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A b s t r a c t  Genotypes of the ABO blood group system 
were studied by PCR-RFLP analysis of the eight poly- 
morphic nucleotide positions (nps) 261, 467, 526, 646, 
703, 796, 802 and 803 of  the cDNA from A transferase. 
In 169 unrelated German individuals, 17 genotypes were 
found and the calculated allele frequencies of A(Pro), 
A(Leu), B, O(T), O(A) and 02 were 0.2130, 0.0770, 
0.0473, 0.4260, 0.2160 and 0.0207, respectively. These 
frequency data may provide useful additional information 
for disputed paternity and stain testing. A variant O allele, 
02, was fout at a polymorphic frequency. As the nu- 
cleotide (np 261) of the 02 allele is the same as that of A 
and B alleles, the analysis of at least three nucleotide po- 
sitions, i.e. nps 261, 526 and 802, is necessary to avoid 
mistyping of the ABO genotype. 

K e y  w o r d s  ABO blood group • Genotyping • 
PCR-RFLP • German population 

Introduction 

The ABO blood group system is one of the major blood 
group systems in man and is important in transfusion 
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medicine, forensic serology and anthropological genet- 
ics. Since the descriptions of  the molecular genetic basis 
of  the ABO system by Yamamoto et al. [1, 2], nu- 
cleotide substitutions in several ABO subgroup alleles 
have been disclosed [3-6], and the ABO genotyping 
methods using PCR (polymerase chain reaction)-based 
technology have been applied to forensic science. Lee 
and Chang [7] described the genotyping by PCR-RFLP 
(restriction fragment length polymorphism) for the 
analysis of two nucleotide positions (np), np 261 and np 
703, of the cDNA from A transferase. Improved and 
simplified methods, based on the method of Lee and 
Chang [7], for stain analyses were also reported in sub- 
sequent papers [8, 9]. We previously reported a PCR- 
RFLP method for the analysis of seven positions (nps 
261,467,  526, 646, 703 ,796  and 803), and common A 
and O alleles were divided into suballeles called A(Pro), 
A(Leu), O(T) and O(A) [10]. Recently, a variant O allele 
02 [11] or 0(3) [12] was described. The 02 allele is char- 
acterized by the lack of a nucleotide deletion at np 261, 
and the nucleotides at nps 526, 703 ,796  and 803 of the 
02 allele are the same as those of B, A, A and A alleles, 
respectively. In addition, a G--->A substitution at np 802 
was found by DNA sequencing. The existence of the O z 
allele in Danes with the phenotypes O was confirmed 
[11]. 

In the course of  ABO genotyping by the PCR-RFLP 
method for the analysis of  seven positions (nps 261, 
467, 526, 6 4 6 , 7 0 3 , 7 9 6  and 803) [10], we found a vari- 
ant allele which was suspected to be the 02 allele. We 
designed a new primer and analysed the nucleotide at 
lap 802 of  this variant allele using the PCR-RFLP 
method instead of  DNA sequencing. The present paper 
describes the PCR-RFLP method of  np 802 analysis 
and the results of  ABO genotyping in a German popu- 
lation. 

Materials and methods 

EDTA-blood was collected from 169 healthy unrelated German 
blood donors from the blood bank of the Bavarian Red Cross Mu- 
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nich, Germany. ABO phenotypes were analysed by the routine 
serological typing method. Genomic DNA was prepared as de- 
scribed elsewhere [13]. Nps 261, 467, 526, 646, 703, 796 and 
803 of the ABO gene were analysed by PCR with the primers 
GA16 (5 '-AGAAGCTGAGTGGAGTTCCAGGTG-3') ,  GA17 
(5 '-TGATGGCAAACACAGTTAACCC-3') ,  GA01N (5'-TC- 
CTGGAGACGGCGGAGAAGCA-3') ,  GA13 (5'-ACCGACCC- 
CCCGAAGAACG-3') and GA14 (5'-ACCGACCCCCCGAAGA- 
ACC-3'), and RFLP with restriction enzymes BstPI, KpnI, 
BssHII, BanI, HapII, AluI, MvaI, PvuII and MboI, and ABO 
genotypes were determined as described previously [10, 14]. The 
nucleotide at np 802 was also analysed by PCR-RFLP. PCR was 
carried out with the primers GA14 which was specific to A and 
O alleles, and GA43 which was newly designed in this study. 
The GA43(5'-GCCTACATCCCCAAGGACGCG-3')  is a mis- 
matched primer with the same sequence as nps 760-780 of the A 
allele except for np 779 (A---~C). The PCR amplification was car- 
ried out as described previously [14]. The amplified 62bp frag- 
ments were treated with the restriction enzyme Mnl I (New Eng- 
land Bio Labs, Beverly, Ma), and the digestion patterns were 
separated on 10% polyacrylamide gels by clectrophoresis. When 
the amplified fragment contained the nucleotide A at np 802, 
Mnl I cut the 62bp fragment into 35bp and 27bp fragments. 

a b 
Bs Ba Hp AI Mv Bs Ba Hp AI Mv 
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Fig. 2 RFLP patterns of DNAs amplified by PCR with the GA14/ 
GA43 primer set. Lane 1: A allele (62bp), lane 2: O allele (62bp), 
lane 3: variant allele (= 02; 35bp + 27bp), lane 4: O and the variant 
allele (62bp and 35bp + 27bp; genotype of the specimen was 
O(T)/Oa), M: Size marker (Marker 9) 

1 2 3 4 5 M 6 7 8 9 I 0  
Fig. 1 RFLP patterns of amplified DNA from an individual with 
phenotype B (genotype B/O). a PCR of the B allele amplified with 
the GA01N/GA13 primer set (C at np 803). From the RFLP pat- 
terns, the nucleotides at np 526 (lanes 1 & 2), np 703 (lanes 3 & 4) 
and np 796 (lane 5) correspond to those of B allele (G, A, and A, 
respectively), b PCR of the O allele amplified with the GA01N/ 
GA14 primer set (G at np 803). The nucleotides at np 526 (lanes 6 
& 7), np 703 (lanes 8 & 9) and np 796 (lane 10) were G(=B allele), 
G(=A allele) and C(=A allele), respectively. Details of the RFLP 
patterns were given in our previous report [9]. Abbreviations of re- 
striction enzymes used are as follows: Bs, BssHII; Ba, BanI; Hp, 
HapII; A1, AluI; and My, MvaI. M: Size marker (Marker 9, Nip- 
pon Gene, Tokyo, Japan) 

Results 

W h e n  the seven nuc leo t ide  pos i t ions  (nps 2 6 1 , 4 6 7 , 5 2 6 ,  
646, 7 0 3 , 7 9 6  and 803) o f  the A B O  gene  were  ana lysed  
by  P C R - R F L R  two subal le les  o f  A [A(Pro)  and 
A(Leu) ] ,  two  suba l le les  o f  O, [O(T)  and O(A)] ,  one  B 
a l le le  and  one  var ian t  a l le le  were  de tec ted  in 169 unre-  
la ted  G e r m a n  samples .  The  var ian t  a l le le  was  found  in 
four  ind iv idua l s  wi th  O pheno type ,  one wi th  A pheno -  
type  and two wi th  B pheno type .  The  nuc leo t ide  at np  
261 o f  the va r ian t  a l le le  was G wh ich  is also found  in A 
and B al le les .  The  nuc leo t ides  o f  the a l le le  at nps  526, 
7 0 3 , 7 9 6  and 803 were  G(spec i f i c  to B al lele) ,  G, C and 
G ( A  al lele) ,  respec t ive ly .  The  R F L P  pat te rns  are  shown  
in Fig .  1. The  nuc leo t ides  at nps  467 and 646 o f  the var i -  
ant  a l le le  were  C and T, respec t ive ly .  The  var ian t  a l le le  
was  suspec ted  to be  the 0 2 al le le ,  and  the nuc leo t ide  o f  
np 802 was  ana lysed  b y  P C R - R F L R  

The  e l ec t rophore t i c  pa t te rns  o f  P C R  produc t s  af ter  
d iges t ion  wi th  M n l  I are shown  in Fig .  2. The  amp l i f i ed  
p roduc t s  o f  the var ian t  a l le le  were  d iges t ed  b y  the en- 
z y m e  M n l  I into 35bp and 27bp  f ragments ,  wh i l e  those  
o f  A and O a l le les  were  not  d iges ted .  F r o m  these  resul ts ,  
it was  c o n f i r m e d  that  the var iant  a l le le  was  02. The  nu- 
c leo t ides  at the e igh t  pos i t ions  (nps 2 6 1 , 4 6 7 ,  526, 646, 
7 0 3 , 7 9 6 ,  802 and 803) o f  s ix a l le les  are s u m m a r i z e d  in 
Table  1. 

The dis t r ibut ion of  genotypes  and al le le  f requencies  
are shown in Table 2, and 6 al leles and 17 genotypes  were  
found in the Ge rman  populat ion.  The  observed  genotype  
numbers  did  not  differ  s ignif icant ly  f rom those expec ted  
under  the assumpt ion  o f  Hardy-Weinbe rg  equi l ibr ium. 
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Table 1 Nucleotides at the 
eight positions of six alleles 

np: nucleotide position 

np261 np467 np526 np646 np703 np796 np802 np803 

A(Pro) G C C T G C G G 
A(Leu) G T C T G C G G 
B G C G T A A G C 
O(T) - C C T G C G G 
O(A) - C C A G C G G 
02 G C G T G C A G 

Table 2 Distribution of ABO genotypes and allele frequencies in 
the German population 

Genotypes Observed Expected 

n (%) n (%) 

A(Pro)/A(Pro) 8 (4.7) 7.7 (4.5) 
A(Pro)/A(Leu) 6 (3.5) 5.5 (3.2) 
A(Pro)/O(T) 29 (17.2) 30.7 (18.2) 
A(Pro)/O(A) 19 (11.2) 15.6 (9.2) 
A(Leu)/O(T) 11 (6.5) 11.1 (6.6) 
A(Leu)/O(A) 6 (3.5) 5.6 (3.3) 
B/O(T) 4 (2.4) 6.8 (4.0) 
B/O(A) 4 (2.4) 3.5 (2.1) 
O(T)/O(T) 32 (19.0) 30.7 (18.2) 
O(T)/O(A) 32 (19.0) 31.1 (18.4) 
O(A)/O(A) 6 (3.5) 7.9 (4.7) 
O(T)/O 2 4 (2.4) 3.0 (1.8) 

A(Pro)/B 8 (4.7) 9.8 (5.8) 

A(Leu)/B 
Others 

Total 169 (100.0) 169.0 (100.0) 

Allele frequencies ABO*A(Pro)= 0.2130 
ABO*A(Leu)= 0.0770 
ABO*B-- 0.0473 
ABO*O(T)= 0.4260 
ABO*O(A)= 0.2160 
ABO*O2= 0.0207 
(;(2 = 3.348, df.15, P > 0.99) 

Discussion 

The A B O  blood group sys tem is one of  the mos t  im- 
portant  genetic markers  in paternity testing and foren- 
sic stainwork, al though many  markers  including V N T R  
and STR po lymorph i sms  have  been reported so far. In 
the present  study, eight mutat ion sites of  the ABO gene 
were invest igated to construct  a database of  the allele 
frequencies for the A B O  polymorphism.  We per formed 
the P C R - R F L P  method for the analysis of  np 802 re- 
sponsible for the 02 allele, because the method  was 
much  simpler than the D N A  sequencing technique. For 
this purpose,  we designed a new mismatched  pr imer  
GA43.  Amplif icat ion with the pr imer  pair  GA43 and 
GA14  produced a f ragment  with 62bp as expected. 

Subsequently,  np 802 was successful ly analysed by the 
digestion of  the 62bp f ragment  with the restriction en- 
zyme  Mnl I. Since the 20 th nucleotide (np 779) f rom 
the Y-end  of  the GA43 pr imer  was C instead of  A, the 
pr imer  was not digested with Mnl I. I f  a non-mis-  
matched  pr imer  (A at the 20th nucleotide) is used for 
PCR,  the same size (62bp) of  P C R  product  containing 
A at np 802 (= 02 allele) is cut by  Mnl I into 12bp, 
23bp and 27 bp fragments ,  and the product  containing 
G at np 802 (= A and O alleles) is cut into 12bp and 
50bp fragments .  It  is very difficult to detect a 12bp 
fragment ,  and to distinguish the 23 bp f ragment  f rom 
the 27bp f ragment  on a convent ional  10% polyacry-  
lamide gel. 

We found that the 02 allele was present  with a poly-  
morphic  f requency ( A B O * O  2 = 0.0207) in the G e rman  
populat ion,  and a recent report  [11] described that the 
02 allele occurred at a f requency of  3.7% in Danish in- 
dividuals with phenotype  O and is therefore not a rare 
allele in European  populations.  The analysis of  nps 
261 and 526 has been employed  for A B O  genotyping 
[7]. The  02 allele will be mis typed  as the B allele f rom 
the analysis o f  nps 261 and 526, and as the A allele 
f rom the analysis of  nps 261 and 703 (or 796 or 803). 
The analysis o f  at least three nucleotide positions, i.e. 
nps 2 6 1 , 5 2 6  and 802, is therefore necessary for A B O  
grouping. 

The frequency of the A allele (ABO*A = 0.2900) in 
the German population is very similar to that in a Japan- 
ese population (ABO*A = 0.2875) [10]. However,  the 
A(Pro) suballele frequency in the German population is 
higher and the A(Leu) frequency is lower than those in a 
Japanaese population [ABO*A(Pro) = 0.0712 and 
ABO*A(Leu)  = 0.2163]. The German population has a 
higher frequency of ABO*O(T)  (= 0.4260) than the 
Japanese population (= 0.2731). The 02 allele may be 
characteristic of Caucasian populations because the al- 
lele has not yet been found in a Japanese population 
[10]. 

The allele frequencies in the extended ABO polymor- 
phism may provide useful additional information in cases 
of disputed paternity and stainwork. The isolated exclu- 
sion probability would be raised to 48.6% compared with 
12.7% in the classical ABO blood group systems of three 
common alleles. The discriminating power was calculated 
to be 87.8%. 
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