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SOLVE-RD: Beyond the exome
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The exome is only 1-2% of our entire genome!



UNSOLVED after WES:
50% of all patients with a 
rare disease will not have
access to health care 
without having a clear
diagnosis 300 Mio RD patients worldwide

150 Mio patients unsolved

30 Mio patients in Europe
15 Mio unsolved

3-4 Mio RD patients in Germany
1.5 Mio unsolved after WES



Limitations of Whole Exome Sequencing (WES)

Important: Type of enrichment system: SureSelectXT Human All Exon v6
Statistics of coverage: complete coding sequence +/-5bp intronic region

depth of sequencing (at least 20 fold)
coverage: 98.99%

Limitations of WES: 
Coverage
Copy number
Aberrant splicing



RNAseq in diagnostics



https://enhancer.lbl.gov/gallery_n.html





PacBio sequencing reads

From: http://www.pacificbiosciences.com



9Modified from Shyr and Liu 2013

Technical hurdles in diagnostics
Implementation  into
diagnostics pathways

„Pilot diseases“
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Solving the 
unsolvable diseases

Challenge in Diagnostic Transition:
From genome analysis towards
„System Diagnostics“

Technological hurdles in diagnostics



„in numbers“

• Re-analysis of 19.000 exomes of unsolved cases
• 800 ultra-rare RD patients presenting new phenotypes that will 

undergo WES/WGS
• WGS for 2.000 cases to achieve a more complete coding 

sequence 
• Long-read genomes for 500 cases with smartly chosen 

phenotypes such as anticipated repeat expansion disorders 
(SBMA; DM1 and DM2)

• Novel omics approaches (transcriptome, epigenome, proteome, 
metabolome, deep WES, deep molecular phenotyping) for more 
than 2.000 cases

• Multi-Omics approaches for 120 „unsolvable syndromes“



Main implementation steps

Challenge 2:  New and improved approaches for the discovery of novel 
molecular causes

3

Re
an

al
ys

e 
ex

om
es

 / 
ge

no
m

es
  Data mining on the variants and regions detected with Solve-

RD standard analysis pipelines 
 Approaches: (i) a data driven approach, (ii) an expert driven 

approach. 
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 Solve unsolved diseases from unique RD cohorts provided by 
4 ERNs with unique phenotypes applying novel (multi-) omics 
tools

 Solve ultra-rare diseases presenting with novel phenotypes 
by holding phenotype-jamborees‘ 

 ‚Solve the unsolvable syndromes‘ with joined power of 
clinical ERN and genomics experts applying all available latest 
-omics tools 
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 Validate up to 50 novel candidate genes identified by a re-
sequencing those in even larger cohorts of relevant clinical 
samples (n=5,000) 

 Implement an innovative brokerage system which allows 
gene/model/pathway experts to verify pathogenicity of new 
genes or new disease mechanisms quickly



Resources and infrastructures

Core group of 4 European Reference Networks: ERN-RND, 
ERN-EURO-NMD, ERN-ITHACA, ERN-GENTURIS

Associated networks: 6 additional ERNs and 2 Undiagnosed
Patient Programmes (Italy, Spain) 

Existing RD infrastructures: RD-Connect/ELIXIR, Orphanet, 
HPO, EuroGentest, Canadian Models and Mechanisms Network

Patient organisations: EURORDIS, Genetic Alliance UK



Solving the unsolved Rare Diseases
Coordinators: Olaf Riess, Holm Graessner (Tübingen) 

Co-coordinators: Han Brunner (Nijmegen), Anthony Brookes (Leicester)


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Limitations of Whole Exome Sequencing (WES)
	RNAseq in diagnostics
	Slide Number 6
	Slide Number 7
	PacBio sequencing reads
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14

