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“A large number of Mendelian factors”


Ronald Fisher. The correlation between relatives "
on the supposition of Mendelian inheritance. 1918




Common 
variation




Characterization of DNA polymorphism


2005
 2015
2001


Phase 1


1 million SNPs "
in 4 populations "

(N = 270)


3 million SNPs "
in 4 populations "

(N = 270)


Phase 2


2010


Phase 3


1.6 million SNPs "
in 11 populations "

(N = 1,184)




Differentiation across populations


Li et al. Science. 2008
 Novembre et al. Nature 2008




Characterization of DNA polymorphism


2005
 2015
2001
 2010


Pilot


15 M SNPs, 1 M indels, 20K SVs

4 populations (N = 179)


Phase 1


38 M SNPs, 1.4 M indels, 14K SVs

14 populations (N = 1,092)


Phase 3


80 million variants in

28 populations (N = 2,161)
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The Genome of the Netherlands


231 trios!

11 quartets!
(monozygotic twins)!

8 quartets!
(dizygotic twins)!

Whole-genome sequencing 
at medium depth (~13x)!



Variation discovery (SNVs)


•  20.4 million SNVs

•  Includes essentially all 

HapMap (>98%) and 
most 1KG-EUR (>71%) 
SNPs


•  Only 39% of rare SNVs 
(but no singletons) also 
seen in 1KG




Better imputation accuracy with GoNL+1KG




Rare  
variation




Exome sequencing reveals abundance of 
rare variation


Kiezun et al. Nature Genetics 2012




HGMD mutations in GoNL
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Mutation allele frequency!
>0.001! >0.005! >0.01! >0.05! >0.10!



“Disease-causing” mutations
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Characterization of DNA polymorphism


2005
 2015
2001
 2010


Exome chip 
based on WES 


(N = 12K)


Exome Aggregation 
Consortium (N = 63K)




http://exac.broadinstitute.org




Words of caution


•  There is an abundance of rare variants

•  There will always be “interesting” variants in 

your sample

•  Assuming incomplete penetrance, we 

cannot rely on variant filters 

•  We must compare variants in cases and 

controls (general population)




De novo 
variation




Inherited vs de novo mutations


Inherited De novo



Spectrum of de novo events in GoNL
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~290 

Indels

(Deletions)

~220

Indels

(Insertions)

12

SVs

(Insertions)
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Examples of de novo SVs in GoNL




De novo mutation and age


Father's age at conception
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SNVs (N = 2,613)

76% paternal




Indels (N = 56)

64% paternal




SVs (N = 29)

69% paternal




More genic mutations with age
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Father’s age at conception!



Summary


•  Whole-genome sequencing enable 
comprehensive characterization genetic 
variation in global populations 


•  Challenges interpreting “disease” variants, 
especially rare variants


•  Novel insights into de novo mutational 
processes


•  Imputation from largest reference panels 
improve power for GWAS
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