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Questions encountered in medical genetics
What is happening in our child?
What is cause (am I to blame)?
Who is expert in our child’s disease?
What can be done about it?
What kind of complications can we 
expect and if possible prevent?
Is it hereditary, can we get a 
healthy next child?
Are there other children with similar
disorders from which we can learn?



Finding the answer in the genome

6 billion nucleotides
46 chromosomes

2 people vary 
at 4 million positions

1 variation (mutation) 
can result in disease



Genome sequencing: All variation in one experiment!

DNA from

blood/saliva

Genome

with all variation

Important:

- Accuracy

- Speed

- Price



Genome sequencing centers are being
established around the world



Exome sequencing; Practicing for genomes

‘Exome’ (all exons of a genome) 
~1% of the human genome

‘All’ coding sequences of a 
human genome (>180,000 
exons), sequenced and 
analyzed in one experiment



Exome sequencing now a routine diagnostic test



Exome sequencing used for 17 diseases



New challenges

• Variant identification has become easy: 
All variation is present in genome sequence

• Variant interpretation remains difficult:
Which variant causes disease?

• Learn about normal variation
• Start with severe genetic diseases
• Try to prioritize pathogenic variants



Prioritization of variants causing genetic disease

Boyd SD. Annu Rev Pathol Mech. Dis. 2013

How to identify the 

1 causative variant?



PACS1 gene



Unbiased detection of de novo mutations is now possible!

Genome/exome sequencing of patient-parent trios

All genomic variants 

robust, fast & inexpensive

Use trio-approach to filter 

for de novo mutations



Visualization of de novo mutations
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Whole Genome Sequencing in 50 ID trios

• Collaborative research project with Complete 
Genomics (sequencing outsourced)

• 50 patients/parent trios “negative” after Sanger 
sequencing, diagnostic microarrays and exome 
sequencing

• High quality WGS: >80 fold coverage



Sequencing statistics: High coverage of genome 



De novo mutations identified by genome sequencing

Kong et al. Nature 2012; Boomsma et al. EJHG 2014
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• Single Nucleotide 

• Autosomes

• Private 

• Average = 56 per person

• Range: 32 – 84

• Mut Freq: 10-8 - 3∙10-8
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 Trio Gene Protein effect Mutation type PhyloP 

 
Gene 

Classification† 

9 WDR45 p.(Cys344Alafs*67) Frameshift - Known 

13 SMC1A p.(Asn788Lysfs*10) Frameshift - Known 

25 SATB2 p.(Gln310delinsHisCysLysAlaThr) Insertion - Known 

46 TBR1 p.Thr532Argfs*144 Frameshift  Known 

1 NGFR p.(Cys122Arg) Missense 4.97 - 

2 GFPT2 p.(Thr680Ser) Missense 6.02 - 

7 TBR1 p.(Gln373Arg) Missense 3.51 Known 

15 SPTAN1 p.(Glu91Lys) Missense 5.69 Known 

22 MED13L p.(Asp860Gly) Missense 4.75 Candidate 

24 BRD3 p.(Phe334Ser) Missense 4.48 - 

26 PPP2R5D p.(Trp207Arg) Missense 5.13 Candidate 

27 KCNA1 p.(Thr371Ile) Missense 5.69 Known 

30 MAST1 p.(Pro1177Arg) Missense 5.28 - 

41 NACC1 p.(Arg468Cys) Missense 3.51 - 

21 ALG13 p.(Asn107Ser) Missense 1.34 Known* 

17 ASUN p.(Gln99*) Nonsense - - 

21 RAI1 p.(Gln88*) Nonsense - Known 

28 SCN2A p.(Gln1521*) Nonsense - Known 

34 APPL2 p.(Ser329*) Nonsense - - 

43 POGZ p.(Arg1001*) Nonsense - Candidate 

6 WWP2 p.(Gly10Gly)‡ Synonymous -0.12 - 

49 KANSL2 p.(Gly151Gly)‡ Synonymous 1.58 Candidate 

†: ‘Known’ refers to known ID gene whereas  ‘Candidate’ refers to a gene is listed on the candidate ID gene  list.  

Genome sequencing detects many
de novo mutations in known ID genes!



Power of high quality WGS: Detection of 8 
clinically relevant CNVs missed by microarrays

Human Genetics Nijmegen

chr3

patient

father

mother



2 kb de novo single exon deletion SMC1A

53,424,893

53,424,893

53,427,009

53,427,009

Breakpoint resolution WGS data, detected with SV annotator!



Patient

Father

Mother

De novo duplication on chr 4

Duplication in chr X

Duplication disturbs

IQSEC2 gene 



Diagnostic yield WGS this study and unbiased cohort

This 

study

Unbiased 

cohort

Gilissen et al. Nature 2014









de Vries et al.  AJHG 2005

Why perform whole genome sequencing?

If you consider genetics may play a role in your 
patient:

Why not read the entire book? 
Why settle for studying what we now know? 
We still live in the dark ages of genetics!

Key advantages of genome sequencing:
Completeness All variation
Simplicity One test 


