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Genetische Diagnostik — oft eine diagnostische Odysse
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Langer Weg zur Diagnose

Patient 1

1.
(.) () o) [ ]
4

1 2 3
v e e Em G & m O
1 2 3 4 5 6
(12.9y) (t 2m) / (12.5y) ( 69) (+7.9) (15-1y) (4.2y)
Patient 1 Patient 2 Patient3  Patient4 Patient5 Patient6
‘————-—— —‘——-———__

GAGTAT GATGAATATACATCAGATGGEG G:\GTJGATGAATGT)\C)\T CAGATGGG GAGT:\TGATGA:\TRT:\CATCAGATGGG

e Dt

IV-1, IV-2, IV-3, IV-5, IV-6 lV-
Patients Homozygous

-1, -3, 11-4, V-4
Heterozygous

Patient 3 Patient 4

Patlent’ 5

SEL1L c.422G>A; p.Cys141Tyr

Suspicious genetic disorder
WES: Patient 3, 5 and parents

Distinct homozygous Distinct heterozygous
variants detected in 62 006) variants detected in
each affected each carrier
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Novel/Very Rare Variants
(MAF<0.001)

47 Predicted Deleterious
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Chr14:
g.81.972.504C>T,
ENST00000336735.4:¢.422G>A,
ENSP00000337053.4:
tGt>tAt) in exon 4/21
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> GeneMatcher - ENDI

ERAD-associated neurodevelopment disorders with onset in infancy SEL1L p.Met528Arg SEL1L p.Met528Arg
= () (i
Developmental delay and ataxia Developmental delay
+ Intellectual b and ataxia
disability i et Purkinie cell
causality loss &
\m dysfunction
‘/Q WT
s;gv:;’r""ciﬁf&"v‘és) (Kyostila et al. 2012)
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e SELIL __ ERAD complex
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Hypomorphic variants of SELTL-HRD1T ER-associataed degradation are associated with neurcodevelopmantal
disordars
Huilun H. Wang., ... . Fow =zan S Alkuray=s, Limg Cei 'KE]_Z)].EI‘

ER-associated degradation-associated neurcodewvelopmental disorder with onset in infancy Is associated with hypormorphic variants of
SEL1L and HRD1.
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Biallelic Cys141Tyr variant of SELTL is associated with neurodevelopmaental disorders, agammaglobulinemia, and pramature death

Denisa Weis, .., Johannes A. Mayr, Ling Qi
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Syndromsuche

Symptome Stammbaum Syndromologische Databanken

Muskulare Hypotonie L0 Symptome:
| www.simulconsult.com

Muscular dystrophy &'—I—O _
555 B Sk

Scapula allata
Developmental delay eLel 0O WWW. possumecore.com

Synophyris
_ _ _ _ faziale Dysmorphie:www.face2gene.com
CK-amie (elevation of creatine kinase)
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Johannes, 8 J., Kleinwuchs (10 P), faziale Dysmorphie, Spitzengang,
harte Muskel, Lordose, Brachydaktylie, normaler Intelekt

OMIM: Brachydactyly: 633 Gene
Possumweb: 2-3 Merkmale

Selected Traits

Brachydactyly | Ordinary ‘ remove

Muscular build HP:0009042 | Ordinary [‘E‘ remove

Save Search ‘ 7 Save Search
[[] Share this saved search with others - WARNING - can be seen by all POSSUMweb
Suche zuriicksetzen
6 matching syndromes found
Score Id OMIM Name
2 7158 617157 Albright hereditary osteodystrophy-like syndrome, PRMT7 mutations &
2 3640 230740 GAPO syndrome &
2 4939 233270 GOMBO syndrome &'
<z 3883 139210 Myhre syndrome & 3
2 3043 277600 Weill-Marchesani syndrome &
2 3809 233430 XY gonadal dysgenesis with associated anomalies &
Jv MEDIZINISCHE
— FAKULTAT

Mutation in SMAD4 Gen

c.1498A>G
p.lle500Val 59%
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Entwicklungsneurologie und Neuropadiatrie

* breites Spektrum der Erkrankungen (Developmental delay 1950 Gene, Hypotonia 1843 Gene)

Neuromuskulare Erkrankungen 955 Gene { 75 -

e 535 verschiedene Gene,
davon 56 sind mitochondrial

* 69 mappierte Loci warten
auf die Identifikation

Central Nervous
System

* Chromosome
disorders (ie.
Prader-Willi)

+ Metabolic diseases

+ Spinal cord injuries

« Cerebral
dysgenesis

* Hypoxic-ischemic
injuries

Leynaar et al, Paediatr Child Health, 2005http://iww.musclege netable .fr/.

Motor
Neuron

+ Spinal

muscular
atrophies

Nerve

* Congenital
hypormyelinating
neuropathy

degeneration

« Familial dysautonomia

* Infantile neuraxonal

Neuromuscular Junction
» Congenital and transient

myasthenia gravis
* Infantile botulism

Muscle

* Muscular

dystrophies

* Metabolic

myopathies

= Central core

diseasefibre
myopathies

= Other

congenital
myopathies
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Vulto-van
Silfhout et al.
Hum Mut.
(2013)

1980

Karyotyping

1990

Sanger sequencing

Genomic microarray

Gemeinsamer diagnostische Zugang

>3 Milliarden Nukleotide (>3000 Mb)

Patients with
neurodevelopmental disorders

* Excluding NDD patients with trisomies

cJo cJo cJo cJo cJo
cJo Jo cJJo Jo Jo
cJo cJo cJo Jo Jo
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cJo cJo cJJo cJo cJo
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cJo alje o afle afje

o ale afle afle alfe

o ulle afle afle alle
o alle afie afle af§e
o afle afle afle afje
cJo Jo =lle afle afje
cJo Jo mfle afle alle
cJo JJo o afie afje
cJo )0 ulle afle af§e
cJo )0 ufie afe afe

Diagnostic yield: £35%

Exome sequencing

De Ligt et al.
NEJM (2012)

Van der Sanden
et al.
EJHG (2022)



Konventionelle Zytogenetik - Karyogramm

fn ‘ y
%E,\ fg’ ?3( (‘C ,3 Aneuploidie (Trisomien) erkennen

5

balancierte Veranderung in der Groél3e von

ol s i B8y
unbalancierte Verdnderungen genauso

LI L W4 B

od 88 ass 08 S ‘ [ ] [ ]

entdecken
entdecken
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Molekulare Zytogenetik - FISH

Mikroskopisch sichtbare Aberrationen (konventionelle Zytogenetik)

Sendeniauf dery Obisktiragerappliziersn Trisomien (T21, T18, T13) pranatal und postnatal
Denaturierung%Hybridisierung Cri-du-Chat-Syndrom del(S)(p) 1:50.000
.

Waschen + Gegenfarbung (DAPI) ) ) ] ) .
Mikroskopisch nicht sichtbare Aberrationen

4 (Mikrodeletionen/duplikationen):

Fluoreszenzmikroskopie

DiGeorge-Syndrom del(22)(q11.22) 1:5.000 haufigste Mikrodeletion!
Williams-Beuren-Syndrom del(7)(q11.23) 1:20.000

unauffalllg Trisomie 21

Prader-Willi-Syndrom (vaterliche Deletion 15911.2q12)
Angelman-Syndrom (mutterliche Deletion 15911.2912) - 1:20.000
I¥U | T
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SNP Array

« das gesamte Genom auf
Kopienzahlveranderungen
(d.h. Deletionen oder Zugewinne)

untersuchen

« Zygotie-Status ermitteln (z.B.
bei uniparentaler Disomie)

e Bis zu <50 kb kleine Deletionen

/Dupl. entdecken

balancierte Translokationen

detektieren

DNA -
Patient

v
N

DNA — LA A R

Referenz D

v oee
4

Hybridisierung

r @ r r

Farar r

ref € €

Fer e ¢

Arrays der verschiedener Densitat
40-100 Kb (hohe Densitat)

1 Mb (mittlere Densitét)
3-4 Mb (niedrige Densitat)

©c000 O
T 9@®os @
‘R L FR
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R X R X X R
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2 E R A X R

S0 00"e
A A R AR R R RN ELE R L

I -

'Y2231:1.
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154,000,000 bp

Analyse mit Computer

iGNl NI}

Zugewinn (Dupl

Verlust (Del)
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MO'GkUlarger]Etik — MLPA (Multiplex Ligation Dependent Probe Amplification)

1. Denaturation and Hybridization

PCR primer sequence Y

PCR primer sequence X
; t
Hybridization sequence (left) Hybridization sequence (right)
—
2. Ligation

3. PCR with universal primers X and Y
exponential amplification of ligated probes only

x
>

4. Fragment analysis

“'|’|HI G bt e )
HITRRRNIIRE IR

Kopienzahlveranderungen einzelner oder mehrerer Exone
(CNV) nachweisen

Mittels Methylierungsspezifische MLPA Deletionen/Duplikation
sowie methylierte Bereiche untersuchen

Wird fr verwendet

die Methylierung von Genen untersuchen;ein Beispiel ist das
SNRPN-Gen, welches paternal exprimiert wird (imprinting)

100 %
50 %

— ‘

419J
25ﬁJt|

178
180

Violett = Kontrollperson

= Patient mit Angelman

www.mlpa.com, Dr. G. Webersinke
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Komplexe Diagnostik: SNP Array, MLPA, Sequenzierung, WES, TRIO-WES

70% 29%
I | | I
F
15q11-13 Mikro-
deletion
mat pat
- 1* i
Angelman-
Syndrom
1%

15
70%

Prader-Willi-
Syndrom

Normal

Uniparentale
Disomie

methylierung
spezifische
MLPA

UPD14 Syndrom

postpartale Hypotonie,
spéate Adipositas,

kleine Hande und Ful3e,
teilweise Kleinwuchs,
EWR

Pubertas praecox

kein Hypogonadismus

SNP Array

1% bisher
: nicht
I I bekannt
Imprinting- Gen-
Mutationen | | Mutationen

4%

WES

ahnliche
Syndrome

MAGEL2
Syndrom

Temple
Syndrom

MYTL1L
Syndrom

SIM1
Syndrom

MORM
Syndrom

Cohen
Syndrom

TRIO-WES

Carvalho L.M.L. et. al, Current Obesity Reports, 2024; 13:313-337

Einzelfalle
. I

Chromosomale
Strukturumbauten
(PWS)

bzw. andere
Ursachen

> Re-Evaluation
TRIO-WES
» WGS (TRIO-WES)
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Repeat-Expansionserkrankungen

Fragiles X Syndrom (CGG Repeats im FMR1-Gen, Krankheit bricht ab 200 R. auf)

S g Friedreich Ataxie (homozygote GAA Triplettexpansion im FXN-Gen, ab 82 R. auf)
Myotone Dystrophiel (CTG Repeatsexpansionim DMPK-Gen, ab 51 R.)
P \ P Kennedy Erkrankung (CAG Repeatsexpansionim AR-Gen, ab 44 R.)
_Eﬁ“___ - ) _g__m_ ALS (GGGGCC) hexanucleotide repeat expansion in C9orf72-Gen) diagnostizieren

: ¥
120 160 200 240 280 320
No mRNA 3900
3600
-

T 3300

3000

2700

2400
2100
Naormal FMAT Prodein No Profein
1800
| 1500
I 1200
Mormal Funcbion Loss of Functon

<=3 semanticscholar.org

[
Barbé und Finkbeiner Genetic and Epigenetic Interplay Define Disease Onset and J¥U Kepler

. . . ) Universitats
Severity in Repeat Diseases Front Aging Neurosci 2022 UNIVERSITAT Ling Klinikum



Sanger Sequenzierung

Fred Sanger
1918-2013
Nobelpreis 1980

1 PCR with fluorescent,
chain-terminating ddNTPs

3-’
[~ EEEEEEEEEEEN
~ EEEEEEEEEEN
—¢ c| [T 1T TP Tl
—T 1 UEEEEENEEs
~ P e - EEEEEEEN
— 2T G EEEEEEa
- + B p T & + " A ......
- Sayry ;E EEREN
e a1 ch ‘P oEEEs
T Mixture of dNTPs R - .==
B flusrescently- labelled - A
—T ddM P 4 ‘ﬂ. us
T
5r
Flhonreescenlly=labedled
original aligoniicleotides

DA sequence,
PCR amplitied &

lesvalor el

2 Size separation by capillary 3 Laser excitation & detection

gel electrophoresis

Large fragment=s

b
Emiall fragments

j

Lazer beam

444949068 BFB04S9M>>6

— —

Phatomultipliar

Sanger Sequencing | AAT Bioguest

by sequencing machine

44dmda8FPRrP04d0 08

itk EhI'IZIIT'IEItIJQI'EII"I'I
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Genpanel ~2-200 Gene
Mendeliom / klinische Exom (CES) ~4 000-6 000 Gene

Whole Exom (WES) ~20 000 Gene

nur die kodierenden Regionen (Exons) + flankierende Sequenz

Big Data Humor: Breaking the Ice - insideAl News

T
T
T T
T
T
T
T
T
T
T
T
€6 € C/A €6 €C6G6GE6ATLCTTEC€CK
A T R R 5 S

COL5A1

 Viele Gene
parellel

« Whole
Exome

« Whole
Genome
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ZNS-Diagnostik mittels WES mit HPO-Terms

WES; neonatal hypotoniaHPO: 0001319, abnormality of eye HPO: 0000478

POMT1, POMGNT1, FKRP, FKTN, POMT2, LARGEL, ISPD, POMK, RXYLT1,B3GALNT?2,
B4GAT1, GMPPB, DAG1, POMGNT2

WES; arthrogryposis HPO: 0002804, talipes equinovarus HPO: 0001763

MYH3, GLE1, TPM2, TNNT3, TNNI2,ACTA1,ECEL1,PIEZO2, MYBPC1

WES; fetal akinesiasequence HPO: 0001989

DOK7, MUSK, RAPSN, NUP88, MYOD1, GLE1, CNTNAP1,ADCY6, ADGRG6, GLDN,
MYBPC1 (11)

JXU

JOHANNES KEPLER
UNIVERSITAT LINZ
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Motoneuron Erkrankung

@

1. Schritt: SMN1/SMN2 - MLPA
SMN1 SMN1 SMN2 SMN2

2. Schritt: wes; skeletal muscle atrophy HPO: 0003202 Exon 7 Exon 8 Exon 7 Exon 8

IGHMBP2, PLEKHG5, ASAH1, BICD2, UBA1, TRPV4,
VRK1, SIGMAR1, ASCC1, DYNC1H1

SMN1/SMN2 — MLPA | | | | ‘I

Ll |
WES; skeletal muscle atrophy HPO: 0003202 NIt NN 1 \ ‘|! )

|
s[5 [a] = sl alals

x
el el ! Sl - Snd \ -, . \ O A
GARS1, BSCL2, CHCHD10, DCTN1, DNAJB2, FBXO38, BB B BB B BN B E3E3ED

HSPB1, HSPB8, SLC5A7, REEP1, VAPB, HSPB3, AARS1, ATP7A

WES; distal lower limb muscle weakness HPO: 0009053
IGHMBP2, HSPB1, BICD2, BSCL2, HSPB3, HSPBS8, DCTN1,
GARS1, TRPV4, DNAJB2, FBX038, REEP1, SIGMAR1, SLC5A7, PLEKHG5

1. Schritt: AR-Repeat-Analyse
1. Schritt C9orf72 — Repeat Analyse

2. Schritt: WES; SOD1, CHMP2B, CHCHD10, FUS, OPTN, TARDBP,
PFN1, UBQLN2, VAPB, ANG, VCP, FIG4, ALS2, MATR3, TUBA4A

WES; paraparesis HP0O:0002385



, WGS

WES

Coverage

8.319 bp

Abdeckung von Bereichen in der Sequenzierung

73,

73514000 bp 72.515.000 bp 73,516,000 bp 72.517.000 bp 73518000 bp 519000 by F3.520,000 bp

TE513,000 bp

i HIF T,
..__ _ I : :

TSENGSS

Dr. Webersinke, Dr. Kranewitter, BHS Linz




WES — Analyse: Datenauswertung

SNPs, small Indels

Lokalisation (Exon <—>
Intron)
Synonyme <—> Non-
synonyme Varianten
In Krankheits-assoziierte
Gene<—> unbekannte Gene
In silico Prediktion des
Varianteneffekts
Frequenz in Datenbanken
fur allgemeine Bevolkerung
<1% flar autosomal
rezessiv
<0,1-0,5% flr
autosomal dominant

Benign

Pathogenic

Supporting

Supporting

Moderate

Very strong

Functional
data

Increased segregation data

Allelic data

Other
database

Other data




Warum Data-Reevaluation?

Al applications for variant interpretation: Diagnostics

o W mm wmm mm mm mm omw mm omm o o omm o omm mm mm mm mm mm o m mm O mm mm mm mm R mm mm O o M mm mw mw omm Em mm mR mm omm mw mm Em o mm mm mm m mm mm o o omm o omw mm o oww ww ow= o

Streamlining variant interpretation: AION workflow ",
/ \
Genetic data
. Clinical data
(WES or WIGS VCF file] (HPO terms)

I
I
I
|
I
I
|
|
I
|
|
I
i
|
1
I
|
|
1
I
|
|
I
|
|
i

T
i
I!-II'HFIE'IIH ]”ll}

A&nnotation pipeline  ——  Variant classificalion —— Variant prigritization ——

Candidate molecular
and clinical diagnoses

—_— Clinical report

107,879 variants # 56 variants ‘ 7 uarlants_ with disease-causing
variant ranked as #1

T o S G S
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I

S Universitats
FAKULTAT e e Klinikum



Warum nach WES noch WGS?

1980

Karyotyping

1990

Sanger sequencing

Vulto-van
Silfhout et al.
Hum Mut. 2000
(2013)

S e

v : ~a
Genomic microarray

Wan der Sanden et al. EJHG (2022);

Patients with
neurodevelopmental disorders

* Excluding NDD patients with trisomies

cJo Jo Jo o Jo
cJo .Jo o Jo Jo
cJo cJo Jo =Jo Jo
cJo —Jo o Jo Jo
cJo Jo Jo Jo Jo
cJo cJo Jo Jo Jo
cJo o Jo Jo =Jo
cJo Jo o Jo Jo
cJo Jo Jo =Jo =Jo
cJo Jo Jo Jo Jo

De Ligt et al.
NEJM (2012)

Van der Sanden
et al,
EJHG (2022)

Gilissen et al.
Nature (2014)

Van der Sanden
et al.
EJHG (2022)



Zukunft: Integrative Analyse Genvariationen, DNA Methylierung, Genexpression

Patient derived fibroblasts Patient blood

Proteomics

Aberrant expression

~8,000 proteins detected

Median 4 outliers per sample
T —

WGS and WES /

Genomic DNA m

Total RNA i

Poly-A selection

First strand cDNA
synthesis

Second strand cDNA
synthesis

—»  Fragmentation of
DNA or cDNA

l

Adapter and
harcode ligation

\/
Pooling of libraries

\{
Amplification

\/
Sequencing

\J

= Demultiplexing

—>

Alignment to
reference genome

l

Data analysis
such as variant calling

! TGGCATTGCAAT

TGGTATTGCAAT

Adapted from J Inherit Metab Dis. 2020;43: J!U € Kopler
25-35 and J Vis Exp. 2023; 125: 56146.
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Welche genetische Methode soll man wahlen?

Bestimmte Krankheiten
haben bekannte genetische
Veranderungen

Chronologische Analyse

Genetiker fragen...

[
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Methoden in der Diagnostik

Karyogramm Translokationen, Deletionen, Duplikationen Entwicklungstoérung,ID, Hypotonie,

>5-10 Mb, Mosaik (10-20%) Muskelschwache, faziale Dysmorphie
SNParray Mikro-Deletionen und Duplikationen <50 kb - detto -
(mol. Karyotyping) (Exondeletion), UPD, Mosaik (> 20%)
ML PA 1 und mehrere Gene, Methylierung, Mosaik (30- SMA, PWS, Duchenne/Becker,

40%), UPD (methylspezif. MLPA) Neuropathien, bestimmte Krankheiten
Sanger seq. 1 Gen, gezielte Mutation, Mosaik (20-30%) bekannte Erkrankung
WES 20 000 Gene, SNVs, CNVs, Mosaik (5-10%) Symptome mit HPO

unbekannte Erkrankungen

WGS Intronische Varianten, Regulationseinheiten, Forschung

Mosaik (5-10%), Mikro-deletionen/Duplikationen
Long read seq. Polymorphe Regionen, Methylationsanalysen, Forschung, wenn WES negativ
Nanopore Seq. strukturelle Varianten, Gene mit Gene mit Pseudogenen

Expansion/Repeats, RNA isoformen

[
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Some cases need long to be solved '/é;&;‘x\\ =ieh )
SS== RN

The future might bring a solution

Wait and look out

Denisa.weis@kepleruniklinikum.at _ _ oHANNES KEPLER
Ordination@praxis-weis.at Be patient, don‘t panic UNIVERSITAT LiNZ
Altenberger Stral3e

4040 Linz, Osterreich
jku.at

Always look at the bright side of life
(Prof. Serge Weis)



