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Abstract
Prader–Willi syndrome is a rare syndrome characterized by hypotonia, developmental delay and excessive appetite. This
syndrome is caused by the loss of function of paternally-expressed genes located in an imprinting centre in 15q11-q13. Here,
we report the case of a patient who was referred to us with Prader–Willi syndrome-like symptoms including obesity and
developmental delay. Examination of this patient revealed that he was a carrier of a paternally inherited deletion that affected
the U1B and U1B* upstream exons of the SNURF–SNRNP gene within the 15q11-q13 imprinted region. Mutations localized
within this genomic region have not been previously reported in Prader–Willi syndrome patients. It is possible that disruption
of upstream exons of SNURF–SNRNP could contribute to Prader–Willi phenotype by disrupting brain-speciﬁc alternative
transcripts, although, case reports from further patients with a comparable phenotype are required.
[Koufaris C., Alexandrou A., Papaevripidou I., Alexandrou I., Christophidou-Anastasiadou V. and Sismani C. 2016 Deletion of
SNURF/SNRPN U1B and U1B* upstream exons in a child with developmental delay and excessive weight. J. Genet. 95, 621–624]

Introduction
Genomic imprinting is a rare phenomenon in mammals
whereby genes are expressed in a parent-of-origin dependent
manner. One of the best established human imprinting
domains is found in chromosome 15q11-q13 containing
a cluster of genes within a 2.0-Mb domain and is regulated by a bipartite imprinting centre. The one imprinting
cluster Prader–Willi syndrome imprinting centre (PWS-IC)
regulates the paternal expression of a large number of
protein-coding genes, a piRNA gene cluster and six different C/D-box snoRNA species. The PWS-IC encompasses the promoter and ﬁrst exon of the SNURF–SNRPN
gene. The second imprinting centre Angelmen syndrome
imprinting centre (AS-IC) is required for the expression
of the maternal UBE3A (Horsthemke and Wagstaff 2008)
(ﬁgure 1).
Prader–Willi syndrome (PWS) is a rare disease with an
estimated incidence of one in 10000 to one in 25000 live
births. Among other symptoms that characterize this disease
are neonatal hypotonia, hyperphagia, severe obesity, delayed
motor and language development and behavioural abnormalities (Buiting 2010). PWS is caused by the loss of function

of paternally-expressed genes within the chromosome
15q11-q13. This loss of function can occur by de novo deletions of the paternal genome, maternal uniparental disomy or
parental imprinting defects.
Data from PWS patients and mouse model indicate that
loss of SNORD116 snoRNA is a strong contributor for the
disorder. Microdeletions affecting the SNORD116 locus have
been found in patients with key characteristics of PWS
(Duker et al. 2010; Bieth et al. 2015). Targeted deletion of
SNORD116 in mice showed an effect on growth and feeding
regulation (Skryabin et al. 2007; Ding et al. 2008).
The SNORD116 snoRNA together with all other snoRNA
within this region and an antisense RNA against UBE3A
are processed from a large >500 kb long-noncoding RNA,
U-UBE3A-ATS. The U-UBE3A-ATS transcript initiates from
exons that are upstream of the SNURF–SNRNP gene,
includes PWS-IC, and overlaps with the antisense region of
UBE3A (ﬁgure 1) (Runte et al. 2001; Buiting 2010).
Here, we report an examination of a child diagnosed as
overweight with mild intellectual disability and neurodevelopmental delay who was found to carry a paternally inherited
deletion which contain the SNURF–SNRNP U1B and U1B*
upstream exons.
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Figure 1. Organization of the human PWS locus. The AS-IC and PWS-IC mark the Angelman syndrome and Prader–Willi syndrome
imprinted regions, respectively. Arrows above U1B, U1A and SNRNP/SNURF indicate transcriptional start sites for transcripts that include
SNRNP/SNURF. Arrow above UBE3A indicated the start of transcription in opposite orientation. The line below the diagram indicated the
U-UBE3A-ATS transcript that initiates from paternal alleles in the U exons of SNRNP/SNURF and terminates at UBE3A.

Material and methods
The male patient was born to nonconsanguineous normal
parents and was characterized by mild intellectual disability, neurodevelopmental delay, features of attention deﬁcit
hyperactivity disorder and disorders in motor control and
perception. The patient was referred to us as a suspected
PWS patient. DNA was extracted from the peripheral blood
of patient using the QIAmp DNA Midi kit (Qiagen, Hidden,
Germany) according to the manufacturer’s protocol.
Extracted DNA was quantiﬁed using a ND-1000 Nanodrop spectrophotometer. Array comparative genomic hybridization (array-CGH) was conducted using the Cytochip
ISCA array (BlueGnome ver. 1.0) containing 180,000 oligos
in a 4× 180 k format. DNA from the patient and pooled

reference were labelled using the Bioprime DNA labelling
system (Invitrogen, Carlsbad, USA) and Cy3 and Cy5
ﬂuorescent dyes (GE healthcare, Little Chalfont, UK).
The array was scanned at 3 μm resolution using the
Agilent DNA microarray scanner (Agilent Technologies,
Santa Clara, USA) and ﬂuorescent ratios were calculated
using the BlueFuse Multi software ver. 4.2 (BlueGnome,
Cambridge, UK). Genomic coordinates were determined
using the GRCh37 genome assembly. Copy number variants (CNV) detected by array-CGH were checked against
the database of genomic variants (DGV) (http://dgv.tcag.ca/
dgv) and in-house database to remove polymorphic benign
CNV.
Methylation-speciﬁc-multiplex ligation-dependent probe
ampliﬁcation (MS-MLPA) was conducted using probe mix

Figure 2. Results of MLPA assays. Electropherograms indicate the relative peak areas of control, proband, mother and father. The deleted
MLPA probes in the proband and father are indicated by the signiﬁcantly reduced ratios (red coloured arrows) as compared to those of
control and mother (black coloured arrows).
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Figure 3. Array-CGH analysis of the proband indicated a 15q11.2 deletion. The presence and the breakpoints of the deletion are underlined
in red which correspond to approximately 13 kb (pos. 25,068,955–25,082,444) residing in the SNRNP gene as indicated by green line.

MEO28-B2 (MRC, Holland) which is speciﬁc for Prader–
Willi / Angelman syndrome according to the manufacturer’s
instructions. This methodology allows the determination
of copy number and methylation changes in the genomic
region 15q11-q13.

Analysis of the patient and his parents was performed
using an MS-MLPA kit that was speciﬁc for the 15q11-q13
genomic region. This method allows the determination of
copy number changes, methylation status and uniparental
disomy. The MS-MLPA analysis showed the presence of
both maternal and paternal alleles, ruling out uniparental
disomy. Methylation patterns within this region were also
normal for the patient, ruling out imprinting defects.
Using the MS-MLPA kit, copy number changes were
detected for two probes in the patient. Examination of the
probes indicated the deletion of the upstream U1B and U1B*
exons (ﬁgure 2). The same deletion was detected in father of
the patient but not in mother, supporting the paternal origin
of the deletion.
Array-CGH examination of the patient did not ﬁnd any
copy number changes that were larger than our routinely
reported size of 200 kb with the exception of known CNV
listed in DGV database or our in-house local database. However, a 13 kb deletion was found in the patient on chromosomal band 15q11.2 (location: 25,068,955–25,082,444)
(ﬁgure 3). This deletion contained the U1B and U1B*
upstream exons of the SNURF–SNRNP gene, thus verifying
the ﬁndings of the MS-MLPA kit.

mutation affecting the U1B and U1B* exons was paternally
inherited, therefore, it is possible that it could be implicated
in the patient’s phenotype. The U1B* is a pseudo-exon lacking a splice-site. The U1B exon is an alternative transcription start site for the U-UBE3A-ATS (Runte et al. 2001;
Buiting 2010).
Currently, the function and spatial/temporal regulation of
the many alternative transcripts of SNURF–SNRNP and its
upstream exons are poorly deﬁned (Galiveti et al. 2014). The
mutation identiﬁed in the patient here was paternally inherited renders it possible that the loss of brain-speciﬁc transcripts originating from the U1B exon could contribute to the
PWS-like symptoms of the patient. Potentially, this could be
associated with reduced production of SNORD116 or other
snoRNA that are generated from the U-UBE3A-ATS. However, it is also possible that transcription from other upstream
exons, for example U1A, can compensate for the deletion of
U1B. Therefore, it cannot be ascertained that the observed
deletion is the cause of the patient’s phenotype. Examination
by array-CGH did not reveal any other potential pathogenic
variants.
Limitation of this study is that only one patient was available with this mutation. Examination of the literature did not
reveal any published reports of patients with PWS-like symptoms that carry deletions, speciﬁcally affecting the U1B–
U1B* genomic region. The practice guidelines for the diagnosis of PWS are not clear regarding how to interpret mutations that affect the U1B (Ramsden et al. 2010). Reports
of further case reports with mutations affecting U1B exons
with a similar molecular phenotype is needed to verify the
biological signiﬁcance of this region to PWS.

Discussion
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