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Some biology: central dogma
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Transcription factors

PROCESS: A MODEL OF TRANSCRIPTION CONTROL
\ Chromatin-remodeling
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Modeling
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Correlation
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Correlation network







Correlation network




Correlation network

- Problems

- You only know expre§3|on (MRNA or
proteomic) at certaln tlmes

- Missing nodes \

— Ton of other stuff gomg on
- miRNA
- Post-translational modifications
- Spatial effects

- No directionality



Weighted gene correlation
network analysis (WGCNA)

Weighted Network View Unweighted View
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*All genes are connected Some genes are connected
eConnection Widths=Connection strenghts All connections are equal

Zhang, B., and Horvath, S. (2005). A general framework for weighted gene co-
expression network analysis. Stat. Appl. Genet. Mol. Biol. 4, Article17



Define a Gene Co-expression Similarity

Y

Define a Family of Adjacency Functions

h 4

Determine the AF Parameters

v

Define a Measure of Node Dissimilarity

h 4

Identify Network Modules (Clustering)

h 4

Relate Network Concepts to Each Other

Relate the Network Concepts to
External Gene or Sample Information
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Scale free networks

Power Law Distribution

Very many nodes

~ with only a few links

with k links

A few hubs with
large number of links
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WGCNA node similarity

1

Generalized N, (i) = {j # i|dist(i, j) < m}
topological [ERCACLIAOE

min ;| N (i) | : | N () “ 3l ajj
overlap
(Yip & Horvath 2007)
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Generalized topological overlap

A. GTOMO B. GTOM1

C. GTOM2
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Other graph inference methods

- Information theoretlc
- Use mutual |nformat|on between nodes
instead of Correlatlorg

- Regression based ( \ Irected graphs)

- Random forests |
- Regularization using p-norms
- Bayesian inference

- Ensemble methods



Controlability of graphs

internal

dilation

Ruths, J., Ruths, D., 2014. Control Profiles of Complex Networks.
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Controlability of graphs

- Find control profiles by solving the
‘maximum matchlng problem

- Split nodes into in and out nodes w/o
connections betwee and get rid of directions

- Find the maximum matchmg

- “In nodes” that don't have an edge from the
maximal matching must be controlled.

- Look at what types of nodes need control.
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Controlability of graphs



















Controlability of graphs

source external-dilation internal-dilation
dominated cdominated cdominated

JANVANWAN

ni neural (4) social (8) copurchase (4) corp. ownership (1) airport (2) autonomous (1)
messaging (2} p2p (9) circuit (3) food web (22)

LA NANAALA

synthet: C social influence (6) transcription (2) www-+blog (4)




Spatial modeling

Gene expression ]

Input images pattern extraction Triangulation
via SPEX?2 J
: Gene expression Gene interaction @ @
Feature selection e i i .
similarity via multi- network

and normalization , p g
instance kernels estimation . .
Gene interaction

network

Puniyani, K., and Xing, E.P. (2013). GINI: from ISH images to gene interaction

networks. PLoS Comput. Biol. 9, €1003227.



Graph visualization

Biofabric (http://www.biofabric.org/)




Biofabric




Drug repositioning

First-level ATC classification

mones

Coloring of edges (drug pairs)

B

Drug-Target relations
e kniGWN MIN t
e other known
- binding
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Campillos, M., Kuhn, M., Gavin, A.-C., Jensen, L.J., and Bork, P. (2008). Drug
Target Identification Using Side-Effect Similarity. Science 321, 263—-266.



Cell differentiation networks

Proliferating Interstitial

Differentiating mesenchymal
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Component 2

Trapnell, C., Cacchiarelli, D., Grimsby, J., Pokharel, P., Li, S., Morse, M.,
Lennon, N.J., Livak, K.J., Mikkelsen, T.S., and Rinn, J.L. (2014). The dynamics
and regulators of cell fate decisions are revealed by pseudotemporal ordering
of single cells. Nat. Biotechnol. advance online publication.



networks

DEfauIEMedeINSiWoTK Cingulo-opercular Fronto-parietal
WiSiE Somatomotor BibilGHORIAIMBIE

Defaiil Mode NetWork Cingulo-opercular Fronto-parietal

MiSIEl somatomotor BEBGIONISIBIMBIC

Grayson, D.S., Ray, S., Carpenter, S., lyer, S., Dias, T.G.C., Stevens, C., Nigg,
J T . and Fair D A. (2014). Structural and Functional Rich Club Oraanization of



Open Questions

- How can we best simulate background
models of mteractlon networks’?

- What graph theory r +easures capture the
salient qualities of ré | graphs?

- How do we model changes of interaction
networks over tlme’?

- How do we mcorporate spatial aspects?

- Can we use symmetry groups?
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