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"lo capture something small
you needed something big
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more data now available
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Seven years of GWAS studies

6,054
disease
associations

@ Age-related macular degeneration



Problem of life science community

Genetic risk factors Disease
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Expression quantitative trait locus (eQTL)
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Far majority of genetic risk factors affect gene expression

T-Cell B-Cell Monocyte

P=0.82 P=042 P=10"

genetic risk factor



Get larger sample-sizes: meta-analysis in 5,31 | samples

Systemic lupus erythematosis risk factor: H ]

Local expression effect:

Type 1 interferon response:

(in Monocytes)
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Genome-wide
assoclation studies

cis-eQTL mapping

trans-eQTL mapping

Key driver gene
identification

Disease Disease Disease Disease Disease
SNP SNP SNP SNP SNP
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cis-eQTL effects:
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trans-eQTL effects: ° O
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Key driver gene G



Possible to identify all these downstream effects!?

g
/\\\

This is not going to be possible!

- Massive sample-sizes required

- Many cell-types required

- Genotype and gene expression data
required from the same samples
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Methylation
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Microbiome
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The opportunities
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Trans-meQTL meta-analysis in 3,840 samples

~ 34.4% of 405,709 tested CpG sites are cis-meQTL (FDR < 0.05)

— 31.2% of established GWAS risk factors give trans-meQ TL effect
(FODR < 0.05). 1,907 SNPs affecting 10,141 unigue CpG sites in trans

- Trans-meQTL replicate in monocytes: 95% identical allelic direction

— Trans-SNPs affect expression of nearby [Fs, subsequent methylation
of downstream targets of these TF



Trans-meQTL meta-analysis in 3,840 samples

cis-eQTL
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Risk factor associated to
Ulcerative Colitis



Trans-meQTL meta-analysis in 3,840 samples

4,204 GWAS
no trans-meQTL

1,907 GWAS
trans-meQTL
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Detecting cell-type dependent eQTLs in whole blood

NOD2 eQTL in whole NOD2 eQTL interaction analysis,
peripheral blood STX3 high STX3 STX3 interacts with rs1981760
P=1.11x10"294 P=727x10"10 P=752x10"25 InteractionP = 1.1x 1059
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NOD2 eQTL in whole
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Context specific cis-eQTL analysis in 2,1 | 6 samples

Co-expression between top 100 Module 7, Top 100 genes
genes per interaction module
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Regulatory network reconstruction in 2,1 16 samples
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rare variant, rare disease

8
but is this

relevant for
my patients/?




But what about patients we see!

Patient with a severe disease.

You suspect a genetic cause.
What do you do!

- Targeted gene panel!
- Whole exome sequencing!
-  Whole genome sequencing?

ACATGT
CTRCq

Problem:
Many (rare) variants
of unknown significance



Smart ways to filter?

CCT o1
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gene expression!?
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Transcriptome of the Netherlands

- Rare genetic variants also have effects on
gene expression

- Rationale BBMRI-NL BIOS Consortium to el
establish “Transcriptome of the Netherlands' o
in 5,000 population based samples

- Generate RNA-seq data on patients.
Contrast these expression values to the
Transcriptome of the Netherlands.
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Transcriptome of the Netherlands

TRIM51BP gene
expression distribution
in the Dutch population

Log, expression



Remove non-genetic expression variation

Most expression variation due to:
- Physiological state
- Metabolic state

- Environmental state

RNA blood expression RNA blood expression
when you wake up after nice diner

Metabolism genes

Metabolism genes
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Other genes Other genes
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Strategies

Get many different
cell-types

Recycle big data

AR

Get large

, Ssample-sizes
o —
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Amplifier can change many aspects of music

Setting: Size of switch:
Activity of switch Importance of switch
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Wiring: Way the
switch has effect



A control panel that determines gene expression!?

Size of switch:
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Component 1

Component 800




Component | and 2

Blood
Samples

TC2

TC1

TC2




Transcriptional component 3

enriched
Reactome pathways

99 more enriched Reactome sets

enriched
Reactome pathways

264 more enriched Reactome sets




Predicted gene functions: www.genenetwork.nl

- 4 hitp //129.125.165. 109 BOBO) CeneNetwork /7gene «1p5 3 3 ) (s )

Gene Network == T
u - M htp 129.125.165.105 8080/ CeneNetwork /7gene«1p5 3 v 1 O

TP53  Tumer protein p53 Gene Network -
Precicled function Y < Network u - M htp 129.125.165.105 808D/ CeneNetwork /fgene «1p5 3
GO vempes pac ¢ TPS3  Tumee protein o83 Gene Network

Tissue # samples AUC TP53 Tumer protein p5)

Cene Network

Retral Poment Sorhedam 13 5.9%

)
Network
Neural Stem Calls 1) o B
al Vens 086 Color genes based on | GO biciogical process ¢ 91 gores showr
Astrocytes 13 084
DNA damage response, signal fransduction by pS3 dlass medalor resulting In induction of apoplosss
Endothetal Cels 084 )
‘ sigral transductop ol class med Bng In induction of apoplosis
133 0 83 response to UV 557 o) =)
Induced Pluripotent Stem Cells 3¢ 582 NAuction of apoptosss by nracesond signals
e e 7 ¢ 82
rophobiats 13 082 — \JH“,(‘(J POV X
EX293 G 282 r
\

3 3 Vesse 77

tryod 850 '’ DCAF Y

29 Ca 74

g

", Siemoid 3 2

A <t ‘ y



http://www.genenetwork.nl

GeneNetwork gene function predictions

GWAS on red blood cell traits: Blood eQTL mapping: Gene function predicton: Exome sequencing of Knock-down
individuals, negative in zebrafish:
| N i ! for Vel bloodgroup
% / 7 @ Genes known to be involved antigen:
S l 1 in hemoglobin metabolism
3 00 ,
cis-eQTL g :
rs1175550*G — p(si ng = O SMIM1: O @ smmr O SMIM1: v{vv
é | | | Unknown o) Hemoglobin
“ AA AG GG function metabolism

Amounts of data
integrated:

GWAS In eQTL mapping Transcriptomics Exome Wet lab
135,000 samples in 1,500 samples in 80,000 samples sequencing proof



DEPICT: New prioritisation algorithm for GWAS

697 significant adult

: Regutation of Protein .
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. . . . i i nucleus : .
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DEPICT Method: DEPICT used for:
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Known driver genes in amplification and deletion peaks

Average somatic copy number aberration profile of 16,172 primary tumor samples (GPL570 + GPL96 platforms)
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Amount of cytogenetic aberrations

Tipping point at
component |65 Transition to chaos in the logistic map
Crutchfield et al, 1990
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Forest fire: when oxfg‘ many trees can you
will a forest burn D aﬂf without the risk that
~down entirely: Ything burns down!?




Complexity: Forest fire
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Complexity: Forest fire
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Complexity: Forest fire
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Complexity: Forest fire
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Complexity: Forest fire
100%

50%

Percentage of land
with living trees
after forest fire

0% ———

0% 50% +00% Percentage of land filled with trees

Y
N o

20% 40% 60% 80%




More accurate reference values for genes

TRIM51BP gene
expression distribution
in the Dutch population

Number of samples

Log, expression



Number of available human
RNA—-seq samples from

European Nucleotide Archive

Exponential fit, R?=0.991

Q1 Q2 Q3 Q4|/Q1 Q2 Q3 Q4[Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4
2010 2011 2012 2013

9,527 public human RNA-seq runs from ENA

Read alignment, epression quantification,

normalization and PCA:
- 4,028 runs with low mapping statistics removed
- 521 expression outliers removed

_—-s -

4,978 samples (used for expression clustering)
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Derive SNP genotypes from RNA-seq data
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Calling genotypes in RNA-seq data

GATK to call genotypes and output genotype likelihoods, BEAGLE
used for imputation towards Genome of the Netherlands
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Calling genotypes in RNA-seq data

Ability to call SNP is largely dependent on expressed transcripts
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Tissue-specific eQTL mapping for free

Brain (119 samples,
19 different studies)

rs11101999 - GSTMS rs2739330 - DDTL
:f:’ L
: S g
- ¥ o
p-value: 2.29x10 " p-value: 2.09x10”’ S ol
Brain specific eQTL Liver specific eQTL Liver (84 samples,

12 different studies)

] ent 4
rs1045605 - PSCA
3 t
ps
& ;730\‘{?
: }‘f: p-value: 2.94 x10'

$Bladder (75 samples, Bladder specific eQTL

5 different studies)



Allele specific effects for rare variants

rs12203592 - IRF4 rs72550870 — MASP2 Functional class annotation
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Public RNA-seq data:
(5,000 samples)
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Deelen et al,
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functional effect analysis of:

Common variants:
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Integration of different datasets

Lifelines Deep Transcriptome of the Netherlands Public RNA-seq data

lifelinesa

Methylation Phenotypes BBMRIeNL ', "
\_/ . &
® e 0o 0 o 2 A -
@ B‘H"’Lhu‘ '.::
® o * | R
PBMCs *e o' * e Primary
Microbiome Metabolites
- 1,500 samples - 5,000 samples - 25,000 samples
- Many omics levels - RNA-seq data - RNA-seq data
- Genotype data - Genotype data - Genotype data

- Extensive phenotyping - Methylation 450k data



Conclusions

- Enormous opportunities exist when recycling ‘big
data’, permits gaining insight Into downstream

consequences of (rare) genetic variants

- Workshop: how to conduct these analyses yourself:
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