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Intellectual disability

Formerly “mental retardation”

IQ below 70

- Diagnosed in childhood
- In combination with 

adaptive limitations



Frequency of Intellectual disability

2-3% of the population

an estimated
200.000 – 300.000
patients in Belgium

De novo cause

Familial



Causes of Intellectual disability
a reflection

Environment

Unknown
(environment ?)Unknown

(genetic ?)

Metabolic

Other syndromes and 
disorders

Fragile X syndrome Chromosome 
abnormalities



Our genome: Karyotype



Down syndrome - Trisomy 21



Prader-Willi syndrome

Deletion 15q11-13No Deletion

15



FISH
F3



Dia 10

F3 Hier echt recentere plaatjes. Ook prader willi
Frank; 29-10-2014



Array-CGH
F4



Dia 11

F4 Nieuwe dia
Frank; 29-10-2014



Array-CGH



SNP Array

: 
• Two information channels: intensity and genotype
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SNP Array



SNP Array



Different algorithms for 
Deletion/duplication testing



But what if we find a deletion/duplication?



2004: CNV in the control population

Initial maps showed > 10% 
of the genome to be copy 
number variant



CNV are stored in database of genomic variants
DGV



Are there genes in the region?

Genome is annotated in UCSC



Are there relevant genes in the region?

Disease genes are annotated in the OMIM



Do the parents have the same deletion?

Father Mother



Did we find the same deletion before?

Build and search in house database



Did others find the same deletion before?

Search DECIPHER



CNV-WebStore a graphical interface



Analysis using CNV-WebStore



CNV-WebStore



Duplications of the 
Williams-Beuren region at 
7q11.23





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

Deletion of 1.55 Mb
contiguous gene syndrome



Analysis using CNV webstore

Chromosome 7



Analysis using CNV webstore

del(7q11.23)
Size: 49 Kb

CLIP2 gene



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

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

→ Linked to aspects of cognitive 
delay

- GTF2IRD1
→ Linked to aspects of 

craniofacial pathology







CNV  is found in 10% of all patients with 
Intellectual disability



Causes of Intellectual disability
a reflection

Environment

Unknown
(environment ?)Unknown

(genetic ?)

Metabolic

Other syndromes and 
disorders

Fragile X syndrome Chromosome 
abnormalities
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Draft sequence of the Human Genome 
Human Genome Project (1990 – 2001)

Celera
Private company

February 2001

Public consortium



40

Next generation sequencing
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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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NGS Data analysis
What kind of data are we working with? 

- Sanger Sequencing: 
- 1 amplicon / reaction
- 1 sequence / amplicon (or 2)
- Visual inspection for 

overlapping peaks
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NGS Data analysis
What kind of data are we working with? 

- Sanger Sequencing: 
- 1 amplicon / reaction
- 1 sequence / amplicon (or 2)
- Visual inspection for 

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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NGS Data analysis
What kind of data are we working with? 

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

What kind of data are we working with? 

- Data format : FASTQ
- FASTA : 

>Sequence_Name
AACTACTAGATACTGATAGTATATCTCTCTTAATCGA

GCTCTAGATCGATCTATACCGAT

- Add Quality (fasta-Q => FASTQ)
@Read_Name

AACTACTAGATACTGATAGTATATCTCTCTTAATCGA
+

BCEECEEFFECGECGECFGFF@?<<=??<>53@##
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NGS Data analysis
What kind of data are we working with? 

- Data format : FASTQ
@Read_Name

AACTACTAGATACTGATAGTATATCTCTCTTAATCGA
+

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

=> Phred Score : correlates with the chance on error (probability that 
basecall is wrong)

=> Example: 
Q30 => 1 error / 1000 

positions
Q10 => 1 error / 10 positions 
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Adapter Trimming: Remove artificial
sequences

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

Quality-Trimming: Remove low quality sequences to improve
specificity

Generate QC Reports: Visual inspection of main quality
parameters

Optimize Mapping: Remove Duplicate reads (picard), 
recalibrate mapping scores (GATK), realign around indels (GATK)

Call and Annotate Variants: Call variants(GATK) and
annotate using ANNOVAR, and snpEff (VariantDB)
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NGS Data analysis
From sequence to variant: Analysis flow
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Pre -
Processing

NGS Data analysis
From sequence to variant: Analysis flow

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

Quality-
Trimming
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Read MappingSequence – To –
Variant

NGS Data analysis
From sequence to variant: Analysis flow
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Optimize MappingSequence – To –
Variant

NGS Data analysis
From sequence to variant: Analysis flow

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

- Realign around indels (GATK)



51

Call And Annotate VariantsSequence – To –
Variant

NGS Data analysis
From sequence to variant: Analysis flow

- 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, ...
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NGS Data analysis
Galaxy

- A website offering an easy way to run complete pipelines
- No programming skills needed, very usefull for dynamic analysis

(http://www.usegalaxy.org)
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• 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

Genetic Variation
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Call And Annotate VariantsSequence – To –
Variant

NGS Data analysis
From sequence to variant: Analysis flow

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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NGS Data analysis
From variant to knowledge: 

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

Vandeweyer et al., Genome Medicine 2014
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Young boy

• Global Developmental Delay
• Failure to Thrive
• Autism Spectrum Disorder
• Cardiac: Atrial Septal Defect
• White Matter Lesions
• Facial Dysmorphism 



58

Next Generation Sequencing
Trio approach
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Trio approach
Variant calling

Raw data
20.000 variants

Numerous
Filtering 

steps

De novo
1-2 variants
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NGS analysis
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• 4bp del in ADNP
• Causes frameshift 

introducing stop codon
• Mutation not control

databases, e.g.,ESP, 
1000g, dbSNP

6

NGS analysis:
a single de novo mutation
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• 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

ADNP gene
Activity-Dependent Neuroprotective Protein
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Ten patients with truncating
mutations in ADNP
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Phenotype Frequency
Prominent forehead
High hairline
Eversion/notch eyelid
Hypertelorism
Broad nasal bridge
Short nose
Thin upper lip

5/8
7/8
3/7
1/8
6/8
2/8
6/7

Dysmorphic features
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Clinical characteri
Phenotype Frequency

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

10/10
10/10
9/10
8/9
2/9
7/9
5/8
5/8
5/8
3/8
6/8
4/7
6/6
2/7
5/7
2/5
5/9
6/8
2/6
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Statistics

• 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.

• 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]. 

6
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De novo mutations in ADNP cause
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%)

Helsmoortel et al., Nat Genet 2014
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