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A, ... bhenotype associated with novel

ABO*A allele variant c.106delinsGG

Sanmukh Ratilal Joshi, Glenda Millard', Mayuri Vekariya, Priya Radadiya,
Manisha Rajapara, Hiren Dhanani?, Gaurav Shastri?, Prabhat Sharma?,
Brett Wilson', Yew-Wah Liew'

Abstract:

BACKGROUND AND OBJECTIVES: Discrepancy between forward and reverse ABO grouping
could be due to several reasons including genetic mutations of the alleles encoding group specific
transferase. The healthy donors found with weak A antigen were investigated to ascertain the allele
responsible for variation.

MATERIALS AND METHODS: Standard serological methods were employed using commercial
antisera. The molecular sequencing was performed on DNA with enrichment library prep kit and a
custom designed overlapping probe panel. Binary alignment mapping files, generated on board the
lllumina MiSeq instrument and aligned to the GRCh37/Hg19 reference genome, were uploaded to
the QIAGEN CLC genomics workbench software (version. 20) where variant call files were generated
and analyzed.

RESULTS: Red blood cells (RBCs) of six healthy donors, showing weak mix-field agglutination
by anti-A and anti-A, B and plasma with absence or weakly reacting anti-A, were investigated
serologically. The RBCs incubated with anti-A yield positive elution and their saliva lacked A but
possessed H antigen thereby classifying as a historical known phenotype A_ . Family study on 4
probands showed inheritance of the trait. Molecular studies revealed presence of ABO*A allele
carrying rare novel variant referred to as ¢.106delinsGG in line with HGVS recommendation that
was thought to be responsible for the variant of A.

CONCLUSION: Six cases serologically defined as A, were found to be associated with novel
allele ABO*A (c.106delinsGG). The A, _,, phenotype with the novel allele has not been displayed on
International Society of Blood Transfusion database, though c.106delinsGG is listed in the UCSC
genome browser under rs782544248.
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the presence of the corresponding antigen on
RBCs. Such weakly expressed phenotypes

Introduction

Genetic variants of ABO blood group
antigens are rare with heterogeneous
serological properties, some of which are
detected by discrepant results between the
forward grouping, performed on red blood
cells (RBCs), and the reverse grouping,
carried out on serum or plasma of a person.
The absence or weakly presence of expected
antibody in reverse grouping can indicate
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are further classified by determining
the secretor status of the person based
on the presence of secretory antigens in
saliva in accordance with the ABO blood
group.l'!m Most of these variants result
from mutations of the alleles that encode
the group specific glycosyltransferase
responsible for biosynthesis of the antigen at
phenotypiclevel. Thus, the weak variants of
A and B antigens are classified on the basis
of serological reaction patterns (obtained
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through simple blood grouping) and testing for salivary
secretion of the antigens. Adsorption-elution study with
positive elution results may further help in confirming
the presence weak of antigen on RBC surface. Molecular
studies can reveal the genetic factors responsible for
weaker expression of the antigen on RBC surface if itis due
to a variation of the allele causing altered group specific
glycosyltransferase. Different weaker variants of the ABO
blood groups are listed in the database of the website of
the International Society of Blood Transfusion (ISBT)."!
The present study was aimed to investigate the blood
samples of healthy blood donors showing discrepant
results on the forward and reverse grouping as well as
the secretor status to classify them serologically as shown
earlier.’! Further testing was performed to understand the
genetic variation responsible for the altered expression
of the A antigen on the RBCs.

Materials and Methods

The monoclonal antisera used were from commercial
sources (Tulip Diagnostics, India or Seqirus, Australia;
and the reagent red cells group A,, and B used
in reverse grouping were in house preparation or
commercial (Seqirus, Australia). ABO blood grouping
was carried out by the forward the reverse grouping
by tube method and results were read macroscopically.
Any weak or negative reactions were confirmed
microscopically. Elution of antibodies from the sensitized
RBCs was carried out by heat elution method and were
tested with appropriate group of red cells in parallel
to the last wash. Secretor status was carried out by
hemagglutination inhibition technique using saliva from
the subjects and appropriate reagent antisera.

Molecular testing

DNA was extracted from the ethylenediaminetetraacetic
acid blood specimen using the QIAGEN EZ1 DSP
DNA Blood kit and the QIAGEN EZ1 advanced XL
instrument (QIAGEN Sciences 19300 Germantown
Rd Germantown MD 20874 USA). For molecular
typing (or Next Generation Sequencing) DNA Library
preparation from the extracted DNA was then carried
out using the Illumina DNA prep with enrichment kit
and a custom Targeted Sequencing Panel (Illumina
Inc. Worldwide Headquarters 5200 Illumina Way, San
Diego, CA 92122 USA). This in house designed panel
enables comprehensive genotyping for all 43 blood
group systems and transcription factors KLF1 and
GATAL. The prepared library was then loaded onto the
[lumina Miseq platform which performs DNA paired
end sequence generation. Binary alignment mapping
files generated on board the Illumina MiSeq instrument
from the FASTQ files and aligned to the GRCh37/Hg19
reference genome were uploaded to the QIAGEN CLC
genomics workbench software (version.20, QIAGEN,

2

Aarhus, Denmark) where variant call files (VCFs)
were generated and analyzed. Incidence of the A
phenotype among the studied was derived by counting
the number of donors with A and AB group and by
eliminating the repeat donors over a 7 year-period
between 2016 and 2022 within which these rare donors
under study were encountered. One of the probands and
his brothers donated at same time so was counted as one
to calculate the incidence.

Results

All 6 cases showed discrepant results for ABO blood
group with respect to A antigen on their RBCs and
corresponding antibody in their plasma [Table 1 and
Figures 1 and 2]. Their RBCs showed weak, mix-field
agglutination pattern with anti-A reagent with absence of
anti-A. Probands 1, 4 and 5 showed a presence of weakly
reacting anti-A, in serum/plasma that preferentially
reacted at lower temperature. Adsorption-elution
experiment yielded active eluate containing anti-A from
five of these probands” RBCs sensitized by anti-A and
anti-A, B. The secretor status on 5 of the donors showed
an absence of A but a presence of H in saliva, thus
serologically defining the variant A _, akin to historical
description of A_ , phenotype. The family members of
the 4 probands, viz. 1, 3, 5 and 6, were tested for ABO
blood groups and the A phenotype was found as an
inherited character [Figures 3]. Four of the 5 donors with
this rare phenotype were found among a total of 43,931
blood donors bearing A antigens, i.e., groups A and AB, at
one blood center in Western India during a 7 year-period
between 2016 and 2022 giving an incidence of this rare
phenotype as 1 in 10,983 donors possessing A antigen.

Molecular typing was carried out on the A
allele and analysis of the VCF output showed a

Figure 1: The microscopic view on agglutination pattern obtained on the red blood
cells from one of the donors tested with anti-A
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Table 1: The ABO grouping and the secretor status on the probands showing A weak phenotype

Probands Forward grouping Reverse grouping Blood Antigens in saliva Secretor status
Anti-A  Anti-B_Anti-A, B Anti-H A cells Bcells 9roup A B H
1 w+, mf 4+ 4+ 4-3+ W+ 0 A, .. B No Yes Yes Nonsecretor for A, secretor for H, B
2 w+, mf 0 w+, mf 4+ 0 4+ A, oa No N/A Yes Nonsecretor for A, secretor for H
3 w+, mf 0 w+, mf 4+ 0 4+ A, oa No N/A Yes Nonsecretor for A, secretor for H
4 w+, mf 0 w+, mf NT W+ 4+ A, ca NT NT NT  Nonsecretor for A, secretor for H
5 w+, mf 0 w+, mf 4+ 1+ 4+ A, ca No N/A Yes Nonsecretor for A, secretor for H
6 w+, mf 0 w+, mf 4+ 0 4+ Ak No N/A Yes Nonsecretor for A, secretor for H
mf=Mix-field agglutination pattern, N/A=Not applicable, NT=Not tested
A, .7 The present cases, showing weaker expression

Figure 2: The microscopic view on agglutination pattern obtained on the red blood
cells from one of the donors tested with anti-A, B

nucleotide insertion (c.106delins GG) leading to
an amino acid frame shift (p.[Phe36fs]) in the AB
glycosyltransferase [Tables 2a and b]. This change, not
listed in the ISBT database, was present at a heterozygous
level in all the samples where serology showed reduced
A antigen expression.

Discussion

Weaker form of the A and B antigens of the ABO blood
groups are noticed during routine blood grouping
as discrepant results on the forward and the reverse
grouping. There is a heterogeneity among such cases
with respect to a presence or an absence of the antigens
on RBCs and that in salivary secretion. The serological
patterns shown by weaker forms of A antigen are
classified as A, A, A , A_ etc.'l Of these, the variant
A_ , displays an unique serological feature showing a
weak, mix-field agglutination pattern, so was initially
thought as weak A, (A,"), with a presence of H but not
A antigen in saliva.**! Some of the cases may also show
a presence of anti-A | in their plasma. Such phenotype
with minor variation reported from Finland was termed
as A, Pl'and had shown the mix-field agglutination
pattern even by flow cytometry.ll Similar variant, found
among the African tribe called Bantu, was named as

of A antigen on RBC with the mixed-field agglutination
pattern and a presence of Hbut not A in saliva may well
be considered as A v though all such cases be referred
toas A _, and may be categorized under AW series. In
present study, the A phenotype showed Mendelian
inheritance through 3 generations in one family and 2
generations in other three families.

Incidence of phenotype A, among the donors with
A antigen was found in Finland as 1:6000 in one study
and 1:1000 in the other, while that among the French
donors with group A was reported to be 1: 75,000.1"
Likewise, the frequency of A, Was found as 4%—-8%
of group A individuals among the African tribe.”*! In
present study, the incidence of A _, phenotype with
novel allele c.106delTinsGG was found as 1:11,000 among
the Indians.

Molecular techniques help to understand the alleles
encoding the group specific glycosyltransferase enzymes
responsible for synthesis of the A and B antigens. The
ABO genes with 7 exons encode 2 glycosyltransferases
viz. (1) the A group specific glycosyltransferase, that
adds a donor substrate UDP-N-acetylgalactosamine,
to an acceptor substrate L-fucose (i.e., the H antigenic
substance) to form A antigen and (2) the B group
specific glycosyltransferase that adds a donor substrate
UDP-galactose to an acceptor H substance. Allelic
mutation brings change in activity of the encoded group
specific glycosyltransferase enzyme that may reflect
as to weak expression of A or B antigen at phenotypic
level. In other words, the genetic mutation decreases the
activity of the group specific glycosyltransferase enzyme
so is reflected as decrease in conversion of H to A or B,
resulting into a weak A or weak B subgroups. Weak
variants of A, though rare in occurrence, are numerous
and classified serologically!"! as well as molecularly, the
current status of which are listed on the ISBT website.?
However, the A, variant with heterogeneity in its form
and presumably, its molecular information for all its
variety remained unclear thus far has not been displayed
on the website, though the variants such as A, and
A, .., have found under the weak variants of A (AW)
probably after their molecular genetics information

- Volume 18, Issue 1, January-June 2024 3
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Figure 3: The Pedigrees showing inheritance pattern of the A, phenotype with novel ABO*A allele variant ¢.106delTinsGG among the four of the probands

Table 2a: Genotyping results for the ABO alleles when compared to the GRCh37 reference sequence
Prsobans Allele ¢.106T>G c¢.106delTinsGG c.188A>G ¢.189T>C ¢.220T>C ¢.260 261insG  c.297A>G  ¢.483C>T

1 1 G No insert G C C No insert G
2 G Insert GA G C C Insert G A
2 1 G No insert G C C No insert A
2 G Insert GA G C C Insert G A
3 1 G No insert G C C No insert A
2 G Insert GA G C C Insert G A
4 1 G No insert G C C No insert A
2 G Insert GA G C C Insert G A
5 1 G No insert G C C No insert A T
2 G Insert GA G C C Insert G A C
6 1 G No insert G C C No insert A
2 G Insert GA G C C Insert G A
Prsobans ¢.526C>G  ¢.657C>T ¢.703G>A ¢.796C>A ¢.803G>C ¢.930G>A Allele Predicted phenotype
1 G T A A C A ABO*B.01 A,..B
C C G C G G ABO*A novel allele
2 C C G C G G ABO*0.01.01 A, ..
C C G C G G ABO*A novel allele
3 C C G C G G ABO*0.01.01 weak
C C G C G G ABO*A novel allele
4 C C G C G G ABO*0.01.01 A,
C C G C G G ABO*A novel allele
5 C C G C G G ABO*Onovel allele A .,
C C G C G G ABO*A novel allele
6 C C G C G G ABO*0.01.01 A,
C C G C G G ABO*A novel allele

AChange responsible for A ' Additional rare variant found only in this proband and presumed to be on the ABO*O allele

‘weak’

was available. A, individuals have an A'allele with  skipping of exon 6 would introduce a reading frameshift
a > g in the 5" donor splice site of intron 6.1l Although  and no active enzyme product, the mutation is not in the
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A
G
G
G
G
G
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c.261G
c.261G

No insert
Insert GA
No insert
Insert GA
No insert
Insert GA
No insert
Insert GA
No insert
Insert GA
No insert

Table 2b: Genotyping results for the ABO alleles when compared to the International Society of Blood Transfusion reference allele ABO*A1.01

Probands Alleles c.106delinsGG c.261delG ¢.297A>G ¢.483C>T ¢.526C>G ¢.657C>T ¢.703G>A ¢.796C>A ¢.803G>C c.930G>A Alleles

~—

ABO*A novel allele
ABO*0.01.01

2

'weak

A

A

c.261delG
c.261G

[8V)

ABO*A novel allele
ABO*0.01.01

2

'weak

A

A

c.261delG
c.261G

(e]

ABO*A novel allele
ABO*0.01.01

2

'weak

A

A

c.261delG
c.261G

<
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'weak

ABO*O novel allele A
ABO*A novel allele

ABO*A novel allele
ABO*0.01.01

G
G

A
A

c.261delG
c.261G

2
1

[Te]

G
G

2

weak

A

A

c.261delG

©
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AChange responsible for Aweak, ‘Additional rare variant found only in this proband and presumed to be on the ABO*O allele

invariable splice site sequence, so a minor fraction of
the RNA could be spliced normally. A, . on the other
hand, results from a hybrid of the common A? allele
and an O'-like allele (O'bantu), with a cross-over region
near exon 5 (Abantu01).'? This includes a deletion of a
nucleotide in the 5" intron 4 splice site, leading to the loss
of 16 amino acids from the stem region of GTA, but does
not include 261delG as exon 6 is derived from A2 The
present cases, with typical serological features similar
to A_ , phenotype, with novel allele c.106delinsGG to be
reported among the Indian population.

The Hgl19 and ISBT ABO reference allele differ. For
ISBT the reference allele is ABO*A1.01,”' however for
GRCh37 (Hg19) a combination of two alleles form
the ABO reference: ABO*0.01.01 (exons 6 and 7) and
ABO*0.01.02 (exons 1-5).1% This difference has been
taken into account with the nucleotide changes reported
here based on the GRCh37 (Hg19) genome assembly. In
all the six cases a nucleotide insertion (c.106delinsGG,
p-[Phe36fs]) was found. This was confirmed as being
associated with the A allele following family studies
which determined it was travelling with the A and
not with the B or O alleles. This therefore defines a
novel allele which is comprised of the nucleotide
and amino acid changes: c.106delinsGG, p.(Phe36fs),
c.188_189delATinsGC, p.(His63Arg), c.220T>C,
p-(Ser74Pro) and ¢.260_261insGp.(Pro88fs) when aligned
against the GRCh37 (Hg19) assembly. When aligned
against the ISBT reference allele the only change reported
is ¢.106insG p.(Phe36fs). In addition to the probands all
samples forwhich A (A_ ) was predicted by serology
were found to have the c.106delinsGG within the A
allele [Tables 2a and b]. The variation (c.106delinsGG)
is listed in the UCSC genome browser (dbSNP release
153) under rs782544248 with a global frequency in the
ExAC study of 0.00003.

Conclusion

The six healthy donors” blood showing A akin to
historically defined as A_, phenotype by serological
tests were confirmed by molecular typing as having a
novel ABO*A variant allele. The new allele identified as
c.106delins GG is thought to be responsible for reduced /
altered expression of the A antigen on RBCs. We propose
that this novel allele be recognized as being responsible
for the A _, phenotype. No doubt, it is possible that
other mutations as yet to be described in future course
of time may also be responsible for the A _, phenotype
and the list would be expanded.
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