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The phenotype and genotype distributions and the gene frequencies o f 
the Duffy blood group system  and the phosphoglucomutase and glutam ate- 
pyruvate transaminase red blood cell enzyme system s were examined in m uco
viscidosis homo- and heterozygotes, and the results wore compared w ith the 
data for the average Hungarian population.

In view of the amylase defect in mucoviscidosis, a study was m ade of 
tho variations in distribution of the protein products of adjacent gene loci 
(Duffy and phosphomucoglutaso), and of the association of identical geno
types (Duffy and phosphoglucomutase homo- and homozygosity, or hetero- 
and heterozygosity). In the mucoviscidosis homo- and heterozygotes, the per
centage values agreed with those for the average population, both for the  
phenotypes and genotypes of the individual blood groups and the above 
enzymes, and for the gene frequencies. No differences specific for m ucovisci
dosis were found for Duffy and phosphoglucomutase. No common genetic re
gulation could be found between the adjacent gene loci (amylase and D uffy or 
phosphoglucomutase).

In mucoviscidosis (MV) a marked 
decrease of pancreatic amylase activ
ity must be reckoned with. The gene 
locus of amylase is situated on the long 
arm (q) of the autosomal chromosome
1. Neighbouring gene loci of the latter 
are those of the Duffy and Kidd blood 
group system genes, and also phospho
glucomutase (PGM) and peptidase C, 
an intralysosomal protein-degrading 
enzyme [1, 8]. Elevated glycoprotein 
concentrations of bronchial mucin, 
amniotic fluid and meconium have 
been demonstrated in MV homozy
gotes [3]. On the basis of thi fact, the 
intactness of PGM and peptidase C

activities has been suggested in MV. 
Examinations in this respect have al
ready been carried out with regard to 
arginine esterase activity [4, 8].

It therefore appeared interesting to 
investigate the products of the gene 
loci immediately adjacent to the amy
lase gene, the Duffy blood group sy
stem and the PGM system, in patients 
with MV.

M a t e r ia l s  a n d  M e t h o d s

Duffy (Fy) blood group antigen and 
PGM and glutamate-pyruvate transam 
inase (GPT) red blood cell enzyme system
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exam inations were performed in 15 MV ho
m ozygous children aged from 18 months to 
8.5 years, and in 38 MV obligatory hetero
zygous parents, or children proved to be 
MV heterozygotes by the Szczepanski Br— 
test. For technical reasons it was not pos
sible to  determine the F y antigen in 1 mem
ber o f  the homozygote group and in 5 mem
bers o f the heterozygote group. Hungarian 
data (10) were utilized as control values.

The PGMj red blood cell enzyme system  
and the GPT red blood cell enzym e system  
were studied by horizontal starch gel elec
trophoresis.

The Duffy blood group system  was stud
ied  b y  Biotest and Molter test sera (incom
plete-type, anti-human globulin sera react
ing in the Coombs test) by the tube tech
nique, with simultaneous application of 
appropriate homo- and heterozygote con
trol blood samples. The material was eva
lu ated  after transfer to a slide.

R e s u l t s

Results concerning Fy, PGMX and 
GPT in the MV homo- and heterozy
gotes are seen in Table I. In these indi
viduals the distribution of Fy, PGM, 
and GPT exhibit an essential differ
ence from that of the normal popu
lation.

The proportions of the associations 
between the Fy, PGM, and GPT geno
types in the individual groups examin
ed are given in Table II. The data in
dicate that the genotype associations 
between the products of the individual 
adjacent gene loci were not character
istic of the groups, but rather pointed 
to a random association.

Table  I

R ed blood cell Fy, PGM and GPT blood group and isoenzyme genotypes and gene 
frequencies in homo- and hétérozygotie mucoviscidosis patients

Normal
n (%)

МУ homozygotes
n (%)

MV heterozygotes
n (%)

Fy aa. 3 (21%) 6 (15%)
F y ab 7 (50%) 17 (44%)
Fy bb 4 (28%) 15 (39%)
F ya gene frequency 0.451 0.464 0.381
F yb gene frequency 0.549 0.535 0.618
PGMj 1 1 112 (58%) 11 (73%) 27 (62%)
PGM! 2— 1 122 (30.9%) 4 (26%) 14 (32%)
PGM! 2 2 16 (4.8%) 0 2 (5%)
PGMJ gene frequency 0.70G 0.866 0.790
PGMJ gene frequency 0.234 0.133 0.209
GPT 1—1 82 (20.1%) 5 (33%) 12 (28%)
G P T 2 -  1 154 (49.0%) 9 (00%) 15 (35%)
GPT 2 2 78 (24.8%) 1 (0%) 16 (37%)
GPT1 gene frequency 0.506 0.633 0.453
GPT2 gene frequency 0.493 0.366 0.546 *
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Table II

Fy, PGM, and GPT genotype associations in normal individuals and in homo- and  
hétérozygotie mucoviscidosis patients

Normal 
n %

MV
homozygotes 

n %
MV

heterozygotes
n %

Fy homoz.-PGM homoz. 17 5  ( 3 1 .0 % ) 5 ( 3 5 % ) 15 (3 9 % )

Fy heteroz.-PGM homoz. 17 2  ( 3 0 .5 % ) 2  ( 1 4 % ) 11 (2 9 % )

Fy homoz.-PGM heteroz. 12 4  (2 2 .0 % ) 6 ( 4 2 % ) 6 (1 6 % )

Fy heteroz.-PGM heteroz. 9 2  (1 6 .3 % ) 1 (7%) 6 (1 6 % )

Fy homoz.-GPT homoz. 75  (2 3 .4 % ) 1 (7%) 13 (3 4 % )

Fy heteroz.-GPT homoz. 76  (2 3 .7 % ) 6 ( 4 3 % ) 12 (3 1 % )

Fy heteroz.-GPT heteroz. 67  ( 2 0 .9 % ) 3 ( 2 1 % ) 5 (1 3 % )

Fy homoz.-GPT heteroz. 10 2  (3 1 .8 % ) 4  ( 2 8 % ) 8 (2 1 % )

D is c u s sio n

The normal Fy gene frequencies in 
Hungary are Fya =  0.451, and Fyb =  
=  0.549 [10]. The occurrence of a 
silent Fy gene has not been observed.

In the MV homozygote and hetero
zygote groups, the Fy phenotype di
stribution and gene frequency did not 
differ appreciably from the values for 
the average population; in the MV 
homozygote group they were, Fya =  
= 0.464, andFyb =  0.535; in the het
erozygotes, Fya =  0.381, and Fyb 
=  0.618, respectively.

As regards the Fy blood group, this 
being the neighbouring gene locus of 
amylase, it was investigated whether 
the MV homo- or heterozygosity var
ied together with the Fy homo- or 
heterozygosity. No close correlation 
was found, and thus the hypothesis of 
a common gene regulation was rejec
ted.

The red blood cell PGM1 catalyses 
the transformation of glucose-l-phos-

f . f  phate to glucose-6-phosphate. Its poly
morphism was described by Spencer 
et al [9]. The three known phenotypes 
(PGM, 1, PGM, 2-1, and PGM, 2) aro 
determined by two autosomal codom
inant alleles [1, 5, 6].

In connection with forensic medical 
problems, Szabó and Somogyi [11] de
termined the frequency of the PGM, 
red blood cell enzyme system in the 
Hungarian population and calculated 
the gene frequency from the results. 
The distribution of PGM, phenotypes 
was as follows: PGM, =  58.18%; 
PGM, 2-1 =  36.96%; PGM, 2 =  

4.86%. The gene frequencies were: 
PGM, 1 0.766; PGM, 2 =  0.234.
In our material the PGM phenotype 
distribution and gene frequency in the 
MV homo- and heterozygote groups 
agreed with the indices for the overall 
population.

No connection was observed in the 
occurrence of the Fy and PGM pheno
type and genotype; i.e. we have in
directly confirmed the independent
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functioning of the individual genes di
recting protein synthesis.

The genetically determined, inheri
ted variants of red blood cell GPT 
were demonstrated by Chen and 
Giblett [2] in 1971, by starch gel 
electrophoresis. The enzyme catalyzes 
the reversible transformation of L- 
alanine and alpha ketoglutaric acid to 
L-glutamate and pyruvate. The elec
trophoretic mobilities show the fast 
fraction to be the GPT 2, the slow one 
the GPT 1, and their combination the 
GPT 2-1, phenotype.

The inherited variants of the GPT 
system are determined by two auto
somal, codominant alleles, GPT1 and 
GPTS. The gene loci of the latter are 
not known. Szabó and Somogyi [12] 
performed a study of the phenotype 
distribution of GPT in the Hungarian 
population. They found the frequen
cies GPT 1 26.11%; GPT 2-1 =
-  49.05%; GPT 2 =  24.84%, and 

also a gene frequency of GPT1
- 0.506; GPT2 =  0.493. The percent

age frequencies of the GPT types and 
the GPT1 and GPT2 gene frequencies 
in MV homo- and heterozygotes simi
larly agreed with the frequency data 
for the average Hungarian population. 
As regards the common gene corre
lation, the joint occurrence of GPT 
and Fy did not display a regularity; 
Mendel’s law held for the mixture of 
the gene pools.

A .  L á s z l ó , M. D .
Pf. 471
H-6701 Szeged, Hungary
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