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Background: Prader–Willi syndrome (PWS) and Angelman syndrome (AS) are genomic 
imprinting disorders that are mainly caused by a deletion on 15q11-q13, the uniparental 
disomy of chromosome 15, or an imprinting defect. We evaluated the utility of methyla-
tion-specific multiplex ligation-dependent probe amplification (MS-MLPA) as a diagnostic 
tool and for demonstrating the relationship between molecular mechanisms and clinical 
presentation.

Methods: We performed MS-MLPA using DNA samples from 93 subjects (45 PWS, 24 
AS, and 24 non-PWS/AS controls) who had previously undergone MS-PCR for the diagno-
sis of PWS/AS. We compared the results of both assays, and patients’ clinical phenotypes 
were reviewed retrospectively.

Results: MS-MLPA showed a 100% concordance rate with MS-PCR. Among the 45 PWS 
patients, 26 (57.8%) had a deletion of 15q11-q13, and the others (42.2%) had uniparen-
tal disomy 15 or an imprinting defect. Among the 24 AS patients, 16 (66.7%) had a dele-
tion of 15q11-q13, 7 AS patients (29.2%) had uniparental disomy 15 or an imprinting de-
fect, and one AS patient (4.2%) showed an imprinting center deletion.

Conclusions: MS-MLPA has clinical utility for the diagnosis of PWS/AS, and it is superior 
to MS-PCR in that it can identify the molecular mechanism underlying the disease.
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INTRODUCTION

Prader–Willi syndrome (PWS, OMIM 176270) and Angelman 

syndrome (AS, OMIM 105830) are caused by the loss of expres-

sion of imprinted genes at 15q11-q13 [1]. PWS results from the 

absence of the paternal allele of 15q11-q13, whereas AS results 

from the absence of the maternal allele in the same region [2]. 

This phenomenon is called genomic imprinting. PWS and AS 

occur in one in 10,000–30,000 live births [3].

Both syndromes are neurodevelopmental disorders; however, 

their clinical phenotypes differ [4]. PWS is characterized by neo-

natal hypotonia, feeding problems, failure to thrive, hypogonad-

ism, and childhood-onset obesity [5]. AS patients present with 

seizures, microcephaly, and severe developmental delay [6]. 
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When a neonate shows neonatal hypotonia or developmental 

delay, PWS or AS should be considered as a part of the differen-

tial diagnosis.

Several molecular mechanisms lead to PWS and AS: deletion, 

uniparental disomy (UPD), imprinting defect (ID), and balanced 

translocation [7]. Deletion of 15q11-q13 accounts for approxi-

mately 70% of cases and is the leading cause of both syndromes. 

Deletions are subdivided into typical type I or II deletion, which 

respectively range from breakpoint (BP)1 to BP3 or from BP2 to 

BP3, and atypical deletion [8]. UPD is mostly due to maternal 

meiotic non-disjunction and accounts for 3%–30% of cases, 

whereas ID causes 1%–5% [9]. Loss of UBE3A function causes 

AS in 10%–20% of patients [10].

Because the molecular mechanisms of PWS and AS deter-

mine the recurrence risk, prognosis, and clinical phenotypes, 

understanding the genetic profiles of these diseases can help 

clinicians make an accurate diagnosis and counsel patients and 

their families appropriately [11]. Methylation-specific multiplex 

ligation-dependent probe amplification (MS-MLPA) is a diagnos-

tic method for the simultaneous detection of copy number ab-

normalities and methylation status [12]. It can distinguish dele-

tional types from non-deletional types of PWS and AS. We eval-

uated the clinical utility of MS-MLPA in comparison with that of 

methylation-specific (MS)-PCR in Korean PWS and AS patients. 

In addition, we investigated the relationship between clinical phe-

notypes and molecular mechanisms determined by MS-MLPA.

METHODS

Patients and samples
We retrospectively reviewed patients who underwent MS-PCR 

for PWS and AS in the Seoul National University Hospital (SNUH), 

Seoul, Korea between March 2007 and July 2018. We selected 

45 PWS and 24 AS patients who provided informed consent for 

Table 1. Frequency of PWS Holm diagnostic criteria in 45 PWS patients

Diagnostic criteria Patients, N (%)

Major

     1. Neonatal and infantile central hypotonia with poor suck, gradually improving with age 36 (80.0)

     2. Feeding problems in infancy with need for special feeding techniques and poor weight gain/failure to thrive 31 (68.9)

     3. Excessive or rapid weight gain on weight-for-length chart after 12 months and before the age of six years, central obesity in the absence 
of intervention

6 (13.3)

     4. Characteristic facial features with dolichocephaly in infancy, narrow face or bifrontal diameter, almond-shaped eyes, small-appearing 
mouth with thin upper lip, downturned corners of the mouth

19 (42.2)

     5. Hypogonadism 22 (48.9)

     6.  Global developmental delay in a child younger than six years, mild to moderate mental retardation or learning problems in older children 17 (37.8)

     7. Hyperphagia/food foraging/obsession with food 3 (6.7)

     8. Deletion of 15q11-q13 or other appropriate molecular abnormality in this chromosome region, including maternal disomy 45 (100.0)

Minor

     1. Decreased fetal movement or infantile lethargy or weak cry in infancy, improving with age 25 (55.6)

     2. Characteristic behavior problems, temper tantrums, violent outbursts, and obsessive/compulsive behavior 2 (4.4)

     3. Sleep disturbance or sleep apnea 0 (0.0)

     4. Short stature for genetic background by 15 years of age 2 (4.4)

     5. Hypopigmentation-fair skin and hair compared with other family members 12 (26.7)

     6. Small hands (<25th percentile) and/or feet (<10th percentile) for height age 4 (8.9)

     7. Narrow hands with straight ulnar border 0 (0.0)

     8. Eye abnormalities 0 (0.0)

     9. Thick, viscous saliva with crusting at corners of the mouth 0 (0.0)

   10. Speech articulation defects 0 (0.0)

   11. Skin picking 0 (0.0)

Total 45

Adopted from “Prader–Willi syndrome: consensus diagnostic criteria,” by Holm VA, et al. 1993 [5].
Abbreviation: PWS, Prader–Willi syndrome. 
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secondary utilization and also selected 24 patients who showed 

negative MS-PCR results and normal karyotypes. The medical 

records, including diagnosis, chief complaints, laboratory results, 

and other clinical information, were reviewed retrospectively. For 

PWS, Holm diagnostic criteria were calculated (Table 1) [5]. AS 

1995 diagnostic criteria were applied for the diagnosis of AS 

(Table 2) [6]. This study was performed in accordance with the 

Declaration of Helsinki and was approved by the IRB of SNUH 

(IRB approval number 1811-075-985). 

MS-MLPA 
MS-MLPA was performed using archived genomic DNA and the 

standard protocol of the SALSA MLPA Probemix ME028-C1 PWS/ 

AS kit according to the manufacturer’s guideline (MRC-Holland, 

Amsterdam, Netherlands). In brief, 200 ng of genomic DNA was 

denatured at 98°C for five minutes and hybridized with ME028 

Table 2. Frequency of AS diagnostic criteria in 24 AS patients

Diagnostic criteria Patients, N (%)

     1. Normal prenatal and birth history with normal head circumference and absence of major birth defects 4 (16.7)

     2. Developmental delay evident by 6–12 months of age 8 (33.3)

     3. Delayed but forward progression of development 0 (0.0)

     4. Normal metabolic, hematologic and chemical laboratory profiles 2 (8.3)

     5. Structurally normal brain using MRI or CT 6 (25.0)

A. Consistent 

     1. Functionally severe developmental delay 14 (58.3)

     2. Movement or balance disorder, usually ataxia of gait and/or tremulous movement of limbs 6 (25.0)

     3. Behavioral uniqueness 3 (12.5)

     4. Speech impairment, none or minimal use of words 3 (12.5)

B. Frequent 

     1. Delayed, disproportionate growth in head circumference, usually resulting in microcephaly by two years of age 3 (12.5)

     2. Seizures, onset usually before three years of age 6 (25.0)

     3. Abnormal EEG, characteristic pattern with large amplitude slow-spike waves, facilitated by eye closure 3 (12.5)

C. Associated 

     1. Flat occiput 0 (0.0)

     2. Occipital groove 0 (0.0)

     3. Protruding tongue 0 (0.0)

     4. Tongue thrusting, suck/swallowing disorders 0 (0.0)

     5. Feeding problems during infancy 0 (0.0)

     6. Prognathia 0 (0.0)

     7. Wide mouth, wide-spaced teeth 0 (0.0)

     8. Frequent drooling 0 (0.0)

     9. Excessive chewing/mouthing behaviors 0 (0.0)

   10. Strabismus 1 (4.2)

   11.  Hypopigmented skin, light hair and eye color 2 (8.3)

   12. Hyperactive lower extremity deep tendon reflexes 0 (0.0)

   13. Uplifted, flexed arm position especially during ambulation 0 (0.0)

   14. Increased sensitivity to heat 0 (0.0)

   15. Sleep disturbance 3 (12.5)

   16. Attraction to/fascination with water 0 (0.0)

Total 24

Adopted from “Angelman syndrome: consensus for diagnostic criteria,” Williams CA, et al. 1995 [6].
Abbreviations: AS, Angelman syndrome; CT, computed tomography; EEG, electroencephalogram; MRI, magnetic resonance imaging.
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probe mix at 60°C for 16 hours. The product was aliquoted into 

two tubes: one for copy number analysis and one for methyla-

tion analysis using methylation-sensitive endonuclease. The PCR 

products were analyzed using an ABI 3130xl capillary sequencer 

(Applied Biosystems, Foster City, CA, USA) and the data were 

analyzed using GeneMarker v.1.51 (SoftGenetics, State College, 

PA, USA). To normalize peak intensities, we used internal con-

trol probe normalization, and the intensity ratios of identical probes 

from the sample were compared with controls.

Statistical analysis
The concordance rate between MS-PCR and MS-MLPA was cal-

culated using Cohen’s kappa coefficient. Continuous variables 

were compared using Student’s t-test and Mann–Whitney U-test. 

All statistical tests were two-tailed and performed using SPSS 

version 25.0 (IBM, Armonk, NY, USA). Results were considered 

statistically significant at P <0.05.

RESULTS

Comparison of MS-PCR and MS-MLPA 
There were no discordant results between MS-PCR and MS-

MLPA, with 45 patients diagnosed as having PWS, 24 patients 

as having AS, and 24 non-PWS/AS controls. Therefore, the con-

cordance rate was 100%, and Cohen’s kappa was 1.0, which 

indicates perfect agreement. 

Genetic subtypes of PWS and AS
Unlike MS-PCR, MS-MLPA could discriminate between the de-

letion and non-deletion types (Figs. 1 and 2). Among the 45 PWS 

patients, 26 (57.8%) had deletions on the q arm of chromosome 

15: eight had a type I deletion, 17 had a type II deletion, and one 

had an atypical deletion (Fig. 3A). The atypical deletion ranged 

from SNRPN to GABRB3, which is shorter than typical types. 

Nineteen PWS patients (42.2%) had UPD/ID. Among the 24 AS 

Fig. 1. MS-MLPA results of PWS patients. (A) Deletion type of PWS. (B) Non-deletion type of PWS. (Left panels: undigested, right panels: 
digested).
Abbreviations: MS-MLPA, methylation-specific multiplex ligation-dependent probe amplification; PWS, Prader–Willi syndrome.
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patients, 16 (66.7%) had deletions, seven (29.2%) had UPD/

ID, and one (4.2%) showed microdeletion of the AS-shortest re-

gion of deletion overlap, which corresponds to an imprinting 

center (IC) deletion (Fig. 2C). Of the 16 patients with deletions, 

seven had type I deletions, and nine had type II deletions (Fig. 

3B). 

Fig. 2. MS-MLPA results of AS patients. (A) Deletion type of AS. (B) Non-deletion type of AS. (C) IC deletion of AS. (Left panels: undigest-
ed, right panels: digested).
Abbreviations: AS, Angelman syndrome; IC, imprinting center; MS-MLPA, methylation-specific multiplex ligation-dependent probe amplification.
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Fig. 3. Distribution of molecular mechanisms in (A) PWS and (B) AS patients. 
Abbreviations: AS, Angelman syndrome; IC, imprinting center; ID, imprinting defect; PWS, Prader–Willi syndrome; UPD, uniparental disomy.
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Clinical characteristics and molecular mechanisms of PWS 
and AS
The male:female ratio of PWS was 1.2:1, and that of AS was 

0.6:1 (Table 3). The median age of PWS patients at diagnosis 

was four months (1–187 months), and that of AS patients was 

24.5 months (9–95 months). In AS, the age at diagnosis differed 

according to the molecular mechanism: patients with the dele-

tion type were diagnosed earlier than those with UPD/ID types 

(23.8 months vs. 55.7 months, P =0.002). Birth weight also sig-

nificantly differed according to the molecular mechanism: pa-

tients with the deletion type weighed more at birth than those 

with the UPD type in PWS and vice versa in AS (2.7 kg vs. 2.4 

kg, P =0.039 and 2.9 kg vs. 3.5 kg, P =0.035).

PWS patients mainly showed neonatal hypotonia, develop-

mental delay, altered mentality, failure to thrive, waddling gait, or 

obesity. Most AS patients (91.7%) visited our hospital for devel-

opmental delay, except two patients who had seizures and torti-

collis as the main problem. In PWS cases, the mean Holm score 

was 4.46, which is below the diagnostic criteria (Holm score 6). 

We observed no notable difference in the Holm scores of PWS 

according to the molecular mechanism or deletion range.

DISCUSSION

Chromosomal microarray (CMA) is currently considered the first-

tier diagnostic genetic test for neurodevelopmental disorders [14, 

15]. However, there remains a necessity for methylation analy-

sis, especially for imprinting disorders, because CMA is not suf-

ficient for diagnosis of these disorders [16]. We showed that MS-

MLPA can not only diagnose PWS and AS, but also reveal the 

underlying molecular mechanisms. We also demonstrated the 

relationship between molecular mechanisms and clinical char-

acteristics of Korean PWS and AS patients. Our findings support 

that MS-MLPA is a useful diagnostic test for PWS and AS. 

We detected the deletion type in 57.8% of PWS cases, which 

is in contrast to results in a previous Korean study in 2004, in 

which deletion accounted for 80% of PWS cases [17]. In line 

with our results, recent studies have demonstrated that the de-

letion type in PWS constitutes approximately 60% of total cases 

[18, 19]. Butler, et al. [18] reported that in PWS, the maternal 

age was higher in UPD cases than in deletion cases. Although 

we were not able to assess maternal age for all patients, the av-

erage maternal age in Korea is increasing yearly, from 30.0 years 

in 2004 to 32.4 years in 2016, according to the Korea Statistics 

[20]. Thus, the increase in the non-deletion type may be be-

cause UPD is more prone to occur as maternal age increases.

PWS patients with type I deletions show a more severe phe-

notype than those with type II deletions [21]; however, there 

were no significant differences in the diagnostic scores of our 

patients according to the deletion range. The mean Holm score 

of total PWS was even lower than the diagnostic score. This may 

be explained by poor clinical evaluation or diagnosis before clin-

ical symptoms present due to advanced molecular diagnosis. 

An atypical deletion, ranging from SNRPN to GABRB3, was 

detected in one PWS patient (case 39). Additional CMA results 

confirmed that the patient had a 2.8 Mb deletion from PWRN2 

to GABRB3. He visited our hospital for lymph node enlargement 

at 12 years of age. At that time, he had mild learning disabilities 

and obesity [22, 23]. His Holm score was 5, which is higher than 

the mean score of PWS patients. This deletion type showed that 

MKRN3, MAGEL2, NDN, and C15orf2 are not indispensable for 

PWS symptoms [24].

One AS patient with an IC deletion (case 66) visited our hos-

pital for developmental delay at 36 months of age. He showed a 

facial dysmorphism, developmental delay and generalized sei-

zures, which indicated a diagnosis of AS. Although the probabil-
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Table 3. Clinical features and molecular mechanisms in PWS and AS patients 

Case number Sex
Age at diagnosis 

(month)
Birth weight  

(kg)
MS-PCR MS-MLPA Clinical features

  1 F 13 3.4 PWS Deletion (Type II) Neonatal hypotonia

  2 M 2 2.6 PWS Deletion (Type II) Neonatal hypotonia

  3 M 2 3.1 PWS Deletion (Type II) Neonatal hypotonia

  4 M 40 2.4 PWS Deletion (Type I) Developmental delay

  5 F 6 3.0 PWS Deletion (Type II) Developmental delay

  6 F 1 2.8 PWS Deletion (Type II) Altered mentality

  7 F 1 2.6 PWS Deletion (Type II) Neonatal hypotonia

  8 F 25 3.3 PWS UPD/ID Developmental delay

  9 M 35 1.9 PWS UPD/ID Developmental delay

10 M 87 2.0 PWS Deletion (Type II) Waddling gait

11 F 4 2.9 PWS Deletion (Type I) Developmental delay

12 M 1 3.1 PWS UPD/ID Neonatal hypotonia

13 M 3 2.2 PWS UPD/ID Neonatal hypotonia

14 M 6 2.7 PWS Deletion (Type II) Neonatal hypotonia

15 M 11 2.8 PWS UPD/ID Neonatal hypotonia

16 M 1 2.5 PWS Deletion (Type II) Poor sucking

17 F 1 2.8 PWS Deletion (Type I) Poor sucking

18 M 123 2.2 PWS UPD/ID Developmental delay

19 M 4 2.8 PWS Deletion (Type II) Neonatal hypotonia

20 F 5 3.2 PWS UPD/ID Neonatal hypotonia

21 F 2 2.6 PWS Deletion (Type I) Developmental delay

22 M 187 2.2 PWS UPD/ID Developmental delay

23 M 1 2.9 PWS Deletion (Type I) Neonatal hypotonia

24 F 5 2.3 PWS UPD/ID Developmental delay

25 M 4 3.1 PWS UPD/ID Fever

26 F 1 2.6 PWS Deletion (Type II) Neonatal hypotonia

27 M 1 2.6 PWS Deletion (Type I) Neonatal hypotonia

28 M 26 2.3 PWS UPD/ID Developmental delay

29 F 114 2.2 PWS UPD/ID Obesity

30 M 144 2.8 PWS Deletion (Type II) Obesity

31 M 50 0.7 PWS UPD/ID Failure to thrive

32 F 4 2.8 PWS Deletion (Type II) Developmental delay

33 M 2 2.4 PWS Deletion (Type II) Neonatal hypotonia

34 F 5 1.5 PWS UPD/ID Developmental delay

35 M 2 3.0 PWS UPD/ID Neonatal hypotonia

36 M 2 2.2 PWS Deletion (Type II) Neonatal hypotonia

37 F 1 2.7 PWS Deletion (Type I) Neonatal hypotonia

38 F 10 3.2 PWS Deletion (Type II) Developmental delay

39 M 150 3.6 PWS Deletion (Atypical) Lymphadenopathy

40 F 3 1.9 PWS UPD/ID Neonatal hypotonia

(Continued to the next page)
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Case number Sex
Age at diagnosis 

(month)
Birth weight  

(kg)
MS-PCR MS-MLPA Clinical features

41 M 1 2.4 PWS Deletion (Type I) Neonatal hypotonia

42 F 5 2.6 PWS UPD/ID Neonatal hypotonia

43 F 155 2.3 PWS UPD/ID Headache

44 F 7 2.6 PWS UPD/ID Developmental delay

45 M 2 2.8 PWS Deletion (Type II) Neonatal hypotonia

46 M 21 3.4 AS Deletion (Type II) Developmental delay

47 M 79 3.0 AS Deletion (Type I) Developmental delay

48 F 36 N/A AS UPD/ID Developmental delay

49 F 56 2.5 AS Deletion (Type I) Developmental delay

50 M 14 2.9 AS Deletion (Type I) Developmental delay

51 F 34 N/A AS UPD/ID Developmental delay

52 M 63 2.7 AS UPD/ID Seizures

53 F 25 2.4 AS Deletion (Type I) Developmental delay

54 F 12 3.0 AS Deletion (Type I) Developmental delay

55 F 16 N/A AS Deletion (Type I) Developmental delay

56 F 11 2.6 AS Deletion (Type II) Developmental delay

57 F 17 2.6 AS Deletion (Type II) Developmental delay

58 F 9 2.5 AS Deletion (Type II) Torticollis

59 F 17 2.6 AS Deletion (Type II) Developmental delay

60 F 13 4.0 AS Deletion (Type II) Developmental delay

61 F 29 2.3 AS Deletion (Type II) Developmental delay

62 F 19 3.2 AS Deletion (Type I) Developmental delay

63 F 19 3.1 AS Deletion (Type II) Developmental delay

64 M 95 3.7 AS UPD/ID Developmental delay

65 F 31 3.3 AS UPD/ID Developmental delay

66 M 38 3.0 AS IC deletion Developmental delay

67 M 76 4.6 AS UPD/ID Developmental delay

68 M 55 3.2 AS UPD/ID Developmental delay

69 M 24 N/A AS Deletion (Type II) Developmental delay

Abbreviations: AS, Angelman syndrome; F, female; IC, imprinting center; ID, imprinting defect; M, male; MS-MLPA, methylation-specific multiplex ligation-
dependent probe amplification; MS-PCR, methylation-specific PCR; N/A, not available; PWS, Prader–Willi syndrome; UPD, uniparental disomy.

Table 3. Continued

ity of recurrence of IC is up to 50%, which is the highest recur-

rence rate for PWS/AS, his younger sister, who is the second-

born child, is healthy [25].

To the best of our knowledge, this study is the largest cohort 

covering both PWS and AS, with clinical information. A few pre-

vious studies dealt with the molecular diagnosis of these syn-

dromes, but most of them focused only on PWS or presented 

no clinical findings [2, 26].

Our study has some limitations. First, there is an intrinsic limi-

tation to MS-MLPA in that it cannot distinguish UPD from ID. To 

distinguish these two mechanisms, microsatellite analysis or sin-

gle nucleotide variant analysis is required [27]. However, we suc-

cessfully differentiated the IC deletion type, which has a 50% 

recurrence risk, using MS-MLPA. In addition, we could not eval-

uate the behavioral or psychological status of the patients due to 

the lack of such information in the medical records. Lastly, this 

was a retrospective and single-center study. Thus, a selection 

bias may exist, and further large-scale prospective studies for 

PWS and AS are needed.

AS caused by a UBE3A variant, which accounts for 20% of 
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AS cases, cannot be diagnosed using MS-MLPA, and further di-

agnostic testing is needed. To date, only two patients have been 

diagnosed as having AS due to UBE3A pathogenic variants in 

our laboratory. Therefore, we propose the use of MS-MLPA as a 

first-line diagnostic tool for PWS or AS, in accordance with the 

EMQN/ACGS guidelines [28]. The next step would be UBE3A 

variant analysis of samples from patients who are highly sus-

pected of having AS, as well as maternal samples. 

In conclusion, MS-PCR and MS-MLPA show perfect diagnos-

tic concordance, and MS-MLPA can substitute for MS-PCR. In 

addition, MS-MLPA provides more information about the molec-

ular mechanisms underlying the diseases and may be a helpful 

tool for genetic counseling of families with PWS and AS. Finally, 

patients who are strongly suspected of having AS and show neg-

ative MS-MLPA results should undergo additional testing.
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