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“A large number of Mendelian factors”

It is not sufficient to ascribe this last residue to the effects of environment.
Numerous investigations by GaLToN and PearsoN lave shown that all measurable
environment has much less effect on such measurements as stature. Further, the
facts collected by GavLrox respecting identical twins show that in this case, where
the essential nature is the same, the variance is far less. The simplest hypothesis,
and the one which we shall examine, is that such features as stature are determined
by a large number of Mendelian factors, and that the large variance among children
of the same parents 1s due o the segregation of those factors in respect to which
bhe parents are heterozygous. Upon this hypothesis we will attempt to determine
how much more of the variance, in different measurable features, beyond that which
1s indicated by the fraternal correlation, is due to innate and heritable factors.

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






Characterization of DNA polymorphism
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Differentiation across populations
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Characterization of DNA polymorphism
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2001 2005 2010 2015

Pilot Phase 1 Phase 3

15 M SNPs, 1 M indels, 20K SVs
4 populations (N = 179)

38 M SNPs, 1.4 M indels, 14K SVs
14 populations (N = 1,092)

80 million variants in
28 populations (N = 2,161)
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The Genome of the Netherlands
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Variation discovery (SNVs)

e 20.4 million SNVs

* Includes essentially all
HapMap (>98%) and
most 1KG-EUR (>71%)
SNPs

e Only 39% of rare SNVs
(out no singletons) also

seen in 1KG
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Better imputation accuracy with GoONL+1KG
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Exome sequencing reveals abundance of

rare variation
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HGMD mutations in GoNL
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“Disease-causing” mutations

Table 2 HGMD disease-causing mutations in GoNL samples

Mutation Mutation

Muta- allele allele
tion Reference Disease Inheritance Affected  Phenotypic frequency frequency
Chr.  Position Gene allele  allele Disease in HGMD prevalence pattern individualsc manifestations2 OMIM ID  in GoNLY 1000G CEU
4 6,302,519 WFSI A G Wolfram syndrome 0.0002%2 AR 257  Hyperglycemia, 604928, 0.728 0.759
vision and hearing 222300
loss
13 52,515,354 ATF7EB G A Wilson disease 0.003%=2 AR 167  Liver disease, 277900  0.574 0.582
neuropsychiatric
problems
16 3,304,463 MEFV T Cc Familial 0.10% in AR 36 Recurrent fevers, 249100, 0.277 0.224
Mediterranean Mediterranean inflammation of the 134610
fever populations; abdomen, chest,
rarer elsewhere? joints
11 6,415,463 SMPDI A G MNiemann-Pick 0.0004%2 AR 37  Nervous system 257200, 0.230 0.230
disease deterioration, 607616,

failure to thrive, 257220,
fatal in infancy or 607625
early childhood

(type A)
20 61,463,522 COLSA3 A Cc Pseudoachondroplasia 0.003%2 AD 177  Short stature, joint 177170 0.197 0.200
pain
10 13,340,236 PHYH A G Refsum disease Unknown, AR 18  Anosmia, 266500 0.188 0.153
current progressive
estimate blindness,
0.0001%2 deafness, hand/feet
bone abnormali-
ties, arrhythmia
15 52,643,564 MYO5A A G Griscelli syndrome <0.0001%b AR 10 Albinism 214450, 0.159 0.141
(all types), 607624,
intellectual 609227
disability (type 1),
recurrent infection
(type 2)
19 36,339,247 NPHSI T C Congenital 0.01% in AR 2  Proteinuria, rapid 256300  0.082 0.082
nephrotic syndrome  Finland; rarer progression to (0.110)=
(Finnish type) elsewhereb renal failure
14 94 847,262 SERFINAI A T al antitrypsin 0.02-0.06%2 AR 2 Lung disease, 613450 0.039 0.053

deficiency liver disease
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Characterization of DNA polymorphism
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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)
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Inherited vs de novo mutations
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Spectrum of de novo events in GoNL
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Examples of de novo SVs in GoNL
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De novo mutation and age

SNVs (N — 2,613)

o /6% paternal

‘§ RN Indels (N = 56)

g 64% paternal
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More genic mutations with age
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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 gﬁg
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