Korean Genome and Epidemiology Study. 
	Genome Aggregation Database. 
	Korean Variant Archive for a reference database of genetic variations in the Korean population. 
	Ethics statement. 

	Results
	Predicted blood group phenotype frequencies from large population SNP array. 
	Predicted blood group phenotype frequencies from WGS data. 
	Predicted extended blood group phenotype frequencies from WGS data. 
	Genotype-based estimation of rare blood group phenotypes. 

	Discussion
	References
	Acknowledgements


