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Abstract: The aim of this study was to investigate the serology and gene sequence characteristics of the A307
subgroup of ABO blood group. Monoclonal anti-A and anti-B antibodies were used to detect the ABO antigens of a
proband whose positive blood type was not consistent with the negative blood type of ABO blood group. Meanwhile,
standard A-, B-, and O-negative typing cells were used to test for ABO antibodies in the serum. Additionally, poly-
merase chain reaction with sequence-specific primer (PCR-SSP) was used to confirm the genotype, and subse-
quently, exons 6 and 7 of the ABO gene were detected by gene sequencing. Samples from the wife and daughters
of the proband were also used for serological and genetic testing. Red blood cells of the proband showed weak
agglutination reaction with anti-A antibody, while anti-B antibody was detected in the serum. Moreover, PCR-SSP
detected A307 and 002 alleles, while gene sequencing revealed mutation of ¢.745C>T in exon 7, which produced
a polypeptide chain p.R249W. Furthermore, the A307 gene of the proband was not inherited by his daughters. A
mutation (¢.745 C>T) in exon 7 of the ABO blood group gene resulted in low activity of a-1, 3-N-acetyl-galactosaminyl

transferase, producing A3 phenotype.
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Introduction

The A allele encodes glycosyltransferase that
binds to «-N-acetylgalactosamine at the
d-galactose-end of the H antigen, thus produc-
ing the A antigen. The glycosyltransferase gene
determining the ABO blood type is located on
chromosome 9, position 9q34.1-q34.2, con-
sisting of 7 exons and 6 introns [1]. Exons 6 and
7 encode the catalytic domain of ABO glycosyl-
transferase. Gene encoding domains of A101,
B101, and 001 are highly conserved, with up to
99% homology [2, 3]. Differences in only a few
bases leads to different antigen specificity of
the ABO blood group system, wherein A differs
from B blood type by virtue of 6 single-nucleo-
tide transitions (467C>T, 526C>G, 657C>T,
703G>A, 796C>A, and 803G>C) in exon 7. In
addition, arginine, glycine, leucine, and glycine
in the A allele are determined by 526C, 703G,
796C, and 803G in exon 7 and important
factors contributing to «o-1, 3-N-acetyl-galac-
tosaminyl transferase to produce the A antigen

[4]. Furthermore, 4 bases also form the basis of
the A antigen activity. Usually, glycosyltransfer-
ase activity is affected by a change in the glyco-
syltransferase gene, which results in a weak A
antigen. With the development of genetic tech-
niques, molecular basis of subgroups has
gained popularity amongst researchers [5-8]. In
this study, we investigated the serology and
gene sequencing characteristics of the ABO
blood grouping system and found a new ABO
blood type subgroup A307 using polymerase
chain reaction with sequence-specific primer
(PCR-SSP) and gene sequencing methods.

Subject and methods
Subject

The proband, male, aged 57 years old, was
admitted to our hospital for treatment of a frac-
ture of tibial plateau. He had no history of blood
transfusion, hepatitis, renal disease, or drug
allergy. His red blood cell count was 4.23 x
10*2/L, hemoglobin level was 120.0 g/L, hema-
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Table 1. Serological result of ABO blood type of proband

Sequencing analysis of exons 6

Right blood typing

Negative blood typing

and 7 of ABO gene

Temperature A A B O Own
- - . - ., A .
anti-A anti-A; anti-B anti-H cell cell cell cell cell In brief, the procedure foIIgvyed
2°C > o o 2+ o 0 4+ 0 0 zyas_ a;(;];)”ow& 1) PCR Zmp.llﬂca(;
RT of o 0 4+ 0 0 4+ 0 0O |o_n. pr_|mers were designe
using the Oligo6 software accord-
37°C mf 0 0 4+ 0O 0 4+ O 0

Agglutinated grades were gradually increased from (+) to (4+); mf presented

agglutination in mixed field.

tocrit was 0.38, and platelet count was 149 x
105%/L. ABO typing unconformity was identified
by right and inverse blood grouping methods;
therefore, further study was performed. Blood
specimens from the wife and daughters of the
proband were collected and analyzed. This
study was conducted in accordance with the
declaration of Helsinki. This study was conduct-
ed with approval from the Ethics Committee of
Wenzhou Medical University. Written informed
consent was obtained from all participants.

Right and inverse ABO blood grouping was per-
formed using the tube method. Monoclonal
anti-A and anti-B antibody reagents were pur-
chased from Changchun Institute of Biological
products Co., Ltd. and Shanghai Hemo-
Pharmaceutical & Biological Co., Ltd. Anti-Al
and anti-H reagents were purchased from
Shanghai Hemo-Pharmaceutical & Biological
Co., Ltd. Negative cells of ABO blood types were
obtained from our lab, which contained mixed
cells from more than 3 individuals with the
same ABO blood type. The DNA extraction kit
was obtained from Shanghai Generay Bio-tech
Co., Ltd, and A-subgroup genotyping kit was
purchased from Tianjin Super Biotechnology
Developing Co., Ltd.

PCR-SSP assay

The PCR conditions included initial denatur-
ation at 96°C for 5 min, 30 cycles of denatur-
ation at 96°C for 40 s, annealing at 62°C for 50
s, and extension at 72°C for 1 min, followed by
final extension at 72°C for 10 min. The PCR
products were cooled at 10°C and separated
by 2.5% agarose gel electrophoresis for 15 to
20 min. Electrophoresis was continued until
control band separated completely from the
positive band, and results were observed under
an ultra-violet imaging system.
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ing to sequence information from
NCBI Genbank. The whole length
of the amplified product was
about 2749 bp, including exon 6,
intron 6, and exon 7. The E67 forward primer
used was 5'-ctcaaggggcetgtictgaag-3’' and the
reverse primer used was 5'-gcgattgegtgtetgtg-
tat-3". The total volume of the amplification
reaction was 50 pl, and the PCR conditions
used were as described above; 2) purification
of the PCR products: 1 U alkaline phosphatase
(Promega, USA) and 10 U excision enzyme
(TaKaRa Company, Dalian) was added into the
PCR tubes to remove the extra PCR primers
and dNTPs. Next, the thermal cycle program of
the PCR anto-amplification analyzer (ABI9700,
USA) was performed as follows: 37°C for
30 min and then 80°C for 15 min, after which it
was cooled to 4°C; 3) sequencing: PCR prod-
ucts were sequenced using the BigDye
sequencing kit (ABI Company, USA) as per the
manufacturer’s instructions. The A101 allele
sequence (AF134412, Genbank) was used as
the template to confirm the genotype.

Results

Serological results of the ABO blood typing of
the proband

Red blood cells of the proband showed weak A
antigen and agglutinated anti-H but not anti-
A1, and even presented mixed agglutination
reaction during microscopic observations
(Table 1). Therefore, we considered it as the A3
subgroup of ABO blood type, but this required
further analysis at the genetic level.

Gene typing results of A subgroup

Gene typing results showed that A307 and 002
alleles were present in the proband (Figure 1).

Sequence analysis of ABO gene

Direct sequences of exon 6 and 7 showed
261delG, 297A>G, 646T>A, 681G>A, 771C>T,
829G>A, 745C>T, and 467C>T, where exon 7
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Figure 1. Gene typing result of A subgroup.

GGAGGCCTTCACCTACGAGCGCCGGCCCCAGTCCCAGGCCT

745C>T

Figure 2. Sequencing diagram of proband.

had mutation at 745 C>T to cause a substitu-
tion of arginine > tryptophan at position 249
(Figure 2). This point mutation was in accor-
dance with A307 characteristics [9]; therefore,
we confirmed that the genotype of the proband
was A307/002.

This figure shows sequencing of exon 7 of ABO
genes; the arrow indicates the point mutation
(c.745C>T).

Blood type of family members

Genealogical analysis indicated that the blood
phenotypes of the proband’s wife and 2 daugh-
ters were A, O, and A blood type, while the geno-
types were A101/002, A101/002, and 002/
002, respectively. The A307 gene of proband
was not inherited by his daughters.

Discussion

Since the discovery of blood typing in 1990, at
least 29 blood group systems have been test-
ed, employing more than 240 blood group anti-
gens. The A3 subgroup is a rare subtype, and
presents a mixed field in microscopic observa-
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tions, implying that there are
several groups of agglutinat-
ed red blood cells surrounded
by free non-agglutinated red
blood cells after the reaction
between red blood cells and
anti-A reagent. However, this
weak agglutination is usually
ignored for subjective and
objective reasons. A few stud-
ies have suggested that a low
level of A antigen combined
with an absence of ex-
tended, branched glycolipids
may be responsible for
the mixed-field agglutination
phenomenon [10]. Svensson
et al. [10] reported that the
A3 detection rate was less
than 1:1000. Furthermore,
Yamamoto et al. reported that
2 white individuals with A3B
type of 4 A3 subgroups were
found to have a mutation at
871A>G, which caused Asp
substituted by Asn at position
291 in the glycosyltransfer-
ase polypeptide chain [11]. Li
et al. [9] found 3 single-nucleotide transitions
(745C>T, 820G>A, and 860C>T) in 9 A3/A3B
cases in Taiwan. Meanwhile, Takahashi et al.
found that point mutations of promoter
sequences at +5893 and +5909 affected cel-
lular transcription, leading to weak expression
of antigens to form A3, but there are few reports
of A3 found in China [12-14]. In this study, we
analyzed samples from an individual with the
A3 subgroup. First, we used an anti-serum
reagent to confirm the blood type of the pro-
band and the results showed that agglutinating
red blood cells were not seen under the micro-
scope. Positive ABO blood typing showed O
blood type, while negative blood typing showed
A blood type. Next, we used another anti-serum
reagent that resulted in weak agglutination,
shown by the mixed-field result; therefore, we
suspected that this was subgroup A3. All anti-
serum reagents used in this study were mono-
clonal reagents and different manufacturers
used a different antigen site. Therefore, we fur-
ther verified our results by using anti-serum
reagents from different manufacturers. Cur-
rently, serology is the mainstay during clinical
transfusion. On one hand, serological testing is
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easily affected by subjective factors, while on
the other hand, serological testing only detects
surface antigens of the red blood cell and it is
difficult to conclude when the surface antigen
is weak. In this study, the A gene subtype test
revealed the presence of two A308/002 alleles
in the proband, while direct sequencing analy-
sis of exons 6 and 7 of the ABO gene showed
exon 7 mutation (c.745C>T), which resulted
in 249 arginine > tryptophan (p.R249W).
Moreover, 745C>T reduced the catalysis of a-1,
3-N-acetyl-galactosaminyl transferase and pro-
duced weak A antigen. Genealogical analysis
indicated that the proband did not pass on the
A307 allele to his daughters.

At present, more than 200 ABO allele genes
have been found, formed by mutations such as
base insertion, omission, point mutation, gene
recombination, and exchange [6, 15-21].
Furthermore, the database for blood group
antigen gene mutations has recorded 118 sub-
group alleles of A phenotype, which include 11
A3 phenotypes. This study confirmed that the
proband had A307 subgroup after unconformi-
ty of ABO typing was identified by right and
inverse blood grouping methods. Therefore, we
should focus on this phenomenon and combine
molecular biology with serological methods to
confirm the correct blood type [22].
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