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Abstract

The historical diagnosis of Prader-Willi syndrome (PWS), a complex genetic disorder, in adults by 

clinical presentation rather than genetic testing has limited genetic subtype-specific psychometric 

investigations and treatment. Genetic testing and clinical psychiatric evaluation using DSM-IV-TR 

criteria were undertaken on 72 adult residents (34M; 38F) from the Prader-Willi Homes of 

Oconomowoc (PWHO), a specialty PWS group home system. Methylation specific-multiplex 

ligation probe amplification and high-resolution microarrays were analyzed for methylation status, 

15q11-q13 deletions and maternal uniparental disomy 15 (mUPD15). Seventy (33M; 37F) of 72 

residents were genetically confirmed and 36 (51%) had Type I or Type II deletions; 29 (42%) with 

mUPD15 and 5 (7%) with imprinting defects from three separate families. Psychiatric 

comorbidities were classified as anxiety disorder (38%), excoriation (skin picking) (33%), 

intermittent explosive disorder [(30%-predominantly among males at 45% compared with females 

at 16% (OR=4.3, 95%CI 1.4-13.1, p<0.008)] and psychotic features (23%). Psychiatric diagnoses 

did not differ between mUPD15 vs deletion, but a greater number of psychiatric diagnoses were 

observed for larger Type I (4.3) vs smaller Type II (3.6) deletions when age was controlled (F=5.0, 

p<0.04). Adults with PWS presented with uniformly higher rates of psychiatric comorbidities 

which differed by genetic subtype with gender-specific trends.
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Introduction

Prader-Willi syndrome (PWS) is a rare complex neurodevelopmental disorder due to errors 

in genomic imprinting that occurs in about 1 in 10,000 to 30,000 live births (1-5). It is 

characterized by multiple abnormal findings and physical changes including a characteristic 

facial appearance (narrow bifrontal diameter, short nose, and down- turned corners of the 

mouth) with sticky saliva and dental anomalies (enamel hypoplasia, caries), infantile 

hypotonia with a poor suck and feeding difficulties, hypogonadism/hypogenitalism, growth 

hormone deficiency and other endocrine problems leading to short stature, small hands/feet 

and infertility (6). In early childhood, food seeking and hyperphagia generally occurs 

leading to onset of obesity which can be life-threatening, if uncontrolled. Intellectual 

disability for the family background and behavioral problems including mood instability, 

tantrums, obsessive and compulsive behaviors, stubbornness, aggression and skin picking 

are common and frequently occur in childhood and continue into adulthood (4,5,7), recently 

supported in a cohort of 53 adults and adolescents with PWS and the overwhelming majority 

(89%) had at least one psychiatric diagnosis (8). The most common observation was 

disruptive behavior disorder (68%) followed by obsessive compulsive disorder (45%) and 

skin picking (35%). No correlation was found in their study between the number of 

psychiatric diagnoses and body mass index (BMI), IQ, hyperphagia severity, hormonal 
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profiles or genetic subtypes but these factors strongly influenced quality of life for those 

with PWS.

The causation of PWS is due to loss of expression of paternally derived genes in the 15q11-

q13 region generally from a de novo deletion followed by maternal uniparental disomy 15 

(both copies of chromosome 15 from the mother). A small percentage of patients with PWS 

have an imprinting defect which may be inherited and account for a potential 50% 

recurrence risk for subsequent affected children (4,5,7). The PWS genetic subtypes include 

the paternal 15q11-q13 deletion seen in about 70% of cases and has three subtypes (larger 

Type I, smaller Type II and an atypical size). These deletions generally involve three 

common breakpoints (BPs) within the 15q11-q13 region (i.e., proximal BP1 and BP2 and 

distal BP3) (9, 10). Maternal uniparental disomy 15 is seen in about 30% of cases and is 

now recognized to occur in different subclasses such as maternal heterodisomy, segmented 

isodisomy or total isodisomy of chromosome 15 depending on crossing-over events and 

nondisjunction in meiosis I or meiosis II (5). Imprinting defects represent only a few 

percentage of cases and are due to either a small microdeletion of the imprinting center 

which controls the activity of imprinting genes in the 15q11-q13 region or from errors in 

methylation processing or epimutations (4, 5, 7, 11-14).

Studies in individuals with the typical Type I deletion which involves BP1 and BP3 includes 

TUBGCP5, CYFIP1, NIPA1 and NIPA2 genes located between BP1 and BP2, in both 

Prader-Willi and Angelman syndromes have been reported with more severe 

neurodevelopmental disturbances compared to those individuals with the smaller type II 

deletion involving BP2 and BP3 and the four genes intact (15). Several studies have been 

undertaken in the pediatric age group with limited information in adults particularly in those 

living in residential care. Individuals with deletions of the 15q11.2 BP1-BP2 cytogenetic 

region alone can present with developmental and language delay, neurobehavioral 

disturbances, psychiatric problems, autism, seizures, schizophrenia and mild dysmorphic 

features. However, not all individuals who carry the BP1-BP2 microdeletion are clinically 

affected, as the phenotype can show incomplete penetrance and variable expressivity (16, 

17).

The type and accuracy of genetic testing for PWS has progressed over the years beginning in 

the 1980s with high-resolution chromosome testing to identify the 15q11-q13 deletion (18). 

Later, polymorphic DNA markers from chromosome 15 were used to identify the parental 

origin and maternal uniparental disomy 15 status (19). Fluorescence in situ hybridization 

(FISH) with DNA probes from the 15q11-q13 region were introduced in the early 1990s but 

could not distinguish between Type I or Type II deletions. DNA methylation assays of 

chromosome 15 were developed at about the same time and used to identify the parent of 

origin status and genomic imprinting errors found in 99% of subjects with PWS (20-23). 

However, DNA methylation studies cannot distinguish between the different genetic 

subtypes that cause PWS. Currently, methylation specific-multiplex ligation probe 

amplification (MS-MLPA) of chromosome 15 and high-resolution chromosomal single 

nucleotide polymorphism (SNP) microarrays are used to identify and characterize the size, 

class and type of genetic defect but cannot distinguish between total heterodisomy from 

normal biparental inheritance (5, 24-27).
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Here, we utilized advances in genetic testing for the first time to characterize the specific 

genetic status including deletion subtypes, maternal uniparental disomy subclasses and 

imprinting defect status of adults with PWS residing at a syndrome-specific group home. 

These individuals were also assessed by an experienced psychiatrist using the Diagnostic 

and Statistical Manual of Mental Disorders (DSM) version DSM-IV-TR for criteria and 

classification of mental disorders with input from trained providers in treating adults with 

PWS. Detailed PWS genetic characterization and correlation with neuropsychiatric 

diagnostic data will be reported and discussed.

Materials and Methods

Description of Prader-Will Syndrome Specific Group Home

Prader-Willi Homes of Oconomowoc (PWHO) located in Oconomowoc, Wisconsin, is the 

largest USA based group home system specializing in the management of PWS in existence 

for 32 years. The group home is staffed 24 hours a day with residential counselors in place 

along with a fulltime nurse practitioner and board certified psychiatrist (Dr. Weisensel). 

There is complete food security at each site. Each resident has a meal plan in place and 

followed closely by a dietitian with expertise in PWS. The adult residents either work during 

the day at supervised work-sites or participate in Day RISE which is a structured day 

program consisting of occupational therapy, social skill activities, exercise, sensory 

integration and art sessions.

The majority of PWHO residents are admitted based upon self-referral or referral from the 

local or national chapter of the Prader-Willi Association –USA. A smaller proportion of 

referrals come from friends and family of prior residents, inpatient medical or psychiatric 

units, providers and other group homes. The reasons for admission are most often related to 

the physical safety of subject and/or family secondary to individual behaviors; medical 

complications of PWS typically related to morbid obesity or a break-down of family systems 

(i.e., divorce, birth of another child, family death or illness) disrupting care or aging out of 

school systems resulting in a loss of structure. Many individuals have failed at other 

residential placements prior to admission to PWHO. PWHO residents come from 11 

different states with the majority from Wisconsin (N=15), Illinois (N=15) and Michigan 

(N=14) with their placement 100% supported by county or state funds. State/county support 

to reside at PWHO generally is contingent upon demonstration that the individual needs 

could not be met in a less restrictive environment. Thus, eighty-three percent of individuals 

at PWHO are followed regularly by a psychiatrist and may be psychiatrically (behaviorally, 

emotionally), intellectually and medically more ill then the general PWS population.

Description of Adults with Prader-Willi Syndrome

There were 84 adult residents with PWS residing at PWHO at the time of this study 

representing all regions of the USA. Their mean age was 37 ± 10 years and ranged from 18 

to 61 years. Only 10 adults were genetically confirmed previously while 74 were diagnosed 

clinically based on established PWS consensus diagnostic criteria at the time of admission to 

PWHO (28). Seventy-three of the 84 subjects agreed to consent and participate in the study 

which was approved by the local human subjects research committee.
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Genetic Testing Methods and Analysis

Each subject or legal guardian signed the approved consent forms, a saliva sample (2ml 

aliquots) was collected and DNA isolated using Norgen (Thorold, ON, Canada) following 

manufacturer's recommendations. The laboratory and genetic analyses were performed at the 

University of Kansas Medical Center utilizing the Genomics Core Facility. The PWS 

diagnosis was genetically confirmed using several genetic laboratory methods including 

methylation specific-multiplex ligation probe amplification (MS-MLPA) with DNA kits for 

chromosome 15 obtained from MRC-Holland (Amsterdam, Netherlands) (see Figure 1). 

High-resolution Affymetrix 6.0 version (Santa Clara, CA) microarrays were performed 

using 1.8 million copy number variant (CNV) and single nucleotide polymorphism (SNP) 

probes to identify chromosome 15q11-q13 deletions and maternal uniparental disomy 15 

status. Genotyping of DNA microsatellite markers from chromosome 15 were also 

undertaken by PCR using subject and parental DNA samples to identify imprinting defects 

specifically in adults with an abnormal PWS methylation pattern but no recognized deletion. 

Chromosomal microarrays with SNP probes were used to detect maternal uniparental 15 

status (heterodisomy, segmental isodisomy, total isodisomy) (see Figures 2a and 2b).

Copy number variants (deletions or duplications) using the high-resolution microarrays were 

defined as a size ≥ 100kb with at least 50 DNA markers. Maternal disomy 15 was identified 

by examining chromosome regions (size and locations) and subclass status determined by 

the presence of loss of heterozygosity (LOH) on chromosome 15 defined as ≥8 Mb in size 

for segmental isodisomy 15 or total isodisomy including the entire length of chromosome 

15. Maternal heterodisomy 15 is indistinguishable from normal biparental inheritance. In 

addition, subjects were screened for deletions or duplications of known obesity genes 

(N=23; e.g., FTO, BDNF, MC4R) reported by Butler et al. (29) by examining more closely 

the data from the high-resolution microarrays by adjusting the Affymetrix chromosome suite 

1.2.2 software program cutoff for a heterozygous loss of signal from 35 DNA probes and a 

deletion size of 25kb at the chromosome location of the obesity-related genes [e.g., BDNF at 

11p14.1, genomic coordinates of 11:27,654,292-27,722,057 (GRCh 38)] [Online Mendelian 

Inheritance in Man (OMIM) http://www.omim.org/]. Statistical analysis included 

descriptive, correlation and regression analysis of data using the SAS 9.2 version.

Neuropsychiatric Criteria and Classification Assessments Based on Diagnostic and 
Statistical Manual (DSM)-IV-TR

A detailed neuropsychiatric assessment was carried out by an experienced psychiatrist with 

particular expertise in PWS (Dr. Weisensel) familiar with the subject population using DSM-

IV-TR and informed by the Diagnostic Manual-Intellectual Disability Textbook (30). This 

manual is referenced by clinicians and researchers engaged in the treatment, study and 

classification of mental illnesses or traits and for standardizing psychiatric diagnostic 

categories divided into five dimensions (Axis I-V) relating to different aspects of disorders 

or disabilities. Each category of disorder has a numeric code taken from the ICD coding 

system. The assessments included a history of present illness (reviewing previous psychiatric 

assessments, diagnoses, neuropsychiatric symptoms and behaviors, psychiatric medication 

and neuropsychological testing results including IQ when available); developmental history, 

pregnancy and birth information; medical history; allergies; current medications; review of 
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the nutritional assessment; social and family history; and current vital signs and basic 

laboratory studies. This information taken together with interviews by PWHO staff 

intimately familiar with the subjects along with interviews with the family (if available) 

were combined to develop a biopsychosocial formulation leading to diagnoses based on 

DSM-IV-TR criteria. This included a full range of behavioral and psychiatric diagnostic 

codes recognized in the adult population. Statistical studies included descriptive, correlation 

and regression analyses of clinical and genetic data using the SAS 9.2 version.

Results

Clinical, Psychiatric and Genetic Findings

Seventy-three adult residents from PWHO participated in the study. Seventy-two subjects 

completed the PWS genetic subtyping process using the MS-MLPA assay initially then 

followed by high-resolution chromosomal microarray analysis needed if a chromosome 

15q11-q13 deletion was not found. The clinical diagnosis of PWS was not confirmed by 

chromosomal and DNA methylation testing in two PWHO females who exhibited cardinal 

clinical features of PWS including hypotonia, short stature with small hands and feet along 

with a history of behavioral issues including impulsive aggression, obesity and food-seeking. 

One subject showed significant skin-picking. These two females were dropped from our 

analyses. Table Ia shows the summary of age at the time of the neuropsychiatric assessment 

for this study, gender, age at PWHO admission, body mass index (BMI, kg/m2) and number 

of psychiatric diagnoses for the 70 genetically confirmed PWHO residents. Table Ib shows 

the genetic subtype summary data of the 33 males and 37 females, age, BMI and number of 

psychiatric diagnoses or disorders with 36 (51%) participants having the 15q11-q13 

deletion, 29 (42%) with maternal uniparental disomy and 5 (7%) with imprinting defects 

representing three separate families (3 siblings - 2 males and 1 female in a single family 

carrying an approximate 130kb microdeletion which included the PWS imprinting center). 

Two females had a presumed epimutation as no deletion or evidence of uniparental disomy 

were found on molecular testing.

There was no evidence of consanguinity among the PWHO subjects using high-resolution 

SNP microarray data to identify the SNP pattern and calculate the percentage of regions of 

homozygosity (ROH) for all chromosomes following protocols reported previously (31, 32). 

Twenty-three representative obesity genes (FTO, BDNF, SIM1) (5, 29) known to contribute 

to obesity-related genetic disorders were examined more closely for possible microdeletions 

by relaxing the classification cut-off parameters of the microarray data (from 100kb to 25kb 

and 50 to 35 markers) utilizing the standard computer software program. No deletions were 

found encompassing the 23 genes studied using the less stringent copy number variant 

classification criteria.

Of the 36 subjects with a 15q11-q13 deletion, 14 had Type I and 22 had Type II deletions 

(see Figure 2a). No differences were seen between the two deletion subtypes in mean age, 

BMI or age at admission to PWHO. The average number of psychiatric diagnoses per 

subject was 4.3 +/-1.2 with a range of 2 to 7 for those with Type I deletion and 3.6 ± 1.0 

with a range of 2 to 5 for the Type II deletion group. Of the 29 subjects with maternal 

disomy 15, 10 showed heterodisomy, 15 showed segmental isodisomy and 4 showed 
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isodisomy for the entire chromosome 15 (see Figures 2b). Figure 3 shows the distribution of 

chromosome 15 bands that were found to represent segmental isodisomy in 15 individuals 

with PWS. The average size of the LOH region in the individuals with segmental isodisomy 

was 25.6 Mb ± 18.7. When divided into three arbitrary chromosome 15 segments, the 

average length was 12.6 Mb for the proximal segment (defined as 15q11.1-15q15.3) found 

in 12 subjects; 14.5 Mb in the middle segment (defined as 15q21.2-15q24.3) in nine subjects 

and 11.3 Mb for the distal segment (defined as 15q25.1-15q26.3) in nine subjects. Nine 

subjects with PWS showed only one isodisomic region, five showed two isodisomic regions 

and one subject showed three regions on chromosome 15. No differences were seen in the 

mean age, BMI, age at admission to PWHO or number of psychiatric diagnoses.

Neuropsychiatric Diagnostic Outcomes

The frequency of primary neuropsychiatric diagnoses according to DSM-IV-TR criteria and 

classification is summarized in Table II. Sixteen (23% - 9F; 7M) of the total number of 

PWHO adults with PWS were diagnosed with any psychotic features or disorder included in 

the DSM-IV-TR category of “Schizophrenia and Other Psychotic Disorders” and any 

Bipolar or Mood Disorder with a history of psychotic features except Major Depressive 

Disorder with a history of psychotic features. Fifteen (21%-7F; 8M) of the total number of 

subjects were diagnosed with Bipolar or Mood Disorder, without a history of psychotic 

symptoms. Seventeen (24%- 12F; 5M) were diagnosed with any depressive disorder or an 

Adjustment Disorder with a preponderance of depressive symptoms. Twenty-seven (38%- 

13F; 14M) were diagnosed with a disorder included in the DSM-IV-TR Anxiety Disorder 

category or an Adjustment Disorder with a preponderance of anxiety symptoms. Twenty-one 

(30%- 6F; 15M) were diagnosed with Intermittent Explosive Disorder (IED) with twice the 

number of males than females in this category (see Table II; OR=4.3, 95% CI 1.4,13.1, 

p<0.008). Twenty-three (33%- 15F; 8M) were diagnosed with Impulse-Control Disorder Not 

Otherwise Specified and in all cases due to recurrent skin picking. There were additional low 

frequency diagnoses identified including but not limited to Attention Deficit Disorder, 

Conduct Disorder, Tic Disorders and Learning Disorders which were excluded from 

analysis.

A significant positive correlation was found between age and BMI (r= 0.27, p<0.027), while 

a significant negative correlation was found between age and number of psychiatric 

disorders (r=-0.24; p<0.042). The number of psychiatric disorders was not related to BMI or 

age at PWHO admission for our PWS study participants. Examination of the relationship 

between the psychiatric diagnoses and PWS genetic subtype showed no statistically 

significant differences in the frequency of primary psychiatric diagnoses between those with 

the 15q11-q13 deletion subtypes and maternal disomy 15 subclasses (see Table III). 

Similarly, there were no statistically significant differences in the frequency of primary 

psychiatric diagnoses between those with Type I vs Type II deletion subtypes or among the 

three mUPD15 subtypes. The average number of psychiatric diagnoses were significantly 

higher for those with the Type I deletion subtype when age differences were controlled (see 

Figure 4a). Similarly, BMI was significantly higher for those with the Type II deletion 

subtype when age differences were controlled (see Figure 4b).
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Discussion

The frequency and pattern of our neuropsychiatric diagnoses based on DSM-IV-TR criteria 

and classification were described in adults with PWS in residential care. The population of 

individuals with PWS in our PWHO cohort is fundamentally different than previous PWS 

populations studied. Our residential adults showed less neuropsychiatric stability than non-

residential populations at initial assessments. Psychiatric symptomatology in adults with 

PWS in residential care may vary over time in the presence of full food security and access 

to experienced clinicians. Previous studies on neuropsychiatric diagnoses or assessments of 

behavioral problems in adults with PWS have not included data collected during residential 

care by a trained psychiatrist with expertise in PWS or with updated, detailed PWS genetic 

subtype classification for statistical analyses. The observed difference in distribution of PWS 

genetic deletion subtypes and maternal disomy 15 compared with the literature is not readily 

explainable and may result from a variety of influences including variance associated with 

small sample sizes for study which adds complexity to most studies of rare diseases. Similar 

to general psychiatric inpatient or residential populations, the sample may be intrinsically 

biased towards higher severity cases which have been proposed for mUPD over deletion 

subtypes and thus may reflect an increased probability that PWS with maternal disomy 15 

may lead to admission to residential care. Additionally, socioeconomic factors impact the 

decision and ability to afford placement in a specialized residential care center. There is 

currently no empirical evidence to support changes in the global prevalence and subtype 

distribution related to diagnostic, environmental or sociological factors. Our measure of the 

accumulated number of psychiatric diagnoses did not prove to be a strong discriminative 

indicator of phenotypic differences or assessment of global severity of illness in PWS. This 

suggests that all PWS subtypes may possess a qualitatively similar phenotype and spectrum 

psychiatric disorders and thus the phenotypic differences observed between PWS subtypes 

may arise from differences in the severity of the manifestation of psychiatric disorders rather 

than the type of diagnosis.

PWS individuals with the smaller Type II deletion involving breakpoints BP2 and BP3 have 

intact genes between breakpoints BP1 and BP2 and therefore anticipated to have fewer 

problems. Indeed, those individuals with PWS having the larger Type I deletion are more 

prone to obsessive thoughts, compulsive behaviors and self-injury (i.e., skin-picking) as well 

as visual processing problems with lower academic skills than those with the smaller Type II 

deletion or maternal disomy 15 with the four genes not deleted (14, 33, 34). Other deletions 

that are larger or smaller than the typical deletions vary in size and are reported in about 5% 

of individuals with PWS but may have unusual findings not typically seen in PWS (35, 36).

PWS and Angelman syndrome (AS), an entirely different clinical syndrome due to genomic 

imprinting are typically caused by a deletion of different parental origin (i.e., a paternal 

15q11-q13 deletion in PWS and a maternal 15q11-q13 deletion in AS) involving the distal 

breakpoint BP3 and proximally placed breakpoints BP1 or BP2. While previous studies have 

shown that individuals with the larger typical Type I deletion present in both PWS and AS 

subjects have a more severe phenotype particularly neurodevelopmental problems while 

those with the smaller typical Type II deletion have fewer problems, our study did not see a 

more severe phenotype in adult individuals with Type I or Type II deletions unless corrected 
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for age. Individuals with Type I deletions reported in predominantly pediatric literature had 

more compulsions and self-injurious behavior with visual perception impairment, and lower 

IQ, reading and math scores compared with those with Type II deletions (14, 33, 37). For 

example, Milner et al. (38) found significantly higher verbal IQ scores in individuals with 

PWS and Type II deletions than those with Type I deletions who performed more poorly on 

all measures of ability which may be impacted by age. The previous studies have used 

standardized cognitive and behavioral assessment tools while our investigation used 

psychiatric diagnoses based on DSM-IV-TR criteria and classification for mental disorders 

or illnesses.

A report by Dykens and Roof (41) examined behaviors in PWS using a mixed cohort of 

young and old subjects showed a relationship between genetic subtypes and ages. Negative 

associations were found between age and behavior in the 15q11-q13 Type I deletion subtype 

only which implicated non-imprinted genes between breakpoints BP1 and BP2, specifically 

the CYF1P1 gene as similarly reported in our PWS genetic subtype and neuropsychiatric 

study. Disturbed expression of CYF1P1 is reported in other developmental disabilities 

involving chromosome 15 disorders with significant differences in those with Type I versus 

Type II deletions with advancing age. Individuals with the 15q11-q13 Type I deletion 

consistently showed lower targeted problem behaviors and adaptive skills and externalizing 

symptoms with advancing age.

Psychiatric manifestations are common in PWS and represent debilitating problems that 

negativity impact the quality of life. The results of our novel detailed neuropsychiatric 

diagnostic and genetic study in adults with PWS in residential care further support the 

observations of psychiatric features with compulsions and skin picking as common findings 

(8). Several psychiatric or behavioral problems were treated with a variety of medications in 

our PWS adult cohort including: mood stabilizers including lithium carbonate; selective 

serotonin reuptake inhibitors (SSRI); serotonin/norepinephrine reuptake inhibitors (SNRI); 

N-acetyl cysteine (for skin picking); atypical antipsychotics; occasional benzodiazepines; 

rare use of stimulant and occasionally antiadrenergic agents. Differences were also seen in 

accumulated number of psychiatric diagnoses and BMI in those with the larger 15q11-q13 

Type I deletion but only when adjusted for age. Those individuals with the larger deletion 

had more problems than those with the smaller Type II deletion similar to that reported in 

PWS cohorts in non-residential care emphasizing the importance of more research to 

investigate the neurodevelopmental and psychiatric impact of the four genes located in the 

15q11.2 BP1 and BP2 region and their role in the PWS phenotype. Furthermore, our report 

is the first to describe maternal disomy 15 subclasses (heterodisomy, segmental isodisomy, 

total isodisomy) and examine for differences in clinical or neuropsychiatric diagnoses in 

individuals with PWS using the standardized DSM-IV-TR criteria and classification for 

mental illnesses or disorders. Precise psychiatric and behavioral phenotyping in PWS in 

combination with identification of genetic subtypes may aid research linking biological 

correlates which may lead to individualized therapeutic interventions.
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Figure 1. 
MS-MLPA results of copy number comparison with probe markers for an individual with 

Type I (top) and Type II (bottom) PWS deletion genetic subtypes relative to a control 

subject. The genomic copy number is shown on the y-axis. The circle indicates the marker 

probes differentiating the two deletion subtypes.
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Figure 2. 
Figure 2a. High-resolution chromosome 15 ideogram and SNP microarray results for an 

individual with Type I (top) and Type II (bottom) PWS deletion genetic subtypes. The 

genomic copy number is shown on the y-axis. The box indicates the deleted 15q11-q13 

region and break points (BP1, BP2 and BP3) and the circle indicates the marker probes 

differentiating the two deletion subtypes. Figure 2b. High-resolution chromosome 

microarrays using CNV and SNP probes to identify maternal uniparental disomy 15 

subclasses (segmental isodisomy, isodisomy and heterodisomy) in those with an abnormal 
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DNA methylation pattern for PWS. Heterodisomy 15 can resemble normal biparental 

inheritance.
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Figure 3. 
Distribution of chromosome 15 bands involved in segmental isodisomy 15 by high-

resolution chromosome microarrays found in 15 adults with PWS residing at the PWHO 

group home.
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Figure 4. 
Figure 4a. Analysis of covariance model of the number of psychiatric disorders by age in 

years with a significant impact of age for Type I vs Type II deletion PWS genetic subtypes 

with more psychiatric disorders seen in the Type I deletion subgroup. Figure 4b. Analysis of 

covariance model of body mass index (BMI) by age in years for Type I vs Type II deletion 

PWS genetic subtypes.
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Table IA
Characteristics of the PWHO Study Participants

A. Participants Age (at study) Mean ±SD 
(range)

Age PWHO Admission Mean 
±SD (range)

BMI (at study) Mean ±SD 
(range)

Number of Psych 
Diagnoses Mean ±SD 
(range)

TOTAL (N=70) 36±10 yrs (18-60 yrs) 24±6 yrs (17-46 yrs) 28±5kg/m2 (20-57) 4.2±1.2 (2-7)

Males (N=33) 35±10 yrs (20-52 yrs) 23±7 yrs (18-46 yrs) 28±4kg/m2 (20-40) 4.3±1.1 (3-7)

Females (N=37) 37±10 yrs (18-60 yrs) 25±6 yrs (17-41 yrs) 28±6kg/m2 (21-57) 4.1±1.3 (2-7)

Seventy-three subjects were screened and 70 showed genetic confirmation of PWS with one subject excluded due to an inadequate DNA sample 
and two subjects excluded due to normal DNA methylation results.
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