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Abstract OBJECTIVES: In contrast to most human autosomal genes which are expressed bial-
lelically, the expression of imprinted genes depends on the parental origin of the 
allele. Prader-Willi syndrome is a neurobehavioral disorder in which the expression 
of active paternal alleles of imprinted genes from chromosomal region 15q11-q13 
is abolished by deletions, maternal uniparental disomy or imprinting defects. We 
report an unusual case of maternal uniparental disomy of chromosome 15 due to a 
balanced translocation t(8;15)(q24.1;q21.2) leading to Prader-Willi syndrome in a 
3-year-old girl.
METHODS AND RESULTS: Cytogenetic investigation revealed a balanced transloca-
tion t(8;15)(q24.1;q21.2) in the patient and subsequently also in her unaffected 
mother. Fluorescence in situ hybridization analysis did not reveal any deletion of 
the PWS critical region, but methylation analysis of the SNRPN gene showed an 
abnormal methylation pattern indicating the absence of paternal chromosome 15. 
Microsatellite analysis of multiple loci and methylation-specific MLPA analysis 
confirmed maternal uniparental heterodisomy of chromosome 15 as the cause of 
PWS in the patient.
CONCLUSIONS: This example emphasizes the importance of uniparental disomy 
testing in pregnancies of carriers of chromosomal aberrations with participation of 
chromosomes carrying imprinted genes involved in human diseases.
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Abbreviations

PWS – Prader-Willi syndrome
OMIM  – database Online Mendelian Inheritance in Man
UPD – uniparental disomy
IC – imprinting centre
FISH – fluorescence in situ hybridization
MS-PCR  – methylation-specific PCR
MS-MLPA  –  methylation-specific multiplex ligation-dependent 

probe amplification
SNRPN gene –  small nuclear ribonucleoprotein polypeptide N 

gene
NDN gene – necdin gene
PAGE – polyacrylamid gel electrophoresis

Introduction

Most autosomal genes in the human genome are 
biallelically expressed. However, a small number of 
imprinted genes (the current estimates are around 100) 
are expressed only from one chromosome depending on 
its parental origin, and the expression of the second allele 
of these genes is silenced [14]. Aberrant expression of 
imprinted genes causes several disorders in human [14]. 
The most frequent is the Prader-Willi syndrome (PWS, 
OMIM 176270), a neurogenetic disorder affecting one in 
about 10–15 000 live births [10,9]. PWS is characterized 
by diminished fetal activity, obesity, muscular hypotonia, 
mental retardation, short stature, hypogonadotropic 
hypogonadism, and small hands and feet. 

PWS is caused by the lack of expression of active pater-
nal alleles of several imprinted genes from chromosomal 
region 15q11-q13 due to one of several genetic mecha-
nisms [15]. The majority of patients (about 65–75% of all 
cases) have de novo deletions spanning 4 to 4.5 Mb of the 
critical region on the paternal chromosome 15 [12,13]. 
The second most common cause of PWS (20–25% of 
cases) is the presence of two copies of the critical region, 
but both of them of maternal origin (maternal uniparen-
tal disomy – UPD). Patients in the third group (about 5% 
of cases) have an imprinting defect – a submicroscopic 
deletion of an element termed the imprinting centre (IC), 
or just an abnormal epigenotype without any detect-
able mutation on the nucleotide sequence level [1,18]. 
Finally, several individuals have been reported with de 
novo balanced reciprocal chromosomal translocations 
involving the paternal copy of 15q11-q13 where the PWS 
phenotype was likely to be the result of disruption of the 
SNRPN gene locus [22].

The genetic mechanisms underlying the syndrome 
may influence the spectrum and severity of developmen-
tal and behavioural problems and mental impairment 
characteristic for the syndrome, as well as the individual 
symptoms including infantile hypotonia, genital hypopla-
sia, neonatal feeding difficulties followed by hyperphagia 
leading to profound obesity around two years of age, 
mental retardation, small hands and feet, and hypopig-
mentation [10,9,19,2]. Although the majority of cases of 
PWS are sporadic, the elucidation of the causative genetic 
mechanism is very important for the risk assessment and 
genetic counselling in affected families.

In this report we describe a girl with PWS and 
apparently balanced familial reciprocal chromosomal 
translocation t(8;15)(q24.1;q21.2) not involving the 
PWS critical region 15q11-q13. A combination of several 
molecular genetic and cytogenetic methods showed that 
PWS in this patient resulted most likely from unbalanced 
segregation of the chromosomes involved in the translo-
cation in a meiosis of her mother, and subsequent loss of 
the paternal chromosome 15 from the trisomic embryo. 
This finally led to maternal UPD, absence of the active 
paternal alleles of the critical genes, and development of 
PWS in the patient.

Materials and methods
The patient.
The girl was born at 40 weeks of gestation as a first 

child to a 31-year-old mother and a 39-year-old father. 
The parents were healthy and non-consanguineous. The 
foetal movements and liquor volume were normal. The 
birth weight of the girl was 2550 g (25–50th percentile) 
and her length was 47 cm (25th percentile). The Apgar 
score was 10-10-10 at 1, 5 and 10 minutes. Soon after 
the birth a congenital heart defect (multiple apical ven-
tricular septal defect) and malrotation of the right kidney 
were diagnosed. Neurological examination revealed 
a mild central hypotonia and decreased reflexes. The 
developmental milestones of the girl were delayed. She 
walked without support from the age of 18 months, and 
at that time she also said her first words. Hyperphagia 
and obesity evolved at the age of 3 years. Her weight 
was 23 kg (above the 95th percentile), her height was 
96 cm (50–70th percentile), and she exhibited other 
characteristic features of PWS – almond shaped eyes, 
down slanting palpebral fissures and a narrow bifrontal 
diameter. She was blond haired but with no other areas of 
hypopigmentation. Her cognitive development was only 
mildly delayed, and she showed good language and social 
skills.

Classical cytogenetic and fluorescence in situ 
hybridization (FISH) analysis.
Chromosomal aberrations in peripheral blood lym-

phocytes of the patient and her parents were analysed 
using standard cytogenetic techniques. Fine mapping of 
chromosome 15 was performed using FISH. Locus-spe-
cific probes for the PWS critical region (D15S10, UBE3A, 
SNRPN), chromosome 15 centromeric probe D15z1 and 
15q subtelomeric probe D15S936 were hybridized to 
chromosomes of the patient and her mother according 
to the protocols of the manufacturers (Cytocell, Vysis).

Methylation analysis.
Genomic DNA was isolated from blood lymphocytes 

of the patient and her parents using a commercial kit 
(Puregene, Gentra), and the methylation status of genes 
in the PWS critical region was tested by two independent 
methods. Firstly, the SNRPN gene was analysed by meth-
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ylation-specific PCR (MS-PCR) based on allele-specific 
amplification of DNA treated by sodium bisulphite 
(CpGenome DNA Modification Kit, Chemicon) [29] 
and 2% agarose gel electrophoresis of the resulting 
fragments. Secondly, the methylation of the SNRPN 
and NDN gene promoters and the copy number of 
these two and several other chromosome 15 genes was 
analysed by methylation-specific multiplex ligation-
dependent probe amplification (MS-MLPA) [17] using 
the ME028 PWS/AS Kit according to the instructions of 
the manufacturer (MRC-Holland). Here the ligation of 
the probes was combined with digestion of the genomic 
DNA-probe hybrids by methylation-sensitive restriction 
endonuclease Hha I (Promega) prior to DNA amplifica-
tion. In total the assay included 25 probes specific for 
most of the genes in the PWS region, and 15 probes for 
genes located elsewhere. Five probes contained a Hha 
I restriction site. The resulting DNA fragments were 
resolved using a capillary sequencer (ABI PRISM 3100 
Avant, Applied Biosystems).

Microsatellite analysis.
In total 22 highly polymorphic microsatellite DNA 

markers were used for the assessment of the copy 
number and parental origin of multiple chromosome 
15 loci (Table 1). The markers were located in the PWS 
critical region, in the deletion breakpoints regions, and 
distal from 15q11-q13 (CYP19, D15S642). Fluorescently 
labelled forward primers were employed and the PCR 
products were separated on 6% PAGE / 7M urea on the 
Gel Scan 2000 (Corbett Research).

Results
Cytogenetic studies and FISH.
Conventional chromosome analysis showed a bal-

anced reciprocal translocation t(8;15)(q24.1;q21.2) in 
the patient. The translocation breakpoint was located far 
distal to the PWS critical region 15q11-q13 (Figure 1). 
The unaffected mother of the patient carried the same 
balanced translocation, and the father had a normal 
karyotype. All three probes specific for the PWS critical 
region used for the FISH analysis showed normal hybrid-
ization signals on both the normal and the translocated 
chromosome 15 of the patient (Data not shown). These 
results excluded a deletion as the cause of PWS in the 
patient.

Methylation analysis.
MS-PCR can detect deletions, UPD and imprinting 

defects associated with PWS. In a normal individual, the 
assay yields a 321 bp DNA fragment from the methyl-
ated maternal allele and a 213 bp fragment from the 
non-methylated paternal allele of the SNRPN gene [29]. 
Both the maternal and the paternal bands were observed 
in the patient’s mother and father. However, the DNA 
from the patient showed only the maternal 321 bp band 
(Figure 2), confirming the absence of the non-methyl-
ated paternal SNRPN allele and the diagnosis of PWS in 
the patient.

The MS-MLPA analysis indicated a normal copy 
number at all 25 sites tested in the PWS region. However, 
abnormal methylation pattern (100% instead of 50% 
methylation) could be detected at all five methylation-
sensitive test sites in the SNRPN and NDN genes (Figure 
3). Thus this assay confirmed independently an absence 
of non-methylated paternal material without loss of the 

Figure 1. The cytogenetic analysis. Partial 
GTG-banded karyotype of the patient 
illustrates chromosomes 15 and 8 
undergoing a balanced reciprocal 
translocation t(8;15)(q24.1;q21.2). 
Translocation breakpoints (arrows) 
and the PWS critical region (black 
rectangle) are indicated. Chromosome 
schematics are from www.pathology.
washington.edu/research/cytopages/
idiograms/human/.
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normal copy number in the critical region due to the 
presence of two methylated maternal alleles.

Microsatellite analysis.
Of the 22 chromosome 15 markers used in the analysis, 

13 markers were informative, and all showed an absence 
of the paternal allele in the patient. Of these 13 markers, 
seven (4 inside the critical region, 2 in the centromeric 
breakpoint region, and 1 distal to the 15q11-q13 region) 
were fully informative, and indicated the presence of two 
different maternal alleles in the patient (Table 1). These 
results confirmed maternal uniparental heterodisomy as 
the cause of PWS in the patient.

Discussion

The clinical symptoms observed in our patient were 
strongly suggestive of the Prader-Willi syndrome. The 
newborn girl was hypotonic with mild dysmorphism and 
a heart defect, and typical obesity evolved at the age of 3 
years. Her cognitive development was mildly delayed with 
characteristic facial features of PWS. Studies of patients 
with PWS show that individuals with paternal deletions 
have a typical PWS phenotype [10,9] while patients with 

maternal UPD may have a milder phenotype with better 
cognitive functions [19,2]. The clinical findings in our 
patient fit to these observations.

To confirm the diagnosis of PWS and to allow sound 
genetic counselling in the family we have undertaken a 
complex analysis of the molecular mechanisms, which 
may have led to the development of this disorder in the 
patient. Cytogenetic analysis showed a balanced recipro-
cal translocation t(8;15) not involving the PWS critical 
region 15q11-q13. The patient inherited the transloca-
tion from her unaffected mother. Although maternal 
UPD associated with the translocation represented the 
most likely explanation of the phenotype of the patient, 
any of the two remaining major causes of PWS, a deletion 
or an imprinting defect, could not be a priori excluded 
as the causative mechanism. The patient had very blond 
hair and a pale skin, and these traits may point in PWS 
patients to deletions [2]. Also, several studies described 
de novo deletions leading to PWS in patients who had 
a parent with a balanced translocation involving chro-
mosome 15 with breakpoints either inside or outside 
the PWS region, and the authors speculated that these 
translocations could predispose to further chromosome 
15 rearrangements [28,23,11,5]. These results as well as 

Figure 2. Methylation-specific PCR. The 321 bp band represents a 
methylated maternal allele, the 213 bp band represents a non-
methylated paternal allele. The paternal allele is clearly absent in the 
patient while her parents show a normal pattern.  
F-father, M-mother, P-patient, CC-contamination control,  
1Kb+ - DNA length standard (Invitrogen).

Figure 3. Methylation-specific MLPA. 
Peak profiles of a normal control 
(A, C) and the patient (B, D) on 
undigested DNA-probe hybrids 
(A, B) and Hha I digested hybrids 
(C, D). Due to the presence of two 
methylated maternal alleles at all 
five differently methylated sites 
tested in the 15q11-q13 region 
(arrows) the patient shows no 
differences in peak areas of the 
signals between the Hha I digested 
(D) and undigested DNA (B).  
The normal control DNA with one 
methylated allele and one non-
methylated allele shows a 50% 
reduction of the signals from the 
digested DNA (C) compared to the 
undigested DNA (A).  
Total disappearance of specific 
MS-MLPA signals (dots) indicates a 
complete Hha I digestion.
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increasing knowledge of very high complexity behind 
some apparently simple cytogenetic rearrangements [8,3] 
prompted us to perform deletion analysis, methylation 
analysis, and genotyping of chromosome 15 markers in 
the family. The FISH analysis excluded a deletion of the 
critical region as a cause of PWS in the patient, and the 
methylation analysis confirmed the absence of the active 
non-methylated paternal allele in the genome of the 

patient. The microsatellite analyses showed convincingly 
maternal UPD of chromosome 15 at 13 loci tested, and 
the genotype at 7 of these loci clearly indicated maternal 
uniparental heterodisomy.

Maternal UPD of chromosome 15 is responsible for 
approximately 20–25% of PWS cases [16]. UPD results 
most often from meiotic non-disjunction followed by 
postzygotic correction either by reduction of a trisomic 

Table 1: The genotypes identified by microsatellite analysis.

Microsatellite DNA marker Genotyping results Conclusion
Name Position (Mb)* Mother Proband Father
D15S541 20.5 1 2 1 2 1 1 Not informative
D15S542 20.5 3 4 3 4 1 2 Maternal hetero-UPD
D15S1035 20.5 3 4 3 4 1 2 Maternal hetero-UPD
D15S543 21.2 2 2 2 2 1 3 Maternal UPD
D15S11 21.6 1 1 1 1 1 1 Not informative
D15S122 23,2 2 4 2 4 1 3 Maternal hetero-UPD
D15S10 23,2 1 2 1 2 1 1 Not informative
D15S210 23,3 1 3 1 3 2 4 Maternal hetero-UPD
D15S113 I 23,8 2 2 2 2 1 1 Maternal UPD
D15S113 II 23,8 3 3 3 3 1 2 Maternal UPD
GABRB3 24,3 3 4 3 4 1 2 Maternal hetero-UPD
D15S97 24,4 3 3 3 3 1 2 Maternal UPD
D15S1364 24,5 2 2 2 2 1 1 Maternal UPD
GABRA5 24,8 1 2 1 2 2 2 Not informative
D15S156 25,6 1 2 1 2 1 1 Not informative
D15S217 25,7 1 1 1 1 2 2 Maternal UPD
D15S1019 27,4 1 1 1 1 1 1 Not informative
D15S165 29.0 2 2 2 2 1 2 Not informative
D15S144 31.4 1 3 1 3 2 3 Not informative
D15S518 40,2 3 4 3 4 1 2 Maternal hetero-UPD
CYP19 49.3 2 4 2 4 1 3 Maternal hetero-UPD
D15S642 100.2 2 2 2 2 1 2 Not informative

* Position on chromosome 15 according to Human Genome March 2006 Assembly (http://genome.ucsc.edu)

Figure 4. The most likely 
scenario of events leading 
to PWS in the patient.  
See text for details.
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zygote or by correction of a monosomic zygote to a 
disomic one [27,6]. The most likely mechanism of the 
maternal uniparental heterodisomy in our patient was a 
3:1 segregation of the translocation in her mother result-
ing in an ovum with one normal chromosome 15, and 
both the rearranged chromosomes der(15) and der(8). 
Fusion of this ovum with a normal paternal gamete 
resulted in a zygote trisomic for chromosome 15. Finally, 
a postzygotic correction (rescue) of this trisomic embryo 
via a chance removal of the single paternal chromosome 
15 led to the restoration of the balanced karyotype 
observed in the mother of the patient, but with both the 
normal chromosome 15 and the der(15) of maternal 
origin (Figure 4).

The risk of non-disjunction for any successive 
pregnancy in this family is high. Compared to normal 
individuals, carriers of familial translocations have a 
highly increased likelihood of aberrant chromosome 
segregation. Preimplantation genetic diagnosis in a 
female carrier of a balanced reciprocal translocation 
t(8;13)(q24.1;q22) [21] can be used to illustrate this risk. 
Analysis of the rearranged chromosomes in nine first 
polar bodies identified one 2:2 alternate segregation, 
three 2:2 alternate or adjacent 1 segregation involving a 
recombinant chromosome 13 (with one normal and one 
derivative chromatid), one 2:2 adjacent 2 segregation, 
and four 3:1 segregations [21]. The only segregation 
pattern producing normal or balanced gametes is the 2:2 
alternate pattern, in which the two normal chromosomes 
segregate to one pole, whereas the two derivatives go to 
the other one. Of the several types of unbalanced chro-
mosomal constitutions in gametes produced in translo-
cation carriers, some can be corrected postzygotically but 
with a high risk of UPD.

In accord with this concept, PWS caused by UPD was 
observed in the progeny of several carriers of Robertso-
nian translocations involving chromosome 15 [16,25,26]. 
Familial reciprocal translocations involving chromo-
some 15 leading to UPD have been reported in two 
families with PWS and two with Angelman syndrome 
(AS, where the expression of active maternal alleles of 
imprinted genes from 15q11-q13 is lacking) [23,20,7,24]. 
However, the genetic scenarios in these families were 
different to that in the current case. The family of Park 
et al. carried a translocation t(3;15)(p25;q11.2) and the 
UPD in the PWS patient originated most likely from 
fusion of a sperm carrying a normal chromosome 3 
and a der(15) with an ovum disomic for chromosome 
15. The patient carried a small supernumerary der(15) 
chromosome and his karyotype was not balanced [20]. 
Flori et al. described a prenatally diagnosed PWS case 
with maternal UPD 15 in consanguineous parents both 
carrying a translocation t(14;15)(q11;q13) [7]. Smeets 
et al documented a family with a familial unbalanced 
translocation t(6;15)(p25.3;q11.1) in which one child 
with AS inherited two copies of chromosome 15q11-q13 
from the father [23]. Another case of AS resulted from 

paternal UPD due to a familial unbalanced translocation 
t(8;15)(p12.3;q11) [24]. In addition to chromosome 15 
UPD, both of the latter patients had also losses of small 
portions of the respective chromosomes involved in the 
translocations.

Bearing in mind the phenomenon of genomic 
imprinting, pregnancies of carriers of familial Robert-
sonian or reciprocal translocations undergoing prenatal 
diagnosis as well as cases with mosaicism for a trisomy 
or a monosomy (which may point to a postzygotic 
correction) should be tested not only for the respective 
chromosome aberration but also for UPD. In addition to 
cases of PWS and AS described above and in our report, 
maternal UPD of chromosome 7 leading to Silver-Rus-
sell syndrome was identified in a child from a family 
with translocation t(7;16)(q21;q24) [4]. The UPD test-
ing should therefore not be limited to chromosome 15 
abnormalities but should be performed also when other 
chromosomes known to carry imprinted genes playing a 
role in human diseases (e. g. chromosomes 7, 11, 14, 20, 
and possibly 2, 6, 16) are involved [14,27].

Acknowledgements

We thank Janka Rydlova for technical assistance and 
Marta Kopeckova for helpful discussions. The work 
was supported by grants GAUK 61/2004 and MzO 
00064203.

  REFERENCES

 1 Buiting K, Gross S, Lich C, Gillessen-Kaesbach G, el-Maarri O, 
Horsthemke B. Epimutations in Prader-Willi and Angelman syn-
dromes: A molecular study of 136 patients with an imprinting 
defect. Am J Hum Genet 2003; 72:571–577.

 2 Cassidy SB, Forsythe M, Heeger S, Nicholls RD, Schork N, Benn P, 
et al. Comparison of phenotypes between patients with Prader-
Willi syndrome due to deletion of 15q and uniparental disomy. 
Am J Med Genet 1997; 68:433–440.

 3 Ciccone R, Giorda R, Gregato G, Guerrini R, Giglio S, Carrozzo R, 
et al. Reciprocal translocations: a trap for cytogenetists? Hum 
Genet 2005; 117:571–582.

 4 Dupont JM, Cuisset L, Cartigny M, Tessier D, Vasseur Ch, Rabi-
neau D, et al. Familial reciprocal translocation t(7;16) associ-
ated with maternal uniparental disomy 7 in a Silver-Russell pa-
tient. Am J Med Genet 2002; 111:405–408.

 5 Eliez S, Morris MA, Dahoun-Hadorn S, DeLozier-Blanchet CD, 
Gos A, Sizonenko P, et al. Familial translocation t(Y;15)(q12;p11) 
and de novo deletion of the Prader-Willi syndrome (PWS) criti-
cal region on 15q11-q13. Am J Med Genet 1997; 70:222–228.

 6 Engel E. Uniparental disomy revisited: the first twelve years. Am 
J Med Genet 1993; 46:670–674.

 7 Flori E, Biancalana V, Girard-Lemaire F, Favre R, Flori J, Doray B, 
et al. Difficulties of genetic counselling and prenatal diagnosis 
in a consanguineous couple segregating for the same translo-
cation (14;15) (q11;q13) and at risk for Prader-Willi and Angel-
man syndromes. Eur J Hum Genet 2004; 12:181–186.

 8 Gribble SM, Prigmore E, Burford DC, Porter KM, Ng BL, Douglas 
EJ, et al. The complex nature of constitutional de novo appar-
ently balanced translocations in patients presenting with ab-
normal phenotypes. J Med Genet 2005; 42:8–16.

 9 Gunay-Aygun M, Schwartz S, Heeger S, O´Riordan MA, Cassidy 
SB. The changing purpose of Prader-Willi syndrome: Clinical di-



585Neuroendocrinology Letters Vol.27 No.5, 2006 • Copyright © Neuroendocrinology Letters ISSN 0172–780X www.nel.edu

PWS due to Chromosomal Translocation and UPD

agnostic criteria and proposed revised criteria. Pediatrics 2001; 
108:92–96.

 10 Holm VA, Cassidy SB, Butler MG, Hanchett JM, Greenswag LR, 
Whitman BY, et al. Prader-Willi Syndrome: consensus diagnostic 
criteria. Pediatrics 1993; 91:398–402.

 11 Horsthemke B, Maat-Kievit A, Sleegers E, van den Ouweland A, 
Buiting K, Lich C, et al. Familial translocations involving 15q11-
q13 can give rise to interstitial deletions causing Prader-Willi or 
Angelman syndrome. J Med Genet 1996; 33:848–851.

 12 Ledbetter DH, Riccardi VM, Airhart SD, Strobel RJ, Keenan BS, 
Crawford JD. Deletions of chromosome 15 as a cause of the 
Prader-Willi syndrome. N Engl J Med 1981; 304:325–329.

 13 Mann MR, Bartolomei MS. Towards a molecular understand-
ing of Prader-Willi and Angelman syndromes. Hum Mol Genet 
1999; 8(10):1867–1873.

 14 Morison IM, Ramsay JP, Spencer HG. A census of mammalian im-
printing. Trends Genet 2005; 21:457–465.

 15 Nicholls RD, Knepper JL. Genome organization, function, and 
imprinting in Prader-Willi and Angelman syndromes. Annu Rev 
Genomics Hum Genet 2001; 2:153–175.

 16 Nicholls RD, Knoll JHM, Butler MG, Karam G, Lalande M. Genetic 
imprinting suggested by maternal heterodisomy in non-dele-
tion Prader-Willi syndrome. Nature 1989; 342:281–285.

 17 Nygren AO, Ameziane N, Duarte HM, Vijzelaar RN, Waisfisz Q, 
Hess CJ, et al. Methylation-Specific MLPA (MS-MLPA): simulta-
neous detection of CpG methylation and copy number changes 
of up to 40 sequences. Nucleic Acids Res 2005; 33:128–137.

 18 Ohta T, Gray TA, Rogan PK, Buiting K, Gabriel JM, Saitoh S, et al. 
Imprinting-mutation mechanisms in Prader-Willi syndrome. Am 
J Hum Genet 1999; 64:397–413.

 19 Olander E, Stamberg J, Steinberg L, Wulfsberg EA. Third Prader-
Willi syndrome phenotype due to maternal uniparental disomy 
15 with mosaic trisomy 15. Am J Med Genet 2000; 93:215–218.

 20 Park JP, Moeschler JB, Hani VH, Hawk AB, Belloni DR, Noll WW, 
et al. Maternal Disomy And Prader-Willi Syndrome Consistent 
With Gamete Complementation in a Case of Familial Transloca-
tion (3;15) (p25;q11.2). Am J Med Genet 1998; 78:134–139.

 21 Pujol A, Durban M, Benet J, Boiso I, Calafell JM, Egozcue J, et al. 
Multiple aneuploidies in the oocytes of balanced translocation 
carriers: a preimplantation genetic diagnosis study using first 
polar body. Reproduction 2003; 126:701–711.

 22 Schüle B, Albalwi M, Northrop E, Francis DI, Rowell M, Slater HR, 
et al. Molecular breakpoint cloning and gene expression stud-
ies of a novel translocation t(4;15)(q27;q11.2) associated with 
Prader-Willi syndrome. BMC Med Genet 2005; 6:18.

 23 Smeets A, Hamel BC, Nelen MR, Smeets HJ, Bollen JH, Smits AP, 
et al.. Prader-Willi syndrome And Angelman syndrome in cous-
ins from a family with a translocation between chromosome 6 
And 15. N Engl J Med 1992; 326:807–811.

 24 Smith A, Deng ZM, Beran R, Woodage T, Trent RJ. Familial unbal-
anced translocation t(8;15)(p23.3;q11) with uniparental disomy 
in Angelman syndrome. Hum Genet 1994; 93:471–473.

 25 Smith A, Robson L, Neumann A, Mulcahy M, Chabros V, Deng 
ZM, et al. Fluorescence in-situ hybridisation and molecular 
studies used in characterization of a Robertsonian transloca-
tion (13q15q) in Prader-Willi syndrome. Clin Genet 1993; 43:5–
8.

 26 Toth-Fejel S, Olson S, Gunter K, Quan F, Wolford J, Popovich BW, 
et al. The impact of imprinting: Prader-Willi syndrome resulting 
from chromosome translocation, recombination, and nondis-
junction. Am J Hum Genet 1996; 58:1008–1016.

 27 White LM, Treat K, Leff A, Styers D, Mitchell M, Knoll JH. Exclu-
sion of uniparental inheritance of chromosome 15 in a fetus 
with a familial dicentric (Y;15) translocation. Prenat Diagn 1998; 
18:111–116.

 28 Woodage T, Deng ZM, Prasad M, Smart R, Lindeman R, Christian 
SL, et al. A variety of genetic mechanisms are associated with 
the Prader-Willi syndrome. Am J Med Genet 1994; 54:219–226.

 29 Zeschnigk M, Lich C, Buiting K, Doerfler W, Horsthemke B. A sin-
gle-tube PCR test for the diagnosis of Angelman and Prader-
Willi syndrome based on allelic methylation differences at the 
SNRPN locus. Eur J Hum Genet 1997; 7:94–98.




