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INTRODUCTION

Uniparental disomy (UPD), the inheritance of both homologues from one chromosome
from the same parent, was first proposed in 1980 by Erik Engel [1] to be a potential
cause of congenital developmental defects in hymans. First hints from the premolecular
era towards its existence came from instances where a pericentric inversion was present
on one homologue in a parent and on both in one offspring [2] and where there was
transmission of an interhomologous Robertsonian translocation (of chromosome 22)
from a healthy mother to healthy offspring [3-4]. In mice, UPD was experimentally pro-
duced by crossing two mice lines with different Robertsonian translocations both involv-
ing the same chromosome [for 2 review see ref. 5].

Through this approach, it was possible to define imprinted regions, chromosomes
and chromosomal segments for which either maternal or paternal or both types of uni-
parental disomy led to phenotypic abnormalities. The latter are explained by genomic
imprinting, the differential silencing of a gene or genes from one of the parents (the
mother or the father) during any stage of embryogenesis or later in life. If, for example,
the maternal homologue of a given gene is imprinted (and hence only the paternal allele
is active), maternal UPD would lead to loss of the active allele and thus might cause con-
sequences due to loss of function.
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Why study UPD in humans?

The study of UPD in humans is an appropriate way to assess imprinted genes. Beyond that,
however, UPD is a potential source for mapping recessive genes to a chromosome (in cases
of isodisomy of the segment or the entire chromosome) and the knowledge of imprinted
genes is also important for proper genetic counselling of couples after prenatal detection of
UPD following determination of trisomy or mosaic trisomy at chorionic villus examinations.
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Candidates for a UPD search

Demonstration of UPD requires molecular genetic investigations. It is therefore impor-
tant to know in which clinical and cytogenetic situations these investigations are indi-
cated. Valuable candidates for UPD search are described below:

1. Translocations between homologous chromosomes. So far, about half of Robert-
sonian interhomologous translocations examined were instances of UPD [6].
Among the much less frequent interhomologous translocations between nonacro-
centric chromosomes, UPD may be more frequent, being found in one instance
for each of two isochromosomes (one for the short, the other for the long arm)
replacing two homologues 4 [7] and 7 [8]. In addition, a patient with a transloca-
tion chromosome between the two number 8s fused at their distal short arms,
appeared to have maternal heterodisomy [Zuffardi, pers. commun; and own
unpubl. obs.].

2. Propositus with abnormal phenotype showing the same seemingly balanced
rearrangement as other healthy family members. The first instance of a well-rec-
ognized syndrome demonstrated to be due to loss of the active allele of an
imprinted gene was a case with Prader-Willi syndrome (PWS) and balanced
13/15 Robertsonian translocation, whose mother and other healthy relatives had
the same seemingly balanced rearrangement. Through molecular marker analysis,
the authors could show-that the child had inherited both the translocation 15 and
the normal 15 from the mother and no chromosome 15 from the father [9]. Prior
to showing UPD, it was usually assumed that similar propositi had minor dele-
tions due to unbalanced crossovers [10-11]. Further such instances have been
reported for the PWS [12, 13] the Angelman syndrome (AS) {11, 14] and mater-
nal UPD 14 [15].

3. UPD may lead to homozygosity for mutated recessive alleles or for very rare alle-
les. In two cases with cystic fibrosis, maternal uniparental isodisomy was found by
molecular marker analysis. Maternal uniparental isodisomy also led to homozy-
gosity for a gene for rod monochromacy [16], and maternal UPD 15 was con-
nected with, in addition to the Prader-Willi syndrome, Bloom syndrome [17]. Fur-
thermore, at least two instances of severe cartilage hair hypoplasia with UPD 9
have been reported [18]. Homozygosity for the extremely rare allele of the fourth
component of complement led to the detection of paternal isodisomy 6 [19].

4. Confined placental mosaicism. Any cytogenetic laboratory performing prenatal
chromosome examinations from chorionic villi will come across instances of tri-
somy or mosaic trisomy of chromosomes, for which neither, or at least not the
full trisomy, are compatible with intrauterine survival. In these instances, an
amniocentesis or fetal blood examination is often performed that will normally
show a diploid fetal karyotype. The trisomy is thus confined to the placenta. In
most cases the indication for the examination is advanced maternal age, and it
can be shown that the zygote was trisomic and the fetus survived because one of
the three homologues was subsequently lost. Thus, trisomy or mosaic trisomy is
confined to the placenta. In these instances, the risk of losing the single paternal
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homologue resulting in maternal UPD in the fetus is probably 1/3. This has
already been shown for UPD 14 [20, 21] UPD 15, connected with PWS [22, 23;
own unpubl. obs.] and UPD 16 [24].

5. A potential further candidate for a UPD search would be a child with a multiple
congenital anomalies/mental retardation (MCA/MR) syndrome or growth retarda-
tion born to an “old” mother, the mechanism being the same as outlined above
under 4.

Simultaneous occurrence of two recessively inherited phenotypes in one individual
could, at least if it cannot be excluded that both genes map to one and the same chromo-
some, be explained by UPD.

Phenotypes due to UPD

Table 1 lists all so far reported instances of UPD or segmental UPD in humans. In some
of them, it is not known whether UPD by itself (through loss of the active allele of an
imprinted gene) led to the phenotypic abnormalities. For example, the case with maternal
UPD 8 has lost a telomeric segment of 8p on both homologues involved in the 8/8
translocation, and the phenotypic abnormalities might well be due to nulisomy of this
region. In maternal and paternal UPD 14, an undetectable degree of mosaicism cannot be
formally excluded. UPD 2 and 20 were connected with mosaictrisomy.

Established or probable phenotypes due to loss of imprinted genes due to UPD are
listed in Table 2. Maternal UPD 15 is a well-established cause of the PWS, accounting
for about 30% of the cases; paternal UPD 15 is responsible for the AS in about 1-2% of
cases. Maternal UPD 7 leads to intrauterine and postnatal growth retardation with or
without the full pattern of the Silver-Russell syndrome (SRS) [25] Segmental (for seg-
ment 11p15) or mosaic paternal UPD 15 is the cause of the Beckwith-Wiedemann syn-
drome (BWS) in about 10% of cases [26, 27]. Furthermore, there is a suspicion that both
paternal and maternal UPD 14 lead to phenotypic abnormalities in the probands
although, as mentioned above, hidden mosaicism in these cases is not fully excluded and
has been demonstrated in at least one instance [21, 28]; the phenotypes of the different
UPD 14 cases, both maternal and paternal, do not yet allow definition of a recognizable
syndrome. In maternal UPD 16, intrauterine growth retardation is frequent, and occa-
sionally other congenital anomalies, including anal atresia, occur [29]. However, it is not
clear whether intrauterine growth retardation is due to loss of an imprinted gene or to the
trisomic placenta, since other instances of placental, but not fetal, trisomy 16 uncon-
nected to UPD also showed intrauterine growth retardation. Occasional congenital anom-
alies might also be due to homozygosity of a recessive allele and not the result of
parental genomic imprinting.

Maternal versus paternal UPD
Increased maternal age is by far the most prominent cause of nondisjunction, and the

majority of these events are due to first meiotic failure. Therefore, “correction” of an
initial trisomy leading to uniparental maternal disomy, would usually lead to partial or
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Table 1 - Reported instances of UPD in humans

Chromosome segment Hetero-/isodisomy Clinical disorder

2 mat i? (developmental delay)'

4 mat i(? none

5 pat i none (spinal muscolar atrophy)
6 pat i none

7 mat h, i Silver-Russell (-like) syndrome
7 pat i none (chloride diarrhea)

8 mat--_ MCA/MR syndrome'

9 mat h, i (cartilage-hair hypoplasia)
11pter-p15.4 pat i BWS

11 pat mosaicism i BWS

13 mat i none

13 pat i none

14 pat h,i MCA/MR syndrome

14 mat h,i MCA syndrome
15q11-q13mat h, i AS

15q11.2-q12pat h,i PWS

16 mat h, i growth retardation?

20 pat i (MCA/MR syndrome)'

21 mat i none

21 pat i none

22 mat i none

X pat i growth retardation?!

X and Y pat h none

XXX mat i severe 47, XXX

XXXX mat handi severe 48, XXXX

BWS = Beckwith-Wiedemann Syndrome.

! Mosaicism for trisomy (monosomy) makes clinical evaluation difficult.

complete heterodisomy. The mean maternal age of these cases is increased, and is similar
to or even higher, than mean maternal ages in autosomal trisomies. Robinson et al. [30]
showed that, in their PWS patients with maternal UPD 15, the mean maternal age was
higher than in trisomies 18 and 21 observed in the same population.

So far, virtually all cases of paternal UPD for any chromosome concerned isodisomy
for its entire length. This observation agrees well with findings from the molecular
investigation of the origin and mechanism of formation of paternally derived trisomy 21: .
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Table 2 - Phenotypes due to UPD

Chromosome Origin Phenotype

7 mat TUGR, Silver-Russell syndrome
11p15 pat BWS

11 (mosaic) pat BWS

14 pat MCA/MR

14 mat MCA/MR

15 mat PWS

15 pat AS

16 mat IUGR; prenatal demise

IUGR = Intrauterine growth rertardation.
BWS - Beckwith-Wiedemann syndrome.

the latter also showed a high incidence of mitotic nondisjunction as revealed by com-
plete homozygosity for the paternal alleles [31]. As a consequence of these differences in
origin between maternal and paternal UPD, the risk for the occurrence of recessive dis-
eases due to homozygosity of a paternally inherited recessive mutated gene is higher in
paternal UPD. Surprising at first glance is the observation by Robinson et al. [30] of an
increased mean paternal age in cases of paternal UPD 15. However, one potential expla-
nation could be that loss of the maternal homologue could, similar to the cause of mater-
nal trisomy, be due to nondisjunction in “older” mothers, in which case a very early
postzygotic reduplication of the paternal allele must have occurred in order to prevent
early intrauterine demise of the conceptus.

UPD and gene mapping

Reduction to homozygosity in UPD may lead to homozygosity of recessive alleles present,
in a heterozygous state, in one of the parents. In the first examples, maternal isodisomy 7
was demonstrated by the RFLP analysis of markers flanking the cystic fibrosis locus on
chromosome 7, prior to sequencing the gene and direct mutation analysis [32, 33]. Subse-
quently, other recessive genes have been mapped, or their mapping has been confirmed, by
UPD cases Table 3 [34]. In such instances, only one child would be affected, since UPD,
and particularly isodisomy, occurs sporadically and only one parent will normally carry the
mutation. Although the occurrence of recessive phenotypes will occur more often in com-
plete uniparental isodisomy, it might also occur when heterodisomy is present and thus in
the children of “old ” mothers. Robinson et al. [35] could show that in the large majority of
maternal UPD 15 cases with PWS with heterodisomy for segments close to the centromere
(e.g. the PWS critical region), there were one or more switches due to recombination from
hetero- to isodisomy and vice versa. Therefore, genes localized close to the telomeres are
more likely to become occasionally homozygous in instances of UPD.
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Table 3 - Genes mapped or mapping confirmed by UPD cases

Chromosome
Spinal muscolar atrophy 5
Cystic fibrosis 7
Congenital chloride diarrhea 7
Cartilage-hair hypoplasia 9
B-Thalassemia 11
Rod monochromacy 14
Bloom syndrome 15
o-Thalassemia 16

UPD as a source for the assessment of imprinted genes
or chromosome regions

As seen from Table 1, UPD may cause the PWS, SRS, AS and BWS. Characteristic for
all of these four syndromes are the following: predominantly sporadic occurrence, but
occurrence in several family members in a small minority of cases; alteration of growth
and mental development (with the exception for the latter in the SRS); mild-to-distinct
patterns of minor dysmorphic signs, and the rare occurrence of major organ malforma-
tions. Thus, candidates for the search for further imprinted genes or chromosome regions
might be instances with similar characteristics. It should also be considered that other
examples of UPD could share the origins of PWS and AS: loss of the active allele of an
imprinted gene through mutation or deletion in the majority, and through UPD in a
minority of the cases. For the SRS, which is undoubtedly also heterogenous in origin, it
is possible that a majority of cases are due to deletion or mutation of the active paternal
homologue of an imprinted gene on chromosome 7, which has not yet been discovered.

UPD and confined placental mosaicism

It is important to be aware of the risk for UPD in instances in which trisomy or mosaic tri-
somy determined at chorionic villus examination was not confirmed upon examination of
cultured amniocytes or fetal lymphocytes. These cases are predominantly confined to preg-
nancies of “old” mothers, and the risk is therefore almost entirely confined to maternal dis-
omy. Therefore, before giving the information to the couple that the fetus, because its kary-
otype is normal diploid, is most likely going to be normal, maternal disomy has to be
excluded when there is placental (mosaic) trisomy 7, 14 or 15. Maternal UPD 15 would
invariably be connected to the PWS phenotype, maternal UPD 7 to intrauterine growth
retardation and maternal disomy 14 most likely to the MCA/MR syndrome. In cases of
maternal UPD for other chromosomes, it is still very difficult to predict the outcome. Pla-
cental dysfunction might be the cause of maternal UPD 11 and 16. In addition, as outlined
above, there is still a risk for “hidden” undetected trisomy mosaicism in the fetus, as well
as for the occurrence of recessive phenotypes, due to reduction to homozygosity for
mutated maternal recessive alleles, especially of genes mapping close to telomeres.
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Errors in interpreting UPD

The abnormal phenotype found in a child with UPD might be due to undetected mosaic
trisomy or reduction to homozygosity of a rare mutated recessive gene, rather than to
loss of the active homologue of an imprinted gene or genes.

Intrauterine growth retardation might not be due to UPD, but may rather be caused

by dysfunction of the trisomic placenta.
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