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Hintergrund und

Fakten




nadiatrischen Er

Krankungen

Diagnostische Sensitivitat von WES Analysen bei

—

Sensory organs
Mon-syndromic
deafness 56%
PMID: 26226137

Inherited retinal
disease 569%
PMID: 28041643

Behaviour

Autism spectrum disorder 8_4%
PMID: 26325558

<

-

-

12 % solved by WES Cognition

Intellectual disabil

PMID: 248061 K8

Organogeneasis

Meurotransmission
' Epileptic encephalopathy 70%

Congenital diaphragmatic hernia <12%
FMID: 28303347

"\\'

Motor function
Early-onset generalized dystonia 37%

PMID: 23647072
Sporadic infantile spasms 40%
PMID: 26138355

PMID: 27666035

Limb girdle muscular dystrophy 37 %
PMID: 28877744

Metabolizm
Meurometabolic disorders 68%
PMID: 27276562

Suspected inborn errors of metabolism 50%

37 % solved by WES

P

PMID: 27391121
i

Girowth .

Endocrine

Congenital hyperinsulinism 409%

PMID: 23860231

Severe short stature 36%
PMID: 24070356

Connective ti -s

Oncogenesis 10 % SOIVEd by WES

Childhood solid tumours 1 0%
PMID: 26822237

s

Dy \:'J
Osteogenesis imperfegta 100% Airway
PMID: 2450168 Ciliary dyskinegia 76%
PMID: 2613045

Cardiovascular

Syndromic congenital heart disease 9.7%
PMID: 27479907

Renal
Mephrolithiasis and/or
nephrocalcinosis ~17%

PMID: 28803421

10 % solved by WES

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



50% aller Patienten mit einer
seltenen Erkrankung werden von
erkrankungspezifischen Betreuung
ausgeschlossen, weil sie nach einer
WES Analyse ungeklart bleiben!




Grenzen der Gesamtexomsequenzierung (WES)

Wichtig: Welches Anreicherungssystem wurde verwendet: SureSelectXT Human All Exon v6
Statistik der Abdeckung: vollstandige exonische Sequenz +/-5bp der intronischen Region
Tiefe der Sequenzierung (>20 fach)

Abdeckung: 98.99%

FOXREDT, FRASY, FRENG, FREMS, FRMDLA FRMPO4, FRASTL FRY FSCN1, FTL FTO, FTST FUCA1 GEFD GABERZ
GABRAT GABRAS GABRES1 GABREZ, GABRES GABRGZ, GADY, GALC, GALE, GALNTE. CALNTZ, GALT, GAMT. GAN

GATAIIZE GATM, GBAZ. GCC2, GCOH GCH1, OCN1, GCSM, GOIY, GEMING GFAP. GFM1, GFPTZ GGN. GIOYF, GiGYF2,
GMAPE. GJAY, GUC2, GX, GLE1, GLOC, GLIZ GLO, GLRAZ, GLS, GLUL, GLYCTK, GNQA, GNNN. GMPFA, GMPPE, GNAT
Bason GIZZ2F06 GNAZ. GNADT, ONAD. GNAS, GWIY, GNBS5S ONE, GNPAT. GNPTAB. GNPTG, OGNS, GON4L vaccs-c:s, GPHN, gm 2
BB AZMLY, AACS, AARS AASS ASAT, ABCAYS. ASCA2, ABCCH OCS ABCD1, ABCDE XN GPRY? 1, GPSMZ GPT2 GRAMDE, GRIAY, GRIAZ. GIeA3, GRIDZ, GRIKZ, GRINT, GRON2A
A Gene (1 ! M, ) S T ks CA2, A%%‘z ACES :u::sr: ”_:g‘:::m gnun ?:F:':a‘g em: (g\':?zkg?csn1 GTFZEZ, GTF2M8, GTFACS, GTPEP3 GUCYZD, GUF't GusSE HACE?
ABZ, ABLY. ACACA, ACACS, ACADS. ACADS, ACSDS, ACBDE. ACER3, ACO2, ACOXT ; " HAGL? HAXY, HEGS, HGFC1 HCNT HDACA, HOACS HDACS, HECWZ, MEMK 1, HEPACAM HERC!, MERC2. HESX!
S DAMZZ ADAS ADAR. ALK ADGRGT ADG ADIFOR HEXA. MEXB, HOSNAT, HHAT, HBGH, HIKESH, HST1HIE, MST1H4, HST1HAC, HISTIHD, MIVEPZ HVEPS, HK1 HLCS
R, AR, AP ‘m’: :;FY: ;}G:;L?AGA :‘(3; AO\:O AGLS* %5 ABPg AGYR?RGA}OUY AMLCT HMES, HMONZ HMGZ0A, MWGES HMGCL HMGGLLY, HNF18, HNFAA HNMT, HNRNPH), HNRNFH2, BNRNEK. HNRNPL
ADK, ADNF. Acnmﬁ. B Ar,:m' ¢ ALDH \LOHIAZ AL DHAA EAT AL 1 ALDOA HNRNFU. MOXAL, HPD, HPRT1, HRAS, HSD17810, HED17B4A HEPD! HSDG2 HTR?, HTRA2 HTT, HUWE! HYLS1, IARS,
AMI. ARSG, AFM1, ANP!, A, AKY \ ALDHIBAY, 1A3, AL . ALDHAAL ALD ). ALDHTAY BAST ICE2. IDH2, 'DHIA_ IS, TUA, ERISP1, IFH1, IFT172, #1272, IFTST, IGEP1, IGF1, BKG, IL1R2, L1RAPLY ILF2
ALGY. ALGTY, ALGIZ ALG13 ALGZ ALGS ALOS ALGE ALGH ALNSY, ALSZ AMERZ AMMECR1, AMPDZ, ANT AMZ2 LF3 IMPAT NP, INGST INFPAA, INPPSE .ng INTE 'ms”.‘(::;s: w"i,'p:,.'s:fmam"' m ;.5:.0 TCH,
ANLA AN ANSKLEZ 1 ANDID AN AB1SY. APIS2 APAEY APMIZ, APMET AFLET, APAMY TGA7, (TGAY, ITIHE, ITPA_ITPRY, ITSNT, WD JAGT, JAXZ. JAMD MAN 3 TOA, ‘ TNALZ
mbp'('z Mﬁ;‘lwnrru n'}r(:r?—., nnrg:"cf?.nos AN CEA Y, AT ACAY ADLCADYI AWCERD KATNE1, KCNAZ KGCNAG, KONB?, MONC1, KTNGI, ONDS, KONH1, KCNJ 10, KCNJ 11 KONJE, KONKE, XONKS, KOENMAT
AW.J_;;”G ; 3 AR ARLIIE ARLIAED ARLE ARMCS ARSA ARSE, ARV ARX KENGZ, KCNO3, KONOS, KONT!, KONT2 KONV KCTD18, XCTOS KCTD?, KOMYA, KDMIA, KDMSE, KDMSC, KDMEA,
ARHGEFO EPSARIDUA ARIDHE, ARSI B e 11 N E coaw KDMEB, KIAADZIZ KIAADSSE, KIAADGEE. IOAAITSS, KIAATION KIAAT217, KIDINSZ20 WOF 11, KF 14, KIF1S, KIF1A. KiF 189
ASAHY. ASCGT ASEES ASELY ABHIL ALL AUNS ASIR ASPRA ARN| ANTHE ALY AJNLE AGELD. ATOERN ATwN
ATPTIP ATIC. ATM, AL - (1 ATH1AD AlM1A LTI AT AL ATPZAZ . ATFIESD. ATPRCR, ATTESI, ATTEND

AYPEVOAZ, ATPEVT
BAGALTY, BAGALTY

e ac) @Grenzen der WES:

SAGHEA, SAD, T4
cos CExe CC2D

s o © Abdeckung P

CKAPZL CLONa
CNNMZ, CNOT2, g
coas 7, G0
cox s COxX15 O
CAYL1, CSDE"

Kopienanzahlbestimmung (Deletionen/Duplikationen) N
Tm R Aberrantes Spleien selten nachgewiesen CoERE
S Inversionen nicht detektierbar =
Regulatorische Regionen ausgespart

. IO T

WEBA, KIF2A, KEAA, KEGC, KIF7, KIRRELS, KLHLYS KLMLX), KLHLAD, KMT2A, KMT2E, KMT2C WMT20 KMT2ZE, KMTSE,
KNLT, KPNA7, KPTN. KRAS, KREOX4, KY L1CAM LIHGDH, LAGES LANMAT, LAMAZ, LAMAS, LAMET, LAMC LAMCT

1, LRCH3 LRPY

DYNCIM!, DYRKY
EIFZAXS BIF25),
ECGT EPI0 EF
eROCE, ERF, ERL
EZR, FADM, FAAM
FANCD2. FANCE
FEXO31, FEXOAT
FERP FEKTN FLG

WA - - ST - S — —— . razs
’ : ! \ e P2 XIRP1, XPA. XPNPEF2, X kX , XVLY4, SET SETEP SETDIA SETDIE. SETUZ SETDS 3F1, SFNA. SGUSY. BOPLY, SGSM
:Jnn::’.\;:vwvz'n v m's-r z‘{n‘;‘n'ﬂ ZETY8, ZATARIA, THTR20. ZETBED, 2C3H14, ZCIHA 2CaHz, ZOCHCE -

EMANKY SHH SMOC2 g'R?OM‘ SIKY, SIL1, SNIA SIXS SKAT, SKI, SKIDAY, SLANT
CHHC1S. ZOHHCS ZEBZ ZFANC28, ZFHXA ZFYVE2S, DC2 IMYND DAYNE, ZMYWNS, ZNMYNSAT INFYAH ZNHALL, B, SLC13AS, stf'::’i‘m‘:'éif“'%} m.!:u‘t' HLETAY biélic?sgghégax ALL2UR 12
N ” . . > CA«D € resa o S1O24A2% Z 2044
; 3—‘512"“' ZNFE20, ZNFI26, ZNFS28, INPSE0. ZNFEG2 INFSOS, ZNFETA. ZINETT ZNF713, ZNFE1, ZHCANZS, & SLCIOAS, SLCMAY, SLC33A1, SLCIGAT, SL AL 0 R T O At T
e ISW'.KB . 1. SLCASAY. SLCABA1 SLCAAL, SLCSAT, SLOSAT, SLOGA'T SLOSAS, SLCBAS. SLOEAS

ZEW ML 4  aama. =

SMADS, SMADS, SMARCAY, SMARCAZ SMARCAA SMARCE! SMARCCZ, SNMARCET, SMCIA
SIS, TR, Dnme . seee-D1, SMS, SMURFZ, SMYDS, SNAP2S, SNAP29. SNIPY, SNORD11E, SNRPE, SNTGY, SNX14



GENOME

EXOME

Unterschiede von Exom und Genom
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Coding DNA Non-coding DNA

Das Exom ist nur ca. 1-2% unseres gesamten Genoms!
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Neue NGS
Technologien und
Methoden




Technische Hiirden der NGS Diagnostik

Einfihrung in die Diagnostik

Patient Technologies Data Analysis

Genomics
WGS, WES
—> | Long read seq
Transcriptomics
RNA-Seq T
—>{ ,Pilot diseases”
Epigenomics
ChiP-Seq : modification
Transcription
Factor binding

Modified from Shyr and Liu 2013
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Disruptions of Topological Chromatin Domains
Cause Pathogenic Rewiring
of Gene-Enhancer Interactions

Dario G. Lupianez,’"-Z Katerina Kraft,’-2 Werena Heinrich,Z Peter Krawitz,"-2 Francesco Brancati.® Eva Klopocki.,®

Denise Horm,Z Hilya Kayserili.® John M. Opitz.® Renata Laxova,® Fernando Santos-Simarro, -2

Brigitte Gilbert-Dussardier,® Lars Wittler,'? Marina Borschiwer,' Stefan A. Haas,."" Marco Osterwalder, 2 Martin Franke,"-Z
Bernd Timmeaermann,'? Jochen Hecht,”- 74 Malte Spielmann,-=Z14 Axel Visel ,(12:-15.16 gnd Stefan Mundlos®-2:.14.*
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RNA Sequenzierung in der Diagnostik

m ici LETTERS
94 Patienten / 1600 Kontrollen hitpa://doi.ors/10:

343 Ausreil3er pro Probe
7.5% diagnostische Rate

Identification of rare-disease genes using blood
transcriptome sequencing and large control
cohorts

Laure Frésard©™, Craig Smail?, Nicole M. Ferraro?, Nicole A. Teran3, Xin Li®", Kevin S. Smith’,
Devon Bonner?, Kristin D. Kernohan®, Shruti Marwaha*%, Zachary Zappala?, Brunilda Balliu®,
Joe R. Davis?, Boxiang Liu®7, Cameron J. Prybol?, Jennefer N. Kohler? Diane B. Zastrow?,

| P — Chlc—e M F\’.eute:r4 Dlanna G. Fisk® Megan E. Grove®, Jean M. Davidson®, Taila Hartley®,
- pate SRS S “ber™, Sowmithri Utiramerur®, Undiagnosed Diseases Network™,
RNAseq Kontro"daten: m", Lars Lind™, Erik Ingelsson®", Alexis Battle', Gill Bejerano™'%1718,
. A. Ashley@343 Kym M. Boycott® Jason D. Merker'39,
909: Depression Genes and Network (DGN) Stephen B. Montgomery (72*
65: Prospective Investigation of the Vasculature in Uppsala Seniors (PIVUS) ) —
620: Genotype-Tissue Expression Consortium (GTEx vs 7) 10 S PR € sere i Ia
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Please cite this article in press as: Aref-Eshghi et al., Diagnostic Utility of Genome-wide DNA Methylation Testing in Genetically Unsolved
Individuals with Suspected..., The American Joumal of Human Genetics (2019), https://doi.org/10.101 &fj.ajhg.2019.03.008

Methylation-sensitive Arrays fiir den Nachweis von epigenomischen krankheitsspezifischen Profile

Diagnostic Utility of Genome-wide DNA Methylation
Testing in Genetically Unsolved Individuals
with Suspected Hereditary Conditions

Erfan Aref-Eshghi,!-= Eric . Bend,® Samantha Colaiacovo,* Michelle Caudle,* Rana Chakrabarti,*
Melanie Napier,” Lauren Brick,” Lauren Brady,” Deanna Alexis Carere,” Michael A. Lewvy, -~
Jennifer Kerkhof,? Alan Stuart,” Maha S5aleh,* Arthur L. Beaudet,® Chumei Li,» Marvia Kozenko,=
MNatalva Karp,* Chitra Prasad,* Victoria Mok 5iu,* Mark A. Tarnopolsky,” Peter J. Ainsworth,!-=
Hanxin Lin,'” David I. Rodenhiser,” Ian D. Krantz,® Matthew A. Deardorff,® Charles E. Schwartz,”
and Bekim Sadikowvic!.2*
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Diagnostische Hiirden in der NGS Diagnostik

Solv
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Solve@
Transcriptome Solving the unsolved Rare Diseases

Neues diagnostisches Konzept:
Von der Genomdiagnostik zur ,,System Analyse*

Proteome Metabolome

Neur¥Omics
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Koordiniert durch
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Definition ,Unsolved”

* 80% der Seltenen Erkrankungen haben eine genetische Ursache:
starkes Argument fur Omics — Diagnostik

* Solve-RD Definition:
A) kein Mutationsnachweis durch WES Analysen

B) Mutationen einem neuen Gen, in dem keine weiteren Familien/Patienten
berichtet wurden



in Zahlen”

Solve

* Bioinformatische Re-Analyse von Exomen von ungeldsten Patienten
RD Patienten mit neuen Phanotypen bei denen WES/WGS

Analysen durchgefiihrt werden
um eine bessere Abdeckung der kodierenden

Region zu erreichen und fur weiterfiUhrende Analysen
(Transkriptom, Epigenome, Proteome, Metabolom,

“tiefes” WES, ausgiebige Phanotypisierung) fiur >
mit besonderen Phanotypen (zB

Antizipation bei Repeatexpansionserkrankungen



Data Analysis Organisation

Data Analysis

Task Force (DATF)

Data analysts

— Data analysis in
tool-oriented
working groups

— Develops novel
tools

— Compiles existing
tools

L £ £
1o ge s

Tools

o

it o

Working Group Analysis Project X

® © Working Group a

dih & Use Case 1
< O
O -

ewee &

Analysis ProjectY
Working Group b
Use Case 2

Data Interpretation
Task Force (DITF)

-
2=}, European

. . . [ 4 ..I.;,_-.'.‘ Eeierenlq{:e
---- o etworks
® ® 0 o A
-RND
o gl g 2 -EURO NMD
-GENTURIS

Clinicians & geneticists

— Data interpretation
in the disease
context

1 DITF per ERN

Defines disease

|

Use Case

l

® O groups / disease
i i specific use cases
. 3 B N ]

— Selects cohorts

Cohorts



Operational analysis flow

EUROPEAN REFERENCE NETWORKS & DATA ANALYSIS TASK FORCE DATA INTERPRETATION TASK FORCES
UNDIAGNOSED DISEASE NETWORKS WORKING GROUPS (WG) (DITFs)
(via DITFs)
Data Freeze 1 (09/2019) ~————> WG1 SNV /indel —— Result1 Case#
8,000 RD-REAL datasets (phenotype, Missed mutations Case #
pedigree, genotype) made available by =————p \WG2 CNVs (ClinVar) solved
4 ERNs (and UDNs)
7,500 WES, 500 WGS; 5,205 index WG3 ROH/relatedness
patients (1,262 trios/families) Result 2
WG4 De novo mutations CNVs from WES solved by CNV

Data Freeze 2 (11/2020)
12,000 RD-REAL datasets (estimated) WGS5 Meta-analysis

Data Freeze 3 (03/2021) Epigenomics

19,000 RD-REAL datasets (estimated)

WG7 RNAseq

WG1:
Somatic mutations 1 von 20 Patienten durch erneute
Exomanalyse geldst (5%)

Novel omics

2,200 WGS; 510 LR-WGS;

634 RNAseq; 480 epigenomes;

each >250 metabolomes/proteomes

Structural variants

14.12.2020 Solve-RD 20
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Was wird ,nach dem Genom® notwendig?

Grol3e Referenzdatensatze z.B. ,,long read NGS“ von Kontrollen und Patienten
* Umfassende Datendtze fiir RNAseq/Transkriptom und MethSeq/Epigenom

* Vollstandige/umfassende Omics Datensdtze von Kontrollen und Patienten

» Standige Verbesserung von NGS Datenanalysetools und Al Anwendungen

* ,Klinische Entscheidungsboards”

* Nutzbarmachung der Genomdaten fiir haufige Erkrankungen (Diabetes, Corona,
Herz-Kreislauf, sporadische Tumorerkrankungen)
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