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Our current knowledge of genes is biased

THE TOP 10

The ten most studied genes of all time are described in more than 40,000 papers.

8,479 citations
5314
4,583
4,059
3977
3,930
3,715
3,256
2,864
2,791

“Out of the 20,000 or so protein-coding genes
in the human genome, just 100 account for
more than one-quarter of the papers”

Elie Dolgin, Nature 2015



Using 30,000 RNA-seq samples to predict gene function
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Prediction of gene functions

Dilated cardiomyopathy (DCM)

>30,000 RNA-seq samples




Human Phenotype Ontology (HPO)
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Test performance of predictions

Predicted pathways
and disease
symptoms
for all genes

-5

Other genes

Known dilated
cardiomyopathy
genes (HPO term
HP:0001644)

OBSCN

Gene prioritization Z—score 15



Using GADO in a diagnostic setting

i ™ ' ™
Patient specific input: GADO: /Patient specific output: h
« Symptoms (HPO terms) — Prioritization of genes — Input set ranked based on
- Set of + 250 genes that have predicted to cause the the genes that are most
potential disease causing variant symptoms of a patient likely to cause symptoms
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? GENE HOME  API
= NETWORK

SMIM1, Interferon signaling. Migraine, Autism

TOOLS

HPO gene prioritisation Function enrichment

Prioritize genes based on one or Predict which pathways are enriched
multiple HPO phenotypes. for a set of genes.

~» CONTINUE —» CONTINUE

rijksuniversiteit
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€©> GENE

HOME  API
= NETWORK

HPO GENE PRIORITIZATION & B0 BACK

1. Select HPOD terms

TERM 0 REMDVE
Abnormality of the face HPF.0000271 X

MNeoplasm of the endocrine system HP:0100568

X
Abnormality of the anterior pituitary HP.0011747 X
X

Intellectual disability HP:0001249

2. || OPTIONAL: filter output on candidate genes

MI-CYB

4NN CHODSE AFILE...
Prioritize genes for given HPO terms

) e . P Y
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€©> GENE

- HOME APl
& NETWORK
PHENOTYPE ANNOTATED GENES HPO-TERM
Abnormality of the face 1948 HF.0000271
Neoplasm of the endocrine system 88 HF:0100568
Abnormality of the anterior pituitary 186 HF.0011747
Intellectual disability 1289 HF.0001249
Genes not found
C9orf47, LDC101448202, CIorfl72, C150rf38-AP3S2, C220rfUE Kleefstra Syndrome
Genes found
The 100 prioritized selected genes for the combination of thesg4 phenotypes:
oy D 4! &
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N - £ O
N N N N
RANK GENE Z-SCORE NETWDRK X X X X

s

[ | 4 DCAFS 2.457 = 1.7 11 11 1

[ | 3 SLC25AS 2.345 s 0.8 0.7 -0.8 41
[ | B TYMS 2.26 = 1.3 0.7 -01 26
[ | 7 IPD11 2.226 s -0.7 16 19 1.7
| d NUP133 2151 - 0.9 0.7 0.5 21
| 9 EIF4ENIFL 2051 X 11 0.1 0 3
| 10 DNAZ 185 X 01 15 0.5 17
| 11 ATPSO 191 X 0.5 0.7 17 09
| 12 MAMLZ 1.865 X 1 0.9 0.8 11
[ | 13 OMXL2 1.847 s 09 11 0 1.7
[ | 14 GRKS 1.823 = 04 14 15 0.3
[ | 15 P73 1.805 s 14 15 0.5 0.2
[ | 16 PALM 1782 = 1.3 15 1 -0.2
L] 17 I DrUD 1 7GR e no _nA 11 17



Unsolved case: OBSCN

&> GENE
- FAQ APl
= NETWORK veo
PHENOTYPE ANNOTATED GENES  HPD-TERM
Dilated cardiomyopathy 99 HP:0001644
Genes not found
MFSD14B, DISP3
.. N
Gene prlﬂrltlzﬂtlﬂﬂ @Q:-
S
o
RANK GENE 7-SCORE NETWORK X
1 CACNALS 78 % 78
2] RPL3L 71 % 71
3 DBSCN 6 % 6
i CALU 43 % 43
5 PLXNA1 36 % 36
6 0PN 1.5 % 35
7 COL18A1 3.2 % 3.0
8 MUL1 29 % 29
g ALPK2 a7 % o7
10 RNF123 26 % 26



Unsolved case: OBSCN

Other genes

Known dilated
cardiomyopathy
genes (HPO term
HP:0001644)

J._

=9 Gene prioritization Z—score
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OBSCN predicted functions

& GENE
= NETWORK va.0

OBSCN obscurin, cytoskeletal calmodulin and titin-interacting RhoGEF
Gene predictahility score: 0.66 |

SHOW PATHWAYS & PHENOTYPES [Huka{=e{0] YRS BRe =\ = E I NN V]

SELECT DATABASE
GO CELLULAR COMPONENT  KEGG PATHWAY
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cardiac muscle contraction

skeletal muscle contraction

muscle filament sliding
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membrane depolarization during action potential
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Dilated cardiomyopathy genes + OBSCN
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Pathway enrichment analysis
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Using GADO 1n practice

» Cohort of 83 solved cases
Each case has on average 56 variants in known disease-causing genes

In 42% of cases the causal variant is in the top 3

» Cohort of 61 cases not solved by routine diagnostics
We found a strong candidate gene for 10 cases

Due to a stringent cut-off on average 2.9 genes per cases were looked at in detail

www.genenetwork.nl




Rare disease genetics vs common disease genetics

Mendelian variant

L\’I“ Q
Mendelian gene
Mendelian genes are often large
depleted for inactivating variants, O effect
have large effects and are rare in
the population small
. effect
Mendelian
phenotype

Phenotype



Rare disease genetics vs common disease genetics

GWAS variants
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Rare disease genetics vs common disease genetics

GWAS variants

O %é large
O ) effect
small

GWAS gene offect

Largely unknown O

O
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Rare disease genetics vs common disease genetics

GWAS variants
Q 0
L ! \7)\»
GWAS summary statistics ~ \’\" b
give each gene a p-value A < Z)
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O %é large
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Rare disease genetics vs common disease genetics

- large
Co—regulapon c'aptures offect
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between genes in a tissue
small
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Rare disease genetics vs common disease genetics

GWAS variants
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Integration prioritises core
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Predicted key-genes often loss of function intolerance

Key genes Mendelian disease Other genes
genes
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IBD key gene prioritization

NFKB1 is co-regulated with cis and trans genes
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IBD key gene prioritization

Inflammatory bowel disease key gene prioritization Rare disease gene prediction using IBD key gene scores
Rare disease symptom (HPO) AUC
. Abnormal delayed hypersensitivity skin test 0.93
¢ Recurrent candida infections 0.93
; e . Recurrent staphylococcal infections 0.91
B N Lymphocytosis 0.90
" ep v o Chronic mucocutaneous candidiasis 0.89
‘.--', ':'ﬁﬁf Recurrent cutaneous fungal infections 0.89
o~ Autoimmune hemolytic anemia 0.88
Antiphospholipid antibody positivity 0.87
B lymphocytopenia 0.86
_ Eczematoid dermatitis 0.85
Cis GWAS gene

® Key gene



Downstreamer

Strongly depleted for
loss of function alleles

Enriched for known
rare disease genes

Can be used to predict
new rare disease genes

O Cis genes within
O Gwas loci

o O

\J' Key genes

O O often outside

GWAS loci (trans)
Small effect .

Large effect .



KidneyNetwork
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KidneyNetwork

A) Prediction accuracy of 99 kidney related HPO-terms

Terms with significantly
improved predictions
using KidneyNetwork

73%

Terms with equal
prediction accuracy

B) Examples of HPO terms with improved prediction accuracy using KidneyNetwork

s

HP:0002917 - Hypomagnesemia
AUC KidneyMetwork: 0.92; AUC GenelNetwork: 0.34
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HP:0001969 - Tubulointerstitial abnormality
AUC KidneyMetwork: 0.83; AUC GenelNetwork: 0.72
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KidneyNetwork

HidneyNetwork incorporated in the GADO method on
a patient with Renal cysts and Hepatic cysts
¢
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Future improvements — directed networks
(a) (b)
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Growth of public RNA-seq

Number of publicly available human RNA-seq
samples in the European Nucleotide Archive
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100,000_'_________——————T ————————————————— i _
Number of samples used in

current version of Genenetwork

2010 2011 2012 2013 2014 2015 2016 2017 2018
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