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Causal Inference on Gene Expression Data:
Recap: Motivation

pod

- TCGA@ RNAseq data

m Estimate gene regulatory networks from expression data:
: : L. : 1
o Insights into transcription processes in cancerous cells'”

s Network inference for now mostly restricted to low-dimensional data due

to computational complexity[z]

» Show applicability of constraint-based causal structure learning on high-
dimensional, real-world datasets
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Causal Inference on Gene Expression Data: : @5@
Recap: Challenges T
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m Feasibility of constraint-based learning approach:
o High dimensionality: 35K genes
o Density of underlying causal graph

» (Most probably) many non-linear dependencies
o Conditional independence tests computationally expensive[4]
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Causal Inference on Gene Expression Data:
Datasets
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s Samples grouped by cancer type:
o Glioblastoma Multiforme
o Thyroid Carcinoma
o Head and Neck Squamous Cell Carcinoma
o Breast Invasive Carcinoma
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Gene Preselection
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Preselect genes sorted by:
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Expression variance
Disease association score
Combined
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Gene Preselection : @a@
VX H=H0oH$

m Overlap of genes selected by variance:

2500 genes 5000 genes 7500 genes
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Gene Preselection : @F@ ﬂ
VX =0 {%
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o ) Gene-disease association score:

o OpenTargets: Comprehensive aggregation database
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Gene Preselection @A@
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Gene Preselection gﬁ
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m ) Gene-disease association score:

o OpenTargets: Comprehensive aggregation database
s Scores assigned to Experimental Factor Ontology entities
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. , Gene-disease association score:

o OpenTargets: Comprehensive aggregation database
s Scores assigned to Experimental Factor Ontology entities

E}experimental factor
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thyroid disease
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o OpenTargets: Comprehensive aggregation database
s Scores assigned to Experimental Factor Ontology entities
s Process OpenTargets JSON dump against EFO subclasses
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Skeleton Discovery
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m Lock-free, heavily parallelized Peter-Clark skeleton discovery

+—
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40:00

30:00 A

£ 20:00 A

10:00 A

00:00

DREAM5-InSilico, hardware = (2), a = 0.01

~37:46 ;
« e Ideal speedup (sequentlallthreads)J

kY -®- Lock-free implementation

A
2 19:25
."\‘\ 15:34
A
NS
DN
‘.ﬁ_\.\.zha;'o‘oi
Toee 3.5
4 8 10 20 40 80

Worker threads

SOVerSizy

am
.

*.0d
&

CI on Gene
Expression Data

22.01.2019

Chart 13



Skeleton Discovery
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m Lock-free, heavily parallelized Peter-Clark skeleton discovery
s Persist skeleton edges and separation sets for edge orientation

Dataset Runtime (s) | Skeleton
Edges

TCGA-GBM

TCGA-THCA
TCGA-HNSC
TCGA-BRCA

TCGA-GBM

2500
2500 560
2500 544
2500 - 1216
7000
5000 161

2115
222 4949
215 5372
102 4212

threads = 64, p = 0.05
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Edge Orientation"”
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Rule-based directing of edges:

1.

Determine v-Structures

‘Y ¢ S(X,2)
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Edge Orientation™ iy
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= Rule-based directing of edges:
1. Determine v-Structures
2. Iterate: Apply rules to avoid new v-Structures -
and circles
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Edge Orientation"”
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Rule-based directing of edges:
1. Determine v-Structures

2. Iterate: Apply rules to avoid new v-Structures
and circles

Implemented in pcalg R-package:
o 2500 genes: ~ 1.5h
o 5000 genes: ~ 12h

Between 70-90% directed edges
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Validation @@a@
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= Gene Regulatory Networks - Scale-free networks? valt]

s For “large” k: P(k) ~ k™Y with2<y<3
= Proposed to be evolutionary favorable™™”
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s Degree distribution of resulting graphs
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Validation :
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» Gene-gene interaction: ' )

o Co-Expression (COXPRESdb, GeneFriends) of limited usefulness
o PathwayCommons: Meta-database for pathway information
- 2.374.707 total binary interactions
- 1.161.796 for all TCGA genes
— 30.000-50.000 on preselected genes
= How to validate graphs?
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s Detect community structures with InfoMap-approach
= Validate withi\n the communities
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Validation: Neighbourhood Traversal
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= Accuracy could probably be increased with incorporation of non-linear
independence test

s Estimation of strengths of causal effects not yet included

= Even without preprocessing, results show biological significance

s Next steps: Explore existing configurations further:
o Gene preselect count, method
o p-value

C G
o Rembrandt GBM dataset E)I(:rnessei:)‘: Data
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Visualization ﬁ
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m Force Atlas 2: Force-directed graph layout
m Gephi: Open-Source client with streaming interface

= Graphistry: Proprietary API for in-browser view
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Sparse network:
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TCGA-GBM: TP53 proto-oncogenes
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TCGA-GBM: TP53 proto-oncogenes
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TCGA-THCA: Immunoglobulin-Cluster
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Datasets: Composition ‘%, I H

Total Tumor Normal
Prlmary tissue

TCGA-GBM
TCGA-THCA 560 502 58
TCGA-HNSC 544 500 44
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Edge Orientation: Results
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