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Summary 
Thirty seven laboratories participated in an international collaborative study to assess the 

suitability of a panel of genomic DNA samples as the 1st International Genetic Reference Panel 

for Prader Willi and Angelman Syndromes, Human gDNA (NIBSC panel code 09/140). The 

code numbers of the individual materials were 07/230 (Angelman Syndrome, maternal deletion), 

07/232 (Angelman Syndrome, UBE3A point mutation), 07/234 (Angelman Syndrome, paternal 

uniparental disomy or imprinting centre defect), 07/236 (Prader Willi Syndrome, paternal 

deletion), 07/238 (Prader Willi Syndrome, maternal uniparental disomy) and 07/240 (Prader 

Willi Syndrome, paternal deletion). Participants evaluated the samples using their routine 

diagnostic methods and where possible against in-house controls (previously characterised 

patient samples) and commercial reference materials. In total 666 tests were carried out (18 

samples in each of 37 laboratories) and 38 incorrect results were reported, giving an overall error 

frequency of 5.71%.  

 

Conclusions from this study indicated that all six materials were suitable for use as reference 

materials in the genetic diagnosis of Prader Willi and Angelman syndromes. Participants were 

asked to approve this panel of six materials (NIBSC panel code 09/140) and all agreed with this 

recommendation. 

 

Introduction  
Prader Willi (PWS; OMIM #176270) and Angelman (AS; OMIM #105830) syndromes are 

clinically distinct genetic disorders, both mapping to chromosome 15q11-q13.  

 

PWS is the most common form of obesity caused by a genetic syndrome (Wattendorf & 

Muenke. 2005) and is characterised by muscular hypotonia (‘floppy baby’), a failure to thrive 

during infancy, mental retardation, hypogonadism and hyperphagia (excessive appetite or eating) 

leading to rapid weight gain between one and six years of age. Clinical diagnosis is often 

difficult due to the relatively non-specific findings, particularly in infancy. Moreover, there is 

clinical overlap with numerous other disorders including Fragile X syndrome, Bardet-Beidl 

syndrome and Cohen syndrome, compounding the difficulty of clinical diagnosis (Ramsden et al. 

2008). The incidence of PWS is reported as 1 in 25,000, but since many diagnoses are not at an 

early age a more realistic estimate is 1 in 10,000 to 1 in 15,000 (Wattendorf & Muenke. 2005). 

As with most genetic disorders PWS is equally prevalent across all populations.  

 

AS is characterised by severe mental retardation, movement or balance disorder, characteristic 

abnormal behaviours (including apparent happy demeanour and hand flapping movements) and 

severe speech and language limitations (Clayton-Smith & Laan. 2003). Clinical diagnosis may 

be delayed since the unique features of AS may not become apparent for several years. 

Additionally, there are many other disorders which clinically overlap with AS including cerebral 

palsy, Rett syndrome and idiopathic static encephalopathy, which can lead to an incorrect 

clinical diagnosis of AS (Williams et al. 2001). The incidence of AS is reported as between 1 in 

12,000 to 1 in 20,000, but again may be an underestimate due to the difficulty of clinical 

diagnosis at an early age. AS is also not restricted to particular populations. 

 

Genetic testing for PWS and AS has become the standard diagnostic method since clinical 

criteria, though defined, are not always specific (Wattendorf & Muenke. 2005). Furthermore, the 

risk of recurrence in a subsequent pregnancy for parents of a child affected with PWS or AS can 

only be determined based on results of the genetic testing since the genetics of these syndromes 

are complex. With confirmed genetic diagnosis, treatment of an affected individual can be 
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implemented earlier in life and continuously managed to enhance quality of life and even prevent 

early death.  

 

A number of testing methods exist for the cytogenetic or molecular diagnosis of PWS and AS, 

the most common being DNA-based methylation testing for abnormal methylation in the 

chromosome 15q11-q13 region. This method will detect more than 99% of PWS individuals and 

approximately 80% of AS individuals. Sequence analysis of the UBE3A gene will detect a 

further approximate 10% of individuals with AS (Ramsden et al. 2008). 

 

Genetic testing for PWS and AS is widespread, but due to the genetic complexity of the 

disorders and the diversity of techniques available for genetic diagnosis there is a need for 

widely available genetic reference materials to ensure a correct and consistent diagnosis 

outcome. Hence, whilst both disorders are relatively uncommon the need for confirmatory and 

accurate genetic diagnostic testing is paramount. EuroGentest, an EU-funded network for genetic 

testing which encourages the harmonisation of standards and practice, ranks PWS and AS in the 

top ten disorders for prioritised reference material development based upon test request 

frequency, number of laboratories offering the test and evidence of need and demand 

(http://www.eurogentest.org/laboratories/info/public/unit1/reference_materials/prioritization.xht

ml#Surveys). NIBSC was approached by Professor J.-J. Cassiman, Coordinator of EuroGentest, 

to produce a PWS and AS genetic reference material panel to meet this need.  

 

There are currently no internationally certified genetic reference materials available for the 

clinical diagnosis of PWS or AS. Most laboratories use patient-derived DNA samples which 

have been characterised in-house as controls. If new to the field, laboratories often rely on small 

finite amounts of materials supplied by other diagnostic laboratories. However, a continual 

supply of stable and reliable reference materials could likely not be guaranteed. There are some 

quality control samples available from the Coriell Institute (Camden, USA; 

http://ccr.coriell.org/Sections/BrowseCatalog/Diseases.aspx?PgId=3), either in the form of cell 

lines or DNA, but these materials are not certified reference materials. Additionally, laboratories 

may use residual materials from quality assessment schemes which will again be of limited 

supply. None of these sources of control materials adequately address the need of materials to 

enable worldwide assay performance standardisation. 

 

We have therefore produced a panel of genomic DNA (gDNA) materials that can be validated 

and eventually replenished from the same source. The gDNA was extracted from immortalised 

cell lines produced by Epstein Barr Virus (EBV) transformation of lymphocytes from donors 

known to carry PWS or AS mutations with a view to establish these materials as the 1st 

International Genetic Reference Panel for Prader Willi and Angelman Syndromes. These 

materials are well characterised with confirmed mutations from consenting donors and because 

they are obtained from cell lines, future supplies of identical materials are ensured. They will be 

of paramount importance for the validation of commercial in vitro diagnostic kits for PWS and 

AS and for laboratories setting up new in-house methods or commercial techniques and for 

validating existing techniques after a change of reagents, operator or equipment. 

 

Genetics of Prader Willi and Angelman Syndromes 
The difficulty in molecular testing for PWS and AS is due to the complexity of the underlying 

atypical genetics. In understanding the role and value of this reference panel it is therefore 

important to understand the disease genetics. 



WHO/BS/09.2105 

Page 4 
 

PWS and AS both map to chromosome 15q11-q13. This contains an ‘imprinted region’, whereby 

genes from the chromosome pair are unequally expressed. The level of expression is determined 

by the parent of origin of the chromosome, either the mother or the father. Imprinting of the 

genes within the chromosome 15q11-q13 region is under control of an ‘imprinting centre’ which 

regulates gene expression through epigenetic changes including methylation. The genes 

associated with PWS (including MKRN3, MAGEL2, NDN and SNRPN) are usually only 

expressed on the chromosome 15 inherited from the father whilst the genes inherited from the 

mother are inactivated. Conversely, the gene(s) associated with AS (including UBE3A) are 

usually only expressed on the chromosome 15 inherited from the mother whilst the genes 

inherited from the father are inactivated.  

 

Loss of gene function can be due to a genetic deletion in the chromosome 15q11-q13 region, 

uniparental disomy (inheritance of a both copies of a chromosome [or part of a chromosome] 

from only one parent) or an imprinting centre defect. AS can additionally result from a mutation 

in the UBE3A gene (Figure 1). 
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Figure 1. Genetics of Prader Willi and Angelman Syndromes. A. Normal imprinting of 

paternal (P) and maternal (M) regions of chromosome 15q11-q13. For paternal chromosome 15, 

genes in the white box are active; genes in the grey box are inactive. For maternal chromosome 

15, the opposite activity/inactivity applies to the genes. Imprinting is under control of the 

imprinting centre (black circle). B. Genetic defects resulting in loss of expression of paternal 

genes in Prader Willi Syndrome. C. Genetic defects resulting in loss of expression of maternal 

gene(s) in Angelman Syndrome. UPD: uniparental disomy; ICD: imprinting centre defect; 

X: imprinting centre failure or mutation. 
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Genetic Diagnosis of Prader Willi and Angelman Syndromes 
The most sensitive approach for the genetic diagnosis of PWS or AS is by methylation pattern 

analysis within chromosome 15q11-q13 (Ramsden et al. 2008). This enables detection of 

deletions, uniparental disomy and imprinting centre defects, and is most commonly used as one 

of two techniques: 

 

- Methylation-specific PCR (MS-PCR; amplification using primers specific for methylated 

or unmethylated SNPRN) to determine methylation analysis at the SNRPN locus only. 

This technique will confirm the disease diagnosis but will not determine the mechanism, 
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necessitating a follow-up technique such as microsatellite analysis to indicate a deletion 

or uniparental disomy by loss of heterozygosity. 

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

determine methylation and gene copy number analysis across the 15q11-q13 region. This 

technique will confirm the disease diagnosis and the presence of a deletion. However, to 

distinguish between uniparental disomy and an imprinting centre defect, a follow-up 

technique such as microsatellite analysis is required to determine normal biparental 

inheritance or uniparental disomy.  

 

Other detection methods include; Southern blot analysis, methylation-sensitive PCR (PCR 

following restriction digestion with a methylation-sensitive enzyme), methylation-specific melt 

curve analysis (methylation-based differential melting of a PCR product), and denaturing high-

performance liquid chromatography (resolution of PCR products based on differential 

methylation), all of which typically determine the methylation status of the SNRPN locus only. 

Comparative genomic hybridisation (CGH), detection of copy number changes (deletions in the 

case of PWS or AS) by reference to ‘normal’ genomic DNA co-hybridised to normal metaphase 

chromosomes is also used but with limited resolution. Such techniques will not detect a UBE3A 

mutation however, which can only be resolved by sequencing.  

 

The diversity and complexity in techniques used for the genetic diagnosis of PWS and AS 

further emphasise the need for widely-used certified genetic reference materials to ensure 

accuracy and reproducibility in testing.   

 

Aim of Study 
The aim of the study was to evaluate a panel of six freeze-dried gDNA materials extracted from 

Epstein Barr virus (EBV)-transformed cell lines known to carry PWS or AS mutations in an 

international collaborative study involving laboratories using a variety of genotyping techniques, 

thereby assessing its suitability as the 1st International Genetic Reference Panel for Prader Willi 

and Angelman Syndromes, Human gDNA.  

 

Participants  
Seventy seven laboratories were invited to participate in the collaborative study; 38 laboratories 

agreed to participate and results were returned by 37 laboratories (Appendix I). Twenty six 

different countries were represented among participants returning results, encompassing Asia, 

Africa, North America, South America, Europe and Australia/Oceania. Each laboratory was 

assigned a code number which does not reflect the order of listing in Appendix I. 

 

Materials 
Blood samples were collected from six consenting donors previously clinically and genetically 

diagnosed with either PWS or AS. Lymphoblastoid cell lines were established following EBV 

transformation. Each cell line was tested and found to be negative for HIV1, HTLV1, Hepatitis 

B and Hepatitis C by PCR. Master and working cell banks were produced to ensure a continual 

future cell supply. Large-scale cell culture was carried out and genomic DNA extracted from cell 

pellets using Gentra Puregene chemistry with a Gentra Autopure LS robot (Qiagen, Crawley, 

West Sussex, UK). Genomic DNA extracted using the same purification procedure from EBV-

transformed cell lines did not show EBV infectivity. However, these candidate materials should 

still be handled with care and according to laboratory safety precautions for biological materials. 

 

Each of the genomic DNA materials was prepared at 10 µg/ml DNA concentration in 2.0 mM 

Tris, 0.2 mM EDTA with 5 mg/ml trehalose. Aliquots of 0.5 ml were dispensed into glass 
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ampoules and freeze-dried (Table 1). Upon reconstitution with 100 µl nuclease-free water, the 

DNA concentration is approximately 50 µg/ml in 10 mM Tris, 1 mM EDTA with 25 mg/ml 

trehalose. The pH of the reconstituted DNAs was measured as between 7.2 and 7.5 for all 

materials. The quality of the extracted and freeze-dried DNAs was confirmed by agarose gel 

electrophoresis, spectrophotometry and real-time QPCR.  
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Table 1. Product Summaries for the Six Candidate Prader Willi and Angelman Syndrome 

Materials.   
 

 

NIBSC code 

07/230 

Angelman 

Syndrome, 

maternal 

deletion 

07/232 

Angelman 

Syndrome, 

UBE3A 

point 

mutation 

07/234 

Angelman 

Syndrome, 

paternal 

uniparental 

disomy or 

imprinting 

centre 

defect 

07/236 

Prader 

Willi 

Syndrome, 

paternal 

deletion 

07/238 

Prader 

Willi 

Syndrome, 

maternal 

uniparental 

disomy 

07/240 

Prader 

Willi 

Syndrome, 

paternal 

deletion 

Date filled 10.01.2008 23.11.2007 30.11.2007 28.09.2007 25.01.2008 11.10.2007 

Coefficient of 

variation of fill 

mass (%) (n=84-

165)  

0.31 0.51 0.27 0.34 0.20 0.26 

Mean Residual 

moisture after 

lyophilisation (%) 

(n=6-11) 

7.21 2.17 1.75 1.41 0.60 7.11 

Mean dry weight 

(g) 

(n=6) 

0.0035 0.0033 0.0037 0.0032 0.0048 0.0024 

Residual oxygen%  

(n=6-11) 

0.14 0.18 0.43 0.34 0.48 0.30 

Mean OD ratio 

260/280 nm (n=27) 

1.91 1.92 1.92 1.93 1.89 1.95 

Mean DNA conc. 

µg/ml (n=27) 

55.03 47.75 56.23 54.88 58.21 51.49 

pH (n=9) 7.40 7.35 7.30 7.40 7.42 7.47 

Number of 

ampoules 

available 

3443 

 

3369 3774 

 

2461 

 

4429 

 

3455 

 

Presentation Sealed, glass DIN ampoules 

Excipient Trehalose, 5 mg/ml in 2.0 mM Tris, 0.2 mM EDTA buffer 

Address of facility 

where material 

was processed 

NIBSC, South Mimms, Hertfordshire, UK 

Present custodian NIBSC, South Mimms, Hertfordshire, UK 

Storage 

temperature 

-20
o
C 

 

This standard is intended to be used in the in vitro diagnostics field and relates to BS EN ISO 

17511:2003 Section 5.5. 



WHO/BS/09.2105 

Page 9 
 

DNA Profiling Study 
Samples were identity tested by DNA profiling with the Applied Biosystems SGM+ kit. Blood 

(where available), cell lines, pre-filled DNA and freeze-dried DNA were all cross-matched, and 

no samples showed evidence of cross-contamination.  

 

Stability Studies: Accelerated Degradation 
Preliminary accelerated degradation studies on samples stored at +56°C and +45°C were carried 

out. When compared with -150°C samples after 1 year’s storage, there was no detectable 

degradation caused by storage at elevated temperatures, as assessed by real-time QPCR of a 486 

bp sequence on chromosome 11 (Table 2).  

 

These findings were confirmed by agarose gel electrophoresis, which showed no differences in 

the electrophoretic profiles of the -150°C, -20°C, +56°C and +45°C samples. The integrity of the 

high molecular weight band and the absence of degraded DNA (indicated by a smear below the 

main band) shown by all samples indicates that there is almost no degraded gDNA in all six 

materials (Figure 2). Further studies after 2 year’s storage and beyond will be carried out to 

monitor the stability of the panel.  

 

Our previous experience with other DNA reference panels suggests that it may take two-three 

years to see any degradation, even at elevated temperatures. 

 

Table 2. Mean Crossing Point (CP) Values for Real-Time PCR following storage of freeze-
dried preparations at elevated temperatures for 1 year. Samples (n=2) were amplified with 

the Roche Lightcycler®480 using primers for a 486 bp sequence on chromosome 11 with Roche 

kit LightCycler® FastStart DNA Master
PLUS

 SYBR Green I.  

 

Storage Temperature  

 

NIBSC 

code 

-150°C -20°C +45°C +56°C 

07/230 20.94 21.07 21.23 21.24 

07/232 21.21 21.19 21.27 21.56 

07/234 20.92 20.53 21.02 21.09 

07/236 21.23 21.05 21.15 21.09 

07/238 20.93 20.77 21.05 21.11 

07/240 21.12 21.02 20.92 21.09 
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Figure 2.  0.7% Agarose gel electrophoresis of 100 ng gDNA after storage of freeze-dried 
preparations at elevated temperatures for 1 year. M: Promega Lambda DNA/HindIII 

markers; S: Roche gDNA standard 100 ng.  

 

MM S -150 -20 +45 +56 -150 -20 +45 +56 -150 -20 +45 +56

07/234 07/230 07/238

S
storage temperature ( C)

M

23,130
9,416
6,557
4,361

2,322
2,027

23,130
9,416
6,557
4,361

2,322
2,027

-150 -20 +45 +56 -150 -20 +45 +56 -150 -20 +45 +56

07/236 07/240 07/232

M S MS
storage temperature ( C)

23,130
9,416
6,557
4,361

2,322
2,027

23,130
9,416
6,557
4,361

2,322
2,027

 
 

Preliminary Testing: Genotype Confirmation 
Genotypes of each of the materials were confirmed by two partners of the EuroGentest 

consortium (UK National Genetics Reference Laboratory, Manchester and National Centre for 

Medical Genetics, Dublin) prior to the collaborative study. 

 

Study Design 
Eighteen coded samples of the panel of six gDNA materials were sent to each laboratory with 

instructions for reconstitution and storage. Each laboratory was asked to perform their routine 

testing method(s) for PWS and AS by testing the coded samples in groups of six on three 

separate days, using different batches of reagents and/or different operators if possible.  

Laboratories were asked to report the test result and the interpretation. Overall findings for each 

sample and raw data, for example agarose gel or Southern blot images, were to be returned 

together with full details of the techniques used, any in-house or commercial controls and 

reasons for failure of any of the samples tested.   

 

Methods 
A total of 11 different methods were used by the participants of the collaborative study, as 

follows: 

 

1. MS-MLPA (methylation-specific multiplex ligation-dependent probe amplification; kit 

ME028 A1; MRC-Holland, Amsterdam, The Netherlands) 

2. MS-PCR (methylation-specific PCR; Zeschnigk et al. 1997)  

3. MS-PCR (Kubota et al. 1997) 
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4. MS-PCR (Kosaki et al. 1997) 

5. UBE3A sequencing 

6. Southern blotting 

7. Microsatellite analysis  (D15S113, GABRB3 (equally expressed on both chromosomes), 

D15S11 or D15S172)  

8. Methylation-sensitive PCR (Chotai & Payne. 1998) 

9. CGH (comparative genomic hybridisation) 

10. DHPLC (denaturing high-performance liquid chromatography; WAVE®, Transgenomic, 

Omaha, USA) 

11. Methylation-specific melting analysis (Procter et al. 2006) 

 

Each laboratory used at least one of these methods (Table 3). Sixteen laboratories used 

the MS-MLPA kit; four laboratories supplementing the results with those from a second method. 

Twenty one laboratories used one of the MS-PCR methods; six laboratories supplementing the 

results with those from a second method. Five laboratories carried out UBE3A sequencing in 

addition to either MS-MPLA or MS-PCR. Just one laboratory did not use either MS-MLPA or 

MS-PCR, instead using a methylation-specific melting analysis method. 
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Table 3. Methods used by Collaborative Study Participants. Testing methods used by 

participants in the collaborative study in the genetic diagnosis of PWS or AS.  

 

Testing Method Participant Laboratory Code Number Total 

MS-MLPA (kit ME028 A1; 

MRC-Holland) only 
1 7 10 13 16 20 23 26 27 28 29 34 12 

MS-PCR (Zeschnigk et al. 1997) 

only 
2 9 12 25 32 33 35      7 

MS-PCR (Kubota et al. 1997) 

only 
4 11 14 17 19 21 31      7 

MS-PCR (Kosaki et al. 1997) 

only 
30            1 

MS-MLPA (kit ME028 A1; 

MRC-Holland) and UBE3A 

sequencing 

5 15           2 

MS-MLPA (kit ME028 A1; 

MRC-Holland) and MS-PCR 

(Zeschnigk et al. 1997) and 

UBE3A sequencing 

24            1 

MS-MLPA (kit ME028 A1; 

MRC-Holland) and Southern 

Blotting 

36            1 

MS-PCR (Kubota et al. 1997) 

and microsatellite analysis 

(D15S113, GABRB3 and 

D15S11) 

37            1 

MS-PCR (Kubota et al. 1997) 

and UBE3A sequencing 
8 18           2 

MS-PCR (Kubota et al. 1997), 

Methylation-sensitive PCR 

(Chotai & Payne. 1998), 

microsatellite analysis (D15S172 

and D15S113) and CGH 

22            1 

MS-PCR (Kosaki et al. 1997) 

and DHPLC (Wave) 
3            1 

Methylation-Specific Melting 

Analysis (Procter et al. 2006) 
6            1 

Total 37 

 

Results 

Expected Results 
The 18 test samples comprised triplicates of each of the 6 materials (Table 4): 07/230 (Angelman 

Syndrome, maternal deletion), 07/232 (Angelman Syndrome, UBE3A point mutation), 07/234 

(Angelman Syndrome, paternal uniparental disomy or imprinting centre defect), 07/236 (Prader 

Willi Syndrome, paternal deletion), 07/238 (Prader Willi Syndrome, maternal uniparental 

disomy) and 07/240 (Prader Willi Syndrome, paternal deletion). 
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Table 4. Collaborative Study Expected Results. Expected result and interpretation of the 18 

samples tested by participants in the collaborative study. 

  
 

NIBSC 

code 

 

07/230 

Angelman 

Syndrome, 

maternal 

deletion 

07/232 

Angelman 

Syndrome, 

UBE3A 

point 

mutation 

07/234 

Angelman 

Syndrome, 

paternal 

uniparental 

disomy or 

imprinting 

centre defect 

07/236 

Prader 

Willi 

Syndrome, 

paternal 

deletion 

07/238 

Prader Willi 

Syndrome, 

maternal 

uniparental 

disomy 

07/240 

Prader 

Willi 

Syndrome, 

paternal 

deletion 

Sample 1 �      

Sample 2     �  

Sample 3   �    

Sample 4      � 

Sample 5  �     

Sample 6    �   

Sample 7   �    

Sample 8     �  

Sample 9    �   

Sample 10      � 

Sample 11 �      

Sample 12 �      

Sample 13    �   

Sample 14     �  

Sample 15  �     

Sample 16  �     

Sample 17      � 

Sample 18   �    

 

With the exception of one laboratory, all used either MS-MLPA or MS-PCR for at least one of 

their diagnostic methods; expected results for both methods are shown below (Table 5). It is 

noted that the AS patient from which material 07/234 was originally derived could not be 

verified as having either a paternal uniparental disomy or imprinting centre defect. However, 

since there are three principal genetic defects which can result in AS (paternal uniparental 

disomy/imprinting centre defect, maternal deletion or UBE3A point mutation), it is important 

that the panel includes one of each type. Additionally, since uniparental disomy and an 

imprinting centre defect are indistinguishable in the most commonly used MS-MLPA and MS-

PCR methods, the material remains highly valuable. PWS materials 07/236 and 07/240 both 

contain a paternal deletion; 07/236 is a rare unbalanced chromosome 15;19 translocation, 

whereas 07/240 is a typical deletion between common chromosome breakpoints within 

chromosome 15q11-q13 (a class I deletion), and thus both are important materials to include in 

the panel. UBE3A sequence analysis is usually performed when the DNA methylation pattern is 

normal, as for material 07/232. The mutation was confirmed as c.1234A>T p.Lys412Stop 

(UBE3A nomenclature following HGVS guidelines using GenBank accession number U84404.1 

and numbering from the “A” of the “ATG” start codon as nucleotide 1 in accordance with 

HGVS guidelines). 
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Table 5. Expected Results with MS-MLPA and MS-PCR. Expected results of the six 

materials with the most frequently used methods of MS-MLPA and MS-PCR. � and � indicate 

the expected result (presence or absence) with each of the techniques.    
 

MS-MLPA MS-PCR 

 

NIBSC code 

Deletion 

Maternal 

methylation 

pattern 

Paternal 

methylation 

pattern 

Maternal 

allele 

Paternal 

allele 

07/230                                                       

Angelman Syndrome,                                                  

maternal deletion    

����    � ����    � ����    

07/232                                                     

Angelman Syndrome,                                                              

UBE3A point mutation 

� ����    ����    ����    ����    

07/234                                                                    

Angelman Syndrome,                                             

paternal uniparental 

disomy or imprinting 

centre defect 

� � ����    � ����    

07/236                                                                     

Prader Willi 

Syndrome,                           

paternal deletion    

����    ����    � ����    � 

07/238                                                                 

Prader Willi 

Syndrome,                                                                                              

maternal uniparental 

disomy 

� ����    � ����    � 

07/240                                                         

Prader Willi 

Syndrome,                                                                                                       

paternal deletion    

����    ����    � ����    � 

 

Results Returned by Participants 
Specific data from all laboratories is shown in Appendix II. A summary of the results and 

interpretation is shown below. Some laboratories did not report their specific results, providing 

only the interpretation. Other laboratories provided additional comments on their data, which 

where possible has been noted. Data in the tables are summarised using as few terms as possible 

(for ease of reading) so may not always represent the actual terminology used on the 

participants’ results forms.  
  

Samples 1, 11 & 12 (07/230 Angelman Syndrome, maternal deletion) 
- Thirty six laboratories reported an ‘Angelman’ interpretation as expected.  

- One laboratory (laboratory 22) did not provide an overall interpretation for any of the 

samples (only that a D15S113 microdeletion was possible for all three of the samples). 
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Other comments: 

- One laboratory (laboratory 21) reported the presence of a faint maternal band with MS-

PCR in two of the three samples, although an ‘Angelman’ interpretation was made for all 

three of the samples.  

- Three laboratories (laboratories 23, 24 & 26) reported that signals from some of the 

methylation probes in MS-MLPA, particularly NDN exon 1 (418 bp) and SNRPN u1B 

exon (247 bp) were elevated post-digestion for all three of the samples 

- Three laboratories (laboratories 4, 7 & 24) reported that one of the three samples did not 

work in one test, but gave a successful result in the repeated test (with MS-PCR and MS-

MLPA).  

- Two laboratories (laboratories 20 & 27) reported that one of the three samples failed with 

MS-MLPA.  

- One laboratory (laboratory 30) reported that two of the three samples failed with MS-

PCR. 

- One laboratory (laboratory 36) was unable to carry out Southern blotting on one of the 

three samples as some of the material was lost during ampoule opening. 

- One laboratory (laboratory 22) did not get a result for any of the samples with MS-PCR 

or methylation-sensitive PCR. They also reported that a D15S172 microdeletion was 

possible for one sample, but excluded for one other sample (one sample was not tested), 

and experienced failed hybridisation on one sample with CGH (two samples were not 

tested).  

 

Samples 2, 8 & 14 (07/238 Prader Willi Syndrome, maternal uniparental disomy) 
- Thirty five laboratories reported a ‘Prader Willi’ interpretation as expected.  

- One laboratory (laboratory 31) reported the presence of a faint paternal band in MS-PCR 

in one of the three samples resulting in a suggested mosaic Prader Willi interpretation. 

Ordinarily this laboratory would request a new patient sample. 

- One laboratory (laboratory 27) reported signals from NDN exon 1 (418 bp) and SNRPN 

CpG island (142 bp) probes in MS-MLPA to have a normal methylation pattern in one of 

the three samples resulting in a ‘Prader Willi syndrome imprinting centre defect’ 

interpretation. This sample was also reported to have a NDN exon 1 (319 bp) duplication.   

 

Other comments: 

- One laboratory (laboratory 11) made a typographical error and reported the absence of 

the maternal allele in MS-PCR in two of the three samples although the correct Prader 

Willi interpretation was made for all three of the samples. This has now been amended by 

the laboratory. 

- One laboratory (laboratory 25) made a typographical error and reported the absence of 

the maternal allele in MS-PCR in one of the three samples although the correct Prader 

Willi interpretation was made for all three of the samples. This has now been amended by 

the laboratory.  

- One laboratory (laboratory 21) reported the presence of a faint paternal band with MS-

PCR in one of the three samples, although a ‘Prader Willi’ interpretation was made for all 

three of the samples.  

- One laboratory (laboratory 24) reported the presence of a faint paternal band with MS-

PCR in all three of the samples (and in both repeats of the assay), resulting in a ‘Prader 

Willi?’ interpretation.  
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- Three laboratories (laboratories 5, 24 & 26) reported that signals from some of the 

methylation probes in MS-MLPA were aberrant post-digestion in some of the samples 

only. For example, laboratory 26 reported the following: 

o Sample 2: reduced post-digestion dosage of all five imprinted region probes 

(average 0.767; expected 1.000).  

o Sample 8: average 0.770 for the five imprinted region probes with comment on 

the low 0.638 value for NDN exon 1 (418 bp). 

o Sample 14: average 0.821 for the five imprinted region probes. An additional 

comment on 50% dosage (0.457; expected 1.000) for undigested NDN exon 1 

probe (319 bp) for sample 14 compared with sample 2 (1.124) and sample 8 

(0.709) was made.  

- One laboratory (laboratory 22) did not get a result for any of the samples with MS-PCR 

or for two of the three samples with methylation-sensitive PCR. They also reported that a 

D15S172 microdeletion was possible for two samples, but excluded for one sample, and 

experienced failed hybridisation on one sample with CGH, with a reported 15q22-q23 

amplification for one other sample (one sample was not tested). A Prader Willi 

interpretation was made for the sample with successful methylation-sensitive PCR. 

 

Samples 3, 7 & 18 (07/234 Angelman Syndrome, paternal uniparental disomy or 

imprinting centre defect) 
- Thirty six laboratories reported an ‘Angelman’ interpretation as expected.  

- One laboratory (laboratory 30) reported the presence of a faint maternal band in MS-PCR 

in one of the three samples resulting in an ‘Angelman mosaic’ interpretation. Ordinarily 

this laboratory would undertake several repeats of the test and request a new patient 

sample. 

 

Other comments: 

- One laboratory (laboratory 21) reported the presence of a faint maternal band with MS-

PCR in two of the three samples, although an ‘Angelman’ interpretation was made for all 

three of the samples.  

- Two laboratories (laboratories 3 & 35) reported that one of the three samples did not 

work in one test in MS-PCR, but gave a successful result in the repeated test. 

- Five laboratories (laboratories 5, 16, 26, 27 & 34) reported that signals from various 

probes were aberrant in MS-MLPA: 

o Laboratory 5 reported signals from some of the methylation probes in MS-MLPA 

were aberrant post-digestion in all three of the samples. Specific data were not 

reported. 

o Laboratory 16 observed aberrant methylation results for MAGEL2 (promoter; 178 

bp) and MKRN3 (promoter; 209 bp) probes in all three of the samples.  

o Laboratory 26 reported elevated post-digestion GABRB3 exon 1 (409 bp) dosage 

in all three of the samples (average 0.152; expected 0.000). This laboratory also 

reported a reduced dosage for undigested GABRB3 exon 1 (409 bp) in sample 3 

(0.781; expected 1.000) compared with sample 7 (0.969) and sample 18 (0.834).  

o Laboratory 27 reported elevated NDN exon 1 (319 bp) dosage in sample 7, whilst 

for sample 18 reported reduced NDN exon 1 (319 bp) dosage. An imprinting 

centre defect was concluded for all three of the samples. Specific data were not 

reported. 

o Laboratory 34 reported copy number analysis as being ‘difficult to interpret’ in 

two of the three samples. Specific data were not reported. 
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- One laboratory (laboratory 22) did not get a result for any of the three samples with MS-

PCR, or for two of the three samples with methylation-sensitive PCR. They also reported 

that a D15S172 microdeletion was excluded for one sample, but possible for one other 

sample (although reported to be likely homozygosity; one sample was not tested), and 

that a D15S113 microdeletion was excluded for two samples (one sample failed). 

Additionally, a 15q22-q23 amplification with CGH was reported for one sample (two 

samples were not tested). An Angelman interpretation was made for the sample with 

successful methylation-sensitive PCR. 

- One laboratory (laboratory 37) reported a hemizygous deletion with microsatellite 

analysis for D15S113, GABRB3 and D15S11 in all three of the samples. 

 

Samples 4, 10 & 17 (07/240 Prader Willi Syndrome, paternal deletion) 
- Thirty six laboratories reported a ‘Prader Willi’ interpretation as expected. 

- One laboratory (laboratory 22) did not provide an overall interpretation for any of the 

samples (only that there was a PWS microdeletion for one of the three samples (two 

samples were not tested)). 

 

Other comments: 

- One laboratory (laboratory 11) made a typographical error and reported the absence of 

the maternal allele in MS-PCR in all three of the samples, although the correct Prader 

Willi interpretation was made for all three of the samples. This has now been amended by 

the laboratory. 

- One laboratory (laboratory 21) reported the presence of a faint paternal band with MS-

PCR in one of the three samples, although a ‘Prader Willi’ interpretation was made for all 

three of the samples.  

- One laboratory (laboratory 24) reported the presence of a faint paternal band with MS-

PCR in all three of the samples (and in both repeats of the assay), resulting in a ‘Prader 

Willi?’ interpretation.  

- One laboratory (laboratory 36) reported a faint maternal band only in Southern blotting in 

one of the three samples. 

- Two laboratories (laboratories 3 & 24) reported that one of the three samples did not 

work in one test, but gave a successful result in the repeated test (with MS-PCR and MS-

MLPA).  

- One laboratory (laboratory 29) did not get a result for one of the three samples in MS-

MLPA as the sample was lost during hydration. 

- One laboratory (laboratory 34) reported ‘PWS by paternal deletion?’ with MS-MLPA for 

one of the three samples and concluded the results not to be interpretable as the 

methylation pattern was not consistent for two of the three imprinted region probes. 

Specific data were not reported. 

- Three laboratories (laboratories 13, 26 & 27) reported that the signal from SNRPN U1B 

exon (247 bp) probe in MS-MLPA was significantly reduced post-digestion. 

- One laboratory (laboratory 24) reported signals from some methylation probes were close 

to the threshold for the methylation pattern results for one of the three samples in MS-

MLPA (but not in both repeats of the assay). Specific data were not reported. 

- One laboratory (laboratory 26) reported reduced post-digestion SNRPN CpG island (142 

bp) dosage in MS-MLPA for samples 4 (0.668) and 17 (0.659; expected 1.000) but did 

not comment on sample 10 (0.703). This laboratory also reported an increased dosage for 

undigested NDN exon 1 (319 bp) in sample 4 (0.767; expected 0.500) compared with 

sample 10 (0.513) and sample 17 (0.427).  
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- One laboratory (laboratory 22) did not get a result for any of the samples with MS-PCR, 

or for two of the three samples with methylation-sensitive PCR. They also reported a 

normal result for one sample in methylation-sensitive PCR (although could not exclude 

under-restriction), reported that D15S172 and D15S113 microdeletions were both 

possible for one sample, but both excluded for one other sample (one sample was not 

tested for D15S172 and failed for D15S113 analysis), and reported both a 15q13-q14 

microdeletion and a 15q22-q23 amplification with CGH for one sample (two samples 

were not tested).  

 

Samples 5, 15 & 16 (07/232 Angelman Syndrome, UBE3A point mutation) 
- Five laboratories (laboratories 5, 8, 15, 18 & 24) reported an ‘Angelman’ interpretation 

as expected including the correct sequenced mutation.  

- Twenty five laboratories reported that their method did not detect a mutation but did not 

make a ‘Normal’ interpretation. 

- Five laboratories (laboratories 6, 11, 12, 28 & 36) reported a ‘Normal’ or ‘negative 

Angelman’ interpretation. 

- One laboratory (laboratory 31) reported the presence of a faint paternal band in MS-PCR 

in two of the three samples resulting in a suggested mosaic Angelman interpretation. 

Whilst Angelman is the correct interpretation, the technical result is incorrect. Ordinarily 

this laboratory would request a new patient sample. (For the other sample, this laboratory 

reported that their method did not detect a mutation but did not make a ‘Normal’ 

interpretation).  

- One laboratory (laboratory 22) reported an ‘Angelman’ interpretation for one of the three 

samples with methylation-sensitive PCR. Whilst Angelman is the correct interpretation, 

the result is incorrect. An overall interpretation was not made for the other two samples 

(only that D15S172 and D15S113 microdeletions are possible).  

 

Other comments: 

- One laboratory (laboratory 6) made a typographical error and reported an ‘Angelman’ 

interpretation of a ‘Negative Angelman’ result in MS-MLPA in one of the three samples. 

This has now been adjusted by the laboratory to a ‘Normal’ interpretation.  

- One laboratory (laboratory 29) did not get a result for one of the three samples in MS-

MLPA as the sample was lost during hydration. 

- One laboratory (laboratory 24) reported a faint maternal band in MS-PCR in all three of 

the samples (but not in both repeats of the assay).  

- One laboratory (laboratory 26) reported elevated post-digestion GABRB3 exon 1 (409 bp) 

dosage in MS-MLPA for sample 5 (0.107) and sample 15 (0.104; expected 0.000) 

compared with sample 16 (0.000). This laboratory also reported elevated post-digestion 

SNRPN alt exon 1 (166 bp) dosage for sample 15 (0.765; expected 0.500) compared with 

sample 5 (0.537) and sample 16 (0.476). They also reported significantly reduced 

undigested NDN exon 1 (319 bp) dosage for all three of the samples (sample 5: 0.555; 

sample 15: 0.486; sample 16: 0.625; expected 1.000). 

- One laboratory (laboratory 34) reported copy number analysis as being ‘difficult to 

interpret’ in MS-MLPA for one of the three samples. Specific data were not reported.  

- One laboratory (laboratory 22) did not get a result for any of the samples with MS-PCR, 

or for two of the three samples with methylation-sensitive PCR. They also reported that 

D15S172 and D15S113 microdeletions were both possible for one sample (two samples 

were not tested for D15S172 and both failed for D15S113 analysis), and experienced 

failed hybridisation on one sample with CGH (two samples were not tested). Angelman 

was confirmed for the sample with a methylation-sensitive PCR result, which although 
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the correct interpretation is due to an incorrect result in the PCR (this sample would 

appear normal as it has both the (methylated, inactivated) maternal SNRPN and the 

(unmethylated, expressed) paternal SNRPN).  

Sample 6, 9 & 13 (07/236 Prader Willi Syndrome, paternal deletion) 
- Thirty five laboratories reported a ‘Prader Willi’ interpretation as expected. 

- One laboratory (laboratory 12) reported the absence of the maternal allele in MS-PCR in 

one of the three samples and an Angelman interpretation. This is a suspected 

typographical error, although could not be confirmed. 

- One laboratory (laboratory 21) reported a ‘Normal’ result in MS-PCR for one of the three 

samples with a ‘Normal. UBE3A sequencing needed’ interpretation.  

 

Other comments: 

- One laboratory (laboratory 11) made a typographical error and reported the absence of 

the maternal allele in MS-PCR in all three of the samples, although the correct Prader 

Willi interpretation was made for all three of the samples. This has now been amended by 

the laboratory. 

- One laboratory (laboratory 21) reported the presence of a faint paternal band with MS-

PCR in one of the three samples, although a ‘Prader Willi’ interpretation was made for all 

three of the samples.  

- One laboratory (laboratory 24) reported the presence of a faint paternal band with MS-

PCR in all three of the samples (and in both repeats of the assay), resulting in a ‘Prader 

Willi?’ interpretation.  

- One laboratory (laboratory 29) did not get a result for one of the three samples in MS-

MLPA as the sample was lost during hydration. 

- One laboratory (laboratory 24) reported that one of the three samples did not work in one 

test in MS-MLPA, but gave a successful result in the repeated test. 

- One laboratory (laboratory 26) reported reduced post-digestion SNRPN U1B exon (247 

bp) dosage in MS-MLPA for sample 6 (0.644; expected 1.000) compared with sample 9 

(0.853) and sample 13 (0.856). 

- One laboratory (laboratory 22) did not get a result for any of the samples with MS-PCR, 

or for two of the three samples with methylation-sensitive PCR. They also reported that a 

D15S172 microdeletion was possible for two samples, but excluded for one sample (a 

D15S113 microdeletion was possible for all three of the samples), and reported a normal 

46 X,Y karyotype for one sample whilst experiencing failed hybridisation for one sample 

with CGH (one sample was not tested). A Prader Willi interpretation was made for the 

sample with successful methylation-sensitive PCR.  

 

The following conclusions can be made when the results are considered by technique rather than 

by sample number; 

 

MS-MLPA Results 
New data on the MS-MLPA kit (ME028; MRC-Holland) emphasises that several copy number 

changes in the chromosome 15q11 PWS/AS critical region have been reported in healthy 

individuals, including in SNRPN exons u1B and u1B*. This may explain the aberrant signals for 

SNRPN u1B exon (247 bp) post-digestion for samples 1, 11 & 12 (07/230 Angelman syndrome, 

maternal deletion) and samples 4, 10 & 17 (07/240 Prader Willi Syndrome, paternal deletion) 

consistently reported by several laboratories. It is also noted that the NDN exon 1 (418 bp) probe 

has a tendency to over-digest, resulting in a 30-50% signal post-digestion in healthy individuals 

(MRC-Holland). And furthermore, normal variation in the NDN locus has been frequently 

observed by others (Ramsden et al. 2008). This may explain the aberrant signals for NDN exon 1 
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(418 bp) post-digestion for samples 1, 11 & 12 (07/230 Angelman syndrome, maternal deletion), 

samples 2, 8 & 14 (07/238 Prader Willi Syndrome, maternal uniparental disomy), samples 4, 10 

& 17 (07/240 Prader Willi Syndrome, paternal deletion), and the aberrant undigested signals for 

NDN exon 1 (319 bp) for samples 5, 15 & 16 (07/232 Angelman Syndrome, UBE3A point 

mutation). 

 

Comments concerning other specific probes were not made by all laboratories. For example, 

signals from some of the methylation-specific probes for samples 2, 8 & 14 (07/238 Prader Willi 

Syndrome, maternal uniparental disomy) were sometimes reported as aberrant (reduced). Or as a 

second example, for samples 3, 7 & 18 (07/234 Angelman Syndrome, paternal uniparental 

disomy or imprinting centre defect) one laboratory commented on aberrant methylation results 

for MAGEL2 (promoter; 178 bp) and MKRN3 (promoter; 209 bp) probes in all three of the 

samples whereas another laboratory commented on elevated post-digestion GABRB3 exon 1 (409 

bp) dosage in all three of the samples.  

 

These variations and others reported are considered to be real as they are consistent between 

triplicate samples and between laboratories and maybe attributed to somatic variability seen in 

individuals and also methylation changes occurring in cell culture. However, it is for only one 

sample tested by one laboratory (laboratory 27) that an incorrect interpretation of ‘Prader Willi 

syndrome imprinting defect’ was made (one of the three samples of 07/238 [Prader Willi 

Syndrome, maternal uniparental disomy]); the overall disorder interpretation was not incorrect.  

 

In summary, some significant variability was seen in signals from MS-MLPA tests but none of 

this variability can be considered abnormal. 

 

MS-PCR Results 
The presence of additional faint maternal (in AS) or paternal (in PWS) bands in MS-PCR in 

some of the samples was reported by four laboratories; two of these were following the Kubota 

et al. (1997) method, one the Kosaki et al. (1997) method and one the Zeschnigk et al. (1997) 

method.  

 

Kubota et al. (1997) method: 

- Eleven laboratories overall used this method. 

- Two laboratories (laboratories 21 & 31) reported additional (incorrect) bands. 

- Laboratory 21: one PWS sample with a normal pattern and ‘Normal’ interpretation; three 

PWS samples with a faint paternal band and a ‘Prader Willi’ interpretation; four AS 

samples with a faint maternal band and an ‘Angelman’ interpretation. No three samples 

from the same material had the additional (incorrect) band. 

- Laboratory 31: one PWS sample with a faint paternal band and a ‘Mosaicism?’ 

interpretation; two AS samples with a faint maternal band and a ‘Mosaicism?’ 

interpretation. 

- Both laboratories 21 & 31 reported using the published method with in-house prepared 

reagents; this was also as carried out by three other laboratories which did not report 

additional (incorrect) bands. The EZ DNA Methylation Gold Kit (Zymo Research; 

Orange, CA) and EpiTect Bisulfite Kit (Qiagen, Crawley, UK) were also successfully 

used by other laboratories for DNA modification prior to MS-PCR.  

- The inconsistent presence of additional (incorrect) bands and the absence in results from 

other laboratories likely suggests the results to be specific to the laboratories rather than 

the materials themselves.  
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Kosaki et al. (1997) method:  

- Two laboratories overall used this method, both following the published method with in-

house prepared reagents. 

- One laboratory (laboratory 30) reported an additional (incorrect) band: one AS sample 

with a faint maternal band and an ‘Angelman Mosaic’ interpretation. 

- The additional (incorrect) band was in one of the triplicate samples only and the absence 

in results from the other laboratory suggest this to be a spurious result only.  

 

Zeschnigk et al. (1997) method: 

- Eight laboratories overall used this method. 

- One laboratory (laboratory 22) reported additional (incorrect) bands: a faint paternal band 

in all triplicates of the three PWS materials and in both repeats of the assay, resulting in a 

‘Prader Willi?’ interpretation for all of these samples.  

- Laboratory 22 also reported extra faint paternal bands in their own PWS samples and 

suggests the problem may be in-house due to non-effective DNA modification (using the 

Chemicon CpGenome Universal DNA Modification Kit). This kit was not used by other 

laboratories, whereas the EZ DNA Methylation Gold Kit and EZ DNA Methylation Kit 

(Zymo Research) and EpiTect Bisulfite Kit (Qiagen) were successfully used.  

 

Since these additional (incorrect) bands in MS-PCR were not consistently present in triplicate 

samples and across multiple laboratories using the same techniques, we therefore consider these 

materials to be suitable for use in MS-PCR. 

 

Sequencing Results 
Of the five laboratories carrying out UBE3A sequencing on samples 5, 15 & 16 (07/232 

Angelman Syndrome, UBE3A mutation), all five reported the correct UBE3A mutation. Twenty 

six laboratories reported that their method did not detect a mutation but did not make a ‘Normal’ 

interpretation. Of those, 10 laboratories reported that they do not routinely offer UBE3A 

sequencing; 2 of these 10 laboratories can send their samples to another laboratory for 

sequencing. Five laboratories reported the interpretation as either ‘Negative Angelman’ or 

‘Normal’ without suggesting a possible UBE3A mutation. (One laboratory [laboratory 22] 

reported an ‘Angelman’ interpretation for one sample due to an incorrect methylation-sensitive 

PCR result; an interpretation was not made for the other two samples). 

 

The 07/232 AS material with the UBE3A mutation is representative of approximately 10% of 

individuals with AS which can be confirmed by sequence analysis of UBE3A (Ramsden et al. 

2008) and thus was considered to be an important component of the panel. 

 

Testing carried out by Participants 
Eighteen laboratories used more than one batch of reagents and the testing was carried out by 

more than one operator in twelve laboratories. 

 

Controls 
The controls used by participants were as follows: 31 laboratories used in-house materials 

(previously characterised clinical samples from patients and normal controls), 2 laboratories 

(laboratories 26 & 32) used DNA samples supplied by the Coriell Institute (for laboratory 26 this 

was in addition to in-house controls), 2 laboratories (laboratories 18 & 19) used CAP (College of 

American Pathologists) survey materials and 2 laboratories (laboratories 15 & 28) did not 
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specify which control material they used. One laboratory (laboratory 22) stated that no control 

samples with specific mutations were used.  

 

Participants’ Responses   
All laboratories participating in the collaborative studies were sent a copy of the final report and 

their approval of the materials was sought.  To date, all laboratories that have replied (n=36) 

have agreed that the candidate materials are suitable for use as an International Genetic 

Reference Panel for Prader Willi and Angelman Syndromes. The final laboratory did not respond 

but acknowledged the read receipt on the e-mail which stated if they did not respond, their 

agreement to the proposal would be assumed without no further comments.  

 

The most frequent (n=20) comment from participants was that the DNA was of good quality and 

appropriate concentration. Fewer laboratories (n=6) reported that the DNA concentration was 

lower than that usually used but either worked satisfactorily in the assay at the lower 

concentration or could be reconstituted in a smaller volume to achieve the usual working 

concentration which worked satisfactorily. Two laboratories reported that the DNA did not 

always work satisfactorily in their methods; laboratories 1 & 22, although the former was still 

able to report full results for each sample, and the latter acknowledges they were at the time 

establishing testing methods in their laboratory. Thirteen laboratories were satisfied with the 

glass ampoules, whereas nine laboratories were less satisfied, primarily citing theoretical 

concerns over breakage when opening. These concerns are recognised, however freeze-drying in 

glass ampoules which can be completely sealed is the preferred method for ensuring long-term 

stability of International Standards. 

 

Five laboratories commented that were these patient samples, parental and/or patient blood 

samples would be required to determine the mutation mechanism. Also, the large number of 

samples laboratories were asked to test over a limited period of time is acknowledged. 

 

Discussion  
The first International Genetic Reference Material was approved by the Expert Committee on 

Biological Standardization (ECBS) of the World Health Organization in November 2004 and 

comprised a panel of three materials for the genetic diagnosis of Factor V Leiden. The same 

approach was used for the Prothrombin Mutation G20210A approved in November 2005, Factor 

VIII intron 22 inversion and Fragile X, both approved in 2008. In the current study a similar 

approach was adopted; blood was obtained from well-characterised patients, EBV-transformed 

cell lines were established in order to assure a continued future supply of the same genetic 

material, and following large scale cell culture and DNA extraction, a panel of gDNAs was 

freeze-dried in ampoules. 

 

Thirty seven laboratories participated in this international collaborative study to evaluate the 

suitability of the proposed panel of gDNA samples as the 1st International Genetic Reference 

Panel for Prader Willi and Angelman Syndromes (NIBSC panel code 09/140). The study was 

designed to determine the performance of the panel in a large number of laboratories using a 

variety of methods. In order to assess the consistency of the panel’s performance, participants 

were requested to carry out the study on three separate days and with different operators and 

batches of reagents where possible.  

 

All samples and their replicates performed well in the study and most laboratories were able to 

determine the expected result. Of the eleven different methods, only CGH could not provide 

acceptable results. However, this is based on the results of one laboratory (laboratory 22) only 



WHO/BS/09.2105 

Page 23 
 

and so is not conclusive as we do not know if this is due to the method or the laboratory. In 

addition to laboratory 22 which was not able to provide an overall interpretation for many of the 

samples, only three further laboratories reported samples which failed to work in their tests (four 

samples total), although in none of these three laboratories did all three samples from the same 

material fail to work.   

 

The presence of aberrant signals in MS-MLPA for some of the materials may be attributed to 

normal copy number/methylation variations seen in healthy individuals or a cell culture artifact. 

These specific results do not however affect the overall interpretation of the sample. However, it 

is intended that the ‘Instructions For Use’ accompanying each panel will highlight the dosage 

results expected for each material (Appendix IV). 

 

In MS-PCR, the presence of faint maternal (in AS) or paternal (in PWS) bands could not 

conclusively be attributed to the materials themselves as results were not consistent for all 

samples across all laboratories undertaking the same methods. However, it is intended that the 

‘Instructions For Use’ accompanying each panel will emphasise that only the appropriate band or 

bands should act as an indicator of successful DNA modification in MS-PCR (Appendix IV). 

Some laboratories may detect additional faint bands which may be due to the DNA modification 

method. 

 

Such observations with these commonly-used techniques are not specific to our materials since 

they are noted also for patient materials across laboratories. This means therefore that the 

materials are more representative of actual patient samples and are more suitable as reference 

materials than samples which give only idealistic results. 

 

A total of 38 incorrect results were reported, giving an overall result error frequency of 5.71% 

for 666 tests (37 laboratories each testing 18 samples), although these were clustered in 7 

laboratories. Overall 36 incorrect interpretations were made, an interpretation error frequency of 

5.41%. However, it is noted that the interpretation error frequency includes 15 ‘Normal’ or 

‘negative Angelman’ interpretations for samples 5, 15, & 16 (07/232 Angelman Syndrome, 

UBE3A mutation) for which UBE3A sequencing was not carried out. The interpretation error 

frequency is reduced to 3.15% if the 15 above results for 07/232 are excluded. This error is 

higher than observed in our previous studies with different panels (Factor V Leiden: 0.7%; 

Prothrombin mutation G20210A: 0.7%; Factor VIII intron 22 inversion: 1.8%; Fragile X: 4.9%) 

thus emphasising the need for improvement in testing and the availability of reference materials 

for Prader Willi and Angelman syndromes. 

 

Conclusions and Proposal 
The results of this international multi-centre study show that each of the following materials are 

suitable for use as reference materials in laboratories carrying out genotyping for Prader Willi 

and Angelman syndromes: 07/230 (Angelman Syndrome, maternal deletion), 07/232 (Angelman 

Syndrome, UBE3A point mutation), 07/234 (Angelman Syndrome, paternal uniparental disomy 

or imprinting centre defect), 07/236 (Prader Willi Syndrome, paternal deletion), 07/238 (Prader 

Willi Syndrome, maternal uniparental disomy) and 07/240 (Prader Willi Syndrome, paternal 

deletion).  
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We would like to propose that the above materials be established by the World Health 

Organization (WHO) as the 1st International Genetic Reference Panel for Prader Willi and 

Angelman Syndromes, Human gDNA (NIBSC panel code 09/140). Formal endorsement of the 

proposal was sought from the European Society for Human Genetics (ESHG). A statement from 

the Clinical Services Quality Committee of the ESHG, approved by the board of the society, is 

appended (Appendix III). 
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Appendix I. Participants Returning Results. Participants of the collaborative study to 

assess the suitability of a panel of genomic DNA materials as the 1st International Genetic Reference Panel for 

Prader Willi and Angelman Syndromes, Human gDNA.  
Name Institute Country

Dr. M. A. Alliende INTA University of Chile, Santiago Chile

Dr. D. Barton                                            

Ms. K. Meaney
National Centre for Medical Genetics , Our Lady’s Children’s Hospital, Dublin Ireland

Dr. A. Beckmann MVZ Dortmund, Dortmund Germany

Dr. M.-L. Bondeson Uppsala University Hospital, Uppsala Sweden

Dr. S. Boulanger Institute of Pathology and Genetics, Gosselies Belgium

Prof. I. Creveaux CHU-Centre Hospitalier Universitaire de Clermont-Ferrand, Clermont-Ferrand France

Dr. E. De Baere Center for Medical Genetics, Ghent University Hospital, Ghent Belgium

Dr. C. Fagerberg                                  

Dr. A. Rasmussen
Vejle Hospital, Vejle Denmark

Dr. M. Guitart                                           

Dr. I. Crespo 
UDIAT-Centre Diagnòstic, Sabadell Spain

Dr. K. Heinimann University Children's Hospital, Basel Switzerland

Dr. J. M. Hertz                                    

Dr. A. Aggerholm
Aarhus University Hospital, Aarhus Denmark

Dr. J. Jackson The Children’s Hospital at Westmead, Westmead Australia

Dr. C.-S. Ki Samsung Medical Center, Seoul Korea

Dr. E. Koay Molecular Diagnosis Centre, National University Hospital, Singapore Singapore 

Dr. A. Krepelova                                                  

Dr. P. Hedvicakova
Institute of Biology and Medical Genetics, University Hospital Motol, Prague Czech Republic

Dr. H.-Y. Law KK Women’s and Children’s Hospital, Singapore Singapore 

Dr. I. Lebedev                             

Dr. E. Sazhenova                           

Ms. N. Skryabin

Institute of Medical Genetics, Tomsk Russia

Dr. D. Love LabPLUS, Auckland City Hospital, Auckland New Zealand

Dr. R. Mao ARUP Laboratories, Salt Lake City, UT USA

Dr. E. Mornet Laboratoire SESEP, Centre Hospitalier de Versailles, Le Chesnay France
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Ms. C. Osterman                                  
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Karolinska University Hospital, Stockholm Sweden
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Dr. C. Sismani
The Cyprus Institute of Neurology and Genetics, Nicosia Cyprus
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Dr. V. M. Pratt Quest Diagnostics, Nichols Institute, Chantilly, VA USA

Prof. M. Ramsay                                     

Ms. F. Essop
National Health Laboratory Service, Johannesburg South Africa

Dr. S. Ramsden                                     

Dr. S. Tobi
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Dr. M.-L. Väisänen Oulu University Hospital, Oulu Finland 

Dr. J.-F. Vanbellinghen Human Genetics Laboratory, University Hospital of Liege, Leige Belgium  



WHO/BS/09.2105 

Page 27 
 

Appendix II. Collaborative Study Results  
The code number representing each laboratory has been anonymised and does not reflect the 

order of listing in Appendix I. The data in tables II.1-II.6 are summarised using as few terms as 

possible so may not always represent the actual terminology used on the participants’ results 

forms. Each table is extended over two pages; please read the two pages side-by-side. 

Colour coding and the use of bold font indicate the following: 

 

Correct interpretation but additional comments

Sample failed in assay

Incorrect result or interpretation
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Table II.1. Collaborative Study Results for Samples 1, 11 & 12 (07/230 Angelman Syndrome, maternal 
deletion). 1Sample failed in one test, successful in repeat. 2Faint maternal band in MS-PCR. 3MS-PCR failed. 
4
Methylation-sensitive PCR failed (DNA under-restriction). 

5
Inconsistent results between samples for D15S172. 

6
Additional MS-MLPA comments. 
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Table II.1.continued. 
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Table II.2. Collaborative Study Results for Samples 2, 8 & 14 (07/238 Prader Willi Syndrome, maternal 
uniparental disomy). 

1
Additional MS-MLPA comments. 

2
Corrected typographical error. 

3
Faint paternal band in 

MS-PCR (4associated ‘Prader Willi?’ interpretation). 5MS-PCR failed. 6Methylation-sensitive PCR failed (DNA 

under-restriction). 
7
Inconsistent results between samples for D15S172. 

8
MS-MLPA results concluded a Prader Willi 

imprinting centre defect interpretation. 
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Table II.2. continued.  
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Table II.3. Collaborative Study Results for Samples 3, 7 & 18 (07/234 Angelman Syndrome, paternal 
uniparental disomy or imprinting centre defect). 

1
Sample failed in one test, successful in repeat. 

2
Additional MS-

MLPA comments. 3Faint maternal band in MS-PCR. 4MS-PCR failed. 5Methylation-sensitive PCR failed (DNA 

under-restriction). 
6
Inconsistent results between samples for D15S172. 

7
Microsatellite analysis concluded 

hemizygous deletion. 
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Table II.3. continued. 
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Table II.4. Collaborative Study Results for Samples 4, 10 & 17 (07/240 Prader Willi Syndrome, paternal 
deletion). 

1
Sample failed in one test, successful in repeat. 

2
Corrected typographical error. 

3
Additional MS-MLPA 

comments. 4Faint paternal band in MS-PCR (5associated ‘Prader Willi?’ interpretation). 6MS-PCR failed. 
7
Methylation-sensitive PCR failed (DNA under-restriction). 

8
Inconsistent results between samples for D15S172 and 

D15S113. 
9
Normal methylation-sensitive PCR, but under-restriction cannot be excluded. 

10
Weak maternal band in 

Southern blot.  
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Table II.4. continued. 

 

 



WHO/BS/09.2105 

Page 36 
 
Table II.5. Collaborative Study Results for Samples 5, 15 & 16 (07/232 Angelman Syndrome, UBE3A 

mutation). 
1
Adjusted typographical error.  

2
MS-PCR failed. 

3
Methylation-sensitive PCR failed (DNA under-

restriction). 4Correct interpretation but result is incorrect. 5Faint maternal band in MS-PCR. 6Additional MS-MLPA 

comments. 
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Table II.5. continued. 

 

 
 



WHO/BS/09.2105 

Page 38 
 
Table II.6. Collaborative Study Results for Samples 6, 9 & 13 (07/236 Prader Willi Syndrome, paternal 
deletion). 

1
Corrected typographical error. 

2
Suspected typographical error. 

3
Maternal and paternal bands equally 

present. 4Faint paternal band in MS-PCR (5associated ‘Prader Willi?’ interpretation). 6MS-PCR failed. 7Methylation-

sensitive PCR failed (DNA under-restriction). 
8
Inconsistent results between samples for D15S172. 

9
Sample failed in 

one test, successful in repeat. 
10

Additional MS-MLPA comments. 
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Table II.6. continued. 
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Appendix III. Statement of Support 

 
European Society of Human Genetics  

A statement from the Clinical Services Quality Committee of the European 
Society for Human Genetics  

endorsed by the Board of the Society  
 

User defined needs and prioritisation for the development of Reference Materials 
for Molecular Genetics Testing  
 
The World Health Organisation’s Expert Committee on Biological Standardization (ECBS) have 
recently adopted a panel of reference materials produced by the UK National Institute for 
Biological Standards and Control (NIBSC) relevant to molecular genetic testing for Fragile X 
disease. This specific panel was endorsed by the European Society for Human Genetics Quality 
Committee. The European Society for Human Genetics welcomes this adoption by the WHO as 
a significant step forward in standardisation and traceability and a contribution towards ensuring 
the international comparability of laboratory testing in genetics. 
 
Mutations in specific genes have been associated with more than 1,000 single gene disorders. 
With just a handful of exceptions, all of them fall within the formal European Commission 
definition of rare diseases. This great diversity presents a challenge in establishing 
comparability and traceability of molecular genetic testing; it will never be feasible to develop 
and manufacture reference materials specific for each gene and each genetic variant within a 
gene. The European Union-funded Certified Reference Materials for Genetics project and 
EuroGentest Network of Excellence, the UK National Genetics Reference Laboratories and the 
NIBSC have collaborated to prioritise requirements for genetic reference materials. This 
extensive prioritisation exercise, based on international end user surveys, test utilisation data, 
workshops and consultation with stakeholder organisations, enabled a gap analysis to identify 
the most-needed reference materials for clinical genetics testing. This led in turn to a 
programme of sourcing patient materials with informed consent, archiving, manufacture and 
international field trialling of genomic DNA based reference materials by NIBSC.  
 
This work has resulted in a small number of defined categories for the development of reference 
materials for:  

• quantitative genetic measurements (Fragile X disease, Spinocerebellar ataxias)  

• analysis of methylation defects (Prader Willi syndrome/Angelman syndrome)  

• detection of point mutations (hereditary non polyposis colon cancer, hereditary 
haemochromatosis)  

• detection of intragenic copy number variation (hereditary non polyposis colon 
cancer)  
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As a set these reference materials are not generic but are nonetheless representative of the 
spectrum of genetic variants that most diagnostic laboratories are required to detect. These four 
defined categories will therefore meet the most urgent needs of genetic diagnostics. The quality 
and safety of genetic analysis through laboratory proficiency testing and accreditation, over 
recent years, has recognized the value of using reference materials (to comply with medical 
laboratory accreditation to ISO 15189 and more specific quality assurance guidelines for 
molecular genetic testing [Organisation for Economic Co-operation and Development 2007]. For 
these reasons the ESHG Quality Committee endorses the prioritisation of the NIBSC and the 
specific panel for diagnosis of Prader Willi and Angelman syndromes which form the planned 
second phase reference material panel in a production schedule.  
 
A panel of genomic Reference Materials to standardise the clinical diagnosis of Prader 
Willi and Angelman syndromes by molecular genetic testing  
 
Prader-Willi syndrome (PWS) is characterized by severe hypotonia and feeding difficulties in 
early infancy, a common condition which can have many different causes, making PWS testing 
an important part of the differential diagnosis. Angelman syndrome (AS) presents with a 
complex set of clinical features, many of which are common to other conditions, so the 
molecular genetic test is required for a definitive diagnosis.  
Both PWS and AS are amongst the most often-requested molecular genetic tests, with PWS 
being particularly prominent.  
 
The panel of DNAs for the proposed PWS/AS standard was chosen to represent the most 
commonly-encountered scenarios in PWS/AS testing. Prader-Willi syndrome and Angelman 
syndrome are distinct phenotypes which share a common genetic mechanism operating at a 
shared locus and are therefore diagnosed using the same molecular genetic tests.  
 
Prader-Willi syndrome may be caused by the presence of two copies of the maternal 
chromosome 15 (maternal uniparental disomy or mUPD), by deletions in the paternal 
chromosome 15 or by chromosome translocations. Similarly, Angelman syndrome may be 
caused by deletions in the maternal copy of chromosome 15, paternal UPD or point mutations 
in the UBE3A gene. All of these mechanisms are represented on the panel, which therefore 
represents the minimal set of DNA required to act as a reference panel for these disorders.  
 
Molecular genetic diagnosis of PWS and AS relies mostly on detecting abnormal methylation 
patterns or copy number changes in patient DNA. Such tests are more challenging than the 
usual mutation detection or sequence analysis, making well-characterized reference materials 
essential for assay validation and ongoing quality control.  
 
The ESHG Quality Committee wholeheartedly endorses the panel of DNAs developed by 
NIBSC for approval as a WHO Reference Panel. The Society furthermore supports NIBSC’s 
ongoing programme to develop reference panels for the jointly prioritised set of inherited 
disorders.  

 
Chair of Clinical Services Quality Committee of the European Society for Human Genetics  
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Appendix IV. Proposed Instructions for Use



 

Proposed WHO International Standard 

Prader Willi & Angelman Syndromes, Human gDNA 

1st International Genetic Reference Panel 

NIBSC code: 09/140 

Instructions for use  

(Version 1.00, Dated 23/06/2009) 

 

 

1.    INTENDED USE  

The ampoules contain freeze-dried purified genomic DNA (gDNA) 

samples extracted from Epstein Barr virus (EBV) transformed cell 

lines.  They are intended for use as a reference panel in genetic 

testing for Prader Willi & Angelman syndromes. This panel is 

proposed in 2009 as the 1st International Genetic Reference Panel 

for Prader Willi & Angelman syndromes to the Expert Committee 
on Biological Standardization (ECBS) of the World Health 

Organization (WHO). 

N.B. these materials should not be put to any other use. 
. 

2.    CAUTION 

This preparation is not for administration to humans. 

Each material was tested and found to be negative for HIV1, 

HTLV1, HBV and HCV by PCR. As with all materials of 

biological origin, this preparation should be regarded as potentially 

hazardous to health. It should be used and discarded according to 

your own laboratory’s safety procedures. Such safety procedures 

should include the wearing of protective gloves and avoiding the 

generation of aerosols. Care should be exercised in opening 

ampoules to avoid cuts. 

 

3.    UNITAGE 

There is no unitage assigned to these materials. 

 

4.    CONTENTS 

Country of origin of biological material: United Kingdom. 

The DNA samples were extracted using a ‘salting out’ method and 

suspended in Tris/EDTA buffer with 5 mg/ml Trehalose as an 

excipient before freeze-drying.  

The panel comprises six individually coded ampoules, each 

containing approximately 5 µg human gDNA;  

 

 07/230 Angelman Syndrome, maternal deletion  

       07/232 Angelman Syndrome, UBE3A point mutation  

07/234 Angelman Syndrome, paternal uniparental disomy or 

imprinting centre defect  
 07/236 Prader Willi Syndrome, paternal deletion 

  07/238 Prader Willi Syndrome, maternal uniparental disomy 

 07/240 Prader Willi Syndrome, paternal deletion 
 

The panel was tested in an international collaborative study 

involving 37 laboratories and the genotypes confirmed. 

UBE3A sequence analysis of material 07/232 confirmed the 

mutation as c.1234A>T p.Lys412Stop (UBE3A nomenclature 
following HGVS guidelines using GenBank accession number 

U84404.1 and numbering from the “A” of the “ATG” start codon 

as nucleotide 1 in accordance with HGVS guidelines). 

In methylation-specific PCR (MS-PCR), only the appropriate 

band(s) should be present as an indicator of successful DNA 

modification and MS-PCR. Some laboratories may detect 

additional faint bands which may be due to the DNA modification 

method.  

Normal variation in methylation levels and copy number changes 

in the Prader Willi & Angelman Syndrome critical region have 

been reported in healthy individuals (Ramsden et al. 2008) and 

may be apparent in methylation-specific multiplex ligation-
dependent probe amplification (MS-MLPA); aberrant signals for 

SNRPN u1B exon post-digestion for materials 07/230 and 07/240, 

and for NDN exon 1 post-digestion for materials 07/230, 07/238, 
07/240, and undigested signals for NDN exon 1 for material 07/232 

were reported in the collaborative study. Overall results for each of 

the methods are as follows: 

 

 

 

 

 

 

 

 

 MS-MLPA MS-PCR 

 Deletion 
Maternal 

methylation 

pattern 

Paternal 

methylation 

pattern 

Maternal 

allele 

Paternal 

allele 

07/230                                                       � � � � � 

07/232                                                     � � � � � 

07/234                                                                      � � � � � 

07/236                                                                     � � � � � 

07/238                                                                 � � � � � 

07/240                                                         � � � � � 

� and � indicate the expected result from each of the techniques. 

 

5.    STORAGE 

Store all unopened ampoules of the freeze-dried preparations at -
20°C or below. 

 

6.    DIRECTIONS FOR OPENING 
DIN ampoules have an ‘easy-open’ coloured stress point, where 

the narrow ampoule stem joins the wider ampoule body. 

Tap the ampoule gently to collect the material at the bottom 

(labelled) end. Ensure that the disposable ampoule safety breaker 

provided is pushed down on the stem of the ampoule and against 

the shoulder of the ampoule body. Hold the body of the ampoule in 

one hand and the disposable ampoule breaker covering the 

ampoule stem between the thumb and first finger of the other hand. 

Apply a bending force to open the ampoule at the coloured stress 
point, primarily using the hand holding the plastic collar.  

Care should be taken to avoid cuts and projectile glass fragments 

that might enter the eyes, for example, by the use of suitable gloves 
and an eye shield. Take care that no material is lost from the 

ampoule and no glass falls into the ampoule. Within the ampoule is 

dry nitrogen gas at slightly less than atmospheric pressure. A new 
disposable ampoule breaker is provided with each DIN ampoule.  

 

7.    USE OF MATERIAL 

a.  Open ampoule as described in section 6. above. 

b.  Reconstitute freeze-dried material at room temperature with 100 
µl sterile nuclease-free water.   

c.  Transfer the entire contents to nuclease-free tube. 

d. Allow the material to reconstitute for 1 hour at room 

temperature and pipette well to mix before use. 

e. We recommend that the material is used directly after 

reconstitution and is not stored beyond this point, but if this is 

desired, then the material should be stored in sealed tubes between 

+2 to +8°C if the samples are to be tested within 3 months.  For 

longer periods, store in aliquots at -20°C or below. Care should be 
taken to avoid cross-contamination with other samples. 

 

8.    STABILITY  
NIBSC follows the policy of WHO with respect to its reference 

materials. It is the policy of WHO not to assign an expiry date to 

their international reference materials. They remain valid with the 
assigned potency and status until withdrawn or amended. 

 

Accelerated degradation experiments indicate that the freeze-dried 

materials in ampoules are stable after incubation at +56°C and 

+45°C for at least 1 year. 

 

Users who have data supporting any deterioration in the 

characteristics of any reference preparation are encouraged to 

contact NIBSC. 

 

9.    REFERENCES        

Ramsden SC, Clayton-Smith J, Birch R, Buiting K. Practice 
Guidelines for Molecular Analysis of Prader-Willi and Angelman 

Syndromes. Clinical Molecular Genetics Society (CMGS), 

http://cmgsweb.shared.hosting.zen.co.uk/  
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11.    FURTHER INFORMATION 

Further information can be obtained as follows; 

This material: enquiries@nibsc.hpa.org.uk 
WHO Biological Standards: http://www.who.int/biologicals/en/ 
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Derivation of International Units: 

http://www.nibsc.ac.uk/products/faq.asp 

Ordering standards from NIBSC: 
http://www.nibsc.ac.uk/products/faq.asp 

NIBSC Terms & Conditions: http://www.nibsc.ac.uk/terms.html 

 

12.    CUSTOMER FEEDBACK 

Customers are encouraged to provide feedback on the suitability or 

use of the material provided or other aspects of our service. Please 
send any comments to enquiries@nibsc.hpa.org.uk 

 

13.    CITATION  

In all publications, including data sheets, in which this material is 

referenced, it is important that the preparation's title, its status, the 

NIBSC code number, and the name and address of NIBSC are 

cited and cited correctly. 

 

14.    MATERIAL SAFETY SHEET   

Physical and Chemical properties 

Physical appearance:  

Freeze-dried solid 

Corrosive:            No 

Stable:  Yes Oxidising:            No 

Hygroscopic: Yes Irritant:                No 

Flammable: No Handling:  

See caution, Section 2 

Other (specify): Contains material of human origin 

Toxicological properties 

Effects of inhalation:     Not established, avoid inhalation 

Effects of ingestion:     Not established, avoid ingestion 

Effects of skin absorption: Not established, avoid skin contact 

Suggested First Aid 

Inhalation:      Seek medical advice 

Ingestion:      Seek medical advice 

Contact with eyes: Wash with copious amounts of water. Seek 

medical advice 

Contact with skin: Wash thoroughly with water 

Action on Spillage and Method of Disposal 

Spillage of ampoule contents should be taken up with absorbent 

material wetted with an appropriate disinfectant. Rinse area 

with an appropriate disinfectant followed by water. 

Absorbent materials used to treat spillage should be treated as 

biological waste. 

15.    LIABILITY AND LOSS 

Information provided by the Institute is given after the exercise of 

all reasonable care and skill in its compilation, preparation and 

issue, but it is provided without liability to the Recipient in its 

application and use.  
It is the responsibility of the Recipient to determine the 

appropriateness of the standards or reference materials supplied by 

the Institute to the Recipient (“the Goods”) for the proposed 

application and ensure that it has the necessary technical skills to 

determine that they are appropriate. Results obtained from the 
Goods are likely to be dependent on conditions of use by the 

Recipient and the variability of materials beyond the control of the 

Institute. 
All warranties are excluded to the fullest extent permitted by law, 

including without limitation that the Goods are free from infectious 

agents or that the supply of Goods will not infringe any rights of 

any third party. 

The Institute shall not be liable to the Recipient for any economic 

loss whether direct or indirect, which arise in connection with this 

agreement.  

The total liability of the Institute in connection with this 

agreement, whether for negligence or breach of contract or 

otherwise, shall in no event exceed 120% of any price paid or 

payable by the Recipient for the supply of the Goods.  

If any of the Goods supplied by the Institute should prove not to 
meet their specification when stored and used correctly (and 

provided that the Recipient has returned the Goods to the Institute 

together with written notification of such alleged defect within 

seven days of the time when the Recipient discovers or ought to 
have discovered the defect), the Institute shall either replace the 

Goods or, at its sole option, refund the handling charge provided 

that performance of either one of the above options shall constitute 
an entire discharge of the Institute’s liability under this Condition.  

 
16. INFORMATION FOR CUSTOMS USE ONLY  
Country of origin for customs purposes*: United Kingdom  
* Defined as the country where the goods have been produced 

and/or sufficiently processed to be classed as originating from 

the country of supply, for example a change of state such as 

freeze-drying.  

Net weight: 0.003 g  

Toxicity Statement: Non-toxic 

Veterinary certificate or other statement if applicable.  
Attached: No  

 


