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U. Young boy

R
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e Global developmental delay
e Failure to thrive

e Autism Spectrum Disorder
e (Cardiac: atrial septal defect
e White matter lesions

e Facial Dysmorphism




U. Diagnostic work up

Karyotype: normal 46, XY
SNP array: no abnormalities detected

Differential diagnosis: Noonan spectrum disease, but
targeted screening of relevant PTPN11, SOS1, RAFI1,
KRAS genes revealed no mutations




Next Generation Sequencing
U" Trio approach

Mother
Healthy

Father
Healthy

m ATGCTCGCTTAGTAATG

ATGCTAGCTTAGCAATG ﬂ

A GCTTAGTAATG

LETTERS  )\( | §

nature

genetics

A de novo paradigm for mental retardation

Lisenka E L M Vissers"2, Joep de Ligt"2, Christian Gilissen!, Irene Janssen', Marloes Steehouwer!,
Petra de Vries', Bart van Lier!, Peer Arts', Nienke Wieskamp', Marisol del Rosario!, Bregje W M van Bon',
Alexander Hoischen', Bert B A de Vries!, Han G Brunner'- & Joris A Veltman'-




U’ Trio approach

Variant calling
Raw data
20.000 variants

Numerous
Filtering
steps

De novo
1-2 variants

—



VariantDB

Web-based interface

WCF to VariantDE (version 0.1.2)

VCF fil.

5: Unified Genotyper on data 68 and data 30 (VCF) ¥
Unified Ge e

Store VCF and BAM File:
Yes ¥
Lres 7]

1G

n all
em he

ding intc If you st

ynami them thei

BAM File.:
4: Final_BAM_In_Linkage ¥

[FURRURE AL IS UL S

Provide a Sample Name

v

Type the samplename
If no name is specifie

sample will be notified of the name

Sample Name.:

Use This Sample/Region

Type the sampl name.

[F7_index

Data Visualisation in 16V
16V Load BAM and VCE
Download : ham ba, ve£z, vet.azthi

10009201 2apr_eur
Ensembl_GenelD
Ensembl_cPointas

CADD_phred
Ensembl_GeneLocation
Ensembl_cPointhT

CADD_raw.
Ensembl_Transcriptip

©
©

WahTanls Infarmation
Use This Sample/Region

Type the sampls name [F7tndex

Genomic_SuperDups_Location

RefSeq_Exon RefSsq_GeneLocation RefSeq_Protein_Lengtn_|
¥l RefSeq_Transcript I RefSeq_VariantType I RefSeq_cPoiniAA
uesc_Exon UCSC_GeneLocation ucsc_symbol
UCSC_variantType UCSC_cPointaa UCSC_cPaintNT
£5p5400_all esp5400_ea £5p6500_aa
£Sp6500_ea Iib_GERP Iib_LRT
1ib_PhyloP Iib_PolyPhen2 Iib_Sif.
snp135_Clinical snp135_MAF snp135_Nrchr
snp137_Clinical np137_MAF snp137_Nrchr

Filter Setfings || | [Export | [ Stafistical Charts | [ Sample Log |
Select Annotations To show Preset Annotation =
Hovarths mouss over availabls annotations o get more information @ ALL_oATK
GATK_Annotations Information ) Effect On RefSeq
< AlelicRatio ) Al_Allele_Depth  Base_Qually_Rank_sum | Fisher_Stand_Bias RS
) SnpE_Greh37 86 &
 Genotype  Mapping_Qualiy  Mapping_Qualiy_Ranl_Sum @ Phrad_Genotype o
! Phred_Polymorphism ¥ Qualty_By_Depth @ Read_Position_Rank_Sum ) Ref_Alels_Depih D
@ stand_ias Tranches_Fiter —
ANNOVAR Information
10009201 2apr_ar 10009201 2apr_all 10009201 2apr_amr 100092012apr_asn Add Annotations

Ensembl_Exon
Ensembl_VariantType Save Current Annotations
Genomic_SuperDups_Score Savs Current Annotations
RefSeq_symbol

RefSeq_cPointT.

Uese_Transcript

£sp5400_aa

£5p6500_all

Iib_MutTast

snp130_rsiD

snp135_rsiD

snp137_rsiD

Diference

<

Date Visuaisation in JGV
16V - Load BAM and VCF
Download - bam.bai, welaz

DemonstrationSample Filter Settings || | [ Export | [ Statistical Charts | [ Sample Log |
Build your query Preset Filters
Sample Gender: ¥ a 8
Quaity
v Megate Filter On Argument Values
ainile | 4 = = HaloPlax_Oualiy &
This can be set from the database frontend as well. ERRDI A i) notin sng130
common fiers &
VariantDB-Serve| Not Match ¥ InParsnts ¥ As Any Genatyps ¥ AppiyF
Main Server @ University of Antwerp ¥
u wish to send the data to, You MUST have a valid a e
Mah v Ral0cc. Cantrol Samples (Any Gentyps) ™ Smaller Or Equal Than ™ ko5 Save Current Filter
Fiter Intorman
S i Savs CurentFi
FiterOn Efiect On_Transcript Intormation
Fifer Dn Genolype_Compostion Information
Fier On Qualt Information
Makh v Qualty By Depth v Sigger O Equal Than ™ T
Fier On Mutation,_ Eflecl_Pradictions nformatian
Fiter On snpE . Annatations,_iram_GREAI7. 65 Information
This tools sends the results from the GATK unified genotyper to a VariantDB server. From there, variants can be compared between - e -
- - - ! FiterOn ClinVar information
samples, filtered on various annotations etc. To add servers, specify them in the tool configuration XML file
Fifer Dn Gens_Oniology Information
Input file
Location RefAllele AltAllele Ref.Depth Alt.Depth Allelic Balance Genotype
VCF file from the GATK Unified Genotyper. chi1:45973938 & T 18 3 04104 Heterozygous
e /| Base_Qualiy. Rank_Sum:-0.5 Fisher Stand Bias: 0 Mapping_Quaty: 60 Mapping_ Quality_Rank_Sum: 0.781
sty 8 Saniteance | gy Genoype. P Poymorhism: 34419 Qualiy.By. Depth: 11.1 Read. Postion_ Rank_Sur: 1.021
Set ertane: o Defied | Stand_Bias:-185.25
Faniy ot Op/15H) " cv_vartype Clase Comment Dissaze . Gane Emct Lost Update pubtted
Outputs [tk overlap. copy number gain Uncertain significance Classified by single submitier multiple conditions MMACHT. 20131118
ovetap copy number gai Uncerainsignfcance classfied by single submitter wtim cooer? 20131110
Text file with some resilts from the vef-parser = o Feagene St by s oot Wt e it homocysinura e sroroan Zoressso Pues
Fansl_Dsfinition Pansi_Gens Panel Gens_Comment
i o MMACHD O 60031 AR
Refseq Exon Rersag_GensLocaton Refsag_protsin Langth Diference Rerseq_symbol RefSeq_Transeript Rersag VariantTyps Rersag_cPoinaA RefSeq_cPointNT
3 o WACAD WU 015508 stopgain SNV PRI ecaa
Amine_Acid_Change 37 65 Codon_Change 3768 et 37 Erect Impact_37.65 Functions Claze 3766 Gane Coding 37,66 Gane_Exon 768 Gane_Symbol 768 Gane_Tranerpt .68 Transerpt BioType 3766
DOWNS TREANI MODIFIER CooiG PROX1 EnsTO protein_cading
DOWNSTREAM MODIFIER coome PROX1 EnsTo0D0D3 122 protein_cding
DOWNSTREAM MODIFIER coome PROX1 ENsTO0000372070 protein_cding
R Coartas ST0P_GAINED HiGH NoNsENsE coome exon_1_dsa73684 4g74038 MMACHE EnsTO000401081 protein_cading
UpsTREAM MODIFIER coome MACH Ens 00000473 nonsenss_madiated_dzcay
uPsTREAM MODIFIER cooie MAcHD EnsTo0000477 168, procassed transcript

Vandeweyer et al., submitted




File View Tracks Regions Help

NGS analysis
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U' NGS analysis:

a single de novo mutation

_ ) e 4bp del in ADNP
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U' ADNP gene

Activity Dependent Neuroprotective Protein

« Expressed in brain

« Zinc fingers/homeobox domain: potential
transcription factor

« Involved in neurogenesis
« Involved in heart development
« Homozygous KO mice are embryonically lethal

« Heterozygous KO mice have cognitive &
behavioral problems
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U- Other mutations

Table 2. Recurrent disruptive mutations in ID and ASD

Gene™> 1D cases ASD cases
0 0/6503

CHDS8 - 9/2446 2(Q), 7 (0*) [+3 (N*}]

SCN2A ans 2/593 1 (L), 2 (R), 2 (S} [+1 (N¥)] 1 7/6503
SYNGAF1 3151 = 1 (L), 2 (R} 1 207/6503"
GRINZB - 3/2446 1(0), 2 (0%) 0 0/6603
DYRK1A - 32446 1 (1), 1 (0), 1 (0%) 0 0/6503
ZNF292 1151 1/593 1 (L}, 1 (N} 1 2/6503
POGZ = 2/593 11} 1 (N} 1 1/6503
KATNALZ = 2/593 1 (0}, 1(S) 1 1/6503
TBRT = 22446 1{Q), 1 (0%} 0 0/6503
CTNNET 1151 1/2446 1 (L} 1 {O*), [+1 (L*} 0 0/6503
SETBP1 1151 1/593 110}, 1 (R) 3 58/6503"
ADNP - 2/2446 1(0}, 1 (0%) 1 1/6500
LRPZ 1151 1/593 11 1(L) B 53/6500
5 314/8500

ARID1B - 2/2446 1(0), 1 (0%

- 1 patient in exome study - O’'Roak ea, Nature 2012

« 1 patient in MIPS screening - O’'Roak ea, Science
2012

« 1in ESP non-neurological control cohort
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U.Ten

mutations in ADNP

patients with truncating

Screening Cohort mutation in genomic mutation in cDMA Mutation
Patient PatientID  Origin method Cohort composition  size DNA (chr20) (NM_015339.2) Protein Type Inheritance
1 111294 Antwerp WES Moderate to severe 10 g 49508752_49508755 c.2496_2499delTAAA  p.Asp832Lysfs*80  Frameshift de novo
IDand/for autism + delTTTA
dysmorphic features
2 11-08612 Nijmegen WES Mon-syndromic 100 g 49510040G>T C12110CA p.SerdQ4* Nonsense de novo
severe ID
3 12130pl1 Seattle wes™® ASD from the Simon 189 p 49510028 49510029 1222 1223delAd p.Llys408Vvalfs*31  Frameshift de nove
Simplex Collection delTT
4 1050237 Westmead WES Mon-syndromic 95 g 49509086_49509098 2153 2165delCTTAC  p Thr7l8Glfs*12  Frameshift de nove
severe ID delATTTGCTCGTAAS GAGCAAAT
5 3061-080  Stockholm  WES Moderate to severe 45 g 49509094G>C c.21570>G p Tyr719* Monsense  de novo
I and for autism +
dysmorphic features
6 122793 Antwerp HRM Autism 148 g 49508757 49508760 2491 2494delTTAA  p.lysB3lllefs*s1 Frameshift de nove
delTTAA
7 07-06960 Nijmegen MIPS ID and/or autism 2743 g.49508443delG c.2808delC P Tyro3e* Frameshift de novo
8 2376 Troina MIPS ID and/for autism Idemas  g.49508757_49508760 c.2491 2494delTTAA  p.lys831lllefs*81 Frameshift de novo
patient 7 delTTAA
9 2533 Troina MIPS I andfor autism Idemas g 49509321G=A c.1930C>T p.644Arg* Monsense  parents not
patient 7 available
10 13545pl Seattle Mips'® ASD from the Simon 2446 pg49509094 49509095 C2156_2157insA pTyr719* Frameshift de novo

Simplex Collection

insT




U- Dysmorphic features

Phenotype Frequency
Prominent forehead 5/8
High hairline 7/8
Eversion/notch eyelid 3/7
Hypertelorism 1/8
Broad nasal bridge 6/8
Short nose 2/8

Thin upper lip 6/7




Clinical characteristics
U Phenotype

Frequency
Autism Spectrum Disorder (ASD) 10/10
Intellectual Disability (ID) 10/10
Developmental delay (motor) 9/10
Developmental delay (speech) 8/9
ADHD 2/9
Hypotonia 7/9
Growth retardation / Short stature 5/8
Feeding problems 5/8
Recurrent infections 5/8
Congenital heart defect 3/8
Hyperlaxity 6/8
Obesity 4/7
Hypermetropia 6/6
Seizures 2/7
Behavior 5/7
Insensitivity to pain 2/5
MRI brain abnormality 5/9
Hand abnormalities 6/8
Constipation 2/6

—



U. Statistics

e The frequency of truncating de novo mutations in ADNP is
significantly higher (p: 0.001852, odds ratio 13.24668,
one-sided Fisher’s exact test) in patients compared to the
ESP cohort and additional controls from the Simons
Siblings.

e The probability of detecting 8 or more de novo truncating
events in ADNP within our cohort by chance was estimated
to be p = 2.65e°18 (binomial test) under a de novo rate of
1.2 non-synonymous coding variants per individual
according to a probabilistic model of a locus specific
enrichment for truncating variation [O'Roak et al., 2012].
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De novo mutations in ADNP cause
new autism syndrome

Autism spectrum disorder
Intellectual Disability
Facial dysmorrphology
Congenital malformations

may explain etiology of
0.17% of ASD patients
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