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AG Translational Genomics

Focus on rare (mendelian) diseases in children

• muscular, neurological and neuro-muscular system

Next Generation Sequencing (NGS)

• software development for easy and comprehensive data analysis

Interdisciplinary group

• close collaboration between clinic and research

• clinicians, biochemists, biologists, bioinformaticians

Follow-up functional studies in the wet-lab



Rare diseases

Less than 1 affected in 2.000 individuals



Rare diseases

But: 7000 – 8000 rare diseases are known.

>> World-wide more than 300 Millions patients



Rare diseases

80% are genetically caused.

Mutations in the genome lead to a disease. 



Rare diseases – genetically caused.

DNA

Protein



Rare diseases

Severe symptoms occur congenital or in early childhood. 



Rare diseases

Many patients don‘t get a clear molecular diagnosis or no diagnosis at all.

Diagnostics of rare diseases are often difficult and time-intensive

?



The case of Family D.

• huge, consanguinous family from libanon
• two affected cousins
• development initially normal 
• gait ataxia, distal muscle atrophy and developmental speech delays at the age of 

3-5 yrs
• neurography: combined demyelinating / axonal neuropathy
• progredient course
• both patients meanwhile died



Strategies to find the disease mutation

Homozygosity mapping 



Sequencing of single 
candidate genes

Homozygosity mapping 

Strategies to find the disease mutation



Questions in 2009

• How to sequence many genes at a time?



- massive parallel sequencing
- detection of tens of thousands of variants

ATGCTAGGTATCGATCTAGTAACTATCGATC
ATGCTAGCTATCGATCTAGTTACTATCGATC

ATGCTAGCTATCGATCTAGTTACTATCGATC
ATGCTAGCTATCGATCTAGTTATGATCGATC

ATGCTAGCTATCTATCTAGTTACTATCGATC
ATGCTAGCTATCGATCTAGTTACTATCGATC

ATGCTAGCTATCGATCTAGTGACTATCGATC
ATGCTAGCTATCGATCTAGTTACTATCGATC

ATGCTAGCTTTCGATCTAGTTACTATCGATC
ATGCTAGCTATCGATCTAGTTACTTTCGATC

ATGCTAGCTATCGATCTAGTTACTATCGATC
CTGCTAGCAATCGATCTAGTTACTATCGATC

ATGCTAGCTATCGATCTAGTTACTATCGATC
ATGCTAGCTATCGATCTAGTTACTATCGATC

ATGCTAGCTATCGATCTAGTTACTATCGATC
ATGCTAGCTATGGATCTAGTTACTATCGATC

TAGCTAGCTATCGATGTAGTTACCATCGATC

Next Generation Sequencing (NGS)



Sequencing of single 
candidate genes

Homozygosity mapping 

Whole Exome Sequencing

1 variant / 1.000bp       > 30.000 variants / exome

Strategies to find the disease mutation



Questions in 2009

• How to sequence many genes at a time?

• How to automatically evaluate the disease potential of found
DNA variants?



http://www.mutationtaster.org/

Schwarz JM, Roedelsperger C, Schuelke M, Seelow D: 
MutationTaster evaluates disease-causing potential of sequence alterations.

Nat Methods. 2010 Aug;7(8):575-6. doi: 10.1038/nmeth0810-575.









Integrated data (examples)

ExAC



test data source / software

conservation (DNA) BLASTN / phyloP / phastCons

splicing MaxEntScan

occurence in data bases - known as disease mutation? NCBI ClinVar / HGMD 

occurence in data bases - known as polymorphism? dbSNP / 1000G / ExAC

regulatory elements Ensembl Regulation

General tests – entire transcript

HGMD = Human Gene Mutation Database; 1000G = 1000 Genomes Project



test data / software

amino acid exchange MutationTaster

conservation (protein) BLASTP

protein features UniProtKB / SwissProt

frameshift MutationTaster

length  of protein MutationTaster

Tests for coding sequence (CDS)



region test data source / software

5‘UTR Kozak consensus sequence MutationTaster

3‘UTR Poly(A)-Signal polyadq

Tests for untranslated regions (UTR)



Why 
disease causing?



Computer based classification

• „either-or“ decision

• automated classification by Bayes classifier

• simple handling

• CPU/RAM friendly

• fast, robust results



Bayes classifier in MutationTaster

• training with

a) > 100,000 known disease mutations
Human Gene Mutation Database (HGMD)

b) > 6,000,000 harmless polymorphisms
1000 Genomes Project (1000G)

• classification model:
stores frequencies of different values / test results



5-fold cross validation: results



Comparison with similar programs

test set: 1100 polymorphisms from 1000 Genomes Project

1100 disease mutations from Human Gene Mutation Database (HGMD)

abbreviations: PPH2-var = PolyPhen2 HumVar model, PPH2-div = PolyPhen2 HumDiv model

MutationTaster‘s, automatic classifications based on public variant data from 1000G and ClinVar were ignored for this comparison.



1) sequencing 2) alignment 3) variant calling

4) Variantenevaluation

NGS data and MutationTaster

?



MutationTaster QueryEngine



highly-parallel fashion (500,000 variants / hour)



http://www.mutationtaster.org/

Schwarz JM, Cooper DN, Schuelke M, Seelow D: 
MutationTaster2: mutation prediction for the deep-sequencing age. 

Nature Methods (April 2014) 11(4):361-2. 



Sequencing of single 
candidate genes

Homozygosity mapping 

Whole Exome Sequencing

Strategies to find the disease mutation

....did not detect the disease mutation!



Extragenic / regulatory DNA variants



Extragenic / regulatory DNA variants

Mutations in regulatory 
elements can lead to 
onset of a genetic 
diseases. 



Whole Genome Sequencing



Sequencing of single 
candidate genes

Homozygosity mapping 

Whole Exome Sequencing

Strategies to find disease mutations

Whole Genome Sequencing

~ 3 million variants



http://www.mutationtaster.org/

Schwarz JM, Cooper DN, Schuelke M, Seelow D: MutationTaster2: mutation prediction for the deep-
sequencing age. Nature Methods (April 2014) 11(4):361-2. 

Only for genes.



RegulationSpotter



Integrated data (examples)

ExAC



Integrated data (examples)

Integrated regulatory features

• 125 regulatory features including

• promoter and enhancer annotations

• histone modifications

• DNAseI hypersensitive sites

• Transcription factor binding sites



X-score

• reflects amount of evidence that a variant is located in a 
regulatory relevant region

• calculated based on 54 most meaningful regulatory annotations
/ features

• X-score represents the sum of the weights for all features 
annotated for a variant

feature weight: 

• reflects assumed impact of each feature

• determined based on relative risk to occur in a testset of 
functional vs. non-functional extragenic variants



X-score

• low number of extragenic variants validated as regulatory
disease mutations

not enough for classifier training

negative: millions of extragenic
non-functional variants

positive: 295 
disease
variants from
HGMDpro



Comparison with similar programs

test set: 166 extragenic harmless polymorphisms from 1000 Genomes Project

166 extragenic disease mutations from NCBI ClinVar



RegulationSpotter – submit VCF file



RegulationSpotter – results synopsis



RegulationSpotter – results matrix



RegulationSpotter – detailed results



Summary

MutationTaster

• evaluates disease potential of intragenic DNA variants

• intronic & exonic

• non-synonymous / synonymous and silent single base exchanges and

indels

• classification by Bayes Classifier

• for single variants or complete vcf files

• for variants involved in Mendelian disorders!

http://www.mutationtaster.org/

RegulationSpotter

• evaluates functional / regulatory impact of extragenic DNA variants

• single base exchanges and indels

• classification with help of X-score

• for single variants or complete vcf files

http://www.regulationspotter.org/
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Schwarz JM, Rödelsperger C, Schuelke M, Seelow D. 
MutationTaster evaluates disease-causing potential of sequence alterations. 

Nature Methods. 2010 Aug;7(8):575-6

Schwarz JM, Cooper DN, Schuelke M, Seelow D. 
MutationTaster2: mutation prediction for the deep-sequencing age. 

Nature Methods. 2014, Apr;11(4):361-2. 

Schwarz JM, Hombach D, Koehler S, Cooper DN, Schuelke M, Seelow D.
RegulationSpotter: Easy and comprehensive analysis of extratranscriptic sequence variants.

Under revision.

http://www.mutationtaster.org/               http://www.regulationspotter.org/

Thank you!

https://translationalgenomics.charite.de/
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Sequencing of single 
candidate genes

Homozygosity mapping 

Whole Exome Sequencing

The case of Family D. – what comes up next

Whole Genome Sequencing

iPSCs
Whole Transcriptome 

Sequencing


