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Systems Analysis Goals

To provide an integrated understanding of cellular response to
environmental signals
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Analysis strategies

Clustering/Dimensionality reduction approaches
Network reconstruction approaches
Network-based data integration

Network-based interpretation
— Gene prioritization methods
— Gene set analysis



Analysis strategies

* Clustering/Dimensionality reduction approaches



Characterizing chromatin state dynamics
during cellular reprogramming
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Chromatin Module INference on Trees (CMINT)
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Chromatin state during reprogramming is defined
by 15 different patterns
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Chromatin state dynamics of a
pluripotency regulator

Switched its chromatin state in IPSC cells but not
(completely) in pre-IPSCs
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CMINT states can be used to identify novel genes with an Oct4 signature




Analysis strategies

* Network reconstruction approaches



Network transitions during NSC differentiation
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Network transitions during NSC differentiation
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What regulatory networks control
these transitions?
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MERLIN-P: Integrative inference of gene
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Different types of prior knowledge

Gene expression data
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Overview of inferred NSC regulatory network

Network stats (FDR<0.01)

Network property Value
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Network predicts regulatory connections among
HOX genes
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Analysis strategies

* Network-based data integration

* Network-based interpretation
— Gene prioritization methods
— Gene set analysis



Systems biology studies to understand host
response Influenza virus infections
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Mouse Calu-3 cells

Integrative reconstruction of < (nivo) (in vitro)

the host response regulatory Q@
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Module-level regression models to integrate
MRNA and protein levels

mRNA-based
gene modules
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Calu-3 ISGs
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Physical regulatory program connects known
immune response regulators to novel genes
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Concluding thoughts

* Clustering/dimensionality reduction
— General patterns of expression/activity
— Useful for exploratory analysis and interpretation of large datasets
— Co-clustering could be used to characterize unknown genes and samples
— Example tools: CMINT, PCA, Kmeans clustering

» Network reconstruction
— Infer the connectivity among the genes and regulators
— Needed for prioritization of important nodes and interpretation
— Example tools: MERLIN, MERLIN-P, GENIE3, Inferelator

* Network-based integration and interpretation

— Integrating gene hits from different assays, e.g. differentially expressed genes
with genes from screening assays

— (Gene prioritization
— Example tools: Subnetwork identification, Omicsintegrator
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