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GENETIC ANALYSES FOR THE ABO BLOOD GROUP SUBTYPES IN JAPANESE

Makoto Iwasaki'", Ken Kobayashi*, Hiroshi Suzuki®, Yumi Suzuki®’and Kazuaki Anan*
"Department of Laboratory Medicine
*Department of Blood Transfusion, National Defense Medical College

A genetic mutation of the ABO blood group gene in the subtype underwent analysis using po-
lymerase chain reactionJ PCRO based techniques. The present study involved fifty-seven Japanese
and six non-Japanese patients with the ABO blood subtype. Three mutations were detected in Japa-
nese A-subtypes. The ratio of A020201 cytosine to thymined and A0203 [ to guanine alleles with a
mutation at nucleotide position 1054 in Japanese A-subtype were 3600 p<0.0001Cand 1100 p<0.0010
respectively, with these alleles being undetectable in the A:-type. In one case involving the A.-
subtype, A0204 allele(] with a nucleotide substitution at 70300 was detected. Moreover, the ratio of
A0103 allelé] with four nucleotide differences at 297, 526, 657 and 7030in the A-subtype was 110 and
statistically higher] p<0.050 than in the Japanese A:;-groupd 200 ] By contrast, no polymorphism was
found in either the B-subtype or the normal B-type in Japanese. Concerning non-Japanese individuals,
A0201 alleled with a single base deletion at nucleotides 1059 to 10610 in 5 cases of the A,-subtype and
a nucleotide substitution at 6461 thymine versus adeninellin one case of the A,-subtype were detected
in this investigation. These findings indicate the presence of characteristic mutations in Japanese A-
subtypes and differences concerning mutation of the A-subtypes among races.
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Table 10 The oligonucleotide sequence and localization of the primers used for PCR amplifications

Name Orientation Oligonucleotide sequence Nucleotide Position
ABO56 sense 5 -CACCTGCAGATGTGGGTGGCACCCTGCCA-3 Intron 5
ABO52N sense 5 -GTGGCTTTCCTGAAGCTGTTC-3 Exon 70 379 — 399
ABO57 sense 5 -TTCCTCAGCGAGGTGGATTAC-3 Exon 70 598 — 618
ABO523 sense 5 -GAGATCCTGACTCCGCTGTTCGGCAC-3 Exon 70 667 — 692
ABO5AO0sN sense 5 -ACGAGGGCGATTTCTACTACC-3 Exon 70 776 — 796
ABO5BsN sense 5 -ACGAGGGCGATTTCTACTACA-3 Exon 70 776 — 796
ABO5ABs sense 5 -AGGAAGGATGTCCTCGTGGTG-3' Exon 600 241 — 261
ABO5AO0s sense 5 -CCATTGTCTGGGAGGGCACA-3' Exon 60 278 — 297
ABO5Bs sense 5 -CCATTGTCTGGGAGGGCACG-3 Exon 60 278 — 297
APLP8 sense 5 -GTGCTCTCCCCCGAGT-3 Exon 700 937 — 952
APLP3 sense 5 -CCAAGAACCACCAGGCGGTCG-3 Exon 70 1,033 - 1,054
APLP4 sense 5 -CCCAAGAACCACCAGGCGGTCT-3 Exon 70 1,034 - 1,054
ABO36 antisense | 5 -GTGGAATTCACTCGCCACTGCCTGGGTCTC-3' | Intron 60
ABO32N antisense | 5 -GCCCACGTGGTCGCGGAACTC-3' Exon 70 643 — 663
ABO38 antisense | 5 -AGCCGCTGCACCTCTTGCAC-3 Exon 700 820 — 839
ABO39 antisense | 5 -GTGGCAGGCCCTGGTGAG-3 Exon 700 838 — 855
ABO312 antisense | 5 -GATGCCGTTGGCCTGGTCGAC-3’ Exon 70 868 — 888
ABO313 antisense | 5 -CGTTCTGCTAAAACCAAGGGCGG-3 3'UTR
ABO3MP-CIS | antisense | 5'-TTGCACCGACCCCCCGAAGAGC-3 Exon 700 804 — 825
APLP9 antisense | 5 -CAGCCGCTCACGGTTC-3' Exon 7/3' UTR
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Table 200 The pairs of upstream and downstream primers, and the conditions used for PCR
amplifications

. . Antisense - Product length
Pair | Sense primer primer PCR condition 0 bpO
Denaturation Annealing Elongation
1 ABO56 ABO36 950] 0 60 sec 600 060sec 7200 60 sec 255
2 ABO52N ABO32N 950 0 60 sec 600 060sec 7200 60 sec 285
3 ABO57 ABO38 9501 J 60 sec 600 060sec 7200 60 sec 242
4 ABO52N ABO39 950] 0 60 sec 600 060sec 7200 90 sec 477
5 ABO52N ABO312 950 0 60 sec 600 060sec 7200 90 sec 510
6 ABO52NN ABO313 950 J 60 sec 600 060sec 720 0 120 sec 758
7 ABO523 ABO3MP-CIS | 950 [J 30 sec 6007 00 30 sec 159
8 ABO5A0sN ABO313 950 0 60 sec 600 060sec 7200 60 sec 361
9 ABO5BsN ABO313 950 0 60 sec 600 060sec 7200 60 sec 361
10 ABO5ABs ABO313 9500 [0 30 sec 6001 [0 30 sec 7200 0 120 sec 1,851
11 | ABO5AOs ABO313 950 O 30 sec 600 030sec 720 0120 sec 1814
12 | ABO5Bs ABO313 950 O 30 sec 600 030sec 720 0 120 sec 1814
13 APLP8 APLP9 950 0 30 sec 540 O 30 sec 7200 30sec 120
14 | APLP3 ABO313 950 O 30 sec 620030sec 7200 30sec 103
15 | APLP4 ABO312 950 O 30 sec 620030sec 7200 30sec 104
Exon 1 Exon2 Exon3 Exon 4 Exon 5 Exon 6 Exon 7
| iy
I 210k U <900 U =1700 U a1s00 Uasalt 1052 bp
28 70 56 48 36 135 691 bp
nt 240 374 3|75 1065
| Exons | — Exon 7  F—
ABO52AB: ABO313
° F 1851 bp ﬂl
ABO52A0s N -
ABO5Bs | 1814 bp 1
ABO52A0sN mm - -
ABO5BsN | 361 bp |
ABO52N
F 758 bp 5,
ABOS6 ABO36 ABO312
%——255 bpq F 510 bp q
ABO39
IF 477 bp 5|
ABO32N APLP3
= 285 bp 3 APLP4 103 bp)

ABOS? ABO38 104
B 2pp—3 04 be
ABO523 ABOSMP-CIS

= 15000
APLPS APLPY
E1 20 bpq

Fig. 1 The ABO blood group gene, and the positions of primers and the amplified
fragment sizes. The ABO blood group gene is located on chromosome 9. The hu-
man ABO genes consist of at least 7 exons, and the coding sequence in the 7 coding
exons ranges over 18 kb of genomic DNA. The exons range in size from 28 to 691
bp, with the main coding sequence to be found in exon 7. Numbers above the top
line indicate the nucleotide positions of the final two exons.
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Fig. 2 Schematic comparison of nucleotide and de-
duced amino acid sequences of the ABO alleles as
detected in this study. The adenine residue and the
methionine residue of the initiation codon of A0101
transferase are numbered 1 for nucleotide and
amino acid sequences, respectively. Only the differ-
ences from the nucleotide and amino acid sequence
of A0101 allele are indicated. An entirely different
deduced amino acid sequence in A0201 allele is the
result of frame-shifting generated by single-base de-
letion, as indicated by black bar. A0201 allele, how-
ever, was undetected in this study.
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Table 30 The comparisons of the allele frequencies between the type A: and
A subtypes in a Japanese sample
A1 type A subtype Breakdown of A subtype
Allele n % n %  Ant A2 Az Ax Ae X #) pvalue
A0101 47 26 7 25 1 3 1 2 0 0.03
A0102 134 72 4 14 2 2 0 0 0 3412 [10.0001
A0103 3 2 3 11 1 2 0 0 0 436 [J0.05
A0202 0 0 10 35 0 4 6 0 0 6125 [0.0001
A0203 0 0 3 11 0 1 1 1 0 1305 [00.001
A0204 0 0 1 4 0 0 0 0 1 119
Total 184 28 4 12 8 3 1
0 0O Az type versus A subtype
APLP30) APLPA0 O0G-A0ODO0O 23Gly-Serd 000000 Od
-ABO313 -ABO313

——103/104 bp

1 2 M 1 2 M

Fig. 3 Electrophoresis of PCR with sequence specific
primersd PCR-SSP[] A0202 allele with thymine at
nucleotide position 10540 lane 10 was amplified
through application of primers APLP4 and ABO313,
and A0203 allele with guanine at the same position

O lane 20 was amplified with primers APLP4 and
ABO3130 Table 1 and Table 20 Other alleles with
cytosine were not subject to amplification with
these primers.
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