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State of the art
Diagnosing Genetic Diseases



Modified from Wright/FitzPatrick/Firth Nat Rev Genet 2018 

Main method in 
genetic diagnostics 50 years 10 years 2 years „now“



Why do we need to
implement Whole Genome 
Analysis (WGS) in 
diagnostics?



Wright/FitzPatrick/Firth Nat Rev Genet 2018 

8.4 % solved by WES

12 % solved by WES

37 % solved by WES

10 % solved by WES

10 % solved by WES



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

150 Mio patients unsolved

30 Mio patients in Europe
15 Mio unsolved

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



How can we increase
diagnostic sensitivity?

Defining new disease genes
Defining new disease mechanisms
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N e u ro m i c s :  S t a t i s t i c s  o n  W E S / WG S
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WES & WGS

Samples not yet analysed
by clinical centre

Cases solved (new genes)

Cases solved (known
genes)

Cases with VUS or novel
candidates

Cases unsolved

Statistics generated from data of 763 samples (80%)
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Hurdle of sensitivity in diagnostics

The exome is only 1-2% of our entire genome!



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



Effects of mutations
in non-coding regions altering gene expression





„Genomic Imprinting“



Colin Farrell‘s
son has Angelman syndrome



16Modified from Shyr and Liu 2013

Technical hurdles in diagnostics
Implementation  into
diagnostics pathways



 Short and long read NGS, and strand specific
 3 Trios
 818,181 In/Dels per genome <50bp
 31,599 structural variants >50bp (7fold higher

than reported)
 156 inversions per genome

2018



Genome

Transcriptome

Epigenome

MetabolomeProteome

Cellular/

molecular 
phenotypes

Exome

Solving the 
unsolvable 
diseases

Challenge in Diagnostic Transition:
From genome analysis towards
system diagnostics

Technological hurdles in diagnostics



Coordinators: 

Olaf Riess & Holm Graessner

„Pilot Project“  





„Easy“ Standardized re-
analysis of data

Family 
approaches Centralized WGS

Advanced Metadata analysis Matchmaking

Sophisticated
Multi-Omics
approaches

System 
bioinform.

Mode-
ling

Machine
learning/AI

National diagnostic centers

Intn. diagnostic networks

Innovation centers



ERN2

ERN1

ERN3

Clinical 
centers

European 
Reference 
Networks 

First step towards European cross border care: ERNs



ERN2

ERN1

ERN3

Clinical 
centers

European 
Reference 
Networks 

EGD-
RN1

European Genetic
Diagnostic Centers

European Genetic Diagnostic
Reference Networks 

• Technical standards of WES -> WGS in diagnostics
• Standardization of bioinformatic tools and algorithms
• Standards in clinical reporting of findings
• „Clearance“ of wrong annotations in data bases
• Harmonization of interpretations of variants (VUS 

classification)
• Defining „actionable genes“ and implementation in 

the clinics
• Transcriptome data reference sets
• Multi-Omics in Diagnostics
• Machine learning / Artificial intelligence

EGD-
RN2

EGD-
RN3

Next step towards European cross border care: EGDRNs



Future developments of
Medical Genetics in Medicine?

DISEASE PREDICTION and PREVENTION



Olaf Riess, Medizinische 
Genetik Uni Tübingen

Pharmacogenetics 
and drug interactions 

Madadi et al. Pediatrics 2010

6 year old developmentally delayed child with epilepsy died after high dose 
of hydrocodone for respiratory tract infection.

HYDROCODONE

NORHYDROCODONE HYDROMORPHONE

HYDROMORPHONE
GLUCURONIDES

NORHYDROCODONE
GLUCURONIDES

Treatment:
1. Hydrocodone: analgesic/antitussive

CYP2D6
(*2A/*41)CYP3A4

UGT: Uridine diphosphate
Glucuronosyltransferases 

2. Seizures: Valproic acid:

3. Ear infection: 
Clarithromycin

Lethal level

Mutation =
Preventing side effects
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From Michael Snyder, Stanford
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