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ancies in the East-Asian population [2]. The cis-AB allele results in 

a mutated enzyme with both A and B glycosyltransferase activi-

ties and leads to decreased levels of both antigens, which is pre-

sented as various phenotypes [3-5]. The first phenotypes identi-

fied were A2B3, A2B, and A1B3, which are associated with the cis-

AB01/O, cis-AB01/B, and cis-AB01/A genotypes, respectively [6]. 

Further studies revealed more phenotypes, including A1Bel, A1Bx, 

A1Bm, AintB3, AintB, and A1 [7].

In this study, we performed a retrospective investigation of the 

ABO grouping test results of two medical institutions in Korea. 

When weak or unusual expression of antigens was observed, the 

ABO genotyping results and medical records were evaluated. In 

selected samples for which the cause of ABO discrepancy remained 

unresolved, we looked for genetic variants in the full ABO coding 

region and promoter region. We reviewed the serology and geno-

typing results of 39 samples from Seoul St. Mary’s Hospital and 8 

samples from Incheon St. Mary’s Hospital from January 2016 to 

The ABO blood group shows phenotypic variants, largely ow-

ing to its molecular genetic basis [1]. As an independent tool in the 

clinical laboratory, serology can reveal ABO discrepancies and 

ABO genotyping is essential for correct determination of the blood 

group. The cis-AB blood group largely explains the ABO discrep-
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The ABO system remains the most important blood group classification system in transfusion medicine. ABO serology testing requires both for-
ward and reverse typing as each grouping result validates the other, and ABO discrepancies must be resolved in the clinical laboratory. ABO geno-
typing has served as an independent tool in accurate blood group determination. This report retrospectively analyzes the ABO grouping results of 
47 blood samples from two medical institutions. Various genotype-phenotype results were categorized based on correlations reported by previous 
investigators, and patients’ medical records were reviewed for conditions that may have affected the results. The frequencies of genotype-pheno-
type matches and genotype-phenotype mismatches were 72.3% (34/47 cases) and 27.7% (13/47cases), respectively. The cis-AB alleles (23 cas-
es) were the most prevalent cause of ABO discrepancies. Red cell A or B antigen losses in patients with hematologic disorders, malignancy, and 
pregnancy were genetically confirmed. A pedigree study revealed a father-son pair with the same genotype showing differing phenotypes, and 
whole exon sequencing including promoter region revealed a single-point mutation in the promoter region in one of the two patients. By directing 
sequencing of the full ABO coding region, including the promoter, in the analysis, we aimed to determine the potential regulatory role of a mutation 
in the promoter region in ABO gene expression.

Key Words: ABO discrepancy, ABO genotyping, Cis-AB, Glycosyltransferase

1 / 1CROSSMARK_logo_3_Test

2017-03-16https://crossmark-cdn.crossref.org/widget/v2.0/logos/CROSSMARK_Color_square.svg

http://crossmark.crossref.org/dialog/?doi=10.3343/lmo.2021.11.1.#&domain=pdf&date_stamp=2020-12-00


이수정 외: Analysis of ABO Blood Group Discrepancy

https://doi.org/10.47429/lmo.2023.13.2.9798   www.labmedonline.org

June 2021. Additionally, we included pedigree analyses of two fam-

ilies. This study was approved by the Institutional Review Board 

(IRB) of the Catholic Medical Center (Seoul, Korea) and the need 

for informed consent was waived (XC22RADI0073).

Serological tests were routinely performed using a column ag-

glutination technique using ORTHO BioVue System (Ortho Clini-

cal Diagnostics, Pencoed, UK) on an automatic analyzer, ORTHO 

VISION (Ortho Clinical Diagnostics, Raritan, NJ, USA). In the pres-

ence of weak or unusual expression of the A or B antigens, man-

ual tube methods using murine monoclonal anti-A, anti-B (Shin-

yang Diagnostics, Seoul, Korea) were employed, and serum typ-

ing was done with A1 and B cells (MIRR. SciTech Corp., Seoul, 

Korea) using a plate method. To further identify ABO subgroups, 

anti-A1 lectin obtained from Dolichos biflorus seeds and anti-H 

from Ulex europaeus seeds (Lorne Laboratories Ltd, Berkshire, 

UK) were used. 

For ABO genotyping, DNA was extracted from EDTA blood sam-

ples using a QIAsymphony DSP DNA Kit (Qiagen, Hilden, Ger-

many). PCR was run using a C1000 Touch Thermal Cycler (Bio-Rad, 

Hercules, CA, USA) with a mixture of primer pairs (Table 1) for 

amplification. The products were purified using the ExoSAP-IT 

PCR Product Cleanup Reagent (Thermo Fisher Scientific, Waltham, 

MA, USA). A Big Dye Terminator Cycle Sequencing Kit (Applied 

Biosystems, Foster City, CA, USA) and an ABI 3500XL DX Genetic 

Analyzer (Applied Biosystems) were used for Sanger sequencing 

according to the manufacturer’s instructions. Sequencing data 

were analyzed using the ABO reference sequence (NM_020469.2) 

with Sequencher v.5 (Gene Codes Corp, Ann Arbor, MI, USA). The 

ABO alleles were classified according to the nomenclature used 

by the International Society of Blood Transfusion.

A total of 47 ABO serology and genotyping results were reviewed. 

These were referred for ABO genotyping test as they all showed a 

ABO discrepancy—defined as a mismatch between the cell and 

serum typing or presence of a weaker strength of agglutination 

(≤3+ in cell typing; ≤2+ in serum typing), as described in a pre-

vious study [8]. Results were further classified as ‘phenotype-gen-

otype matches’ or ‘phenotype-genotype mismatches’ (Table 2). 

The frequency of phenotypes consistent with their genotypes was 

72.3% (34/47 cases). Among them, 23 cases demonstrated a cis-

AB allele by genotyping, with cis-AB/O being the most common 

genotype. All samples with A2B3 phenotype had cis-AB/O alleles 

but not necessarily vice versa. Cis-AB.01/O.01.01 and cis-AB.01/

O.01.02 genotypes were also associated with A1B3 or AB pheno-

types. All cis-AB.01/B.01 patients expressed A1B3 phenotypes. 

Consistent with previous studies, two patients with cis-AB.01/

A1.02 genotype demonstrated A phenotype. One patient with 

cis-AB.01/A1.02 genotype did not show agglutination with anti-B 

in cell typing but showed weak agglutination with B cell in serum 

typing, and was thus categorized as A1Bel. Other weak ABO sub-

groups included Ax/Aweak, an uncommon phenotype with a 0.01% 

frequency in a large-scale study [9]. 

The frequency of phenotypes inconsistent with their genotypes 

was 27.7% (13/47 cases). Serology showed five distinct A subgroups 

(A2, A3, Aw, Ael, Aint), but genotypes of all samples included the com-

mon A1.02 allele. Direct sequencing of exons 3 to 5 was performed 

for a patient who showed Ael phenotype but A1.02/O.01.01 geno-

type, and no other variants were detected. Whole exon sequenc-

ing including the promoter region was recommended to the clini-

cal department. The serology result of another patient showed 

AwB, but her genotype was A1.02/B.01. This discrepancy was 

confirmed by pedigree analysis of her father’s and mother’s geno-

typing results (Fig. 1B). The patient continued to show weakened 

A antigen expression in follow-up testing. Furthermore, while two 

different B subgroups (B3, Bw) were expressed, 6 out of 7 patients 

had the consensus B.01 allele. One patient with Bw phenotype 

initially showed 6 possible genotypes in sequencing. Further anal-

Table 1. Primers used in the study for Sanger sequencing of the pro-
moter and whole exon of the ABO gene

Target Primer Sequence (5´ to 3´) Amplicon size (bp)

Promoter F TGCCTCAGCGTCCCAAGTA 1,466

R ATCCTCCCTGCGGGTCCCA

Exon 1 F GGCGCCGTCCCTTCCTAG 267

R CCTGCGGTAGCGGCTCCCT

Exon 2 F GAAGGGTGGTCAGAGGAGG 323

R GTCGGTGAAGACATAGTAGTGGA

Exon 3 F GTCCCAGAACCAAGAGTGA 616

R TCCAGAGGTATCCAGGTGA

Exon 4 F AAGACCAACATCCCAAGAA 636

R GAGCCACAGGAGGAAAGAG

Exon 5 F GAACAACCAGGGACAGAGG 572

R CAAAGGGAAAGAGGACAGC

Exon 6 F TCCATGTGACCGCACGCCTC 205

R TGCCTGGGTCTCTACCCTCG

Exon 7 F TGGTGCATCTGCTGCTCT 700

R ACCTTGGTGGGTTTGTGG

Exon 7.1 F TGGCTTTCCTGAAGCTGTTC 783

R GACGGACAAAGGAAACAGA
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Pregnancy was suspected to cause weak antigen expression in 

3 patients. Notably, one multipara, who showed normal AB blood 

grouping results, exhibited weak A antigen expression (3+ in cell 

typing, +/- in serum typing) during her third pregnancy. When 

ABO genotyping was performed, she was diagnosed as cis-AB.01/ 

B.01. Repeating sample testing 4 years after her third delivery ex-

pressed a normal AB. This patient showed a simultaneous pres-

ence of medical factor and weak ABO subgroup allele. Other women 

were unattainable for sample testing to be repeated after delivery.

Pedigree analysis was performed for one family that showed 

cis-AB inheritance across three generations. Interestingly, both 

the father and paternal grandfather had cis-AB.01/A1.02 geno-

type with different phenotypes: A1Bel, A (Fig. 1A), and the results 

were the same after retesting. Therefore, whole exon sequencing 

including promoter region was performed, and a single-point mu-

tation in the promoter region (-219 C>A) was found in one of the 

two patients (Fig. 2). In transferase analysis, the patient who had a 

Table 2. Phenotypic and genotypic results of patients in this study

Phenotype (N) Genotype (N) anti-A anti-B
anti-A,B;  
anti-A+B

anti-A1 anti-H A cell B cell

Phenotype-genotype matches (34, 72.3%)

A2B3 (12) cis-AB.01/O.01.01 (9) 4+ 1+ ~ 3+ +/- ~ 4+ - 2+ ~ 4+ - +/- ~ 2+

cis-AB.01/O.01.02 (3) 4+ 2+ ~ 3+ 4+ - 3+ - 1+ ~ 3+

AB (9) A1.02/B.01 (7) 3 ~ 4+ 2 ~ 4+ 4+ - ~ 4+ - ~ 1+ - ~ +/- -

cis-AB.01/O.01.01 (1) 4+ 3+ NT NT NT - -

cis-AB.01/O.01.02 (1) 4+ 3+ - - - - 2+

A1B3 (4) cis-AB.01/O.01.01 (2) 4+ 2+ 2+ ~ 4+ 3+ 3+ ~ 4+ - 1+

cis-AB.01/O.01.02 (1) 4+ 2+ NT 4+ NT - +/-

A1.02/B3.06 (1) 4+ 1+ NT 4+ 1+ - -

A2B (3) cis-AB.01/B.01 (3) 3+ ~ 4+ 4+ 4+ - 1+ ~ 4+ +/- -

A (2) cis-AB.01/A1.02 (2) 4+ - NT 4+ - - 4+

O (2) O.01.01/O.01.01 (1) - - NT NT NT 3+ 3+

O.01.13/O.01.13 (1) - - - - 4+ 4+ -

A1Bel (1) cis-AB.01/A1.02 (1) 4+ - NT NT NT - 1+

Ax/Aweak (1) AW.31.01/O.01.05 (1) 1+ - - - 4+ - 4+

Phenotype-genotype mismatches (13, 27.7%)

A1B3 (4) A1.02/B.01 (3) 4+ 1+ ~ 2+ 2+ ~ 4+ 4+ - ~ 1+ - - ~ 4+

A1.02/O.01.01 (1) 4+ 1+ 4+ 4+ 3+ - 4+

A3 (2) A1.02/O.01.01 (2) 2+ - 2+ - 3+ - 2+

A2B (1) A1.02/B.01 (1) 3+mf 4+ 4+ - 1+ - -

AwB (1) A1.02/B.01 (1) 1+ 3+ NT - 2+ - -

AwBw (1) B.01/O.01.13 (1) +/- 1+ NT NT NT 4+ 4+

Ael (1) A1.02/O.01.01 (1) - - NT - 4+ - 3+

Aint (1) A1.02/O.01.01 (1) 2+ - 3+ 3+ 4+ - 4+

B3 (1) B.01/O.01.01 (1) - 2+ NT NT NT 4+ -

Bw (1) B.01/O.01.02 or B3.02/O.01.35 (1) - +/- NT NT NT 4+ -

Abbreviations: NT, not tested; mf, mixed field. 

ysis of exons 3 to 5 showed additional variants, and the patient’s 

genotype was narrowed down to either B.01/O.01.02 or B3.02/

O.01.35. Further studies such as allele specific sequencing and 

family studies could have located the allele that contained the vari-

ants.

Medical records were evaluated for any medical factors that may 

have affected the test results. Weak but variable A or B antigen ex-

pression was noted in patients with hematological diseases (N=5), 

including juvenile myelomonocytic leukemia, Burkitt lymphoma, 

high-grade B-cell lymphoma, acute myeloid leukemia, and my-

elodysplastic syndrome. All patients showed weak antigen expres-

sion at initial diagnosis, and none of them received out-of-group 

transfusion prior to serological typing. Interestingly, one patient 

with myelodysplastic syndrome evolved into leukemic transfor-

mation 9 months after initial diagnosis. One patient who showed 

weak B antigen expression was diagnosed with renal cell carci-

noma.
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mutation in the promoter region had A transferase but not B trans-

ferase, which led to A phenotype. The other patient who did not 

possess the mutation had both A and B transferases and presented 

as A1Bel. We suggest that the expression of the ABO gene was sup-

pressed by the mutation of the promoter region, resulting in A phe-

notype even though the patient’s genotype was cis-AB.01/A1.02. 

This in turn implies that the single point mutation was on the cis-

AB-allele in the individual.

The ABO gene, located on chromosome 9q34, consists of seven 

coding exons, with the largest open reading frame located in ex-

ons 6 and 7 [10]. As analysis of only exons 6 and 7 is sometimes 

insufficient, further sequencing of other exons, introns, and the 

promoter region is required [11, 12]. In 1997, Kominato et al. first 

verified the essential role of the promoter sequence in the regula-

tion of ABO gene transcription using KATO III, the human gastric 

cancer cell line [13, 14]. Recent studies revealed cases where muta-

tions of the promoter sequence downregulate the promoter activ-

Fig. 1. Pedigree of the family 1 and 2. Arrow indicates propositus. (A) Pedigree of family 1: ABO phenotypes, genotypes, and transferase results are 
noted. (B) Pedigree of family 2: ABO phenotypes and genotypes are noted.

A

B

Fig. 2. Sequencing results of the promoter region of the ABO gene. 
The arrow indicates the mutation site. (A) Grandfather (p) shows a 
mutation at -219C>A. (B) Father does not have a mutation.

A

B
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ity, thereby decreasing A or B antigen expression. Isa et al. [15] dis-

covered two single-point mutations (-76G>C and -86G>T) in the 

promoter on the A-allele in three A3 patients with A1.01/O.01.01 

and A1.01/O.01.02 as well as on the B-allele in a B3 patient with 

B.01/O.01.02. These findings were verified using a luciferase as-

say that compared the promoter activity of reporter plasmids car-

rying the promoters with mutations in the -76 and -68 regions with 

that of a wild type promoter [15]. Additionally, Hellberg et al. [16] 

reported a mutation in the -72 region in a patient who showed 

phenotype B3 but B.01/O.01.01 genotype.

In conclusion, the prevalence of the ABO subgroups demon-

strated in this study was consistent with that of similar previously 

published studies. Medical factors, including hematologic disor-

ders, malignancy, and pregnancy also affected the ABO discrep-

ancies, as noted previously [17]. This study further aimed to focus 

on the effect of a mutation in the promoter region on ABO gene 

expression. Further evaluation of the promoter region could help 

differentiate ABO discrepancies that remain unresolved.

요  약

안전한 수혈을 위해서는 ABO 혈액형 검사가 중요하며, 혈청학적 

검사 소견의 불일치 해결 및 ABO 아형 감별에 있어, ABO 유전형 

검사가 유용하게 사용된다. 본 연구는 두 개의 의료기관에서 47명

의 환자들에게 시행한 ABO 혈청학적 검사와 유전형 검사 결과를 

후향적으로 분석하였다. ABO 유전형은 PCR 증폭 및 직접염기서

열분석법을 통해 분석하였고, 환자의 질병 상태 파악을 위한 의무 

기록 또한 검토하였다. 분석 결과, 유전형-표현형 일치와 유전형-표

현형 불일치 예가 각각 72.3% (34/47예)와 27.7% (13/47예)의 빈도

를 보였다. Cis-AB 대립유전자(23예)에 의한 ABO 불일치가 가장 

높은 비율을 차지하였으며 혈액질환, 악성종양, 임신과 관련된 환

자들에게서 적혈구 A 또는 B 항원 소실이 유전적으로 확인되었다. 

또한 가계도 조사에서 동일한 cis-AB.01/A1.02 유전형을 보였으나 

다른 표현형을 보인 부자 한 쌍에 대하여 프로모터를 포함한 모든 

엑손 부위에 대해 추가적으로 염기서열분석을 진행하였고, 그 결

과, 프로모터 영역의 단일염기다형성에 차이가 있음을 발견하였

다. 유전자 발현에 있어 프로모터 영역의 잠재적인 조절 역할에 대

한 추가적인 평가가 필요할 것으로 생각된다. 
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