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Abstract

Parental ages associated with both maternal and paternal uni-
parental disomy (UPD) of chromosome 15 are highly elevated
in comparison to Zurich population-based controls, with
mean maternal and paternal ages of 35.6 and 38.1, respective-
ly for UPD patients (diagnosed in Zurich) and 28.0 and 31.0,
in controls. The parental ages are also significantly higher than
observed for trisomies of other chromosomes diagnosed in
Zurich. The higher age of UPD cases may be due to the fact
that two errors, both a gain and a loss of a chromosome 15, are
necessary. We suggest that gamete complementation, zygote
formation from two gametes one of which is nullisomic and
the other disomic for the same chromosome, may be a major
mechanism of UPD formation, as well as secondary loss of a
chromosome in a trisomic conception, and that there is an
association between increased paternal age and nondisjunc-
tion.

gelman syndrome (AS) patients [4-6]. In
these reported cases, uniparental inheritance
was always observed for the entire chromo-

(UPD) requires two nondisjunction events,
which may be either meiotic or mitotic, re-
sulting in a gain of a chromosome from 1 par-
ent and loss of the homologous chromosome
from the other parent. Maternal UPD of chro-
mosome 15 is found in about 25% of Prader-
Willi syndrome (PWS) patients [1-3] and pa-
ternal UPD(15) is found occasionally in An-

some 15.

An association between increased maternal
age and nondisjunction is well known, how-
ever the relative lack of paternally derived tri-
somy cases has made a risk of paternal age and
nondisjunction difficult to test. Another diffi-
culty in studying parental age effects is that the
expected mean parental age in a population is
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strongly culturally dependent and will vary
between geographic regions, economic classes,
and through time and makes comparison of
data between centers difficult.

We present data on parental ages for ma-
ternal and paternal UPD(15) patients. These
ages are compared to those for trisomies of
chromosomes 18 and 21, and XXY individu-
als where molecular studies have been per-
formed and where patients have been ascer-
tained or diagnosed through the Institute of
Medial Genetics at the University of Zurich.
control data was obtained by examining par-
ental ages from children admitted to the Chil-
dren’s Hospital in Zurich for appendectomy
operations between the years of 1985 and
1990 and from data between 1971 and 1989
on maternal age for all births registered in
Switzerland.

Methods

Ascertainment of patients was mostly through rou-
tine referrals for genetic diagnosis. UPD(15) cases
were ascertained through molecular studies of PWS
and AS patients. Some of the cases analyzed in Zurich
originated from Northern Italy and West Germany.
We also separately report the parental ages for 4 pater-
nal UPD(15) cases ascertained at the University of
London (UK), and maternal UPD(15) cases diagnosed
in Vancouver (Canada), Munich (FRG), and Essen
(FRG).

Molecular studies on all of these patients, except
those from Essen and Munich, have been reported
elsewhere (2, 4, 7-10]. Molecular diagnosis of trisomy
21 patients were performed in the laboratory of Prof.
S. Antonarakis (Baltimore, Md., USA). All other mo-
lecular data on Zurich patients were obtained in Zu-
rich. Additional patients with XXY and trisomy 18
have been analyzed using molecular techniques as pre-
viously published [9, 10].

Control parental ages were obtained by examining
the age of parents at birth of 125 appendectomy
patients admitted to the Children’s Hospital in Zurich
between 1985 and 1990. The mean birth year, 1983, of
the control patients was the same as for the UPD(15)
patients. In addition, data available from the Swiss
Federal statistics office (Bundesamt fiir Statistik, Sek-

Table 1. Population differences in parental ages:
Parents of PWS patients

Maternalage  Paternal age
mean n mean n
US4 [3]
Paternal deletion 242 11 26.1 11
Maternal UPD (15) 305 17 329 17
Zurich
Paternal deletion 274 37 304 35
Maternal UPD(15) 358 19 374 19

tion Bevolkerungsentwicklung) on maternal ages in
Switzerland show a mean maternal age of 28.1 in 1983
based on 73,659 live births. The mean maternal age
over time has increased slightly with a mean age of
27.5 (n = 96,261) in 1971 and a mean of 28.9 (n =
81,180) in 1989. Matched control parental ages for the
London sample were taken from 20 AS patients diag-
nosed with either a deletion of 15¢y11-q13 or normal
chromosomes 15.

Meiotic stage of origin in UPD(15) cases was deter-
mined by the state of the most proximal informative
marker to the centromere (usually D15S11) [6, 8].
Nonreduction of the parent-of-origin heterozygosity
for proximal markers in the patient is evidence in
favor of an MII nondisjunction event and reduction is
compatible with an MII or a mitotic event. When
reduction to homozygosity was seen for all markers
along chromosome 15, the extra chromosome was
inferred to have arisen by a mitotic nondisjunction
event. Detailed molecular data and a determination of
molecular origin has been presented on most of these
patients in reference [8], with the exception of AS2 [4]
and AS4884 [6].

Results

In order to illustrate the extent to which
populations may differ in mean parental age,
we have compared data from PWS patients
from our own studies [2, and unpubl. data] to
that from a study in the United States [3] (ta-
ble 1). All typical PWS patients are found to
have either a deletion inherited on the pater-



Table 2. Parental ages and nondisjunction: Zurich patients

Birth year Maternal age Paternal age

mean SD mean SD n mean SD n
UPD(15) 1983 7.6 35.7 6.2%K¥kx D) 38.1 6 22
Trisomy 18 1989 2.3 32.6 6.3* 33 34.5 0.3% 29
Trisomy 21 1989 0.4 33.1 5.9%* 130 35.1 6.1%* 122
XXY 1969  11.7 29.5 7.0 45 33.5 73 42
Control 1983 3.0 28.0 5.0 125 31.0 5.5 125

*p < 0.005, ** p < 0.001, Student’s t test compared to controls; *** p < 0.05, compared to trisomy 21 and

XXY.

nal chromosome 15 or maternal UPD(15).
The latter is associated with increased paren-
tal ages, however deletion cases seem to re-
flect the population mean and are not associ-
ated with significantly altered parental ages.
Although in both studies the increased age
associated with UPD(15) is significant, the
Zurich parents are significantly older for all
categories. Mixture of the two data sets could
result in lower significance than either data
set considered separately, due to the increase
in heterogeneity within each category.

The mean parental ages of deletion PWS
patients are very similar to the ‘Zurich’ con-
trol data collected from appendectomy pa-
tients (table 2) and to published figures of
maternal age for all births in Switzerland
(mean maternal age of 28.1 in 1983). The con-
trol ages for the Zurich population are also
higher than observed in the London sample
(mean maternal and paternal ages of 26.5 and
28.6, respectively).

Comparison of parental ages in aneuploid
patients ascertained in Zurich and investi-
gated by molecular methods shows an in-
crease in parental age relative to controls for
all classes (table 2). When considering only
those cases shown by molecular studies to be

maternally derived, the results are virtually
identical to considering the group as a whole
(data not shown). The sample sizes are quite
small for cases where the extra chromosome
has been shown to be paternally derived, how-
ever, in all cases the paternal ages are greater
than the mean. This increase is statistically
significant in the trisomy 18 (p < 0.05), XXY
(p < 0.05) and paternal UPD15 group (p <
0.0005) (table 3). An increase in paternal age
is also seen for 4 cases of paternal UPD(15)
diagnosed in London with means of 30.2 and
34.5 for these cases compared to mean mater-
nal and paternal ages of 26.5 and 28.6 respec-
tively, in the London control sample (ta-
ble 4).

The mean parental ages in UPD(15) pa-
tients are not only very significantly increased
over controls, but are higher than for parents
in all other hyperdiploid classes. This increase
is statistically significant when compared to
the trisomy 21 and XXY sample (p < 0.05 for
both mothers and fathers, Student’s t test) and
comparison to the trisomy 18 sample (p <
0.05 for comparison between mothers and p <
0.1 for fathers). The increase in parental ages
is observed for both maternal and paternal
UPD(15).
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Table 3. Parental ages and

paternal nondisjunction: Zurich Maternal age Paternal age

patients where molecular analysis mean SD n mean SD n

shows the extra chromosome to be

paternally derived Paternal UPD(15) 347  72% 3 27  25% 3
Trisomy 18 33.3 4.8* 6 35.7 3.4* 6
Trisomy 21 314 1.9 9 33.7 6.9 9
XXY 29.6 5.5 21 35.7 6.5 20
Control 28.0 50 125 31.0 55 125

*p<0.05, ** p<0.0005, Student’s t test compared to controls.

Parental ages by origin of nondisjunction
are given in table 5, however, due to small
sample sizes and heterogeneity in sources of
the patients, statistical comparisons were not
done. A younger mean age is observed for the
maternal mitotic cases compared to those of
meiotic origin, however, the extremely low
maternal and paternal ages (19 and 21) in one
family largely influence the mean.

In both the Zurich and London paternal
UPD(15) cases, there is a greater increase in
paternal than maternal ages. Relative to the
appropriate population means, the maternal
age is on average increased 5 years above the
population mean, whereas the paternal ages
are on average 9 years greater than the popu-
lation mean. This is surprising since all but
one of the paternal UPD(15) cases are consis-
tent with a mitotic origin of the extra chromo-
some, i.e. reduction of paternal heterozygosity
to homozygosity was seen for polymorphic
markers throughout the chromosome 15. The
mean age of fathers in paternal UPD(15) mi-
totic cases is also higher than in the fathers of
maternal UPD(15) mitotic cases, but the pa-
tients were also mostly ascertained from dif-
ferent populations.

Table 4. Parental ages and paternal UPD(15): Lon-
don patients

Maternal age Paternal age

mean n mean n
Pat UPD(15) 30.2 4 34.5 4
Non-UPD AS cases  26.5 20 28.6 20
p value NS <0.025

Discussion

The data presented here show a strong
association between increased parental age
and the occurrence of both maternal and pa-
ternal UPD(15). The mean parental ages for
our UPD(15) cases are even higher than is
normally observed for trisomies of other chro-
mosomes. This does not seem to be due to
ascertainment since the PWS deletion parents
have very similar ages to, and even slightly
less than, the control sample. Although we
have no data on parental ages of trisomy 15 in
Switzerland, previous reports indicate that
age effects are strongest for the smallest chro-
mosomes (i.e. chromosome 21) and that the
age-dependent curve for trisomy 15 is of a
similar shape as that for trisomy 21 [11-13].
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Table 5. Parental ages in

UPD(15) by origin Diagnostic lat?. . Maternal Paternal Prplfaable
(country of origin)!  age age origin

Paternal UPD
AS112 Zurich (CH) 43 45 mitotic
AS162 Zurich (CH) 31 43 mitotic
AS182 Zurich (T) 30 40 mitotic
AS4884 London 31 40 mitotic
AS6166 London 31 34 mitotic
AS10404 London 27 28 mitotic
AS2 London 32 36 MI
Mean paternal (n =7) 32.1 38.0
Maternal UPD
PWSI1 Zurich (I) 40 44 MI
PWS54 Zurich (CH) 39 45 MI
PWS63 Zurich(I) 35 35 MI
PWS77 Zurich(CH) 40 48 Ml
PWS81 Zurich (CH) 32 36 MI
PWS103 Zurich (D) 39 38 Ml
PWS105 Zurich (CH) 39 40 Ml
PWS116 Zurich (CH) 26 32 MI
PWS117 Zurich (CH) 38 38 MI
PWS122 Zurich (D) 39 30 Ml
PWS164 Zurich () 31 32 MI
PWS169 Zurich (D) 44 40 Mi
PWS173 Zurich (D) 26 27 MI
PWS183 Vancouver 38 37 MI
PWS209 Zurich (D) 43 46 MI
PWS223 Zurich (CH) 37 38 Ml
G1304 Essen 38 44 MI
21/92 Munich 40 40 Ml
19/92 Munich 27 37 MI
15/92 Munich 41 41 MI
Mean maternal MI (n = 20) 36.6 38.4
PWS9 Zurich (I) 41 40 MII
PWS23 Zurich (CH) 22 23 MII
PWS163 Zurich (CH) 38 47 MII
Mean maternal MII (n = 3) 33.7 36.7
PWS139 Zurich (D) 32 32 mitotic
PWS184 Vancouver 36 41 mitotic
PWS229 Vancouver 30 36 mitotic
G1034 Essen 19 21 mitotic
G1478 Essen 30 32 mitotic
M47 Essen 31 35 mitotic
Mean mitotic (n = 6) 29.7 32.8
Total UPD (n = 36) 34.4 372

1 Country of residence is indicated for those cases diagnosed in Zurich.
MI, MII = Meiosis I, I1.
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The significant increase in parental ages in the
UPD(15) cases as compared to trisomies [18,
21 and XXY, indicates that the loss of the
nontransmitting parent’s chromosome may
also be associated with an age effect. Although
the increase in parental ages is less for those
cases where the duplicated maternal chromo-
some is due to a presumed mitotic event, the
majority of such cases were ascertained at
centers where we have no control population
data and the relative age is therefore difficult
to evalaute.

Although there is evidence that some ma-
ternal UPD(15) cases arise as a trisomic fertil-
ization with subsequent loss of the paternal
chromosome [14, 15], it is also likely that a
proportion of UPD cases originate from ga-
mete complementation as hypothesized by
Engel [16]. The frequency of aneuploidy in
human oocytes is estimated as 18-19% and in
spermatocytes is 3-4%, with an excess of D
group chromosome aneuploidy in oocytes
[17]. These rates can easily account for the
observed frequencies of maternal and pater-
nal UPD(15). Although the extent to which in
vitro studies of human gametes represent
what actually participates in fertilization is
unknown, it is probable that both gamete
complementation and loss in a trisomic fertil-
ization are frequent mechanisms leading to
UPD(15).

Although gamete complementation would
be compatible with the unusually high paren-
tal ages in maternal UPD(15), the increase in
paternal ages associated with paternal
UPD(15) is somewhat of an enigma. All the
fathers in the Zurich cases were over 40 years
of age (p < 0.0005), however 2 of the mothers
were more than 10 years younger, hinting that
the increased ages in paternal UPD are not
simply due to correlation with an increased
maternal age, as might potentially be associat-
ed with hypohaploidy of the oocyte. A similar
observation is seen in 3 of the 4 London cases,

where the increase in paternal age is greater
than the increase in maternal age. This obser-
vation is especially surprising since all but one
of the paternal disomy cases are likely to have
a mitotic origin of the extra paternal 15. This
raises the possibility that chromosomes from
older males may be more prone to early post-
zygotic nondisjunction. It is also conceivable
that these presumed mitotic errors, may in
fact be meiotic in origin, resulting from absent
recombination in meiosis I followed by a
meiotic II nondisjunction event. Although
this seems implausible, recombination and
meiotic I and II nondisjunction may both be
correlated with the same factors; for example,
if premature centromere division occurs leav-
ing unpaired sister chromatids. Another pos-
sibility is if the spermatocyte undergoing
meiosis carries only one chromosome 15 due
to a premeiotic loss (which could increase in
older males due to an increased number of cell
divisions prior to spermatogenesis), then nor-
mal pairing and recombination at meiosis I
could not occur and might result in a hyper-
haploid spermatocyte with two identical chro-
mosomes 15.

It is of interest that we also observe evi-
dence for increased paternal age in other pa-
ternally derived trisomy cases examined at
our institute in Zurich. Since nondisjunction
may be due to both age-dependent and age-
independent factors, sampling from a popula-
tion with a high mean parental age will result
in a greater proportion of aneuploidies due to
age-dependent effects than would be sampled
in a relatively young population and would
maximize the probability of detecting an age
effect if one exists. As estimated from the
paternal age of deletion PWS patients (see
table 1), the mean age of fathers in Switzer-
land (and the bordering areas of Northerm
Italy and West Germany) is 4-5 years greater
than that of the United States. Such a differ-
ence has the potential to have a large effect if,
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as is seen in women, the rate of nondisjunc-
tion increases exponentially with age at the
higher range of breeding ages. The higher
mean age of parents in Switzerland also ex-
plains our relatively high observed rate of
UPD(15) cases among PWS and AS patients
(approximately 30 and 18%, respectively).

In summary, an increase in parental ages is
observed for both maternal and paternal
UPD(15) and this increase is greater than
seen for other trisomies. This raises the possi-
bility that gamete complementation, and not
only trisomy followed by post-zygotic chro-
mosome loss, may be a major mechanism in

uniparental disomy formation, and that there
is a paternal age effect associated with nondis-
junction (either meiotic or mitotic) of chro-
mosome 135.
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