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summary Predictivity of sites in functional neighborhood Benchmarking RoKAI
Mass spectrometry enables high-throughput screening of We hypothesize that phosphorylation of sites in the functional First, we gradually explore a set of functional networks with
phospho-proteins across a broad range of biological contexts. neighborhood of a kinase would be predictivity of its activity. Overall, we RoKAI. To benchmark the performance of RoKAI with these
When complemented by computational algorithms, phospho- consider four types of information sources for functional neighboorhood. networks, we use mean substrate phosphorylation (baseline
proteomic data allows the inference of kinase activity, To test their utility, for each kinase, we compute a representative score method) to infer kinase activities based on RoKAl-enhanced
facilitating the identification of dysregulated kinases in various equal to the mean phosphorylation of sites in the neighborhood of the phosphorylation profiles and perform a robustness analysis. As
diseases including cancer, Alzheimer’s disease and Parkinson’s kinase (but not a known substrate of that kinase). See below for an seen below, RoKAIl improves the prediction accuracy in a robust
disease. To enhance the reliability of kinase activity inference, illustration of sites in the neighborhood for each type: manner (regardless of missingness) and the addition of each
we present a network-based framework, RoKAI, that integrates network provides further improvements.
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of its activity. The incorporation of this knowledge in RoKAI 025 _ -
consistently enhances the accuracy of kinase activity inference i | %; 03
methods while making them more robust to missing 5015_ T
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of understudied kinases and will likely lead to the development M [[Zpeseiive -
of novel kinase inhibitors for targeted therapy of many diseases. Structure Distance Co-Evolution 0.05 | _ng: Eﬁgit,iﬁ:iso) 015 1
, , .. ——ROKAI (KS+PPI+SD+CoEv @ D O &
RoKAl is available as web-based tool at http://rokai.io. Fvidence Evidence 0! ‘; S - y | . - . %&e@&:o;\i;&i?\ o
Kinase-Substrate Missingness (%) o W
Our Method — RoKAl

Next, we investigate the improvement of RoKAIl over a broad
range of kinase activity inference methods by performing a
robustness analysis. As it can be seen below, for all methods
and missingness values tested, RoKAI consistently enhances the
accuracy of the inference methods and makes them more

To improve the reliability of the kinase activity inference
methods, we present RoKAl: A network-based framework that
integrates various sources of functional information to capture
coordinated changes in signaling. We hypothesize that
biologically significant changes in sighaling manifest as hyper-
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Our framework, RoKAI, uses a heterogeneous network model en phosphonaton (Fiticade =) Mean phosphoryiation (PTMcode-CoEv) & Type | & PROSP Type I
having kinases and phosphosites as nodes to integrate relevant Fig. 1. In each panel, the left plot compares the empirical cumulative distribution ey
sources of functional information, including: (ECDF) of the phosphorylation levels of the "information-providing” sites for “true” Floating node
perturbed kinases in the benchmark data against all other kinases. Whereas, the Disconnected sites
Kinase-Substrate | Kinase 'rhtOSpht‘?s'te right plot shows the summary statistics for the utility of the information sources. Q Q
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have higher performance estimations due to bias (panel b). To overcome this
issue, we perform a robustness analysis (panel c¢) and show that methods
with high bias are not robust for missing kinase-substrate annotations.
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Network Propagation in RoKAl

On this heterogeneous network, we propagate phosphorylation o ek Thee g s i uenicatons)
profile to obtain representative phosphorylation levels capturing (a) 25 knases in gold standard (b) : 8 zz k 2 e St o ™ At 50% missingness
coordinated changes in signaling. We develop an electric-circuit 0 | ali ” Fig. 2. In type | (illustrated in top left), the network used by RoKAl
based network propagation algorithm (illustrated below) that is ol 05 0 consists only of sites with quantifications. Whereas, in type Il (illustrated
specifically desighed to accommodate missing sites not Median Line L in top right), the network additionally includes sites without
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identified by MS. To predict the kinase activities, we use the quantifications to utilize them as bridge nodes.

resulting representative phosphorylation levels in combination
with existing kinase activity inference methods.
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How to use RoKAl in your research?
RoKAIl is available as web-based tool at http://rokai.io
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