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Summary. At least 815 meioses were studied in the Hinfl
polymorphisms of DNA minisatellite loci D1S7, D2S44,
D7821, D7S22, and D12S11 in order to collect data on
respective mutation rates. At locus D7S21 (probe MS31)
a striking difference between the paternal and maternal
mutation rate was observed (1.5% versus 0.2%). This
study also describes, how to deal biostatistically with
paternal mutations in parentage testing. Possible impli-
cations of mutations are illustrated by the description of
2 cases. Case 1 reports an “exclusion” of mother and
father with probe MS1. Case 2 describes 2 paternal “ex-
clusions” with probes MS31 and G3. The statistical like-
lihood for a paternal “exclusion” with 2 of the 5 probes
is 0.13% . By omitting probe MS1, this frequency can be
reduced to 0.02% . Nevertheless, the second case clearly
shows, that informative blood group markers cannot be
replaced by DNA polymorphisms.

Key words: Single locus probes — Meioses — Mutation
rates

Zusammenfassung. 815-2004 Meiosen wurden in den
HinfI-Polymorphismen der DNA-Loci D1S7, D2S44,
D7822 und D12S11 untersucht, um Daten {iber Muta-
tionsfrequenzen zu gewinnen. Getrennt nach paternalen
und maternalen Meiosen wurden die in Tabelle 1 dar-
gestellten Mutationsraten beobachtet. Am DNA-Locus
D7821 (Sonde MS31) wurde ein signifikanter Unter-
schied zwischen paterneller und materneller Mutations-
rate festgestellt (1,5% im Vergleich zu 0,2%). Die Ar-
beit beschreibt weiterhin, wie biostatistisch mit (pater-
nellen) Mutationen im Vaterschaftsgutachten umgegan-
gen werden muB. Die Bedeutung von Mutationen illu-
strieren 2 Falldarstellungen: Der 1. Fall beschreibt einen
,,Eltern-Kind-Ausschlu“ mit Sonde MS1. Der 2. Fall
berichtet von 2 paternellen ,,Ausschlu8konstellationen®
mit den Sonden MS31 und G3.

Correspondence to: J.Henke

Schliisselworter: Single locus-Sonden — Meiosen — Muta-
tionsraten

Introduction

In parentage testing aberrant inheritance of blood groups
occurs unexpectedly and may result in false conclusions,
especially in false exclusions of putative fathers. Blood
group serologists have been aware of such pitfalls for
many years because they have experienced highly unex-
pected parent/child combinations in all conventional blood
group systems [1, 3-6, 10-13, 15, 16, 18-22, 24, 27-30,
33-36, 38-45, 48-50, 54, 56, 57, 59, 60, 62—64, 66].
Aberrant inheritances may be caused by:

“silent” alleles,

mutations due to base exchanges,
unequal cross-overs or

deletions.

Of these, silent alleles are the most common cause of
false parent/child exclusions. The alleles Fy*0 and Fy*X
[9, 31, 37] contribute most frequently to the “silent allele
series”. Both variants are usually grouped under the term
Fy*0, which is reported to occur in Germans at a fre-
quency between 1.6% and 3.0% [51, 53, 55, 61]. This
shows that the number of exceptions from the expected
mode of inheritance is quite high. Nevertheless, the
Duffy blood groups are not only commonly used in par-
entage testing, they are also explicitly recommended [8].
In contrast, there have been many warnings against the
use of DNA polymorphisms [46]. It has been pointed
out, that DNA polymorphisms should only be used in
addition to the entire battery of conventional polymor-
phisms [46]. One argument was the “unknown, however
considerably high number” of mutations at VNTR loci.
In response to this lack of logic, this paper aims at re-
porting paternal and maternal mutation rates observed
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at 5 VNTR loci. This paper will also present the implica-
tions of the occurrence of a mutation in a paternity case.
Studies of 2 extraordinary families with mutations will
also be described.

Mutations and methods

All the persons tested (single individuals, multi-member families,
and persons involved in paternity cases) were Caucasians.

In parentage cases, paternity was established by conventional
hemogenetic tests (W= 99.8% at a given a priori of 0.5) while non-
paternity was concluded on the basis of at least 2 exclusions. Tech-
niques for DNA isolation, endonuclease digestion, electrophoresis
and hybridisation have been described elsewhere [25]. The mobility
of fragments was measured independently on autoradiographs by
2 staff members using a digitising tablet. Fragments differing in
mobility by 0.5 mm could be resolved. The so-called “local method”
was used, which means that the next neighbouring molecular weight
markers were taken as references.

At least 815 meioses were examined in the Hinfl polymorphisms
of loci D1S7, D7821, D12S11, D7S22 and D2S44.

Definition of a mutation at a DNA locus

Germline length mutations at human DNA loci have
been directly measured in human pedigrees [32, 52].
Mutations are sporadic. With the (here reported) excep-
tion of locus D7S21, they may occur with similar fre-
quencies in both sexes. They can involve the gain or loss
of numbers of repeat units, consistent with length changes
arising primarily from unequal exchange at meioses [32,
65]. A further cause of length changes are point muta-
tions at restriction sites producing either “new” sites or
destroying “old” sites.

If in serologically established families one single re-
striction fragment of a child could not be exactly attri-
buted to either parent by visual comparison in a side-by-
side run we have declared this a mutation, regardless of
whether the respective difference of size measurement
was within the range of our standard deviation of 1.8%
or not.

Results

1. Mutation rates

Table 1 shows the number of investigated meioses along
with the respective mutation rates.

Since mutations involving changes of less than 100 bp
cannot always be reliably resolved in electrophoresis sys-
tems, the true mutation rate, especially at locus D157
(repeat length: 9bp), is presumably higher than the rate
shown in Table 1.

II. Comparison of paternal and maternal mutation rates

Although the data show differences between maternal
and paternal mutation rates, only the mutation rates ob-
served at locus D7S21 revealed significant differences
between paternal and maternal meioses. The Chi-square
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Table 1. Meioses and mutation rates observed at 5 VNTR loci

Locus Maternal meioses Paternal meioses
Total Mu- % Mu- Total Mu- % Mu-
tated tated tated tated
D1S7 116 45 4.03 866 36 4.16
D7S821 1127 2 0.18 877 13 1.48
Di12s11 1123 1 0.09 870 5 0.57
D7822 1115 2 0.18 865 6 0.69
D2S44 471 1 0.21 344 0 0.00
Mother Child Alleged
Father
< T
2 NN - I
b
< I Fig. 1. Mutation band-
o I pattern

test revealed a significant difference between both sexes
(7% = 11.3> 9.550 = y%01). This difference was also con-
firmed by means of Fisher’s exact method. It is interest-
ing that there is no significant difference between pater-
nal and maternal mutation rates with locus D1S7 which
has the highest overall number of mutations.

Comparisons with other studies [7, 32, 52] show that
the uneven distribution of mutations at locus D7S21 has
not been observed before even though this observation
was not unexpected. A female’s complement of oocytes
arise through approximately 24 postzygotic cell divisions
whereas approximately 400 divisions separate the male
zygote from mature sperm [58]. This explanation, how-
ever, does not imply that there may not also exist DNA
loci having an excess of maternal “errors” [14].

111. Calculation of likelihoods

1. Theoretical considerations. Figure 1 illustrates a typical
“exclusion” or “mutation” fragment pattern from a locus-
specific DNA polymorphism. To calculate the likelihood
of paternity, the possibility of a mutational event must
be included in the genetic model [17]. It is assumed, that
an allele x may change (it’s fragment size) to an allele y,
while being transmitted from parent to child; »1,, may
denote the probability of such an event. Including this
possibility, several explanations for the above band pat-
tern are rendered possible under the assumption of pa-
ternity. One (unlikely) possibility is, that allele b is trans-
mitted from the mother to the child and changes to allele
e, while ¢ is transmitted from the father to the child by
changing into allele a. The probability of this event is
Vamy, - ¥2 mg,. This event is highly unlikely, because not
only 2 mutations are required but also because mother
and child obviously carry the allele a.
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Table 2. Possible explanation of the fragment pattern
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Table 3. Estimation of ¢ and r, likelihood values

Maternal fragment Paternal fragment Transmission
— filial fragment — filial fragment probability
a—a c—e Yo VYamy,
a—a d—e V2 - Vamyg,

The likelihood for the fragment pattern under the assumption of
paternity can therefore be calculated as

X = 2f(a) f(b) - 2f(c) f(d)

mat. phenotype  pat. phenotype

- VoV (me, + myg,)-

transm. prob.

The likelihood under non-paternity can be calculated as

Y =2f(a) f(b) - 2f(c) f(d) - [f(e) Vo (1 + 1mps) + f(a) Va(rtae + mse)]
= 2f(@) f(b) - 2f(c) f(d) - f(e) - 2.

Consequently, the likelihood ratio is

2f(e)

Y X = ————.
M + Mg,

If all possibilities requiring more than one “mutation”
are considered negligible due to low probability, only 2
relevant explanations remain (Table 2).

The problem with this formula is that for various rea-
sons the mutation rate of a specific allele cannot be esti-
mated. However the rate is far smaller than the overall
mutation rate summarized in Table 1. Additionally, one
has to take into account, that the term “mutational event”
encompasses different origins of the length variations.
Small variations in the fragment size may occur more
often than larger ones. Restriction site mutations are be-
lieved to be less frequent than length changes within the
minisatellite [65].

In order to evaluate this type of fragment pattern in
terms of likelihood ratios, one has to choose a less spe-
cific approach. A mutation rate, that can be estimated
for a locus specific DNA polymorphism is the overall
mutation rate y, which may differ from the maternal mu-
tation rate. More precisely, pis the probability of the oc-
currence of a “mutated” fragment under paternity. At
this level, only one fact is drawn from the fragment pat-
tern: either the pattern is compatible with paternity or
not. The frequencies of the involved “alleles” (= frag-
ments) are not taken into account, and the resulting like-
lihoods are the same for all “mutation patterns” for a
given enzyme/probe combination.

Under non-paternity the probability of a “mutation
pattern” is 1 — r, where r is the probability of an (wrong)
inclusion. r can be estimated from empirical data [25].

The likelihood ratio which can then be calculated is

yix = L=7

[17].

2. Application to paternity tests. This method was applied
to data for the loci D1S7, D7S21, D12S11, D7S22, and
D2S44 (probes MS1, MS31, MS43, G3, and YNH24,
respectively).

The observed paternal mutation rates and “wrong in-
clusion” probabilities are summarized in Table 3.

Locus Probe n u% . r% YIX EM W%

D1S7 MS1 866 4.16 2.13 2353 11.37 4.08

D7521  MS31 877 148 531 6398 11.81 1.54
D12S11  MS43 870 0.57 674 163.61 12.21 0.61
D7822 G3 865 0.69 242 14142 12.15 0.70
D2S44  YNH24 344 0 7.51 * * *

* Calculation not possible until a paternal mutation is observed

MS1 MS31 MS43a G3 YNH24

MCFA MCFA MCFA MCFA MCFA

{

4.82

't

3.98

3.19
2.80

1
LI
[2>]
w
~

!

Fig. 2. Example of a double mutant offspring. Both parental frag-
ments at locus D1S7 (MS1) are mismatched, while the offspring
fragments (C) at loci D7S1, D12S11, D7S22, and D2S44 match
correctly the mother (M) and the father (F). (Molecular weight
marker is in lane A)

Locus D1S7 shows the highest mutation rate in both
sexes, while, as has often been reported, this locus pro-
duces the smallest number of false inclusions (~2%)
[25, 52}.

Table 3 shows that a small mutation rate leads to an
increase of evidence against paternity, once an “exclu-
sion pattern” is observed.

1V. Family studies with unusual observations

Case 1: Figure 2 illustrates the occurrence of 2 parental
mutations at locus D1S7 (probe MS1).

Both parental fragments at locus D1S7 (probe MS1)
are mismatched, while the offspring fragments (C) at loci
D7821, D12S11, D7S22, and D2544 match correctly
the mother (M) and the father (F); molecular weight
standards (A).

Case 2: Figure 3 illustrates the occurrence of 2 paternal
mutations at loci D7521 and D7822 (probes MS31 and
G3).

In this family 12 conventional blood group systems
(ABO, MNSs, Rhesus, Duffy, Gc, Tf, Pi, acP, PGM;,
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MS1 MS31 MS43a G3 MS8 B6.7
M C F MCF M CF MC F MCF MCF
14.32 —
- o "8
9.53 — -
— - .
_ - - e
6.37 — e - - -
— -
4.82 — i
3.19 —
2.32 —

Fig. 3. Example of a double mutant offspring. Both paternal frag-
ments with probes MS31 and G3 are mismatched, while the off-
spring fragments with probes MS1, MS8, MS43a, YNH?24, and
B6.7 match correctly the father. (M = mother, C = child, F =
father, A = molecular weight marker)

GPT, EsD, and GLO) were initially tested. The “alleged”
father could not be excluded from paternity (EM =
7.1643 &4 W = 99.85%; P1: 685; A = 99.7%). The addi-
tional results obtained with 7 VNTR probes were as fol-

lows (sizes of restriction fragments given in kilobases =
kb)

Locus Probe Child Mother  Alleged
father
D187 MS1 7.6/ — 7.6/4.0 7.6/4.1
D7S21 MS31 8.6/ 6.5 6.5/4.7 8.5/~
D7822  G3 -9.8/11.5 11.5/6.5 10.2/6.5
D12S811  MS43 11.1/11.0  11.0/7.9 11.1/9.2
D5S43  MS8 2.8/ 6.7 6.7/- 2.8/4.9
D2S44  YNH24 3.8/ 3.4 3.4/2.7 3.8/1.8
B6.7 2.3/ 5.8 5.8/6.1 2.3/3.2

The paternal Hinfl fragments generated with probes
MS31 and G3 showed slight mismatches, which we inter-
preted as mutations. The overall statistical evaluation
(which includes the apparent “exclusions” with loci
D7S821 and D7S22) of this case is as follows:

EM (blood groups) = 7.1643 &2 W = 99.8%
EM (MS1) = 85821 2 W = 96%
EM (MS31) = 11.8060 & W = 1.54%
EM (G3) = 12.1505 2 W = 0.70%
EM (MS43) = 8.8943 & W = 92.5%
EM (MSS8) = 89777 & W = 91.3%
EM (YNH24) = 9.0645 2 W = 89.6%
EM (B6.7) = 87243 & W = 94.97%
EM (total) 53637 & W = 99.998%

The occurrence of 2 mutant paternal fragments is said to
be rare [2]. Taking the mutation rates for loci D7S21 and
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D7S22 into account, the probability that both genetic
systems would produce false exclusions is
1

1 = 0.010% or approx. 1 in 10,000 cases
1.48% x 0.69%  with true fathers.

It has been proposed in “DNA recommendations” that
probe MS1 should not be used in paternity tests because
of its high mutation rate. However, if this proposal were
followed, a lot of information in the vast majority of
non-exclusions would be lost (high probability values in
inclusions, and smallest number of false inclusions).

It is of interest to estimate the probability of two pa-
ternal mutations (in one case).

The respective calculation for probes MS1, MS31,
MS43a, and G3 would be as follows (probe YNH?24 is
not mentioned in this context, because we did not ob-
serve a paternal mutation up to now):

MS1 MS31 MS43a  G3

0.0416 0.0148 0.9943 0.9931 (.0006079
0.0416 0.9852 0.0057 0.9931 0.0002320
0.0416 0.9852 0.9942 0.0069 0.0002812
0.9584 0.0148 0.0057 0.9931 0.0000803
0.9584 0.0148 0.9943 0.0069 0.0000973
0.9584 0.9852 0.0057 0.0069 0.0000371

The calculation would result in a total probability of
0.001336 or 0.13%.

By omitting probe MS1 from the programme one
would reduce the possibility of such an event to a total
probability of 0.02% . This study provides a further argu-
ment that it is unrealistic to expect that conventional
blood group markers can be entirely replaced by DNA
polymorphisms. As we and others have already demon-
strated in recent publications, a large battery of blood
group systems, protein/enzyme markers, the HLA-anti-
gens and DNA polymorphisms may be required to solve
problematic cases [23, 24, 26, 47]. Abandonment of a
major part of established hemogenetic tools is counter-
productive to scientific progress. “Improvement” of tech-
nology must not result in the impossibility to resolve dif-
ficult cases.
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