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Diagnostic sensitivity of todays Whole Exome Sequencing

in pediatric diseases

Mon-syndromic
deafness 56%
PMID: 26226137

Sensory organs

Inherited retinal
disease 569
PMID: 28041643

8.4 % solved by WES

Autism spectrum disorder 8_4%
PMID: 26325558

Behaviour

12 % solved by WES

Overall diagnostic
sensitivity
< 50%

y L\ N,
Cognition
Intellectual disakbil
PMID: 248061 A3 T
( Meurotransmission
" Epileptic encephalopathy 70%
PMID: 23647072
Motor function ™ Sporadic infantile spasms 40%
rby-onset generalized dystonia 37% Hlollpeal A
mb girdle muscular dystrophy 37% Meurometabolic disorders 68%
PMID: 28877744 PMID: 27276562
iy Suspected inborn errors of metabolism 50%.
PMID: 27301121
WES - =
Endocrine
Congenital hyperinsulinism 409%
PMID: 23860231
Growth e

Severe short stature 36%
PMID: 24070356

Oncogenesis 10 % SOIVEd by WES

Childhood solid tumours 1 0%
PMID: 26822237

> Airway,
Ciliary dyskinegia 76%
PMICk: 26130845

Cardiovascular

ic congenital heart disease 9.7%
PMID: 27479907

Renal
Mephrolithiasis and/or
nephrocalcinosis ~17%

PMID: 28803421

Haematopoiesiz
Inherited thrombocytopaenia 46%
PMID: 27470822
Inherited bone marrow failure 2 7%
PMID: 28102861
Primary immunodeficiency 40%
PMID: 27577878

Wright/FitzPatrick/Firth Nat Rev Genet 2018



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




Use case: Rare diseases




Solving the Unsolved: Rare diseases




From Exome to Genome




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
' least 20 fold)

coverage: 98.99%
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WGS in unsolved chorea acanthocytosis: Structural variants in VPS13A

EBERHARD KARLS »
UNIVERSITAT
TUBINGEN
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Genome: Regulatory regions
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Disruptions of Topological Chromatin Domains

Cause Pathogenic Rewiring
of Gene-Enhancer Interactions
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Disruptions of Topological Chromatin Domains
Cause Pathogenic Rewiring
of Gene-Enhancer Interactions
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Genome: Towards long read sequencing




Combination of short and long read NGS

Required for sensitive detection of deletions and insertions
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Multi-platform discovery of haplotype-resolved structural variation in human genomes

Mark J.P. Chaisson’?*, Ashley D. Sanders®, Xuefang Zhao***, Ankit Malhotra®t, David




Characterization of missing human genome sequences
and copy-number polymorphic insertions

Jeffrey M Kidd!, Nick Sampas?, Francesca Antonaccil, Tina Graves?, Robert Fulton?, Hillary S Hayden!, Can Alkan!,
Maika Ma]igl, Mario Ventura?, Giuliana Giannuzzi?, Joelle Kallicki?, Paige Anderson?, Anya Tsalenko?, N Alice Yamada?,

Peter Tsang?, Rajinder Kaul', Ric o4 Laurakay Bruhn? & Evan E Eichler'»
NATURE METHODS | VOL.7 NO.5 | MAY 2010

2,363 new insertion sequences

corresponding to 720 genomic loci.
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HiFi reads to distinguish functional genes (GBA) from its pseudogenes (L GBA) and allocate variants

--> Targeted Application with Amplicons: HiFi reads to screen a large cohort
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WGS - Variant Calling: HiFi data from NCCT establishment

119D045a01 Default ccs Local ccs without heuristics

39,340 kb 39,350 kb

0 kb 39.340 kb 39.350 kb
1

No reads mapping to RFC1
Problem: Not enough reads in close distance to RFC1 region.
Currently all steps are repeated with larger window around RE site.

17




WGS - Variant Calling: HiFi data from NCCT establishment

119D045a01

Local assembly
confirms repeat
expansion
undetected by

mapping

Length:
3753 bases




WGS - Variant Calling: HiFi data from NCCT establishment

1190045202 HiFi Read (mapped) Sequence of the 571-bp Insertion and flanking bases

ARAGGAAAGGAAAGGGAAAGGAAGGGAAAGGGGAAAGGGAAAGGGAAAGGGARAAGGGAAAGGGARAGGGAAAGGGARAGGGARAAGGGARAAG
GGAAAGGGAAAGGGGAAAGGGAAAGGGAAAGGGAAAGGGAAAGGGARAGGGAAAGGGAAAGGGARAAGGGAAAGGGARAGGGAAAGGGARAG
GGAAAGGGAAAGGGAAAGGGAAAGGGARAGGGAAAGGGARAGGGAAAGGGARAGGGAAAGGAAAGGGARAGGARAGGGARAGGGAAAGGGA
AMAGGGAAAGGGARAAGGGARAAGGGARAGGGAAAGGGAAAGGGAAGGGAAAGGGAAAGGGARAAGGGAAAGGGARAAGGGARAGGGAAAGGGAL
AGGGAAAGGGAAAGGGAAAGGGAAAGGGARAAGGGAAAGGGAAAGGGAAAGGGAAAGGGAAAGGGARAAGGGAAAGGGAAAGGGAAAGGGAALAA
GGGAAAGGGAAAGGGAAAGGGAAAGGGAAAGGGAAAGGGARAGGGAAAGGGAARAGGARANGGAARAAGGARAGGARAGGARAGGAAAGGAA
AGGAAAAGGAAARAAGGAAAGGAAAGGAAAGGAAAGGARAGGAAAGGAAAGGAAAGGAAAGGAAAGGARAAGAARAGAARARA
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Complexity of analysing genomes in the clinical context

TOPMed study (Trans-Omics for Precision Medicine)

53,831 Genomes analysed

-> 4,6 Mio protein-coding variants
Total 230,000 putative loss of function variants in 18.493 genes
-> 104,000 frameshift variants
-> 97,000 putative splice and truncation variants

>400 Mio variants

97% of the variants
less than 1%

53% present 2.5 unique pLOF per individual

% in only 1 individual

Additional read out needed !

https://www.shutterstock.com/de/image-illustration/organic-chemistry-model-dna-molecule-illustration-93597241?id=93597241

11.04.2021 Nature Vol.590, 2021




Genome: Complemented with RNAseq




RNAseq in research and diagnostics — Technical ,,details“

Multi-platform assessment of transcriptome profiling
using RNA-seq in the ABRF next-generation 100

M Intergenic M Exon M 3 UTR M 5 UTR MIntron M Ribo
sequencing study Nature Biotechn 2014
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RNAseq in diagnostics

arevariant

94 patients / 1600 controls
343 outliers per sample
7.5% diagnostic rate

Additional 16.7% improved
candidate gene resolution
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Identification of rare-disease genes using blood
transcriptome sequencing and large control
cohorts
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RNAseq in diagnostics
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GENETIC DIAGNOSIS

Improving genetic diagnosis in Mendelian disease with
transcriptome sequencing
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RNAseq in diagnostics

RNASeq revealed clear indication of
loss of the second allele

Ataxia patient
WES defined heterozygous frameshift
Mutation of one allele in SIL1

If both alleles affected, it would cause
Marinesco-Sjorgen-Syndrome

No indication of deletion of the second allele

Phenotype of the patient would fit MSS

Variant 1 (frameshift) DX174053_01
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RNAseq in diagnostics

WGS finds Second Hit

WGS

/

WGS detects splice variant
not covered in WES

WES

RNA-seq




The Genome is not ,,naked”:

The Epigenome




Don‘t forget the epigenome in diagnostics !
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Figure 3 | The Beckwith-Wiedemann syndrome locus at chromosome 11p15.5.

Beckwith-Wiedemann-Syndrome (BWS)
Transient Neonatal Diabetes mellitus
Birk-Barel intellectual disability syndrome
Silver-Russel syndrome

Temple syndrome

Kagami-Ogata syndrome

Central Precocious Puberty

Prader-Willi syndrome

Angelman syndrome

Schaaf-Yang syndrome
Mulchandani-Bhoi-Conlin syndrome
Pseudo-hypoparathyoridism



Epigenome Profiling using NGS

Rare Diseases

Chromatin Histone DNA

-structure -modifications -modifications Episignatures
-domains -variants < :
-accesibility ’

DNA methylation

Erfan Aref-Eshghi et al 2020

Epivariants
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centage of DMRs assayed
o

3(C, 4C, 5C, Hi-C, ChiP-se WGBS, RRBS, -
ChIA-PET, DNAse-seq, 9 MeDIP-seq, “
FAIRE-seq, ATAC-seq Methyl-seq
Mafalda Barbosa et a/ 2018
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Please cite this article in press as: Aref-Eshghi et al., Diagnostic Utlity of Genome-wide DNA Methylation Testing in Genetically Unsolved

Individuals with Suspected..., The American Joumal of Human Genetics (2019), https://doi.org/10.1016/j.ajhg.2019.03.008

Methylation-sensitive arrays for detection of epigenomic disease specific profiles
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MethBank 450K Array > 5000 controls
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Technical hurdles in diagnostics

Patient Technologies Data Analysis

»Implemented into
diagnostic pathways

Genomics
WGS, WES
Long read seq
Transcriptomics
RNA-Seq RN
—>1 ,Pilot diseases”

\
\\
\\‘ |
* Epigenomics
: Bisulfite-Seq ,
: ChIP-Seq
: . Transcription
Factor binding

Modified from Shyr and Liu 2013 .,







Technological hurdles in diagnostics

Solving
Unsolvable
o Solving the unsolved Rare Diseases
diseases
Transcriptome
Cellular/
molecular G enome Epigenome
phenotypes
Challenge in Diagnostic Transition:
From genome analysis towards
,oystem Diagnostics*
Proteome Metabolome

Neur¥Omics




~in numbers”

Solve

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

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

Long-read genomes for 500 cases with smartly chosen phenotypes such as anticipated
repeat expansion disorders (SBMA; DM1 and DM2, disorders with phenotype
anticipation)

Multi-Omics approaches for 120 ,,unsolvable syndromes“




Innovative and internationally interoperable small funding service

50 projects — RDMM Europe

20.000€ each
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Specialised Research Groups 1
I Validating gene discoveries <=) Topic & time-restricted collaborations [
Research
g'ene Modeling diseases Therapeutic targets group
iscovery
group !
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ERN & Research groups 9“'.

ERN....

Canadian Network
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(Japanese Functional Network)




Diagnostic yield of genetic technologies in rare diseases

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Cave: 80% of all RD have a clear genetic cause




Patient cohort of ,,Undiagnosed diseases” should be to define different diagnostic
follow-up strategies

Development and availability of to deciphering
unsolved and unsolvable diseases

Next steps in Omics diagnostics ( ) will be a challenge and require further
strong support of research consortia

Implementing Machine learning and Al algorithms will greatly improve diagnostic work up

Whereas WES/WGS are more ,,global” approaches of entire patient cohorts, next steps in terms
of technology, methods, and analytics will be more patient

Special functional attention should be on



SolveE

olaf.riess@med.uni-tuebingen.de

| declare to receive an explorative grant
from lllumina for implementation of WGS
into clinical care.

ZSE

Zentrum fur Seltene Erkrankungen

’ Institut fir

Medizinische Genetik und
; Angewandte Genomik

www.ncct.life aﬁi‘ NCCT

Deutschland

Land der Ideen
B DO - -
Ausgewdhlter Ort 2011



http://www.ncct.life/

