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Methods for Integration of Genotypic, Gene Expression & Clinice

Schadt et al. Nature Genetics 37: 710 (2005)
Millstein, Zhang et al. BMC Genetics 10:23 (2009)
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Bayesian Networks
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Zhang & Horvath. Stat.Appl.Genet.Mol.Biol. 4: article 17 (2005) Zhu et al. Cytogenet Genome Res. 105:363 (2004)
Yang, Zhang et al. Genome Research 20:8 (2010) Zhu, Zhang et al. Nature Genetics 40: 854-861 (2008)

Wang, Zhang et al. Mol Sys Biol 8:594 (2012) Zhu , Sova et al. PLoS Biology 10:4 (2012)



Gene CoExpression Network Analysis

Define a Gene CGexpression Similarity B \; \
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Define a Family of Adjacency Functions -

Determine the AF Parameters
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Define a Measure of Node Distance

A 4

ldentify Network Modules (Clustering)
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Relate the Network Concepts to

External Gene or Sample Information N
ZhangB & HorvathS. StatAppI(genet MolBiol2005

gene signficance (-og1Ofp)
I 123458




Inferring Causal Gen&ene Relationship

A True directed relationships B Observed comelations C Use Bayesian Information Criterion (BIC) to score
between genes (bi-directional & indistinguishable) different models (conditional independence relationships)
Goal: recover this network

D Multiple models may have identical scores and network skeletons

(called “Markov-equivalent™ and thus are indistinguishable,
without additional causal information (genetic priors)
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Top scoring models, selected from all possibilities (shown on right)
- these are Markov-equivalent —

E Incorporating genetic priors can break Markov equivalence B Q 9 0 9 @ e
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Zhu J, Zhang Bt al. Nature Geneticgl0: 854861 (2008) Zhang B et alCell153(3)707-720 (2013)
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+ Denotes gene with cis eSNP

top-scoring model, with genetic prior




Key Driver Analysis

A Identify key regulators for a list of genbsand a networkN
A Check the enrichment d¢f in the downstream of each node ki
A The nodes significantly enriched foare the candidate drivers

\ Gene Set (G) H Network (N) \
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Define a subnetwork (Ng)

re the nodes o Yes O
in the set G? l i

: | Search each node’s neighborhoods
: for the one most enriched for the list|: :

Find each node’s neighborhood

Identify candidate drivers by FET Identify candidat_e drivers by NBH

Identify global & local drivers Identify global & local drivers

Static NGH Search
O

Dynamic NGH Search

Promote MEN outliers as global Promote hub nodes as global
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Output key drivers & subnetwork ® cenein thelist

\J/ . Key driver
Visualize key drivers & subnetwork
(via Cytoscape plugin)
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" Bin Zhang and Jun Zhu, Key Driver Analysis of Causal Networks, W



Multiple Scales of Gene Networks

I Global Networks I

Y

Modules/CommunitiesI

Association Network
Regulatory Networks A4

LocalSubnetworks I
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Researclhidighlights (1/2)

Weighted Gene Network Analysis Novel pathways and gene targets Novel oncogene
C SAGMK2005)

in AtherosclerosisRNAS2006 in brain cancerfNA$2006
C >350 citations
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Coexpression networks predictive df Novel gene network causal

Integration of multiple types of
weight PLoS Genetic20069 for D&O (ature, 2008

data (Nature Genetig2009




