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ABO*Ael03/O Genotype with ABO Discrepancy: The 
First Case in Korea
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The Ael subgroup expresses the least amount of A antigens and could only be detected 
by performing the adsorption-elution test. The frequency of the Ael subgroup is about 
0.001% in Koreans, and the Ael02 allele, which originates from A102, is the most fre-
quently identified allele in the Korean population. We report a Korean family with the 
Ael03 allele identified by molecular genetic analysis. To the best of our knowledge, this is 
the first such report in Korea to date.
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INTRODUCTION 

Ael is a rare subgroup in the A blood type that expresses the 

least amount of A antigens, comprising about 1/1,000 of the 

antigen determinants of A1. The frequency of the Ael phenotype 

has been estimated to be about 0.001% in the Korean popula-

tion [1] and 0.0049% in the Japanese population [2]. Ael02 is 

the most frequently identified allele [3]. Red blood cells (RBCs) 

of the Ael subtype show no agglutination at all in the anti-A or 

anti-A,B sera, and A antigens on RBCs could only be detected 

by the adsorption-elution test, which is known as the most sen-

sitive method for detecting the A subgroup. In this report, we 

found a Korean patient with weak A antigens by performing the 

adsorption-elution test, and the weak A antigen was identified to 

be Ael03 via molecular genetic analysis. We also performed 

ABO genotyping of his family and eventually found that his de-

scendant possessed the Ael allele. Interestingly, this appearance 

of the Ael03 allele has not been reported previously, and to the 

best of our knowledge, this is the first such case in the Korean 

population.

CASE REPORT

A 48-yr-old man visited the outpatient clinic of Korea University 

Ansan hospital in July 2013 for the removal of common bile 

duct stones by endoscopic retrograde cholangiopancreatogra-

phy. He knew that his blood type as O, but weak A antigens 

were noticed after several serologic tests, including the adsorp-

tion-elution test. The patient’s blood type was suspected to be in 

the Ael subgroup, since the A antigen was only detectable by 

the adsorption-elution test. We also tested his family serologi-

cally and performed molecular genetic analysis for exact typing. 
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The family did not have any illness or a medical history.

1. Serologic tests
Routine ABO typing of the patient’s blood showed the result of 

phenotype O with only anti-B: negative reactions were observed 

for anti-A (Bioscot, Livingston, UK), anti-B (Bioscot), anti-A1 

(Ortho clinical diagnostics, Raritan, NJ, USA), and anti-A,B (Or-

tho clinical diagnostics), and positive reactions were observed 

for anti-H (Imumed, Bammental, Germany) and B cells. Serum 

typing after the addition of enough serum and 30 min of incu-

bation at 37°C yielded same results as that observed for the ini-

tial serum typing. The results of the patient’s brother showed the 

same pattern as those of the patient. The patient’s wife and son 

had type A blood (Table 1).

  For the adsorption-elution test, 1 mL of patient’s RBCs was 

mixed with 1 mL of anti-A at 4°C for an hr. After centrifuging, 

the supernatant was discarded, and RBCs were washed with 

normal saline. Then, the same amount of normal saline was 

added, and the bound antibodies were eluted in a 56°C bath for 

10 min. In our case, the elution reacted with A cells at 4°C and 

37°C, after addition of antihuman globulin. Thus, the patient’s 

weak A antigens were detected. This test was also performed 

for the patient’s brother and the same pattern was observed 

(Table 2). The patient’s irregular antibody screening test was 

negative, and serum immunoglobulin levels were within the ref-

erence range. We did not observe A substance in the saliva of 

the patient and his brother (Table 1).

2. ABO genotyping 
ABO genotyping was performed after obtaining an informed 

consent from the patient and his family.

1) PCR amplification of the ABO gene for DNA direct sequencing 
Genomic DNA from peripheral blood was extracted using a 

DNA Extraction Kit (Qiagen Inc., Chatsworth, CA, USA). For 

PCR, Exon 7 of the ABO gene that encodes for the catalytic do-

main of the transferase was amplified using three sets of prim-

ers previously delineated [4] with the GeneAMP PCR system 

9700 (Applied Biosystems, Foster city, CA, USA). Amplified frag-

ment products were subsequently digested by the restriction 

enzyme Kpnl, and it resulted in specific fragment patterns by 

electrophoretic separation on agarose gels. After the purification 

of PCR products, sequencing was performed by using the ABI 

3130 Genetic Analyser (Applied Biosystems), and the products 

were analyzed using the SEQUENCHER (Gene Codes Corp, 

Ann Arbor, MI, USA) v5.1 demo software program.

2) Analysis results of ABO gene 
Each result was compared with the consensus sequence of the 

A101 allele. We identified that the patient and his brother had 

the exactly same genotype, Ael03/O01. The patient’s son had a 

genotype of Ael03/A102, one haplotype Ael03 allele from his fa-

ther and the other haplotype A102 allele from his mother. The 

patient, his brother, and his son had the Ael03 allele in com-

mon, resulting in a frame shift mutation caused by a single-base 

deletion at nucleotide 804 (Fig. 1).

Table 1. Serologic and saliva test results of the family 

Cell typing Serum typing Saliva test

Anti-A Anti-B Anti-A1 Anti-H Anti-A,B A cell B cell Lewis type Inhibition titer* Secretor status

Patient - - - 3+ - - 4+ Le(a-b+) 1:1/1:1/1:256 H secretor

Brother - - - 2+ - - 4+ Le(a-b+) 1:1/1:1/1:256 H secretor

Son 4+ - 4+ - 4+ - 4+ Le(a-b+) 1:256/1:1/1:256 A and H secretor

Wife 4+ - 4+ - 4+ - 4+ Le(a-b+) 1:256/1:1/1:256 A and H secretor

*Inhibition titer of the patient’s saliva to neutralize reagent antisera (anti-A, anti-B, and anti-H in turn).

Table 2. Adsorption-elution test results

Reaction intensity

A cell B cell O cell

4°C 37°C AHG 4°C 37°C AHG 4°C 37°C AHG

Patient +/- 1+ 2+ - - - - - -

Brother +/- +/- 1+ - - - - - -

Abbreviation: AHG, anti-human globulin.
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DISCUSSION

To resolve ABO discrepancy, we performed several tests de-

scribed above. There is a domestic report that Ael may have 

anti-A antibody in the serum, which is usually less reactive with 

the reagent red cells than the anti-B antibody, resembling the O 

phenotype [5]. However, our patient showed no agglutination by 

anti-A and anti-B test sera and had only anti-B antibody in the 

serum, suggesting weak A phenotype. We confirmed the weak 

A phenotype with the adsorption-elution test. No A substance 

was found in the saliva test of the patient. Considering that the 

A antigens were detected only by the adsorption-elution test, the 

presence of the Ael subgroup was suspected. Exon7 of the ABO 

gene was analyzed by direct sequencing, and we identified that 

the patient possessed the Ael03 allele. His brother and his son 

were also found to possess Ael03. We could not perform molec-

ular genetic analysis of the parents. 

  It is known that seven types of Ael alleles exist [2], and the 

mutations of six types, except Ael04, lie within exon 6 and exon 

7 [3]. So far, there have been reports on two kinds of Ael allele 

variants in the Koreans; one is the Ael01 allele that has a C467T 

(Pro156Leu) substitution, and the other is the Ael02 allele that 

contains the T646A (Phe216Ile) and G681A (silent mutation) 

substitution beside the C467T substitution. A102 is the most 

frequently identified allele in the Korean and Japanese popula-

tions [6, 7] and Ael02 is thought to have originated from A102 

[8]; therefore, to the best of our knowledge, this is the first re-

port of Ael03 in the Korean population, and is highly significant.

  The patient (Ael03/O01) showed the result for phenotype O 

with only anti-B. The reason that Ael03 was manifested as O 

seems to be the lack of allelic enhancement of Ael03. Allelic en-

hancement occurs when one ABO allele gains antigenicity when 

it is combined with the A allele or B allele. However, this allelic 

enhancement does not explain all the discrepancies between 

genotype and phenotype, because there are several reports 

about the Ael phenotype where the O allele exists [5, 8]. The re-

sults of the patient’s son (Ael03/A102) revealed that Ael03 ex-

pression was affected by the co-inherited allele A, resulting in its 

expression as A and indicating a gain of allelic enhancement in 

Ael03. In conclusion, Ael03 could be expressed as phenotype 

O or A depending on the co-inherited allele. There are domestic 

family studies about Ael02 and B306, which showed different 

phenotypes depending on the co-inherited ABO allele [3, 9].

  As molecular genetic studies develop, understanding of poly-

morphism in the blood group system becomes clearer and 

broader. This case shows that a single-base deletion resulted in 

Fig. 1. The pedigree and the results of sequencing. (A) Pedigree demonstrating the inheritance of the Ael03 allele. The phenotype and 
genotype are indicated below each symbol. The arrow indicates proband. (B) Schemes for generation of frame shift mutation caused by 
single-base deletion at nucleotide 804. 
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a frame shift mutation and caused a change in blood group A 

glycosyltranseferase activity. These results can explain the pres-

ence of weak A antigens in serologic tests. The present case 

highlights the importance and necessity of molecular genetic 

studies in the research of molecular genetic heterogeneity within 

Ael subgroups and in determining ABO subgroups. Further-

more, we recognize concerns about phenotypic changes when 

the relevant allele is combined with A or B.
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