
Brief Report

Molecular genetic analysis of weak B blood group allele in Jinan
population reveals distribution of ABw phenotype

Wen Wu, Xiaojian Li, Xingying Guo, Peng Wu, Xiangyan Huang*

Department of Transfusion Medicine, the 960th Hospital of the PLA Joint Logistics
Support Force, Jinan, Shandong 250031, China.

ABSTRACT

The  aim of  this  study  was  to  investigate  the  distribution  of  the  ABw phenotype  of  ABO blood  group  in  the
Jinan population. 31 856 samples were tested during the period 2018 to 2019. Thirty-nine samples with discrepant
results, as identified by micro-column gel method, were further investigated by serological (tube technique) and
molecular  (fluorescence  PCR,  DNA  sequencing)  methods.  Eight  samples  showed  ABw  phenotype,  which
accounted  for  0.025% of  the  population  tested.  From the  sequencing  analysis,  six  samples  (6/8)  were  typed  as
ABO*A1.02/ABO*BW.12 and  two  samples  (2/8)  as ABO*A1.02/ABO*BW.03.  The  study  suggests  that  ABw12
account for 75% of ABw phenotype and indicate ABw12 is the main ABw phenotype in Jinan population.
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INTRODUCTION

The ABO blood group is considered to be the most
important  group  for  blood  transfusions.  The  ABO
gene that encodes the glycosyltransferases responsible
for  the  conversion  of  H  substance  to  blood  group  A
and  B  antigens  is  located  on  chromosome  9[1].  It
consists  of  seven  exons  ranging  in  size  from  28  to
688 bp. The last two exons (exon 6 and 7), comprising
of 823 bp of the transcribed 1 062 bp mRNA, encode
for  the  catalytic  domain  of  ABO  glycosyltrans-
ferases[2].  ABO  subtype  is  mainly  caused  by  ABO
gene mutation affecting enzyme activity. Blood group
subtypes  with  weak  expression  of  B  antigen  are
usually  misjudged  as  type  A  or  O  in  clinic.  Many
ABO  subgroups  have  been  found  to  have  a  weak
expression  of  A  or  B  antigen  on  red  blood  cells

(RBCs),  which  makes  the  detection  of  variant  alleles
one  of  the  most  important  criteria  for  a  clinically
useful genotyping strategy[3]. Furthermore, the clinical
significance of  the ABO blood group system extends
to  a  broader  area  beyond  transfusion  medicine  and
several  reports  have  suggested  an  important
involvement  in  the  development  of  cardiovascular
disease[4−5], tumor[6] and other diseases[7].

ABw  phenotype  is  associated  with  normal  A  and
weak B antigen expression, but anti-B is also found in
serum.  This  study  carried  out  a  molecular  genetic
analysis  of  eight  samples  from  an  unrelated  Chinese
population  in  Jinan  city  with  the  ABw  phenotype,
revealing  their  main  genotypes  to  be ABO*A1.02/
ABO*BW.12.
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MATERIALS AND METHODS
 

Blood sample collection

A total  of  31  856 samples  were  tested  in  the  960th

Hospital  of  the  PLA  Joint  Logistics  Support  Force
during  the  period  from  2018  to  2019.  Seventy-two
showed  discrepant  results  by  micro-column  gel  card
(Bio-Rad  Co.,  Ltd.  California,  USA).  The  phenotype
changes  in  33  patient  samples  may have  been due  to
allogeneic hematopoietic cell transplantation. Another
39 samples were considered to have special molecular
bases.  Eight  samples  with  normal  A  and  weak  B
during routine blood typing from the 39 samples were
collected.  The  study  was  approved  by  the  960th

Hospital  of  the  PLA  Joint  Logistics  Support  Force's
Ethics Committee. 

Blood group serological typing

The  ABw  phenotype  cases  were  discovered  as  a
result  of  discrepancies  between  forward  and  reverse
typing  in  routine  ABO  grouping  according  to  the
AABB  Technical  manual[8].  RBCs  were  tested  with
polyclonal  anti-A,  anti-A1,  anti-B,  anti-H,  anti-AB
reagents  (Shanghai  Hemo-pharmaceutical  &
Biological  Co.,  Ltd.)  by  tube  method.  Forward  and
reverse  ABO  typing  was  conducted  by  agglutination
testing at 4 °C and 37 °C. 

Molecular analysis of ABO exons 6 and 7

Genomic  DNA  was  extracted  from  EDTA  anti-
coagulant  peripheral  blood  by  commercial  kit
(TIANamp  Hemdna  Kit,  Tiangen  Biotech).  SYBR
green  fluorescence  PCR  assay  was  performed  by
ABI 7 500 using a fluo-ABO subgroup genotyping kit
(Jiangsu  LiBio  Medicine  Biotechnology  Co.,  Ltd.
China)  to  detect  the  genotypes.  PCR  product
sequencing of  ABO exons 6 and 7 was performed to
further  explore  the  genotypes  (Seq  ABO  exon  kit,
Jiangsu ZoJiWat Bio-pharmaceutical Co., Ltd. China). 

RESULTS
 

Serological phenotype analysis

Eight  samples  showed  normal  A  and  weak  B
serological  results  during  routine  blood  type
identification  by  micro-column gel  card.  All  samples
were  further  confirmed  by  tube  technique  based
serological  testing.  Their  RBCs  showed  strong
hemagglutination with monoclonal anti-A reagent (3+
to  4+),  but  weak  hemagglutination  with  monoclonal
anti-B  and  anti-H  (1+  to  2+).  Their  serum  showed
weak  anti-B  activity  but  no  anti-A  activity  against

standard RBCs. 

Genotyping and Sequencing

A  commercial  fluorescence  PCR  kit  was  used  to
evaluate  the  8  samples'  ABO  genotype.  The
fluorescence  PCR  results  confirmed  all  the  samples
were AB (Fig. 1).

The sequencing results  showed different  mutations
in  these  samples  (Table  1).  On  the  basis  of
ABO*B1.01 allele,  c.721C>T mutation in exon 7 had
been  detected  in  two  samples,  which  is the
characteristic  mutation  of ABO*BW.03. The
genotypes  of  these  two  samples  were  all
ABO*A1.02/ABO*BW.03 (Fig.  2A).  The  remaining
six  samples'  genotypes  were  identified  as
ABO*A1.02/ABO*BW.12,  which  had  the  point
mutation  c.278C>T  in  exon  6  when  compared  with
ABO*B1.01 allele (Fig. 2B). 

DISCUSSION

ABw  phenotype  shows  normal  agglutination  with
anti-A,  enhanced  agglutination  with  anti-AB,  but
weak agglutination with anti-B and anti-H[9]. 33 types
of  Bw-allele  are  known  to  exist[10].  In  a  previous
study,  the  detection  rate  of  weak  ABO  subgroups  in
the  Shanghai  population  was  approximately
0.0125% –0.025%[11].  Meanwhile,  a  Bw  allele
frequency study in Germany showed Bw25 frequency
to  be  much  higher,  with  Bw14  frequency  being  the
highest  (0.060% –0.070%)[12].  The  Bw  alleles  in  our
study  were  Bw12  and  Bw03,  which  differed  from
those  found  in  the  German  population.  The  results
derived  in  our  study  showed  that  the  frequency  of
ABw phenotype  in  the  Jinan  area  was  about  0.025%
and ABw12 accounted for 75%. Bw12 accounts for a
relatively  high  proportion  of  Bw  alleles,  which  is
similar to that reported in the previous literature[13].  It
is  considered  that  the  results  are  affected  by
population  distribution  and  sample  size.  In  clinical
work,  ABw  with  relatively  weak  B  antigen  is  easily
misjudged  as  type  A,  which  leads  to  incorrect  blood
group  determination  and  clinical  blood  transfusion
complications.

At present, the molecular mechanism of Bw alleles
is  known  as  point  mutation.  Compared  with  B101
allele, ABO*BW.03 is  characterized  as  a  single
nonsynonymous  substitution  at  721C>T  (R241W)  in
exon  7  (Fig.  2A),  and ABO*BW.12 with  a  single
nonsynonymous  substitution  at  278C>T  (P93L)  in
exon 6 (Fig. 2B). The change of amino acid caused a
conformational change of galactosyltransferase, which
led  to  decrease  of  enzyme activity  and  weakening  of
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Fig. 1 Fluorescence  PCR assay  of  the  ABw samples. The  blue  box  represents  the  internal  reference  and  the  red  box  shows  the
positive results. A1 and B genes were positive in all eight ABw samples, while A2 and O genes were not detected. 

Table 1    The mutations of the eight samples
Phenotypes Critical nt change (s)† Corresponding aa change (s) Individuals Genotype
ABw 721C>T R241W 2 ABO*A1.02/ABO*BW.03
ABw 278C>T P93L 6 ABO*A1.02/ABO*BW.12.

† Characteristic mutations of different Bw genotypes.
 

703G>A 721C>TA

278C>T 297A>GB

 

Fig. 2 The  gene  sequencing  results  in  this  study. A:  Characteristic  mutations  in  exon  7  of ABO*A1.02/ABO*BW.03 genotype.
B: Characteristic mutations in exon 6 of ABO*A1.02/ABO*BW.12 genotype.
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B  antigen.  Molecular  genetic  analysis  helps  us  to
understand the polymorphisms of blood group system
in a much clearer and broader way. The present cases
highlight  the  importance  and  necessity  of  molecular
genetic  studies  in  the  research  of  molecular  genetic
heterogeneity in determining ABO subgroups.

Determining  blood  group  accurately  is  critical  for
ABw  individuals.  Being  a  patient  who  requires  red
blood  cell  transfusion,  it  is  important  to  avoid
choosing blood products that contain B antigen, since
weak anti-B activity in their  serum can destroy those
transfused  red  blood  cells.  On  the  other  hand,  when
acting  as  a  blood  donor,  ABw  individuals'  red  blood
cells should be classified as blood group AB, and their
plasma  should  be  classified  as  blood  group  A,  since
residual  B  antigens  on  the  red  blood  cells  and  weak
anti-B  activity  in  the  serum  could  lead  to
immunological reaction in the recipients.

In  summary,  ABw  accounted  for  0.025%  of  the
population  tested  in  Jinan  and  ABw12  accounted  for
75%  of  ABw,  indicating  ABw12  is  the  main  ABw
phenotype  in  Jinan  population.  The  identification  of
ABO gene variants associated with ABO subgroups is
an  important  contribution  in  each  individual  case,
which adds knowledge to the current understanding of
genetic  factors  that  influence  blood  groups  and
enriches  the  genetic  data  of  blood  groups  in  this
region. 
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