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Aim - Generate an overview, determine patient 

correspondence completion, and predict deleteriousness of
variants of uncertain significance (VUS).

The Deciphering Developmental Disorders (DDD) project used 
new testing techniques including array comparative genomic 
hybridisation and trio-based whole exome sequencing on children 
with developmental disorders without a diagnosis.

In total, 12,600 patients from around the UK were recruited. 370 
of those patients were recruited from Wales. Clinical 
interpretation, validation and feedback of the DDD results to
Welsh patients were delegated to the NHS Medical Genetics 
Service in Wales. 

1. Overview of DDD study

The DECIPHER website allowed access to DDD participient results 
and was used to create an inventory of all Welsh patients. This
inventory comprised of 370 patients, 3124 phenotypes, 847 
Human Phenotype Ontology (HPO) terms, and 393 variants. The
100 most common phenotype terms were grouped in categories 
and displayed in a graph (figure 1) to demonstrate the frequency 
of occurrence in Welsh DDD patients. 

Dysmorphology is the largest recurring category followed by 
developmental delay or intellectual disability and abnormal 
behaviour. This demonstated common phenotypes suggesting
genetic pathology. 356 variants were single nucleotide variants or 
small indels and the remaining 37 variants were copy number 
variants. The single nucleotide variants were categorised 
according to gene mutation (table 1) and missense variants were 
annotated for further analysis.

Figure 1. Frequency of usage of the top 100 most common phenotype terms grouped by category.

Table 1. Frequency of different types of small-scale 
variation in DDD cohort.

Table 2. Table of actual status of patient 
correspondence marked incomplete on 
DECIPHER

2. Patient correspondence completion

Family correspondence status for the 370 patients were reviewed and 
35 were listed as 'incomplete' on DECIPHER. Their medical notes were 
assessed to determine DDD result documentation and actual 
correspondence status, enabling the department to act on incomplete 
documentation and  correspondence. A detailed account has been 
reported to the All Wales Medical Genomics Service and is summarised 
in the table above (table 2).

3. Predicting deleteriousness

Variants from DECIPHER were categorised according to gene 
mutation. Missense variants were identified as pathogenic, 
benign, and variant of uncertain significance (VUS). These
missense variants were utilised to determine sensitivity and 
specificity and subsequent positive likelihood ratio of respective
prediction programs. This ratio identified ReVe, MetaLR, and 
ReVEL as reliable programs and these prediction programs were 
used to predicted deleteriousness in 96 missense VUSs.

Table 3. Table of sensitivity, specificity, proportion 
predicted deleterious and positive likelihood ratio. 

30 variants were identified as deleterious by all 3 programs 
and 21 other variants were identified as deleterious by 2 out of 
the 3 programs. Of the 51 variants, gene variation in SIN3A, 
KDM6A, SCN8A, KMT2D, HDAC8, and HCFC1 genes were noted 
as particularly interesting as they are as deleterious according 
to these programs and are known de novo mutations.

Conclusion - This review identified common 

phenotypes suggesting pathology and encouraged 
greater patient correspondence completion in Welsh 
DDD cases. Welsh DDD patients are generating 
interesting research findings e.g. SIN3A variant 
highlighted in the review. 
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