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PGM1 subtyping by thin layer polyacrylamide gel isoelectric focusing
(PAGIF) has become a commonly used part of paternity testing, since
the method is simple, highly reproducible and relatively cheap.
According to advantageous frequencies of the four common alleles
PGM1*1A or al1(0.6356), PGM1*1P or a3(0.1194), PGM1*2A or a2(0.1910),
and PGM1*2B or a4(0.0525) the exclusion probability increases from
about 15% with conventional PGM1 typing to over 30% with isoelectric
focusing techniques (IEF). The practicability of PGM1 subtyping for
paternity testing is, however, restricted not only by a relatively
high frequency of silent alleles, of partially deficient alleles,
and of a large number of variants, but especially by the occurrence
of incompatible heterozygous mother-child pairs and isolated
exclusions.

Martin was the first to describe such a mother-child exclusion in

1981 (Table 1). Wetterling (1986) found two more cases of incompati-
bility among 8686 mother-child combinations and reported an additional
case, communicated to her by V. Johnsson/Helsinki. All pairs were
typed several times and confirmed by at least two experts. The
mysterious inheritance of PGM1 subtypes, as given by IEF,prompted the
Scandinavian colleges, not to base any paternity exclusion on results
obtained only by PGM1 subtyping (Wetterling 1986).

Table 1 Isolated mother-child incompatibilities in the PGM1 subtype
system

Child Mother

Martin 1981 PGM1 1A,2B 1B, 2A
(a1-a4) (a3-a2)

Wetterling 1986 PGM1 1A 1B, 2A
(al) (a3-a2)

PGM1 1B, 2A 1A, 2B
(a3-a2) (a1-a4)

Johnsson 1985 PGM1 1A 1B,2A
(a1) (a3-a2)

Our findings of three cases with an isolated exclusion of the putative
father according to the results of PGM1 subtyping (Table 2) causes us
to point again at the unsolved problem of formal genetics of PGMI1
subtypes.
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Table 2 Isolated father-child incompatibilities in the PGM1 sub-
type system

Child Mother Putative Father
Weber 1985 PGM1 1A,2A 1a,2B 1A
(al-a2) (al1-a4d) (a1)
Weber 1985 PGM1 1A,1B 1A 1A,2B
(a1-a3) (al) (al1-ad)
Hbher 1986 PGM1 2A,2B 1B,2A 1A,2A
(a2-a4d) (a3-a2) (al1-a2)

In the first case the child has inherited the allele PGM1*1A (al)
from its mother and accordingly the allele PGM1*2A (a2) from its
father. The accused man was homozygous for PGM1*1A (al) and could

not be excluded by any other investigated genetic polymorphism. The
probability of paternity according to Essen-Mdller was 99,999999%.
Altogether 30 genetic systems have been tested including the HLA
antigens. The isolated PGM1 exclusion could be confirmed by repeated
blood collections and different investigators. Also the use of
additional IEF techniques, like LKB Immobiline Dry Plates, pH 5.6-6.6
(Application note 473) showed the same results.

The second case was also reported by Dr. Weber in 1985. In this case
the mother was homozygous for the PGM1*1A (al) allele and accordingly
the child has inherited this allele from its mother and the PGM1*1B
(a3) allele from its father. The accused man, however, showed the
phenotype PGM1 1A,2B (al-a4), lacking the allotype 1B (a3). Again

a very high probability for paternity was calculated (W=99.9998%).
Like in the first case the HLA system was also included.

In the third case, found by Dr. Hoher, the child inherited the allele
PGM1*2A (a2) from the mother and the PGM1*2B (a4) allele from its
father. The disputed father, however, was heterozygous for 1A and

2A (a2-al). This situation was faced by a probability for paternity
of W=99.99%, which resulted from testing altogether 27 polymorphisms
including HLA.

In all three cases PGM1 subtyping was performed by PAGIF according
to the LKB instruction No 1804-121 with only minor modifications.
The characteristics were as follows:

Gel: LKB ampholine PAG plates, pH 5.0-6.5 (T=5.5%; C=3.3%).
Electrode solutions: 0.01 M sodium hydroxide (cathode), 1% acetic
acid (anode).

Temperature: 5°C.

Application of hemolysates:~3ul by sample applications pieces about
2cm from the anode.

Focusing data: Prefocusing for 30min. at 2000V, 15mA and 20W,
followed by 150min. focusing time at the same conditions (80min.
with and 70min. without application pieces).

Identification of phenotypes by functional agarose overlay according
to Sutton and Burgess (1978).

As mentioned above the usefulness of PGM1 subtyping by IEF for
paternity testing is complicated by the existence of silent alleles
with a relatively high frequency, of rare alleles with reduced
activity and of a large number of rare variants.
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Silent alleles have been reported by Fiedler and Pettenkofer
(1968,1969), Kaplan et al. 1970, Wendt et al (1971), Brinkmann

et al. (1973), Horai (1974), Ueno et al. (1976), Schon and
Thalhammer (1977), Gahr and Schroter (1981), Herzog and Libich
(1982), and Ferrell et al. 1984. The frequency of PGM1*Q0 probably
lies in the order of 0.001. .

Partially deficient alleles of the PGM1 system were described by
Brinkmann et al. (1972) and by Bertrams et al. (1986). The variant
PGM1*W31 observed by Bertrams et al. had a reduced enzyme activity
of only 25% of the normal heterozygote PGM1 A1l protein. According
to this deficiency the variant could not be detected by conventional
electrophoresis on cellulose acetate membranes or agarose gel, even
after prolonged staining and overloading of the samples. A similar
variant with a reduction to 5% of normal heterozygote activity,
described by Brinkmann et al. (1972), could not be identified in
conventional starch gel electrophoresis and resulted in an apparent
mother-child exclusion in the second order.

It is well known that the PGM1 1B(a3) band in most cases is less
intense than the 1A(al) band. Accordingly PGM1 2-1 heterozygotes
often show a characteristic pattern in starch gel or agarose gel
electrophoresis with more or less reduced activity of the PGM1 bands
("PGM1 2-1red."). One can expect that "PGM1 2-1red."-types include

a high percentage of PGM1 1B
subtypes according to the
decreased activity of this
allotype. In an analysis of
altogether 2151 samples with
the PGM1 2-1 phenotype Weber
found a highly significant
association between PGM1 1B (a3)
containing phenotypes and
samples, which were classified
as "PGM1 2-1red." according to
faint PGM1 1 bands: PGM1 1B,2A
(a3-a2) occurred in 49.71% among
175 "PGM1 2-1red." samples,
compared to only 9.92% among 1976 PGM1 2-1 types with normal acti-
vity (Figure 2).

Figure 1. "PGM1 2-1red." phenotypes
in starch gel electrophoresis.
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Figure 2. Distribution of PGM1 subtypes among 1976 PGM1 2-1 samples
with equal activity of PGM1 1 and 2 bands compared to 175 samples
with a reduced PGM1 1 activity ("PGM1 2-1red.").
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Rare alleles of the PGM1 system could be located between as well

as anodal or cathodal to the common PGM1 subtypes, partially
overlapping the normally seen major and minor bands of classical
subtypes and of PGM2 bands as well. At least 30 different rare
variants were found and characterized up to date by conventional
electrophoresis and IEF techniques (Dykes et al. 1985). It is
necessary to use a minimum of two techniques to completely
differentiate rare variants. All currently known variants can be
detected by a combination of thin layer agarose gel electrophoresis
(AGE), pH 7.4 (as described by Martin 1978) and PAGIF, pH 5-7.
Additional IEF in agarose gel (AGIF) at a pH gradient of 4-8 (Dykes
1982) could be useful for identification of rare anodal variants,
and eventually PAGIF, pH 6-8, for the identification of rare cathodal
variants.

The above mentioned isolated mother-child and child-man exclusions,
however, could not be explained - as far as heterozygotes are con-
cerned - by rare alleles or alleles with reduced activity. Mis-
typings could be excluded according to repeated testing of freshly
drawn blood samples and by different experts. Accordingly in some
rare cases a clear discrepancy between gene and gene product does
exist. It is striking that the PGM1 phenotype 1B,2A(a3-a2), normally
occurring in only about 5%, was found in five of the seven cases
reported here (Tables 1 and 2). In this connection it may be im-
portant, that in a larger Swedish material (n=6800) a significant
excess of PGM1 1B,2A(a3-a2) heterozygotes and a corresponding defi-
cit of PGM1 1A,2A(al1-a2) was found (Wetterling 1985). As shown in
table 3 Martin (1981) and Kihnl et al. (1977) also observed more
1B,2A(a3-a2) phenotypes than expected, the difference, however, was
not significant. In our own material from the Essen area observed
and expected numbers of PGM1 1B,2A heterozygotes were exactly
identical.

Table 3. Observed and expected numbers of PGM1 1B,2A heterozygotes
in different population samples.

Phenotype PGM1 1B,2A(a3-a2)

observed (%) expected (%) 18
Wetterling 1986 349/6800(5.13%) 306.1(4.50%) 6.01
Martin 1981 89/1580(5.63%) 75.6(4.79%) 2.37
Rihnl et al.1977 76/1506(5.05%) 72.89(4.84%) 0.14
Driesel et al.1982 22/496 (4.44%) 24.25(4.89%) 0.22
Bertrams 1987 100/2181(4.56%) 100 (4.56%) 0.00

A corresponding deficit of the pBenotype PGM1 1A,2A(al1-a2) existed
only in Wetterling's material (x“=2.52), but was absent in the data
obtained by Martin (1981), Kiihnl et al. (1977) and Driesel et al.
(1982) and in our own analysed material. Thus a deviation from the
Hardy-Weinberg equilibrium apparently does not exist.

In conclusion PGM1 subtyping by IEF is complicated by the existence
of silent alleles, by at least 30 rare variants, by a number of hypo-
synthetical variants and last but not least by a number of mysterious,
inexplicable isolated mother-child and child-man exclusions. Accor-
dingly we recommend again (Wetterling 1985), not to base an ex-
clusion of paternity on isolated incompatibilities of PGM1 subtvoes.
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