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Abstract

Introduction: Prader-Willi syndrome (PWS), is a complex genetic disease affecting 1/15,000 

individuals, characterized by lack of expression of genes on the paternal chromosome 15q11-q13 

region. Clinical features include central hypotonia, poor suck, learning and behavior problems, 

growth hormone deficiency with short stature, hyperphagia and morbid obesity. Despite significant 

advances in genetic testing, the mean age for diagnosis in PWS continues to lag behind.

Objective: Our goal was to perform a pilot feasibility study to confirm the diagnosis utilizing 

different genetic technologies in a cohort of 34 individuals with genetically confirmed PWS and 

16 healthy controls from blood samples spotted and stored on newborn screening (NBS) filter 

paper cards.

Methods: DNA was isolated from NBS cards, and PWS testing performed using DNA 

methylation-specific PCR (mPCR) and the MS-MLPA chromosome 15 probe kit followed by 

DNA fragment analysis for methylation and copy number status.

Results: DNA extraction was successful in 30 of 34 PWS patients and 16 controls. PWS 

methylation testing was able to correctly identify all PWS patients and MS-MLPA was able to 

differentiate between 15q11-q13 deletion and non-deletion status and correctly identify deletion 

subtype (i.e., larger Type I or smaller Type II).
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Conclusion: mPCR can be used to diagnose PWS and MS-MLPA testing to determine both 

methylation status as well as the type of deletion or non-deletion status from DNA extracted from 

NBS filter paper. We propose that PWS testing in newborns is possible and could be included in 

the Recommended Uniform Screening Panel after establishing a validated cost-effective method.

Keywords

Prader-Willi syndrome; newborn screening; DNA methylation; MLPA (Multiplex Ligand PCR 
Analysis)

INTRODUCTION

Prader-Willi syndrome (PWS) affects approximately one in 15,000 live births. PWS patients 

present with neonatal hypotonia with poor suckling, feeding difficulties, failure to thrive and 

mild dysmorphism. However in childhood hypogonadism/ hypogenitalism, intellectual 

disability, growth hormone deficiency with short stature, behavioral problems, hyperphagia 

and subsequent obesity with related complications including diabetes mellitus, hypertension 

and cardiovascular problems in late childhood and adulthood (Butler 1990; Butler et al., 

2006; Cassidy et al., 2012; Driscoll et al., 2016).

The cause of PWS is the lack of expression of genes on the paternal chromosome 15q11.2 – 

15q13 region. The majority of patients (60%) have the deletion, 36% have maternal 

uniparental disomy 15 (UPD) and 4% with an imprinting defect (ID) (Butler, 1990). 

Although not necessary to establish diagnosis of PWS, it is important to identify the genetic 

subtype to estimate the recurrence risk for future siblings and prognosis. The recurrence risk 

for PWS is low; about 1% for deletion and UPD however ID is associated with a 50% 

recurrence risk (Buiting et al., 1998; Buiting et al., 2003) if a microdeletion within the 

imprinting center is present. Knowing the phenotype also allows one to better prepare for 

complications associated with specific PWS genetic subtypes.

Comparisons of 15q11-q13 deletion versus UPD have led to genotype-phenotype 

correlations. UPD is associated with a higher verbal IQ (Roof et al., 2000) and more 

psychosis and autism. Individuals with a 15q11-q13 deletion have two main types based on 

the location of the proximal 15q11.2 breakpoint (e.g., BP1 or BP2). Forty percent of the 

patients with the larger 15q11-q13 Type I deletion with BP1 and distal 15q11-q13 

breakpoint (BP3) and sixty percent of patients have the smaller Type II deletion involving 

breakpoints BP2 and BP3. Those with the 15q11-q13 Type I deletion is associated with 

more severe problems such as obsessive-compulsive disorder, skin picking and other 

aberrant behavior than the smaller type II deletion (Chai et al., 2003).

Currently, the clinical diagnosis is largely based on clinical presentation and findings but 

then confirmed with genetic testing which often leads to significant delays. The age at 

diagnosis of individuals with PWS was noted between 7 and 9 years, approximately three 

decades ago (Butler, 1990). Recently due to increase in the availability of molecular 

diagnostic testing, PWS is diagnosed at earlier ages ranging from 18 days to 4.9 years (Bar 

et al., 2017); Dobrescu et al., 2016; Gold et al., 2018. It is critical to detect individuals with 

PWS in the newborn period in order to begin intervention early. Early treatment includes 
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growth hormone (GH) which not only improves stature and body composition (lowers body 

fat and increases muscle), but decreases morbidity and mortality associated with obesity-

related complications. Newborn screening (NBS) program tests done vary from state to state 

with California testing for more than 80 medical conditions with a goal to improve prognosis 

by early diagnosis and treatment. We propose that PWS fulfills the criteria for newborn 

screening of rare disorders and have undertaken a pilot, feasibility study in a cohort of PWS 

individuals and controls using fresh and stored blood placed on NBS filter paper cards.

MATERIALS AND METHODS

Subjects and Materials

Blood samples from 34 patients with PWS and a median age of 18 years (age range 5–56 

years) and 16 healthy controls were obtained (Table 1). Of the blood samples collected from 

patients with PWS, eight were freshly collected and 26 were stored at −20 C for periods as 

long as 13 years. Approximately 5–10 cc of blood was collected in a purple top (EDTA) tube 

for use in our study and placed on NBS filter paper cards. All PWS patients had a 

genetically confirmed diagnosis of PWS by methylation studies, FISH, chromosomal 

microarray and/or genotyping testing analysis for UPD identification. Human subjects IRB 

committee approval was obtained from the University of California-Irvine and informed 

consent or assent was obtained from patients, if minors and consent from their parents.

Fresh blood samples were directly placed on NBS filter papers circle (0.5cm x 0.5 cm) 

(Whatman GE Healthcare Life Sciences, Pittsburgh, PA, USA) shortly after collection in 

eight individuals with PWS. Frozen blood samples were thawed and similarly placed on 

NBS filter papers in the remaining individuals. DNA was then extracted from the dried 

blood spots on NBS filter paper for both controls and Prader-Willi syndrome participants. 

The following protocols and DNA isolation kits were used: GenSolve kit (GenTegra, 

Pleasanton, CA, USA) for Phase I to remove blood elements from the filter paper and 

Qiagen DNA micro kit (Germantown, MD, USA) for Phase II to isolate DNA. Briefly, the 

GenSolve procedure consists of incubating 3 punches of 6 mm filter paper discs at 65º C 

with a protease combined with a proprietary (high pH) solution and 1% lithium dodecyl 

sulfate. The incubation releases DNA, proteins and cellular debris from the matrix in a 

highly efficient manner. After centrifugation the eluate was purified using Qiagen DNA 

micro kit for DNA isolation and concentration.

Methylation-specific PCR (mPCR)

DNA extracted from NBS filter paper was then treated with sodium bisulfite by using (EZ 

DNA Methylation-Lightning kit) from (Zymo research, CA, USA). DNA treated with 

sodium bisulfite to convert cytosine to uracil except when cytosine is methylated as found on 

the maternal chromosome as 5-methyl cytosine is resistant to bisulfite treatment and remains 

unchanged. PCR amplification was done using SNRPN primers generated specifically for 

the maternal and paternal allele methylation sites (Muralidhar & Butler, 1998). DNA 

oligonucleotides used for methylation PCR (mPCR) analysis are commercially synthesized 

and represent the maternally methylated sequences at genomic position +111 and +284 of 

the SNRPN gene and the paternally unmethylated sequences at genomic position +140 and 
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+239 from sequence data referenced in Genbank (Bethesda, MD) and reported previously 

(Kubota et al., 1996; Muralidhar and Butler, 1996). The two primers are specifically 

designed to amplify the unmodified maternally methylated sequence and a second modified 

paternally unmethylated sequence after treatment with sodium bisulfite. PCR products were 

subjected to electrophoresis using 2% agarose gel in 0.5 × trisboric acid-ethylene diamine 

tetra acetate (TBE) buffer, stained in ethidium bromide visualized under ultra-violet 

illumination, and photographed. The PWS/AS critical region was thereafter examined by 

methylation-specific PCR (mPCR). The test was considered positive if the maternal band 

was visualized at 174 bp and the paternal fragment was not visualized at 100 bp.

Methylation specific-multiplex ligation dependent probe amplification (MS-MLPA)

MS-MLPA was performed on 10 samples using the ME028 B2 and X3 kits specifically 

designed to determine the methylation status and copy number of probes from chromosome 

15. PCR products were then sent to Genewiz laboratory in Rockville, Maryland, for 

fragment analysis as a fee for service. The process involves DNA denaturation, probe 

hybridization, ligation and ligation digestion with final PCR reaction to generate 45 different 

size DNA fragments at low cost and hence feasible for not only determination of 

chromosome 15 methylation status but copy number for the 15q11-q13 region utilized for 

diagnosing PWS and Angelman syndrome. Results of fragment analysis were analyzed 

using Peak Scanner Software v1.0. Patients with PWS were identified by an abnormal 

methylation status. The SALSA MS-MLPA ME028 kit (MRC-Holland, Amsterdam, 

Netherlandshttp://www.falco-genetics.com/salsa/pdf/dl/me028.pdf) will detect copy number 

changes as well as analyze CpG island methylation of the 15q11-q13 region. At least five of 

these probes are specific for the imprinting center sequence and contains a recognition site 

for the methylation sensitive Hha1 enzyme.

Methylation-specific-multiplex ligation-dependent probe amplification (MS-MLPA) is used 

to determine the copy number of up to 50 DNA sequences in a single multiplex PCR-based 

reaction. Each MS-MLPA reaction results in a set of unique PCR amplicons between 64–

500 nt in length, which are separated by capillary electrophoresis. In MS-MLPA, not sample 

DNA is amplified during PCR, but MS-MLPA probes hybridize to the sample DNA. In 

contrast to a standard multiplex PCR, MS-MLPA uses a single PCR primer pair to amplify 

all probes, making the method very robust. The hybridizing sequence of each probe is ~55–

80 nt long. Each MS-MLPA probe consists of two oligonucleotides that must bind to 

adjacent target DNA sequences to be ligated. Upon ligation, a single molecule is formed that 

can be amplified during PCR. Because hybridization and ligation are essential for the probe 

to be amplified and give a signal, unbound oligonucleotides do not give a signal. Following 

PCR, the amplicons are separated and quantified by capillary electrophoresis. Each probe in 

an MS-MLPA probe set has a unique length and can therefore be easily identified.

DNA fragment analysis—Fragment analysis was performed by Genewiz (Rockville, 

MD, USA). Data analysis was done by exporting the peak heights and areas into the Excel 

program (Microsoft, Seattle, WA). For copy number quantification, the height and area of 

each peak from chromosome 15 was divided by the closest smaller and larger peaks from the 

printout and outside of chromosome 15. The copy number was obtained by comparing this 
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ratio with the same peak ratio obtained from a control individual. By taking the mean 

normalized ratio and rounding to 0.5, 1, 1.5 or 2 and then multiplying by 2 (normal or 

biallelic copy number), the copy number can be determined. Thus, our subjects with 15q11-

q13 deletions having normalized ratios of approximately 0.5 with a copy number of 1 

indicating they have a single allele (Bittel et al., 2008; Henkhaus et al., 2012).

RESULTS

DNA extraction

We were able to successfully extract DNA from samples of 29 of 34 patients with PWS 

(88%) and all 16 controls (100%) with a concentration range of 16–820 ng/microL, mean of 

181 ng/microL. Five PWS samples showed very low DNA concentration and did not meet 

DNA concentration (< 10 ng/microl) required for MS-MLPA analysis. The length of storage 

of failed samples was 8–10 years. We suggest that the poor DNA quality and quantity may 

be related to prolonged storage time, inappropriate preservation conditions and/or bacterial 

contamination.

DNA methylation PCR

Out of 45 samples studied with adequate DNA concentration (29 PWS patients and 16 

controls), DNA methylation confirmed the PWS status in all PWS individuals by exhibiting 

only the 174-bp PCR product from the maternal allele. All 16 control samples showed both 

the 174-bp PCR product from the methylated maternal chromosome and the 100-bp PCR 

product from the unmethylated paternal chromosome (Figure 1).

Methylation specific-multiplex ligation dependent probe amplification (MS-MLPA)

Of the PWS specimens tested by MS-MLPA, Samples with methylation status at 

approximately 50% (range between 40–60%) for PWS specific probes were identified as 

normal controls and PWS if methylation status at approximately 100% (greater than 80%) 

(Figure 2).The genetic subtype was correctly identified in two PWS patients with UPD and 

four with the 15q11-q13 deletion (two with Type II and one with Type I deletion and one 

was unidentified). MS-MLPA was negative in four tested controls indicating a normal 

methylation status and a normal copy number. Therefore, using the copy number data, we 

were able to correctly identify the genetic subtype in PWS study participants. Using MS-

MLPA we were also able to correctly identify the type of deletion in PWS deletion patients. 

Deletion patients who had only one copy number for BP1-BP2 region probe had Type 1 

deletion and patients who had two copy numbers for this region had Type II deletion (Figure 

3).

Data Summary Analysis

We successfully extracted DNA from all samples freshly collected from PWS patients and 

22 of 26 archived samples of up to 13 years. DNA extraction from control samples were 

successful in all subjects. It is possible that DNA degradation of the archived samples 

resulted in difficulty in extracting DNA for the methylation studies and impacted quality and 

quantity of DNA isolated. Several of these samples were in storage for periods ranging from 

Mahmoud et al. Page 5

Am J Med Genet A. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3 to 13 years. Once DNA was successfully extracted with quality and quantity required, we 

were able to correctly assign PWS status in all affected individuals.

DISCUSSION

There has been significant progress and acceptance of expanded newborn screening 

nationwide including the addition of several new metabolic and genetic disorders, e.g., 

severe combined immune deficiency (SCID), Pompe disease, Krabbe disease, 

adrenoleukodystrophy and fragile X syndrome among others in several states (Inaba et al., 

2014). PWS is a significant health problem that results in significant medical, behavioral and 

mental disability and costs, particularly if treatment is delayed. The reported incidence of 

PWS is 1/10,000–15,000 live births, making it more common than several disorders 

included in the newborn screening (Burd, Vesely, Martsolf, & Kerbeshian, 1990); e.g., SCID 

with a frequency of 1/53,000 (Francisco, 2017) and Pompe disease with a frequency of 1/ 

40,000 (Lawrence, 2017). Both have recently been added to the Recommended Universal 

Screening Panel (RUSP) and newborn screening list in several states. If all infants with PWS 

were diagnosed at birth with a proposed simple and cost-effective newborn test, they would 

benefit from early growth hormone and behavioral treatments as well as decrease costly 

medical evaluations and hospitalization. Individuals with PWS experience a wide variety of 

medical challenges throughout their life span. Infants with PWS classically have central 

hypotonia, a poor suck leading to feeding difficulties that may warrant placement of a gastric 

tube and mild dysmorphic features requiring extensive and costly evaluations with additional 

perinatal care if the diagnosis is not entertained immediately after delivery. In severe cases, 

neonatal intensive care may last for weeks to months (Cassidy et al., 2012). Bachere et al. 

(2008) noted that early diagnosis and multidisciplinary care in PWS resulted in decreasing 

hospital stay and the duration of tube feeding, optimizing screening for endocrine 

dysfunction, preventing growth delay and identifying early onset of obesity. In a survey of 

medical records and health costs of 2,030 patients with PWS from 2009 to 2014, the mean 

annual in-patient costs were greater than $10,000 (Shoffstall et al., 2016). In-patient care 

costs for PWS across all ages ranged between 10.7 to 4.8 times depending on insurance 

coverage when compared with individuals without PWS. During the first year of life for in-

patients with PWS, the medical costs were doubled compared to later years (e.g., $51,000 

per year from 0–1 yr. compared with $23,000 per year from 2 to 4 years) which reflects the 

in-patient costs for NICU care, delayed diagnosis with increasing hospitalization time, 

diagnostic testing and consultation costs.

In this study, we were able to extract DNA from 45 samples from both frozen and fresh 

blood specimens on NBS cards from patients with PWS and controls. DNA methylation 

testing confirmed PWS status in all patients from whom DNA was useable and furthermore 

MS-MLPA testing correctly identified the genetic subtypes in all specimens.

Prader-Willi syndrome diagnosis is currently based on clinical suspicion and traditionally 

confirmed post-natally by DNA methylation, FISH for 15q11-q13 deletions, SNP 

chromosomal microarray, MS-MLPA and/or genotyping testing, the latter requiring parental 

samples. Formal cost effective studies would need to be undertaken using a validated testing 

model before the financial and clinical impact of newborn screening for this disorder could 
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be properly evaluated We believe that the costs would decrease with large scale, automated 

testing when newborn screening is implemented for PWS.

Despite significant diagnostic advances, the mean age for diagnosis of PWS continues to lag 

behind as syndromic specific testing ordered by the physician requires awareness and 

knowledge about the appropriate genetic test to order. Inappropriate choice of the initial 

genetic test from a selection of multiple tests has led to delayed diagnosis. Vogels and Fryns 

(2004) reported the mean age of diagnosis as 6.5 months with a range from 1 week to 8 

years based on genetic testing. Other studies reported significant delayed age of diagnosis in 

the UPD group in comparison with the deletion group (GunayAygun et al., 1997; Dykens, 

2002; Hartley et al., 2005; Cassidy et al., 2012), suggesting that subtle diagnostic features in 

early childhood in the UPD group lead to later diagnosis (Gunay-Aygun, Heeger, Schwartz, 

& Cassidy, 1997; Dykens, 2002; Hartley, Maclean, Butler, Zarcone, & Thompson, 2005; 

Cassidy, Schwartz, Miller, & Driscoll, 2012). Currently, DNA methylation is the gold 

standard test for confirming the diagnosis of PWS. DNA methylation can identify 99% of 

PWS patients and is less costly and effective, although, it cannot differentiate among the 

different PWS genetic subtypes. A second line test is needed for further clarification once 

the genetic diagnosis is made. The methylation positive PWS cases can then be examined by 

FISH, SNP array, MS-MLPA or UPD testing. We believe it is critical to detect those with 

PWS in the newborn period to begin care and treatment specific for PWS as early as 

possible. Our results provide evidence that DNA methylation can be performed on dried 

blood spots routinely as a proof of concept obtained for newborn screening for PWS and 

conversely for Angelman syndrome, a second genetic syndrome occurring at about the same 

prevalence but clinically distinct. Yet, Angelman syndrome can be detected with the same 

methylation DNA assay by showing loss of the maternal DNA methylation band pattern 

instead of the paternal band. Wide adoption of this principle would permit early and 

undisputed diagnosis even in premature babies with vague clinical features and those with 

atypical presentation, rather than relying solely on subjective clinical assessment for both 

PWS and AS. Early diagnosis is optimal for clinical care and treatment making both 

conditions candidate for newborn screening.

Early diagnosis and GH treatment affords the opportunity of proactive strategies for 

prevention of obesity and many of the associated co-morbidities such as diabetes, 

hypertension, and respiratory compromise; common in PWS without early recognition and 

treatment. The benefits of growth hormone therapy in infants, children and adults with PWS 

have been demonstrated in multiple well-designed and well-controlled studies (Lindgren & 

Lindberg, 2008; Mogul et al., 2008; Butler et al., 2013). When treatment begins in infancy, 

facial appearance and body habitus normalizes in conjunction with good dietary 

management generating improvement in quality of life and psychosocial status in those with 

PWS. GH replacement therapy improves linear growth velocity and height, body 

composition, muscle function and level of activity (Butler et al., 2008; 2016). GH treatment 

is now commonly prescribed in infancy and childhood once the diagnosis of PWS is 

confirmed genetically to increase stature, muscle tone and decrease fat, thereby lowering 

risk factors for diabetes and cardiopulmonary problems.
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In summary, the ultimate goal is to change the face of PWS by early identification and 

awareness which will permit proactive monitoring of the diet, and exercise and treatment 

with growth hormone at an early age thus preventing co-morbidities associated with PWS 

and reducing the current high mortality rate (Butler et al., 2016; Manzardo et al., 2017). The 

methylation testing used for diagnosis of PWS would also have the added benefit of 

detecting Angelman syndrome (AS). AS is caused by chromosome 15q11-q13 deletion 

however unlike PWS the deletion is of maternal origin and is associated with microcephaly, 

intellectual disability, epilepsy, limited language development, dysmorphic features, ataxia 

and autistic behaviors. Early diagnosis also permits detection of the imprinting center type of 

PWS or AS which may be associated with a 50% recurrence risk in future offspring thus 

permitting early and accurate genetic counseling.

Our study is limited by the small number of samples tested and hence is a proof of concept. 

We failed to extract DNA from dried blood in 14% particularly in those with stored blood 

specimens for an extended length of time (e.g.,13 years). We hypothesize that failed DNA 

isolation could result from degradation from suboptimal storage condition, bacterial 

contamination, and effect of DNases compromising our specimen quality and quantity. None 

the less, it is possible to extract sufficient quantity and quality of DNA from NBS filter paper 

cards and feasible to correctly identify the PWS in 99% of patients and in 85% for AS with 

current technology (Butler et al., 2006) using inexpensive DNA methylation assays that can 

be generated at high volume required for newborn screening programs. However, this assay 

cannot differentiate between deletion vs. non-deletion (e.g., UPD) status for both PWS and 

AS and will require more sophisticated (and expensive) testing such as MS-MLPA or high 

resolution SNP microarrays to identify UPD subclasses as described and illustrated by 

Butler et al. (2018). Future studies are needed to focus on using high throughput cost-

effective methods and analysis for PWS testing in the newborn period before it can be 

adopted on a national basis.
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Figure 1. 
Photograph of gel electrophoresis of methylation SNRPN gene analysis by methylation PCR 

showing a positive methylation result for a PWS subject with absence of paternal allele (100 

bp) and a normal control subject with presence of both methylated maternal (174 bp) and 

unmethylated paternal (100 bp) DNA signals.
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Figure 2. 
Gene methylation status using MS-MLPA of a control subject (A) showing normal 

methylation status (about 50%) for five methylated probes (in bold) and a PWS subject (B) 

showing abnormal methylation status (about 100%) in the five methylated probes (in bold).
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Figure 3. 
MS-MLPA copy number status determination for PWS subjects. (A) PWS subject with 

maternal uniparental disomy 15 and a copy number for PWS probes at approximately 2 

(non-deletion status). (B) PWS subject with 15q11-q13 Type I deletion and a copy number 

for PWS probes at approximately 1 (deletion status) and reference probes at approximately 2 

(non-deletion status). (C) PWS subject with 15q11-q13 Type II deletion and the 

chromosome 15q11.2 BP1-BP2 region involving TUBGCP5 and NIPA1 probes not deleted 

while other PWS 15q11-q13 probes are deleted.
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Table 1:

Demographics of patients with Prader-Willi syndrome

Patient number Molecular class Age (y) Sex Storage duration (y)

1 15q11-q13 Deletion 18 F Fresh

2 15q11-q13 Deletion 23 M Fresh

3 15q11-q13 Deletion 21 F Fresh

4 15q11-q13 Deletion 18 M 5

5 15q11-q13 Deletion 10.5 M 5

6 15q11-q13 Deletion 23 M 8

7 15q11-q13 Deletion 12 M 8

8 15q11-q13 Deletion 30 F 5

9 15q11-q13 Deletion 12 M 3

10 15q11-q13 Deletion 21 F 8

11 15q11-q13 Type I deletion 38 M 8 *

12 15q11-q13 Type I deletion 19 F 10 *

13 15q11-q13 Type I deletion 26 F 12

14 15q11-q13 Type I deletion 13 M 10 *

15 15q11-q13 Type II deletion 11 M 3

16 15q11-q13 Type II deletion 21 F 8

17 15q11-q13 Type II deletion 14 F 10

18 15q11-q13 Type II deletion 10 F 7

19 15q11-q13 Type II deletion 8 M 11

20 15q11-q13 Type II deletion 18 M 10 *

21 15q11-q13 Type II deletion 18 M Fresh

22 15q11-q13 Type II deletion 5 F Fresh

23 15q11-q13 Type II deletion 40 M 4

24 UPD15 11 F 3

25 UPD15 17 F 5

26 UPD15 11 1 M 6

27 UPD15 7 M Fresh

28 UPD15 24 F Fresh

29 UPD15 13 M Fresh

30 UPD15 8 F 4

31 UPD15 14 M 5

32 UPD15 47 M 10 *

33 UPD15 14 F 8

34 UPD15 56 F 13

*
Samples with very low DNA concentrations and that failed to generate results
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