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l ' Intellectual disability

Formerly “mental retardation”

1Q below 70

- Diagnosed in childhood

- In combination with
adaptive limitations

CTRL FX

1 O I
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l ' Frequency of Intellectual disability

2-3% of the population

an estimated
200.000 — 300.000
patients in Belgium

Familial

De novo cause

e ——— ————— S ———— S — ——— —

oooooooooo

|
IQ Score—® ¢ 35 70 85 100 115 130 150 200

Standard Deviation —» 2 1 M +1  +2
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Causes of Intellectual disability

u a reflection

Fragile X syndrome

Other syndromes and
disorders

Metabolic
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Our genome: Karyotype
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Down syndrome - Trisomy 21

s "-!_'").
R 1
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l l Prader-Willi syndrome

warr

e 1L

sl

No Deletion  Deletion 150911-13
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F3
F I S H Fluorescence In Situ Hybridization

Labeling with
fluorescentdye P

Prader-Willi Syndrome

del 15—
. ]

Fluorescent in situ hybridization (FISH) demonstrating deletion
(del) of SNRPN probe on one of the chromosomes 15s.
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Array-CGH

oy

Reference DNA Hybridize to arrays Test DNA
Cy5
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Detect and guantify signals
Test DNA Duplication ) Spurious Reference
el = signal DNA
1, Q= retlond—A=cne ‘
0.5-

Universiteit Antwerpen —



Dia 11
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SNP Array

oy

* Two information channels: intensity and genotype

il s
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SNP Array

oy

* Two information channels: intensity and genotype
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SNP Array

> /

* Two information channels: intensity and genotype
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SNP Array
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Copy Number

Genotypes

Deletion Duplication
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Different algorithms for
Deletion/duplication testing

Table 1 Proportion of CNVs called by Pinto et al.
detected by the different methods used

Pinto et al.

Deletions Duplications Overall

(n = 378) (n = 130) (n = 508)
Algorithm % P-val % P-Val % P-Val
2/3 Vole 815 696 744
QuantiSNP 790 0.19 66.0 0.26 713 0.13
PennCNV 80.0 03 752 0.16 772 0.15
VanillalCk 83.0 031 55.1 0.0073 663 0.0023

Results are averaged over 181 HapMap samples. P-values are calculated using
a one-tailed z-test for difference between proportions, comparing the majority
vote against each separate method.
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But what if we find a deletion/duplication?

o

[ 15% |[ 50% |[ 95% 15% |[ 50% |[ 95% | 1.5x |[ 5x ][ 10x ] [1.5x ][ 5x ][ 10x

MOVE LEFT MOVE RIGHT ZOOM IN ZOOM OUT

pi3.3 [ [ [epized] [ 16pii.2 |iseeecllMGRIR0 ] 16912, 1 [1691200] | 692 I 16423 1 I I .

6445_89046 T —
Schizophrenia

3091 _das68 -
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2004: CNV In the control population
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Initial maps showed > 10% in the human genome Human Genome
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CNV are stored in database of genomic variants
DGV

atabase of enomic ariants

A curated catalogue of human genomic structural variation

About the Project Downloads

Links Statistics FAQ
Genome Browser Query Tool

Submissions Contact Us Training Resources

Keyword, Landmark or Region Search: | Search || GRCh37/hg19 v

Examples: RP11-34P13; CFTR, 7q11.21; chr7:71890181-72690180

Find DGV Variants

by Study by Sample
by Method by Variant

by Platform by Chromosome

Summary Statistics

Stat Merged-level Sample-level
CNVs: 552586 6359956
Inversions: 3164 30446

Number of Studies: 72

News: May 2016 Update and Newsletter has been issued
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Are there genes in the region?

Genome iIs annotated in UCSC

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< | << | < | > | >> | >>> |zoomin| 1.5x | 3x | 3x | 10x | 100x
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Click on a feature for details. Click or drag in the base position
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position.
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Are there relevant genes in the region?

‘ + Disease genes are annotated in the OMIM

C | ® www.omim.org/entry/610112 g ‘Eﬂ
I Apps [ CNV-WebStore (| VariantDB ‘D DECIPHER § OMIM & PM ST Galaxy [3 BioMinalTS [[J Trello 3+ UA I Cognitive Genetics (@) Prezi G UACP & Google Drive G Google  » Andere bladwijzers

Home About Statistics *+ Downloads * Help + Extemal Links Termsof Use * Contact Us MIMmatch Donate ~

Search
Advanced Search -
Table of Contents for *610112 x.6 q 0 il B External Links
Title B » Genome

- C-MAF-INDUCING PROTEIN » DNA

Cloning and Expression

Gene Function > Protein
Gen tur &
Bre Simcre Alternative titles: symbols e o
Mapping *
Molecular Genetics CMIP » Clinical Resources
References KIAA1694 + Variation
Creation Date A
Edit Histon » Animal Models
J
MiMmatch (login) Other entities represented in this entry: » Cellular Pathways

C-MAF-INDUCING PROTEIN, TRUNCATED, INCLUDED; TCMIP, INCLUDED

HGNC Approved Gene Symbol: CMIP
Cytogenetic location: 16g23.2-g23.3 Genomic coordinates (GRCh38): 16:81,445,169-81,711,761 (romncs

TEXT

Cloning and Expression

By screening for genes with the potential to encode large proteins expressed in brain, Nagase et al. (2000) cloned
KIAA1694. The predicted protein contains 757 amino acids. RT-PCR ELISA detected ubiquitous expression of

KIAA1694, with highest levels in brain, followed by ovary and kidney. Expression was high in all brain regions
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Do the parents have the same deletion?

Father Mother
5 Log R Ratio LOTKE, 5 Log R Ratio LO0KE,
. - . . *
_____ e i e . e - . R R ._i___________!_________l ________________"_‘
-2 -2
-4 -4
-6 -6
B Allele Frequency B Allele Freguency
e B A At e e s e S e 1‘WWWWW
0.8 8
0.6 6
+ * *
p: * ‘3’?.," t.’. s 0»{‘{.& s ,’t‘%" 2% SR 3 .gt&‘”‘ . &:0: ‘s %?: + ".t.?‘:’ o .
0.4 4 .
0.2 2
(1] 27 "SISO AP PR VP AR D NP P VD S 5 Y s Olott Raestly o8& 2t a0’ 2 . o0l to, o & S| & gea)
€—85,949,184 ; = _ 87,534,177 — 355,949,184 87,534,177 —
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Did we find the same deletion before?

Build and search in house database

MOVE LEFT MOVE RIGHT ZOOM IN ZOOM OUT

[15% |[ 50% |[ 95% | [15% |[ 50% |[ 95% | [1.5x ][ 5x ][ 10x ] [1.5x ][ 5x ][ 10x]
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Diagnostics
5154_110498 |
7044_102693 s —————
1_120111
MA_0042_142068 -
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Schizophrenia
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Did others find the same deletion before?

Search DECIPHER

Location “ Gene Allele Transcript Consequence Inheritance Pathogen!caw Shared ? Links
Genotype Contribution ?
No data available in table
Browser Genes a Overlapping Patients a Overlapping Syndromes n
= Tracks sz P anz
L] B1.50 v 8185 v 81.80 M 81.65 2 B1.70 W
o % 0 scone
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CNV-WebStore a graphical interface

Interpretation (results) - Mozilla Firefox

hetp://r ua.acbe/env/i ql1.238v=i

£ Meest bezocht = PubMed [l TeraStation 13- UA 3¢ Cobb Ed Metropolis | VBF  Antwerpenfile » NRC I AskOxford | Rongga's Il Nespresso || Weberclub () Jiba || Prisma ™ Google || Dr,

1 CNV-WebStore: Online CNV Analysis,

CNV-WebStore 0%@(3 U'

An Online CNV Analysis, Storage and Interpretation Platform M Centre of Medical Genetics

Main | New Analysis | Browse Results |Export | Settings | Other Tools | Documentation | Contact | Print Frank|&| ?

Browse Projects | Search : Sample/Region/Gene/Phenotype | Filter | Set Permissions NCBI 36 (hg18)

Search detected aberrations based on chromosomal region / Gene Symbol

Enter the chromosomal region in the field below en dlick ‘search’. The region should be specified in UCSC-style, by chromosome band or by RefSeq gene symbol, e.g
ChI7:7500000-9200000, 4G21.3, 16p11.2-p12.2 or SOX12

Search region: [7q11.23 Visualise by @ image or © table.[ search

Samples Containing CNV's in 7q11.23 Vandeweyer et al. BMC Bioinformatics 2011, 12:4
Query co o che?:71,800,000-77.400,000 http://www.biomedcentral.com/1471-2105/12/4
BMC
MOVE LEFT MOVE RIGHT zoom In zoom ouT Bioinformatics
15% |[ 50% |[ 95% 15% |[ 50% |[ 95% 150 |[ 5 |[10x | 1.5x |[ 5x |[ 10x

258.8 Kb refer

o e == ——= CNV-WebStore: Online CNV Analysis, Storage and

gﬂgﬁgﬁéﬁngm. [ .

N Interpretation

0003_87848

bt ! Edwi 12 - o

HE-2IER Geert Vandeweyer', Edwin Reyniers'~, Wim Wuyts®, Liesbeth Rooms’, R Frank Kooy
Abstract

Background: Microarray technology allows the analysis of genomic aberrations at an ever increasing resolution,
making functional interpretation of these vast amounts of data the main bottleneck in routine implermentation of
high resolution array platforms, and emphasising the need for a centralised and easy to use CNV data
management and interpretation system.

Results: We present CNV-We

tore, an online platform to strearnline the processing and downstream

interpre: n of microarray data in a clinical context, tailored towards but not limited to the lllumina BeadArray
platform. Provided analysis tools include CNV analsyis, parent of origin and uniparental disomy detection.
Interpretation tools include data visualisation, gene pricritisation, automated PubMed searching, linking data to
several genome browsers and annotation of CNVs based on several public databases. Finally a module is provided
for uniform reporting of results.

Conclusion: CNV-WebStore is able to present copy number data in an intuitive way to both lab technicians and
clinicians, making it a useful tool in daily clinical practice.
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Analysis using CNV-WebStore

MOVE LEFT MOVE RIGHT ZOOM IN ZOOM OUT
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Preferences
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GenCode Coding #<i8s P-4 i [ Lt 3
GenCode Non-Coding
Repeats
UCSC SegDups
S 1
ApAns All Samples (Ilmn)
Diagnostics
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7044 102693 ]
—
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CNV-WebStore

| §_ BeadStudio GenomeStudio Full Call Reports

£ exports exports {core facilities)
'O GenomicWave | B 'O Indication of

< adjustment ] QS Mosaicism |
-ﬂ

g QuantiSNP  PennCNV  VanillalCE BAF-

S - segmentation
| § Majority-Vote Consensus Calling

-’

Parental Data | [  Additional Data
* Inheritance Analysis — + Other Platform Data
* Parent Of Qrigin | «Custom Method Report
* Non-Paternity <, = Clinical Data
'» Uniparental Disomy . : .*CNV Classffication '
" g *Probe level CNV data -
g’ » Sample information
 * QC-details
£ +Whole Genome plots
. ¥ +Inheritance Data

Figure 2 Analysis pipeline implemented in CNV-WebStore for
lllumina BeadArray data.
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Duplications of the
Williams-Beuren region at
7911.23

chr? (at1.22-q11.23) (17 EINE] BEDS.SON B IEREIICEN BN P4 | | | CEIWEey N | (22, 1N CETUEY B BN 0 CECI7os4fEs 0

chr7: 72000008| 72s500000| 73000000| 735000080| 74000000]
Chromosome Bands Localized by FISH Mapping Clones
Chromosome Band 7a11.283
RefSeq Genes
CALN1 H SBDSP 1 PMSZLZ b»a NSUNS ) scL76 @ sTx1AH ELNHEl LAT2@ GTF2IRDL »—ii-H  nNcF1 WBSCR16 Hil
LOC4412511  GTF2IP1 ram FZD9{ TBL2{  CLON3| rFC2 W STAG3L2 ) NCFIC m
POM121 we-H] NCF1E m BA216 HIHH ABHO11 | LIMKI HB  CLIP2 w4-HHH GTF2I {8 GTF2IRDZE Hill
NSUNSC) GTF2IRDZP m mx:w CLON4 | EIF4H M GTF2IRDZ |+ LOC100093631 ma
TRIM74 NSUNS ) 70 | WBSCR27 | PMS2LS § GTF2IF1 ma
STAG3L3 ) TRIMSE § DNAJC38 | WBSCR2S |

LOC389517 m FKEPS HH WBSCR22 i

LOC106093631 ram

Structural Variation
Redon CHPs i e s ey s S P s i e o ] e Tate o e e e e
Williams-Beuren Duplication Cases

Patrient_9
Fatient_13
FPatient_11
Patient_19

Patient 7
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Patient_2

Patient_1

Patient_3
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Patient_6

Patient_S
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European Journal of Medical Genetics 52 (2009) 94-100

Contents lists available at ScienceDirect -
o ' ) European Journal of Medical Genetics aes
EL S] L\ A|1 .|.1. journal homepage: http://www.elsevier.com/locate/ejmg -
Original article

Fourteen new cases contribute to the characterization of the 7q11.23
microduplication syndrome

L.
&3
RE
[

Nathalie Van der Aa®*, Liesbeth Rooms Geert Vandeweyer , Jenneke van den Ende ?, Edwin Reyniers ?,
Marco Flchera Corrado Romano®, Barbara Delle Chiaie €, Geert Mortier €, Bjom Menten

Anne Destrée ¢, Isabelle Maystadt®, Katrin Mannik €, Ants Kurg®, Tiia Relmand Dom McMuIlan g
Christine Oleyg Louise Brueton ¥, Ernie M.H.F. Bongers", Bregje W.M. van Bon", Rolph Pfund”,
Sebastien Jacquemont', Alessandra Ferrarini’, Danielle Martmet Conme Schrander—St‘umpelJ
Alexander PA. Stegmann’, Suzanna G.M. FrmtsJ Bert B.A. de Vnes Berten Ceulemans¥, R. Frank Kooy ?
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Williams syndrome: a common deletion in
u the 7g11.23 region

Deletion of 1.55 Mb
contiguous gene syndrome

C-cen

= s 2 s = E—"
& ¢ E R EE 3
2 48 g & B2 O
D752476 7561 | D7S489A
D75489C / D7S489B T «| D7S2472  DISI870 %
vy N < 3 3
&~ =y 1 i | &t
S o=e 8 = XExE L K. ow ~ K| e = =
SS8(8 S Su¥E8 Zg55= §22p |5 E [Eg§
SSEEIN T PRIEEE RE NSNS § RRKK > = Sy 2
T e - R S R e e v L z 5
TR _ - TEIL
CEN Inversion Polymorphism
|

Typical f . Common WBS Deletion (~1.5 Mb)
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u Analysis using CNV webstore

Chromosome 7




u Analysis using CNV webstore

Contribution of CYLN2 and GTF2IRDI1 to neurological and cognitive
symptoms in Williams Syndrome

J.M. van Hagcn,"" J.N. van der Geest,>"* R.S. van der Giessen,” G.C. Lagers-van Haselen,®
H.J.EM.M. Eussen.© J.J.P. Gille,® L.C.P. Govaerts,® C.H. Wouters.® .LF.M. de Coo.*
C.C. Hoogenraad,” S.K.E. Koekkoek,” M.A. Frens,” N. van Camp,® A. van der Linden,®

M.C.E. Jansweijer,’ S.S. Thorgeirsson,® and C.I. De Zeeuw®
/ CLIP2 gene

——

Genes {(RetSeq & [ENCODE?

1 HEHEN b=
/ 73,385,360 7359
- - - —~ - — - - — S T T T T U T T TN TN WO N A T O ¥ 1

~del(7q11.23)
Size: 49 Kb




i GTF2IP1
§[NCF18

Williams-Beuren syndrome: a common
deletion in the 7q11.23 region

8 |GTF21RD2P
BAZ18
IMLXIPL
VPS37D
ISTX1A

=|aBHD11

-|cLonz

2|cLDN4

F LMk

% [EIFaH
LAT?
RFC2
lcLIP2
IGTF2IRD1
GTF2
NCF1
IGTF2IRD2

Study Affected Genes VIQ/PIQ/FSIQ

i ELN

l
|

Howlin eral. 2010
Dai et al. 2009

K3321, Morris et al. 2003

Tassabehji ez al. 2005

GTF2IP1-GTF2IRD2
GTF2IP1-GTF2IRD1
CLDN4-GTF2IRD1

GTF2IP1-GTF2IRD1

63/55/55
88/71/78
1190

A

Ferrero et al. 2010 BAZ1B-CLIP2 117/91/105
Case 1, Hirota er al. 2003 FKBP6-CLIP2 64/72/64
Case 2, Hirota er al. 2003 FKBP6-LIMK 1 65/56/55

NW1, Antonell ez al. 2010
NW2, Antonell et al. 2010

This Study

CLDN3-GTF2IRD1
VPS37D-RFC2*
CLIP2

77/76/75
79/90/82
106/107/106

ELN gene: SVAS
BAZ1B : hypercalcemia
LIMK1- CYLN2- GTF2

— Linked to aspects of cognitive
delay

GTF2IRD1

— Linked to aspects of
craniofacial pathology
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The American Journal of Human Genetics 90, 1071-1078, June 8, 2012
REPORT

The Contribution of CLIP2 Haploinsufficiency
to the Clinical Manifestations of the Williams-Beuren Syndrome

Geert Vandeweyer,! Nathalie Van der Aa,' Edwin Reyniers,! and R. Frank Kooy!'*

10 20 30 40 50 60 70 80 90 100 110 120
Proximal AluSz GGCTGGGTATGGTGGCTCATGCCTGTAATCCCAGCTCTTTGGGAGGCCGAGGAGGGCAGATCACTTGAGGTCAGGAGTTCGAGACCAGCCTGGCCAACATGGTGAAACCTCGTCTCTACT

Distal AluSz GGC C AGGC GTGGTGGTTC AC ACCTGTAATCCCAGCACTTTGGGAGGC TGAGGC AGGCAAL TCACTTGAGGTCAGGAGTTCGAGACCAGCCTGGCCAAC ATGGTGAAACCCCATC TCTACT
10 20 30 40 S0 60 70 80 90 100 110 120

130 140 150 160 170 0 190 z00 210 220 230
Proximal AluSz AAAAATAACAAA-AATTAGCCGGGCGCGACGGCACATGCCTGTAATCCCAGCTACTCAGG AGGCTGAGGCAGGAGAATGGCTTGARCOIGGAAGGCAGAGGTTGTAGTGAGCCAAGTTTA

------------------

-----------------------
------------------

Distal AluSz .U.AAGTAC AAAAC AATTAGC TGGGTTGGT— GGTGTGGGTC TGTAATCCCAGCTGTTCAGG GAGCTGAGGCAGGAGAATGGCTTGARCG GGGAGGC AGAGGTGAC AGGGRGCCAAGJLTCA
10 220 230

130 140 150 160 170 0 190 200

240 250 260 270 280 290
Proximal AluSz CACCATTGCACTCCAGCCTGGGCAACAAAGGAAGACTCTGTCTCATAALAATAAAGA

Distal AluSz CGCCACTGCACTCCJI.GCCTGGGCAACAGAGCGAG.ACTCCGTCTCLAA.&AAA.AAAAAA
240 250 260 270 280 290
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Five patients with a chromosome 1q21.1 triplication show @ S
macrocephaly, increased weight and facial similarities

Anke Van Dijck ™", Ilse M. van der Werf *, Edwin Reyniers *°, Stefaan Scheers *",

Meron Azage ©, Kiana Siefkas ¢, Nathalie Van der Aa °, Amy Lacroix °, Jill Rosenfeld r
Bob Argiropoulos # ", Kellie Davis %, A.Micheil Innes * ", Heather C. Mefford ®¢,
Geert Mortier *°, Marije Meuwissen °, R.Frank Kooy °

European Journal of Medical Genetics 58 (2015) 503508

Log R Ratio A-Il.1 (1pxI=4KB)

s R A e SRS B

e
-

B Allele Frequency A-ll.1 (1pxI=4KB)

0.00 Py

e . w* "
- -~ et o » f
s - e A .' ¥ -

Base Posson 145838003  146.154.113 146470223 146786333  147.102443 147418553  147.734663 148050773 148266883 148

Cytogenetc Band

Universiteit Antwerpen




CNV iIs found in 10%6 of all patients with
Intellectual disability
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[ De novo CNV

I OMIM mental retardation syndrome
=== Novel clinically recognizable syndrome
I CNV unknown clinical significance

Figure 4. Overview of all CNVs reported in genome-wide microarrays studies in mental retardation. CNVs are represented by colored bars.
Copy number losses and copy number gains are depicted, respectively, on the left-hand side and the right-hand side of the chromasomes. 1)
Red bars, CNVs associated with a well-known OMIM syndrome; 2) orange bars, novel recurrent CNVs; 3) green bars, de nova CNVs not known
to the previous categories; and 4) blue bars, CNVs of unknown clinical significance.
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Causes of Intellectual disability

u a reflection

Fragile X syndrome

Other syndromes and
disorders

Metabolic
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& Draft sequence of the Human Genome
Human Genome Project (1990 — 2001)

Celera
Private company

Public consortium

February 2001

Universiteit Antwerpen _



llumina

HiSeq 2500
. /
454
)

SEQUENCING {JNANOPORE

PromethlON: small benchtop system for high throughput real-time
biological analyses and allowing large sample numbers

lon Proton™ System

B sy
, F
technologies

\/ @ rrcBio
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U- NGS Data analysis

What kind of data are we working with?

From sequence to variant: Analysis flow

From variant to knowledge: Interpretation flow
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U- NGS Data analysis

What kind of data are we working with?
- Sanger Seguencing:

-1 amplicon / reaction TATGACCTTANCGCAGTGACCTTGGACCTGTACCACAGCAATGGCTACCG!

- 1 sequence / amplicon (or 2) w \ {\ A /\/ ; \

- i i i \/} |fl | I IJ
Visual msp_)ectlon for ﬂdﬁ \ ]H LJL-\.J_*
Overlapplng peaks Father: heterozygous carrier, c251C>T, codon ACC>ATC p.T84l
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U- NGS Data analysis

What kind of data are we working with?

- Sanger Sequencing: v
. . TATGACCTTANCGCAGTGACCﬂ’GGACCTGTACCACAGCAATGGCTACCGI
- 1 amplicon / reaction

- 1 sequence / amplicon (or 2) A | ﬂ \j\ ﬂ’ i \
- Visual inspection for |\ ’hl AJ-‘_ \L MJJLNL:L uhl

. Father: heterozygous carrier, c251C>T, codon ACC>ATC, p.T84l
overlapping peaks

- Next-Generation Sequencing:
- Massive Parallel sequencing
- exome panel: > 200.000 targets (all exons in the genome)
- Multiple amplicons / target
- optimal design: > 40 unique
fragments covering
every nucleotide in targets.
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Uv NGS Data analysis

What kind of data are we working with?

===~
S ——
e L W

M=
. =
H 1B
M=
= =

== Amount of data : > 8.000.000 sequences / sample
== Impossible to manually inspect all reads for mutations.
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U- NGS Data analysis

What kind of data are we working with?

- Data format : FASTO
- FASTA :

>Sequence_Name
AACTACTAGATACTGATAGTATATCTCTCTTAATCGA
GCTCTAGATCGATCTATACCGAT

- Add Quality (fasta-Q == FASTQ)

@Read_Name

AACTACTAGATACTGATAGTATATCTCTCTTAATCGA
+

BCEECEEFFECGECGECFGFF@?<<=??<>53Q##
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Qscore

oy

NGS Data analysis

What kind of data are we working with?

- Data format : FASTO

@Read_ Name
AACTACTAGATACTGATAGTATATCTCTCTTAATCGA

-+

BCEECEEFFECGECGECFGFF@?<<=??<>53Q@##

=> Phred Score : correlates with the chance on error (probability that

basecall is wrong)

Qs anger

—10 logop

positions

=> Example:
Q30 => 1 error / 1000

Q10 => 1 error / 10 positions
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U- NGS Data analysis

From sequence to variant: Analysis flow

Adapter Trimming: Remove artificial
sequgnces

Quality-Trimming: Remove low quality sequences to improve
specificity

Pre -
Processing

Generate QC Reports: Visual inspection of main quality
paraﬂeters

Read Mapping: Place reads on the reference genome (BWA)

|

= J

qu % Optimize Mapping: Remove Duplicate reads (picard),

8 '%ecalibrate mapping scores (GATK), realign around indels (GATK)
S ” (]

o

% Call and Annotate Variants: Call variants(GATK) and

annotate using ANNOVAR, and snpEff (VariantDB)
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U- NGS Data analysis

From seqguence to variant: Analysis flow

Pre - Quality-
Processing Trimming
— ageR] “”W% g \/“\f\/f\\[\m\fm Ny s g
l\/ \/\'/ \ ,’A\ - 9 g
| ’ \.'J W | bt 2 &

Low quality leads to high error rates (cfr Phred Score)
== We want a limit of 1 error in 1000 positions
== Due to chemical degradation, 3’ ends are lower quality
== Trim everything on 3’ end with quality < 30
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Uv NGS Data analysis

From sequence to variant: Analysis flow

Sequence — To — Read Mapping
Variant

i‘iii|
|

_#__
e —— CE— | —
e G— i — g —————————————

1
|'
|

|
W
|

T T e

uuuuuuuuu
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U- NGS Data analysis

From sequence to variant: Analysis flow

Sequence — To — Optimize Mapping
Variant

- Remove Duplicate reads (picard)
=> Reduce computational time
=> Reduce amplification bias

- Realign around indels (GATK)

TTTTTTTGTTTGTY T TATTITOATTTGCTTT FTTAGTTTY » AC GTCTTGCCTCT ITG

~
~

FTTTTTTTGT T TGV T TATTTICTITCTYTTGCTITTICTTINY AGACGCG TCTTGCTCTATTCCCC

P T (T - ol ] - - -
'
H
.
i
H
H
H
H

B e e e e e i e b b e e e |



U- NGS Data analysis

From sequence to variant: Analysis flow

Sequence — To — Call And Annotate Variants
Variant

- Call Variants (GATK)
- Search for positions with statistically significant evidence for
a non-reference nucleotide
- Take into account: base-quality, position in read, strand

bias
y ===
TTTTTTY TTTGTTTATTY TTT TTT TT7 TTTY » AC GTCTTGCTCT ITGCCC TTYTTTTY TTTGCTTTATTTY T TTCYTTGYTYTCTTTYY AGAC : . TCTTGCTCTY TTGCCCC
T T
T T
T T
T ——e 1]
. T
T T
T
T
T mecssne) T
L T
T — T
T e T
T e T
T weeee T
T T
S T
........ T ST T
Vo— — R ea—
TG T .- T



U- NGS Data analysis

Galaxy
- A website offering an easy way to run complete pipelines

- No programming skills needed, very usefull for dynamic analysis

Fasgcmamac

(http://www.usegalaxy.orq)
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U. Genetic Variation

e Single Nucleotide Polymorphism

- Fixed position in the genome that *might* differ in sequence
between individuals
- 1 SNP / 700bp

- Long thought to be major
source of variation
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U’ NGS Data analysis

From seguence to variant: Analysis flow

Sequence — To — Call And Annotate Variants
Variant

Annotate Variants (ANNOVAR, snpEff, ...)
- Add as much information to the variant as possible to ease
interpretation
- Effect on Gene transcription (RefSeq, Ensembl, UCSC)
- Quality parameters (GATK)
- Occurence in control populations (dbSNP, ESP, HapMap,
1KG, ...)
- Known pathogenic variations (dbSNP, OMIM, ...)
- Effect on gene function (PolyPhen, MutationTaster, Sift, ...)
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U- NGS Data analysis

From variant to knowledqge:

Interpretation flow
Effect on gene function (— from high to low)

- Variant causes gain/loss of stop/start coding?
- Variant causes aberrant splicing of the transcript?
- Variant replaces a highly conserved nucleotide/amino acid ?
- Variant replaces an aminoacid, and is not reported in control
populations ?
- Variant can modify binding of regulatory elements?

— Extended annotation is critical

— Manual inspection of > 20.000 variants/sample is impossible.
= Again: automation is needed
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VariantDB
Web-based interface
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U. Young boy

e Global Developmental Delay
e Failure to Thrive

e Autism Spectrum Disorder

e Cardiac: Atrial Septal Defect
e White Matter Lesions

e Facial Dysmorphism
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Next Generation Sequencing
Trio approach

Father Mother
Healthy Healthy
A A
ATGCTAGCTTAGCAATG H IH ATGCTCGCTTAGTAATG

2 €

(=
=

LETTERS W(EE

nature L @

gCﬂCthS

A de novo paradigm for mental retardation

Lisenka E L M Vissers"?, Joep de Ligt"?, Christian Gilissen', Irene | 1, Marloes Steeh %
Petra de Vries', Bart van Lier!, Peer Arts', Nienke Wieskamp', Marisol del Rosano‘ Bregje W M van Bon',
Alexander Hoischen', Bert B A de Vries!, Han G Brunner'-* & Joris A Veltman'3

Nature Genetics 42, 1109-1112 (2010)




U’ Trio approach

Variant calling
Raw data
20.000 variants

Numerous
Filtering
steps

De novo
1-2 variants
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NGS analysis

File View Tracks Regions Help

Human hg 19 v |chr20 ~ | |chr20:43,508,733-49,508,773 o it «

p123  pl2l pil22  qll qil23  qi3d2 ql13.2  qi33d

1
42bp ]

43.508.740 bp 43.508.750 bp 48.508.760 bp 43.508.770 bp
1 | I 1

IDATATYPE
DATAFILE

INAVE

FO_index_1112...1284 Variants
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Fo_Father.Re.
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FO_Mother.Rea.. ther.Variants

HISEQ

FO_Index_111294.Reads.F8_Ind
11204 Variants Coverage 1

FO_Index_111204.Reads,Fo_ind

11284 Variants
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ts Coverage

FO_Father Reads.FO_Father.Vari
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FO_Mother Reads.FO_hother Va Lo

ts Coverage |
i
|

FO_Mather Reads.FO_Wlother.Va |

5 |
|

Sequence - AATCCATCTCATGCTTGACTTTATTTAATTCTTTCATGTTAY
F T

RefSeq Genes

11 tracks loaded llenrz0:48.508.773 1l 12631 o1 2081
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U' NGS analysis:

a single de novo mutation

) — e 4bp del in ADNP
| DA A st et ® - CAUSES Trameshift
Patient R: WSMAWMWMMAT CYMWYKCWTGMY [ KWH TTAAT i TTTTT [G\ TfAAACCCCﬂ IntrOdUCIng Stop COdOn
A AR AL AN ; [\P W .
B e Mutation not control
SR ﬂ‘jl ."r\i“‘" \ f'\ ‘.luﬂ\-"\ J’\/\MAA 1“ N\[ \ J'n'uM \ [\Aﬂf\p 'A"“\ /\A'\L[. jf\-’.ﬂl databases y e - g = ESP b}

Mother

1000g, dbSNP

Universiteit Antwerpen —



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. Ten patients with truncating
mutations in ADNP

Screening Cohort mutation in genomic  mutation in cDNA 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 <¢.2496_2499delTAAA  p.Asp832Lysfs*80 Frameshift de novo
ID and/or autism + delTTTA
dysmorphic features
2 11-08612 Nijmegen  WES Non-syndromic 100 g.49510040G>T c1211CA p.Ser404* Nonsense  de novo
severe |ID
3 12130.p1 Seattle wes>6 ASD from the Simon 189 g.49510028_49510029 <¢.1222_1223delAA p.Lys408Valfs*31  Frameshift de novo
Simplex Collection delTT
4 1050237 Westmead WES Non-syndromic 95 g.49509086_49509098 ¢.2153_2165delCTTAC p.Thr718Glyfs*12 Frameshift de novo
severe ID delATTTGCTCGTAAG GAGCAAAT
S 3061-08D  Stockholm WES Moderate to severe 45 g.49509094G>C c.2157CG p.Tyr719* Nonsense de novo
ID and/or autism +
dysmorphic features
6 122793 Antwerp HRM Autism 148 g.49508757_49508760 ¢.2491_2494delTTAA p.Lys831llefs*81 Frameshift de nove
delTTAA
7 07-06960 Nijmegen  MIPS ID and/or autism 2743 g.49508443delG €.2808delC P.Tyr936* Frameshift de novo
8 2376 Troina MIPS ID and/or autism Idemas  g.49508757_49508760 <¢.2491_2494delTTAA  p.Lys831llefs*81 Frameshift de novo
patient 7 delTTAA
9 2533 Troina MIPS ID and/or autism Idemas g49509321G>A c.1930C>T p.644Arg* Nonsense  parents not
patient 7 available
10 13545.p1 Seattle Mips*® ASD from the Simon 2446 g.49509094_49509095 «¢.2156_2157insA p.Tyr719* Frameshift de novo

Simplex Collection

insT
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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
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Clinical characteri
G Phenotype

Frequency
Autism Spectrum Disorder (ASD) 10710
Intellectual Disability (1D) 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
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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 = 2.65e18 (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
U’ new autism syndrome

Autism spectrum disorder
Intellectual Disability
Facial dysmorphology
Congenital malformations

may explain etiology of
0.17% of ASD patients
(95% confidence interval:
0.083—-0.32%)

Universiteit Antwerpen
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