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Gene expression analysis

e clustering — too coarse
e reconstructing networks — Holy Grail!

Many methods exist, but:

e loops?

e what dependence (arrows) means?

e what approximations being made? controlling
them?

e are approximations biologically sound?

S o guarantees?
Different conditions — (small) fluctuations around a steady state (in

behavior, not expression).

Akin to having covariance matrix and needing to invert it —

(e. g. joint coregulation).










e use MaxEnt to define ¢
e connections with spin glasses (reverse problem), generalizes MNs
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use MaxEnt to define ¢

connections with spin glasses (reverse problem), generalizes MNs
enough data to evaluate 2-way marginals only;

truncate at 2nd order potential (cannot reconstruct XOR), Bethe
approximation

Mutual information I(g;,g9;) = (logP(g:,9;)/P(9:)P(g;)) is
enough to establish dependencies.












I(A,C) <min[I(A, B),I(B,C)]

ARACNE: Look at every triplet and remove the weakest link.



network Is a tree and has only pairwise interactions.






Theorem. Let 7, be the set of nodes forming the shortest path in the network

between nodes 7 and k. Then, if Mls can be estimated without errors, ARACNE
reconstructs an interaction network without false positives edges, provided: (a)
the network consists only of pairwise interactions, (b) for each j € m, Ii; > L.
Further, ARACNE does not produce any false negatives, and the network
reconstruction is exact iff (c) for each directly connected pair ij and for any other

node k, we have I;; > min[l;, Ix].
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Consistent for M — oo for h(M) — 0 and [h(M)]*M — oo.

How to select h7
Maybe h = h(x,y)?
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No need to have h = h(x,y).
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Can use universal best h.
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To simulate phenotypes and conditions, randomize a; and b; (and,
possibly, 1,0, Aj0).



—— ARACNE f ¥ | - ARACNE
-® - Bayesian Network ' -@ - Bayesian Network

- Relevance Networks ' - Relevance Networks

Recall

Nrp— Npp =max at p = 10—4.



— 125 Samples

- 250 Samples
== 500 Samples
—— 750 Samples

— 1000 Samples

Total Errors

80

] 005 01 0.15 02 0.25
Gaussian Kernel Width



— First neighbors
- - - Second neighbors |
------ Third neighbors
== >Third neighbors
------- Background
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Mutual Information
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Directly involved in initial
steps of iron-uptake pathway
Enhances uptake of iron

or other heavy metals

Mot known to be related to uptake
of iron or ather heavy metals.
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Probably better than original algorithm.
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GO Category

Transcription Regulator Activity (MF)

Protein Kinase (MF)

IKBK/NFKB cascade (BP)

Immune Response (BP) 19 117 1664 | 24373 0.0003
Humoral IR (BP) 9 117 378 | 24373 0.0001
Reg. of Transcription, DNA-dep. (BP) 26 117 1697 | 24373 | 1.2x107




