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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
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Rare diseases
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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.
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Rare diseases

Severe symptoms occur congenital or in early childhood.



Rare diseases

Diagnostics of rare diseases are often difficult and time-intensive
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Many patients don‘t get a clear molecular diagnosis or no diagnosis at all.



The case of Family D.

* huge, consanguinous family from libanon

* two affected cousins

* development initially normal

e gait ataxia, distal muscle atrophy and developmental speech delays at the age of
3-5yrs

* neurography: combined demyelinating / axonal neuropathy

e progredient course

* both patients meanwhile died




Strategies to find the disease mutation

Genome-wide homozygosity in Jana_D_4_samples_known_Vars - basic_copy

Homozygosity mapping Co
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broad - use this when you expest some genetic heferogeneity

240 11 48999627 61483363 n/a na  region  genotypes

240 15 41829230 42235173 n/a na  region  genotypes
narrow - use this when all patients are in the same family

240 11 48999527 51483353 n/a na  region  genotypes

240 15 41829230 42235173 n/a na  region  genotypes



Strategies to find the disease mutation

[ Homozygosity mapping ]

Sequencing of single
candidate genes




Questions in 2009

 How to sequence many genes at a time?



- massive parallel sequencing
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Strategies to find the disease mutation

[ Homozygosity mapping ] .
Sequencing of single —— ,'3 :
candidate genes | = oo =
[ Whole Exome Sequencing ] Exomsequenzierung
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1 variant / 1.000bp > 30.000 variants / exome



Questions in 2009

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



Mutatic
[ aster

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.



Mut:
mutation tsting

Gene =001 HEMC gene symbol, MCBI Gene 10, Ensembl gene ID showy available transcrints

Transcript EMSTOO0002701 42 Enzembl transcript 1D
Choose the transcript:
O ENSTO0000470944 (processed_transcriol, 1746 bases)
& ENSTO0000270142 (profein_soding, 966 bases)  MM_000454
O ENSTO0000389995 (profein_coding, 865 bases)
O ENSTO0000476106 (processed_franscriod, 386 hases)

-

Position / snippetrefers to ® coding sequence (ORF) O transcript (cOMA seguence) O gene [genomic sequence)
Alteration all types by sequence

CIAGITGTTCATGAGTTITGGAGATAATACAGCAGGCTET options

enter a few bases around your alteration O show nucleotide alignment

Format:

ACTGTCAT] GTGTF A substituted by 7

ACTGTCAG/T] GTGTF AG substituted by T

ACTGTCACGT/] GTGTF ACGT deleted

ACTGTC[-/AA) GTGTE A4 inserted

sihgle base exchange by position
enter position
and new base

insertion or deletion by position

enter positions of
. last wild type base before alteration

. first wild type base after alteration

and the inserted bases
[if applicable)

Name of alteration SODT_ALS if you would like to have a name for this atteration in the output later on, please type in here

continue

[3 - foogle

NEWS

documentation | FAGS

single guery

gquery chrorosomal positions
QueryEngine

other applications | team

If you use MutstionTaster, please cite our publication: Schwarz JM, Rédelzperger C, Schuelke M, Seclow D, MutationTaster evaluate s disease-causing potential of sequence alterations. Mat Wethoos, 2070 Awg, 7805756,

Current build: NCBI 37 f Ensembl 69



6 i, mukakiontaster.org)cai-bingMutation Tasker MUt ation Taskered, cai

Mut

E] - Google y.

documentation

mutation t(sting

Alteration SOD1_ALS

Prediction

summary

analysed issue
name of alteration

alteration (phys. location)
HGMC symbol

Ensembl transcript ID
UniProt peptide
alteration type

alteration region

DMA changes

Ad changes

position(s) of altered A4
it &8 atteration in COS

frarneshift

dbSMP ¢ TGP/ HGMD{publicy
Clinvar

regulatory features

ptryloP / phastCons

disease causing

splice site changes

analysis result
S0D1_ALS
chr21,330361704A>G
s001
EMSTO0000270142
PO0O441

single base exchange
COS5

C1404=G
cONA 288A=G
0.42364=G

H4TR Score: 0.79 explain score(=)
47

no

Model: simple_aae, prob: 0.999999999908447 (classification due to ClinVar, real probability is shown anyway)
[explain

amino acid sequence changed

known disease mutation at this position (HGMD CM330680)
known disease mutation: rs121912443 (pathogenic)
protein features (might be) affected

known disease mutation: rs121912443 (pathogenic for Amyotrophic lateral sclerosis type 1) dbSNP NCEI variation viewer
known disease mutation at this position, please check HGMD for details (HGMD 1D Ch23E0880)

H3kSme1, Histone, Histone 3 Lysine 9 mono-methylation

Halki3eme3, Histone, Histone 3 Lysine 36 Tri-Methylation

H3kK7S9me2, Histone, Histone 3 Lysine 79 di-methylation

Hak20me 1, Histone, Histone 4 Lysine 20 mono-methylation

5.162, 1 (flanking)
4283, 0.996

ia N Eab=TRN u I = B L T TR




"? rautationtaster.org, q - G L

ptryloP / phastCons 5162, 1 (flanking)
4.283, 0995
-2.023, 0.029 (flanking)

explain score(s) N0 iNspect your position(s) in In UCSC Genarne Browser

splice sites effect GDMA, scare wt detection sequence Exan-intran
position forder
Acc increased 4243 wt 0.31 £ mu; 0.44 Wt toat | GAGT
CTGCATGGATTCCATGTTCATGAGTTTGGAGATAATACAGE
s
CTGCATGGATTCC G TG TTCATGAGTTTGGAGATAATACAGE
ACC marginally 4245 wt 0.8800 ¢ mu: 0.9286 {marginal change - not wt: atga|GTTT
increased scored) GCATGGATTCCATGTTCATGAGTTTGGAGATAATACAGCAG
s
GCATGGATTCC TG TTCATGAGTTTGRAGATAATACAGCAG
conseryatian species match gene 2@ alignment
protein level for non-synonymous changes
Human 47 IKGLTEGLHGFHVHEFGDNTAGCT
mutated not conserved 4 IKEGLTEGLHGFRVHEFGDNTAGC

Ftroglodytes sll identiesl ENSPTRGO000001384Y 47 IKGLTEGLHGE EV HEFGDNTAGC

Muulatta all identical ENSMMUGOO000001711 47 ITGLTEGLHGFUVHOQFGDHTQGC
Mrousculus all identical ENSMUSGO0000022082 47 ITGLTEGQHGFUVHOQYGDHTQGC
Ggallus all identical ENSGALGO0000015844 48 ITGLSDGDHGFLUVHEFGDHTNGC
Trubripes all identical ENSTRUSO00000008179 GO IKEGLTPGEHGFMNVHAFGDHTNGC
Drerio all identical ENSDARGOO000043848 47 ITGLTPGKHGFLUVHAFGDHNTNGC
Foatus no homologue
Delanogaster all identical  FBgulO003462 4T VCGLAKGL HGFEVHE FGDNTNGC
Celegans no homologue
Xtropicalis all identical ENSXETZ00000007350 48 I¥GLTDGEHGFMNIHEFGDHNTNGC
protein features stat  end feature  details
(2a) (aa)
41 50 STRAND lost
47 47 METAL Copper,; catalytic. lost
49 48 METAL Copper,; catalytic. might get lost (downstream of altered
splice site)
31 52 MUTAGEN FG->EE: Abolishes dimerization; when associated with 2-134. might get lost (downstream of altered
splice site)
924 a6 HELIX might get lost (downstream of altered
splice site)
a7 61 HELI might get lost (downstream of altered
splice site)
58 58 MUTAGEN C-=5: Enhances formation of fibrillar aggregates in the absence of bound Zine, when might get lost (downstream of altered
associated with 5-7; 5-112 and 5- 147. splice site)
a8 a8 DISULFID might get lost (downstream of altered
splice site)
63 65 STRAND might get lost (downstream of altered

splice site)



Integrated data (examples)

ClinVar == = EXAC

l / 1000 Genomes

Mutatior <~

MaxEntScan — £Q . ' T e.’Ensembl

: . suisrot
,,% UniProt o
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A Deep Catalog of Human Genetic Variation

Single Nucleotide Polymorphism




General tests — entire transcript

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

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



Tests for coding sequence (CDS)




Tests for untranslated regions (UTR)

region test data source / software

5‘UTR Kozak consensus sequence MutationTaster

3‘UTR Poly(A)-Signal polyadq
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Mutz documentation
~

mutation t(sting

[ |

Alterat

Predic

Why

analysed i

—. disease causing?

Ensembl trz
UniPrat peg
alteration ty
alteration re
DMA chang

Ad change:
position(s)
if A4 alterstion
frameshift

dbsNP § TC
Clinvar

regulatory features H3kSme1, Histone, Histone 3 Lysine 9 mono-methylation
Halki3eme3, Histone, Histone 3 Lysine 36 Tri-Methylation
H3kK7S9me2, Histone, Histone 3 Lysine 79 di-methylation
Hak20me 1, Histone, Histone 4 Lysine 20 mono-methylation

ptryloP / phastCons 5162, 1 (flanking)
4.283, 0.995

ia N Eab=TRN u I = B L T TR




Computer based classification

e either-or” decision

e automated classification by Bayes classifier

e 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

100

90

80 -

70 -

60 -

40 -

30 -

20

10 -

simple_aae

without_aae

complex_aae

M accuracy
I sensitivity

specificity



True positive rate

Comparison with similar programs

// e MT2 AUC = 0.97
1 e MT1AUC =0.97
S e PPH2-div AUC = 0.91
PPH2-var AUC = 0.92
N PROVEAN AUC = 0.91
S 1 e SIFT AUC = 0.92

| I I I [ I
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate

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.



NGS data and MutationTaster

5,878 45,888 45,898 45,908 45,518
GIBTGGGGETGG GGTOTEGGGGATTGEGGGGTEOLGEEGAGG6GECAGGA
cbs
(]

GCTGGGGCTGGGGTCTCGGGGMTTGCGGGGT CCGCCGCGGGG CCAGGA
GCTGGGGCTGGGGT CTCGGGGATTGCGGGGT CCGCCGCGGGG CCAGGA
GCTGGGGCTGGGGTCTCGGGGATTGCGGGGTCCGCCGCGGGGCCAGGA
GCTGGGGCTGGGGTCTCGGGGAMTTGCGGGGT CCGCCGCGGGG CCAGGA

CGGGGHETTGCGGGGTCCGCCGCGGGG CCAGGA

TTGCGGGGT CCGCCGCGGGG CCAGGA
GCTGGGGCTGGGGTCTCGGGGATTGCGGGGTCCG CCGCGGGGCCAG
GCTGGGGCTGGGGEMCTCGGGGEMT G CGGGGMCCGCCGCGGGG CCAGG
GCTGGGGCTGGGGTCTCGGGGGTTGCGGGGTCCG CCGCGGGGCCAGGA
GCTGGGGCTGGGGTCTCGGGGMTTGCGGGGT CCGCCGCGGGG CCAGGA

GGGGCTGGGGT CTCGGGGGTTGCGGGGT CCGCCGCGGGGCCAGGA
GGCTGGGGTCTCGGGGAMTTGCGGGGT CCGCCGCGGGG CCAGGA
TGGGGTCTCGGGGATTGCGGGGTCCGCCGCGGGGCCAGGA
CTCGGGGHATTGCGGGGT CCGCCGCGGGGCCAGGA
GGGTCCGCCGCGGGGCCAGGA

GCCGCGGGGCCAGGA

CCGCGGGGCCAGGA




MutationTaster QueryEngine

Mutati

i o mutation tsting

QueryEngine

» documentation | FAQS

= single guery

» guery chromosomal positions
= QueryEngine

« MutationDistiller (public beta)
« Requlation Spotter (public beta)
« other applications | team

» slides ESHG2017 Copenhagen

We offer automated MutationTaster analysis of variants from Next Generation Sequencing projects. Variants must be in VCF format and refer to GRCh37 / hg19. After your VCF file has been analysed, the link to download
the results (archived as .zip) will be send via E-mail to you. For this reason, you have to provide a valid E-mail address. Look up more details in the documentation.

VCF file Durchsuchen... | MTQE_example_vcf.vcf sample file
Please zip or gzip large files!

Format:

SCHROM P03 ID REF ALT QUAL FILTER INFO

chril ig18¢ . A c 4.77 . DE=2;AF1=0.5003;CI%5=0.25,0.75;DF4=1, 0, 0, 1;MG=60; FG=-3.1;FV4=1,1,1,1

(tab delimited) The coordinates must refer to GRCh37 (also called hg13).

Project name

Unfortunately, E-Mail notification does currently not work. We are sorry for the inconvenience and try to solve the problem as soon as

possible

E-mail address
generate HTML files (slower)
Analysis settings

search for homozygous variants
combine neighbouring variants

filter against TGP

minimum coverage

Example|

[T yes
[[] yes

homozygous in 4

heterozygous in 20

or more TGP samples

or maore TGP samples ]

clear input

queue status  2017-09-21 17:42 CEST  (refresh)

low load - our bored server is looking forward to
analysing your data

0 jobs running, 0 queued, 1511.2 milions alterations analysed.

DB gqueries free zlots (0 running, 16 of 186 available - at 0% capacity)
large jobs free slots (0 running, 20 of 20 available - at 0% capacity)
=mall jobs free slots (0 running, 30 of 30 available - at 0% capacity)

© analyse complete WVCF

[T] . _but only exons with 10 bases intron flanking
_ analyse variants on chr

[T] . _but only exons with 10 bases intron flanking
) analyse custom regions (select to enter)
) exclude custom regions (select to enter)

m



Mut:

[MutationTaster] for Example - explore your results

MTQE documentation

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

Statistics

submitted variants 4
pre-discarded variants

= o

analysable alterations

discarded (TGP)

discarded (out of gene/exonfregion)
alterations analysed

MT cases

type without_aae
type simple_aae

prediction disease_causing_automatic

L B e L I = R L

prediction polymorphism

genes hit (except HapMap/TGP)
-.-NON-Synonymous 2
...disease causing 2
...disease causing, non-synonymous 2

Analysis options

coverage threshold 4

filter out variants homozygous in TGP 4
>

Display / filter /| export results

sort & group

@ sort & group by prediction | model | gene
symbaol

sort & group by prediction | model | gene
symbaol | variation

sort by these attnbutes

1 - descending
2: - descending
3: A descending

display | (s000

results per page)

hide
silent alterations
all predicted polymorphisms
known polymorphisms
prediction problems

show
only homozygous alterations

all recessive (homozygous, comp-het, genes with =1
disease-causing variant)

only genes relevant for mitochondria

get the data

export as TSV

Query GeneDistiller

call GeneDistiller for all....

| disease-causing mutations |

| non-synonymous disease-causing mutations |

non-synonymous alterations (excl. known
polymorphisms)

o see QueryEngine log for further details on the analysis run

+ were discarded before mapping

e were filtered out (TGF)

& were not mapped to a transcript

# got no MutationTaster prediction




Mutatic
Taster

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.



Strategies to find the disease mutation

[ Homozygosity mapping ] .
Sequencing of single = = ,
candidate genes | = oo =
[ Whole Exome Sequencing ] Exomsequenzierung

.
e

..did not detect the disease mutation!



Extragenic / regulatory DNA variants




Extragenic / regulatory DNA variants

REGULATORISCHE GEN
SEQUENZ SPEZIFISCH FUR NERVENZELLE

= GENSCHALTER

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

REGULATORISCHE
SEQUENZ

= GENSCHALTER




Whole Genome Sequencing

Genomseguenzierung

e s

distale
regulatorische
Elemente

(Enhancer,
Suppressors)

proximale
regulatorische
Elemente

(Promotoren,
TFBSs, usw.)




Strategies to find disease mutations

[ Homozygosity mapping ]

Sequencing of single
candidate genes

Whole Genome Sequencing

[ Whole Exome Sequencing ]

R ——— Ten T

- A— — .

- o = === =
— — i : L -

- = - - =

Genomsequenzierung

distale
regulatorische
Elemente

(Enhancer,
Suppressors)

proximale
regulatorische
Elemente

(Promotoren,
TFBSs, usw.)

~ 3 million variants



Only for genes.



RegulationSpotter

RegL
Spotter

e 0




Integrated data (examples)

EXAC
/ 1000 Genomes e
Reqgulc —
Spotter

,;;“ — @ ——  @JEnsembi

N

Single Nucleotide Polymorphism f% g.zé FANTOM 5

FUNCTIONAL ANNOTATION OF THE MAMMALIAN GENOME



Integrated data (examples)

Integrated regulatory features

e 125 regulatory features including
 promoter and enhancer annotations
* histone modifications
* DNAsel 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

feature weight:
e reflects assumed impact of each feature

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

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



X-score

* |low number of extragenic variants validated as regulatory
disease mutations

=) not enough for classifier training

negative: millions of extragenic
non-functional variants



Comparison with similar programs

1.00+ _-7/

0.75+
5
§ — RegulationSpotter (AUC: 0.972)
= — DeepSEA (AUC: 0.961)
2 0501 — Genomiser (AUC: 0.953)
D — CADD (AUC: 0.88)
g — PhyloP (AUC: 0.842)
g = PhastCons (AUC: 0.824)
=

0.254

0.10+

0.00+

000 0.10 0.25 0.50 075 090 1.00
False positive fraction

test set: 166 extragenic harmless polymorphisms from 1000 Genomes Project
166 extragenic disease mutations from NCBI ClinVar



RegulationSpotter — submit VCF file

® @ RegulationSpotter - UploadVCF % FRegulationSpotter Tutorial * -+
\_(-_7_*_.' @ & | www.regulationspotter.org/UploadVCEhtml @ _ Q suchen =
Regul

Spotter

Regul@tionSpotter - annotation of extratranscriptic variants

We offer automated analysis of variants from Whole Genome Sequencing projects in either user-defined genomic regions or in candidate genes and the genomic elements interacting with these. Variants must be
in VCF format and refer to GRCh37. Look up more details in the documentation. You can also follow the provided tutorial to become familiar with the software and the results.

Project name RegSpot tutorial VCF file  Durchsuchen... RegulationSpotter_tutorial.vef  Please zip or gzip large files! sample file
Format:

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE

chrl 10199 . A ¢ 4.77 . DP=2;AF1=0.5003;CI95=0.25,0.75;DP4=1,0,0,1;M0=60;FQ=—3.1;PV4=1,1,1,1 GT:PL:DP:GQ 0/1:33,0,28:2:30

(tab delimited) The coordinates must refer to GRCh37.

Analysis seftings

recessive trait ' homozygous variants only
1000GEXAC
filter polymorphisms homozygous in >= & o

present (het or hom) in >=
number of individuals in 1000G or ExAC, set values to O to stop filtering
minimum coverage 4

analyse complete VCF file
analyse custom regions (select to enter)
D analyse custom genes (select to enter)

analyse the following regions or genes... PIGV, PIGN, PIGA, PIGL, PIGO, PIGT,
PGAP2, PGAPl, PGAP3, PIGW, PIGY, PIGE,
PIGM
Format:

#CHROM START END
Submit chrl:10099-150099
15:45000000-50000000

ATMT A CTAaT

Start page Tutorial Single variant documentation VCF upload documentation



RegulationSpotter — results synopsis

Regu RegulationSpotter documentation

Spotter [RegulationSpotter] - synopsis & display settings

project ID 703_G8452

Synopsis Display settings
submitted variants 170
discarded before analysis 0 display / filter options
all analysed variants 170 © show all variants | hide known polymorphisms
variants mapped to a gene and analysed w/ MT 107 show only intragenic vars | hide predicted polymorphisms
type without aae 2 show only extratranscriptic vars | hide silent alterations (intragenic varants)
type simple_aae 10 hide extratranscriptic variants without annetation —| hide prediction problems
type nia 274 restrict to these genes restrict to these regions
prediction disease causing 32 TF53, L3R, DMD T0-LO00C000
prediction nia 274
Analysis options sort & group resuits get the data
© sort by chromosome, position, effect display
coverage threshold i =ort by effect, chromosome, position
sort by gene, effect, position | debug mode
soft by effiect, gene, position
sort by gene, position
» gee QuervEngine log for further details on the analysis run
» were discarded before mapping » were not mapped to a transcript

delete your project EXDOrt Your project



RegulationSpotter — results matrix

Regula
Spotter

@ RegulationSpotter results RS_709_66452 & RequitionSaoter documentaton

show / hide details

chr position raf alt result wvarlant frequency

1 e c 6 fnconaltgheon)  EESCSSEEER
might interact with: PIGV (233 vo from T7535), ARIDTA (12368 bp from T55)

extratranscrintic results

1 27113734 T € functional {highconf)  (EEHAKOSeTEHeE R
might interact with: ARIDTA (12373 bp from T55), PIGY 1229 bp from T55)

extratranscriptic results

1 27 c Sfunctional (Nghcont)  GECEGTSESEEED
might interact with: PIGV (152 to from 755), ARIDTA (12410 bp from T55)

extratranscriptic results

1 27114012 T c homozygosity very rare
might interact with: ARIDTA (-12851 bp from T55), PIGV [-49 bp from TES)

extratranscriptic results

1 2rtteaer e A homozygosiy very rare
might interact with: PIGV (5 bp from T55), ARIDTA (-13088 op freem TSS)

extratranscriptic results

1 27118171 T c polymorphism (aulomatic) homozygosity rare

might interact with: ARIDTA (18810 bp from T55), PIGY 12752 be from TS5)
extratranscriptic results intragenic results

1 27121921 C A polymorphism (aulomatic) homozygosity very rare

might interact with: ARIDTA (-20560 bp from T55), PIGY (-6502 bo from T55)
extratranscriptic results intragenic results

1 27122152 C G polymorphism (aulomatic) homozygosity rare

might interact with: ARIDTA (-20791 bp from T55), PIGY (6733 bo from T55)
extratranscriptic results intragenic results

1 27123140 G T polymorphism (aulomatic) homozygosity rare

might interact with: ARIDTA (21779 bp from T55), PIGY (-7721 be from T55)
extratranscriptic results intragenic results

1 27124545 A G polymorphism (aulomatic) homozygosity very rare

might interact with: ARIDTA (-23184 bp from T55), PIGY (-9128 bo from T55)
extratranscriptic results intragenic results

1 160001799 G ¢ (disease causing (Clinvar) Y allele unknown [ extremelyrare )

extratranscriptic results

2 187697017 G A polymorphism (aulomatic) homozygosity very rarg
extratranscriptic results
2 187687640 c T non-functional (allele unknown / extremelyrare ) | ]



RegulationSpotter — detailed results

0,0

Likely effect

Summary

analysed issue
name of alteration

alteration (phys. location)

alteration type
alteration region
known variant

promoters

enhancers

epigenetic marks
(RegulationSpotter)

histnne mndifinatinns

regul@tion spotting

functional (high confidence) Model: extratranscriptic, score: 117.35756097561

* within TFBS
» within active promoter

analysis result

no title

chr17:37844280G>C GV

single base exchange

extratranscriptic

Reference 1D: rs564810973

database | homozygous (C/C)  heterozygous | allele carriers
10006 |0 1 1

c |- - -

Ensembl Promoter ENSR00000126595

hyperlink

- AB49, Acrta, B cells (PB) Roadmap, CD14+CD16- monocyte (CB), CD14+CD16- monocyte (VB), CD4+ ab T cell (VB), CD8+ ab T cell (CB), CM CD4+ ab T cell (VB), DND-41, eosinophil (VB), EPC (VB),
erythroblast (CB), Fetal Adrenal Gland, Fetal Intestine Large, Fetal Intestine Small, Fetal Muscle Leg, Fetal Muscle Trunk, Fetal Stomach, Gastric, GM12878, H1ESC, H1-mesenchymal, H1-neuronal progenitor,
H9, HelLa-$3, HepG2, HMEC, HSMM, HSMMtube, HUVEC, HUVEC prol (CB), IMRS0, iPS-20b, iPS DF 19.11, iPS DF 6.9, K562, Left Ventricle, Lung, MO macrophage {CB), M0 macrophage (VB), M1
macrophage (CB), M1 macrophage (VB), M2 macrophage (CB), M2 macrophage (VB), Monocytes-CD14+, Monocytes-CD14+ (PB) Roadmap, MSC (VB), naive B cell (VB), Natural Killer cells (PB), neutrophil
myelocyte (BM), NH-A, NHDF-AD, NHEK, NHLF, Osteobl, Ovary, Pancreas, Placenta, Psoas Muscle, Right Atrium, Small Intestine, Spleen, T cells (PB) Roadmap

([BBI888 retal Thymus, H1-trophoblast, neutrophil (CB), neutrophil (VB), Thymus

FANTOM predictions

FANTOM TSS relaxed 17:37844268-37844316(-)

RegulationSpotter

17: 37843854-37844404 DMNase1 H3K4me3 EREB2 ENSTO0000584014

17: 37843893-37844443 DMase1 H3K4me3 EREB2 ENSTO0000406381

17: 37843872-37844422 DMase1 H3K4me3 EREBZ ENSTO0000578199

17: 37844252-37844802 DMase1 H3K4me3 PGAP3 ENSTOD000582276

17: 37844204-37844754 DMase1 H3K4me3 PGAP3 ENSTO00000584620

17: 37844260-37844810 DMNase1 H3K4me3 PGAP3 ENST00000579146, ENSTO0000429198, ENST00000378011, ENST00000309862
none found

DNase1 DMNasel hypersensitive site in promoter 17:37843652-37844692
H3K4me3d H3K4me3 in 3 cell lines, overlap with promoter 17:37843348-37845639
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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, Rodelsperger 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.
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RegulationSpotter: Easy and comprehensive analysis of extratranscriptic sequence variants.
Under revision.

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



The case of Family D. —what comes up next

Homozygosity mapping —

Sequencing of single
candidate genes
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Whole Genome Sequencing

Transkriptomsequenzierung

Whole Transcriptome

iPSCs :
Sequencing

[ Whole Exome Sequencing




