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Crosstalk

In undirected networks, crosstalk between (inter) or within (intra) gene groups
Is defined as the extent of connectivity between the genes in the groups. We

differentiate three different cases of crosstalk: enrichment, depletion or neither. < 1.0.

However, crosstalk analysis is only meaningful if its statistical significance is

assessed. True postives: we analyzed intra-crosstalk within KEGG pathways as a positive
control. A variation of this test involves splitting each pathway in half and

CrossTalkZ (available at http://sonnhammer.sbc.su.se/download/ looking at the ability of the methods to re-discover the crosstalk between the

software/CrossTalkZ/) is a statistical method and software to assess the two pathway halves.

significance of crosstalk enrichment between pairs of gene or protein groups in

large biological networks. The software is implemented in C++, accepts tab- 3) b)

delimited input files, and produces a number of statistics (z-score, p-value, false
discovery rate, chi-squared statistic).
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a) Comparison of the false positive rates of the four different methods on a set of random pathways. b)
Positive test results for the KEGG pathway tests. Solid lines are internal crosstalk enrichment rates
within KEGG pathways. Dashed lines are inter-crosstalk enrichment detection rates for KEGG pathways
split into random halves.

Z-score distribution

For the methods to be unbiased, the distribution of z-scores should be standard
In the example, groups A and B have fewer links between them than in the random case (inter-group normal, for a set of random pathways and therefore give a uniform distribution

depletion) while B and C have more links (inter-group enrichment). Note that only a subset of the of p-values.
networks representing the three groups are shown; all node degrees remain constant after
randomization.

Esti g of crosstalk significance

To assess the si

onnectivity with the connectivity expe ted from a null model. The expected
connectivity between groups for the null model can be obtained by tallying the
links between genes of two groups when the network is randomly shuffled.

Based on the observed and the expected number of links the standard z-score
can be computed, which can be transformed into a p-value and corrected for
multiple testing.

Randomization methods

We tested two established and two newly developed randomization methods
with varying degrees of topology conservation for their ability to discover
crosstalk:

 Link permutation (LP), follows the algorithm proposed by Maslov and
Sneppen [1] and systematically swaps all links between nodes.

* Node permutation (NP), permutes node labels of nodes that fall into the
same bin.

 Link assignment (LA), the algorithm starts with an unconnected network
and randomly assigns links to nodes until its original degree is recovered.

 Link assignment + second-order conservation (LA+S), preserves not
only the node degree, but also the degree of the neighbors.

Preservation of second-order network topology

Different randomization methods preserve the topology of the original network
with varying degree. The LA+S and NP methods generate a null distribution that
preserves the second-order topology of the original network and are therefore
preferable for crosstalk analysis.

All tests were conducted using the human FunCoup network (Alexeyenko and
Sonnhammer [2]), whereas only links with a confidence cutoff of 0.5 or higher
were included.

Shown here are the p-value and z-score distribution for all four methods from the random pathway test
after filtering on reduced chi-squared <= 1.0.

Percent identity Random

Method between random assortativity ( S-r:etr/icrl_'ai_:zo 1) Conclusion
and original (original r = 0.20) random/origina .
The methods LA+S and NP maxim
LP 7.38 +0.04 -0.09 +0.00 0.80 +0.00
LA 10.47 +0.21 -0.15 +0.02 0.76 £0.01
LA+S 14.79 +0.07 0.14 +0.01 0.96 +0.00
NP 12.12 +0.11 0.20 +0.00 1.00 +0.00
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