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1 Introduction

Condition-specific network activation is characteristic for cellular systems and
other real-world interaction networks. If measurements of network states are
available across a versatile set of conditions or time points, it becomes possible
to construct a global view of network activation patterns. Different parts of
the network respond to different conditions, and in different ways. Systematic,
data-driven identification of these responses will help to obtain a holistic view
of network activity [1, 2]. This package provides robust probabilistic algorithms
for functional network analysis [1, 5].

The methods are based on nonparametric probabilistic modeling and varia-
tional learning, and provide general exploratory tools to investigate the structure
(ICMg; [5]) and context-specific behavior (NetResponse; [1]) of interaction net-
works. ICMg is used to identify community structure in interaction networks;
NetResponse detects and characterizes subnetworks that exhibit context-specific
activation patterns across versatile collections of functional measurements, such
as gene expression data. The implementations are partially based on the agglom-
erative independent variable group analysis [3] and variational Dirichlet process
Gaussian mixture models [4]. The tools are particularly useful for global ex-
ploratory analysis of genome-wide interaction networks and versatile collections
of gene expression data.

2 Loading the package and example data

Load the package and toy data set. The toydata object contains the variables
D (gene expression matrix) and netw (network matrix). The data matrix D de-
scribes measurements of the network activation over multiple conditions. This
simple toy data will be analyzed in the subsequent examples. Note that the
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method is potentially applicable to networks with thousands of nodes and con-
ditions; the scalability depends on network connectivity.

> library(netresponse)

> data(toydata)

> D <- as.matrix(toydata$emat)

> netw <- as.matrix(toydata$netw)

3 Detecting network responses

Detect network responses across the different measurement conditions in the
data matrix D:

> model <- detect.responses(D, netw, verbose = FALSE)

Various network formats are supported, see help(detect.responses) for de-
tails. With large data sets, consider using the ’speedup’ option.

4 Investigating the results

List the detected subnetworks (each is a list of nodes). By default, singleton
subnetworks (with only one gene) and subnetworks with only a single response
(no differences between conditions) are excluded. To change the defaults, see
help(get.subnets). Subnetworks can be filtered by size and number of responses.
Subnetworks that have only one response are not informative of the differences
between conditions, and typically ignored in subsequent analysis.

> get.subnets(model, min.size = 2, min.responses = 2)

$`Subnet-2`

[1] "node-4" "node-5" "node-6"

Each subnetwork response has a probabilistic association to each condition.
Get the list of samples corresponding to each response (each sample is assigned
to the response of the highest probability) with response2sample function.

> subnet.id <- 'Subnet-2'

> response2sample(model, subnet.id)

Retrieve model parameters of a given subnetwork (Gaussian mixture means,
covariance diagonal, and component weights):

> pars <- get.model.parameters(model, subnet.id) # model parameters

> pars

$mu

[,1] [,2] [,3]

[1,] -0.1286901 3.001058 -0.1857475

[2,] -4.9279611 -0.156345 2.1559391

[3,] 5.0687917 -2.924342 -3.2136255
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$sd

[,1] [,2] [,3]

[1,] 0.8685188 0.9146674 0.9118761

[2,] 0.9552095 1.0309359 0.9005080

[3,] 0.9725623 1.0904168 0.9451185

$w

[1] 0.3502574 0.3497425 0.3000002

$free.energy

[,1]

[1,] 1134.673

$Nparams

[1] 21

$qofz

[,1] [,2] [,3]

[1,] 1.000000e+00 3.905228e-10 1.886369e-14

[2,] 9.999999e-01 9.128203e-08 4.523572e-10

[3,] 1.000000e+00 3.132418e-10 3.052293e-12

[4,] 9.999999e-01 1.024217e-07 7.376573e-12

[5,] 1.000000e+00 1.090767e-09 3.226373e-09

[6,] 1.000000e+00 5.765930e-09 9.109756e-14

[7,] 1.000000e+00 2.385888e-08 4.082850e-16

[8,] 1.000000e+00 2.140228e-09 2.061725e-16

[9,] 1.000000e+00 1.079218e-10 8.641905e-18

[10,] 1.000000e+00 7.512234e-13 4.044166e-13

[11,] 1.000000e+00 4.245708e-12 8.430543e-16

[12,] 9.999998e-01 2.322628e-07 9.608253e-16

[13,] 1.000000e+00 7.261873e-09 1.069879e-14

[14,] 1.000000e+00 5.683290e-14 6.320386e-14

[15,] 1.000000e+00 1.370718e-11 4.036446e-13

[16,] 9.998329e-01 1.671107e-04 1.329763e-14

[17,] 1.000000e+00 6.337192e-09 7.409780e-13

[18,] 1.000000e+00 6.854227e-12 3.774846e-16

[19,] 1.000000e+00 5.535186e-09 1.306410e-13

[20,] 1.000000e+00 6.410792e-10 3.937441e-16

[21,] 1.000000e+00 1.427915e-09 2.241113e-15

[22,] 1.000000e+00 2.646332e-08 9.636547e-15

[23,] 1.000000e+00 6.274929e-12 1.878998e-11

[24,] 1.000000e+00 3.038337e-13 1.496326e-12

[25,] 1.000000e+00 1.434072e-11 6.895810e-14

[26,] 1.000000e+00 3.982249e-13 1.635664e-15

[27,] 9.999999e-01 8.821793e-08 1.501831e-16

[28,] 1.000000e+00 2.063925e-08 3.868177e-13

[29,] 1.000000e+00 1.343339e-12 2.022906e-12

[30,] 1.000000e+00 3.265952e-11 5.605969e-16

[31,] 1.000000e+00 1.150421e-11 3.391259e-20

[32,] 1.000000e+00 3.922535e-08 3.297058e-15
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[33,] 9.999986e-01 1.421769e-06 1.909837e-17

[34,] 1.000000e+00 5.912233e-15 3.253871e-12

[35,] 9.993437e-01 6.563172e-04 6.635468e-25

[36,] 1.000000e+00 6.620920e-09 1.153548e-13

[37,] 1.000000e+00 2.177631e-11 1.583570e-15

[38,] 9.999991e-01 9.478001e-07 3.551836e-16

[39,] 1.000000e+00 9.710082e-09 7.722467e-13

[40,] 9.999958e-01 4.239412e-06 1.309312e-20

[41,] 1.000000e+00 6.314838e-13 6.174071e-12

[42,] 9.999988e-01 1.237691e-06 2.178367e-19

[43,] 9.999993e-01 6.614435e-07 3.734204e-15

[44,] 1.000000e+00 1.321939e-10 8.249478e-20

[45,] 1.000000e+00 3.078704e-10 6.669435e-17

[46,] 9.999999e-01 6.857022e-08 9.857578e-16

[47,] 1.000000e+00 2.161408e-08 5.815212e-19

[48,] 1.000000e+00 3.655674e-08 1.583253e-12

[49,] 9.999971e-01 2.858120e-06 2.715045e-18

[50,] 1.000000e+00 2.715262e-10 3.437609e-19

[51,] 1.000000e+00 1.310423e-12 3.463887e-11

[52,] 1.000000e+00 3.336768e-14 3.547425e-13

[53,] 1.000000e+00 1.993206e-08 6.056121e-16

[54,] 9.999684e-01 1.068038e-10 3.162568e-05

[55,] 1.000000e+00 6.385944e-09 5.989156e-13

[56,] 1.000000e+00 1.018521e-09 5.961831e-16

[57,] 9.999795e-01 2.054314e-05 6.917818e-24

[58,] 9.999979e-01 2.071474e-06 2.211464e-16

[59,] 1.000000e+00 4.790542e-10 1.169124e-15

[60,] 1.000000e+00 7.924090e-10 1.325446e-11

[61,] 9.999997e-01 2.536939e-07 4.147255e-14

[62,] 1.000000e+00 4.967112e-10 4.637773e-12

[63,] 1.000000e+00 8.558997e-09 1.862791e-20

[64,] 1.000000e+00 1.203584e-09 2.151554e-18

[65,] 1.000000e+00 8.943459e-12 7.090925e-15

[66,] 1.000000e+00 8.905910e-09 6.108625e-20

[67,] 9.999989e-01 1.098886e-06 3.823444e-17

[68,] 9.999997e-01 2.946556e-07 2.057605e-20

[69,] 1.000000e+00 2.931068e-11 3.461801e-14

[70,] 1.000000e+00 2.619264e-10 1.537781e-10

[71,] 9.242863e-13 1.000000e+00 4.922952e-31

[72,] 4.580338e-13 1.000000e+00 4.955726e-30

[73,] 1.601543e-13 1.000000e+00 1.021316e-24

[74,] 7.643726e-12 1.000000e+00 3.155393e-37

[75,] 3.676078e-15 1.000000e+00 6.012835e-37

[76,] 1.044156e-09 1.000000e+00 6.147670e-31

[77,] 4.959536e-08 1.000000e+00 3.430842e-31

[78,] 5.583468e-09 1.000000e+00 2.544027e-26

[79,] 2.585832e-09 1.000000e+00 1.241914e-28

[80,] 5.741745e-11 1.000000e+00 7.026929e-32

[81,] 5.110384e-14 1.000000e+00 2.419409e-37

[82,] 5.511660e-17 1.000000e+00 4.282694e-38
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[83,] 7.627229e-07 9.999992e-01 1.119261e-26

[84,] 3.305170e-07 9.999997e-01 4.585993e-27

[85,] 9.667730e-11 1.000000e+00 1.927989e-30

[86,] 9.294449e-16 1.000000e+00 5.541241e-35

[87,] 1.749474e-06 9.999983e-01 1.211781e-26

[88,] 1.023418e-10 1.000000e+00 1.266817e-36

[89,] 5.185853e-05 9.999481e-01 9.970925e-27

[90,] 1.503508e-07 9.999998e-01 7.857433e-29

[91,] 8.742428e-07 9.999991e-01 4.305038e-22

[92,] 2.259294e-10 1.000000e+00 1.424967e-28

[93,] 3.064719e-13 1.000000e+00 6.474430e-34

[94,] 5.013956e-14 1.000000e+00 4.731274e-35

[95,] 3.349805e-09 1.000000e+00 3.243572e-30

[96,] 4.759413e-11 1.000000e+00 5.671360e-33

[97,] 1.995684e-13 1.000000e+00 7.410826e-29

[98,] 1.820939e-13 1.000000e+00 1.602834e-28

[99,] 1.839361e-11 1.000000e+00 1.751235e-32

[100,] 1.251539e-11 1.000000e+00 4.968898e-34

[101,] 1.286933e-17 1.000000e+00 1.705005e-34

[102,] 5.674726e-13 1.000000e+00 1.101329e-31

[103,] 9.966843e-15 1.000000e+00 8.949686e-38

[104,] 1.454191e-04 9.998546e-01 3.796742e-25

[105,] 3.947483e-13 1.000000e+00 3.631014e-27

[106,] 2.175898e-15 1.000000e+00 2.208613e-35

[107,] 2.726316e-16 1.000000e+00 3.159266e-37

[108,] 7.330860e-11 1.000000e+00 5.789538e-32

[109,] 2.228472e-12 1.000000e+00 1.210047e-34

[110,] 1.731232e-12 1.000000e+00 4.212988e-32

[111,] 2.939896e-21 1.000000e+00 2.050064e-43

[112,] 2.707884e-09 1.000000e+00 1.411693e-26

[113,] 1.364791e-10 1.000000e+00 1.187957e-28

[114,] 2.116161e-15 1.000000e+00 9.930942e-39

[115,] 6.106040e-04 9.993894e-01 8.485274e-25

[116,] 4.991883e-11 1.000000e+00 1.165868e-29

[117,] 2.387891e-10 1.000000e+00 1.197536e-31

[118,] 3.090433e-12 1.000000e+00 4.759934e-31

[119,] 1.236771e-15 1.000000e+00 1.537756e-35

[120,] 8.753437e-11 1.000000e+00 6.164215e-34

[121,] 1.464580e-10 1.000000e+00 1.059807e-26

[122,] 2.168085e-05 9.999783e-01 1.167948e-31

[123,] 1.352102e-05 9.999865e-01 1.740974e-22

[124,] 2.171060e-11 1.000000e+00 3.115538e-32

[125,] 1.520873e-14 1.000000e+00 1.166712e-37

[126,] 3.527539e-07 9.999996e-01 2.466439e-31

[127,] 5.148544e-02 9.485146e-01 2.300724e-18

[128,] 1.661997e-13 1.000000e+00 1.725326e-35

[129,] 3.488735e-08 1.000000e+00 6.376991e-22

[130,] 5.692430e-15 1.000000e+00 2.656346e-35

[131,] 1.040217e-15 1.000000e+00 1.077436e-37

[132,] 1.435215e-11 1.000000e+00 4.017139e-37
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[133,] 4.132119e-12 1.000000e+00 4.282009e-33

[134,] 4.425999e-07 9.999996e-01 6.012238e-22

[135,] 2.670273e-09 1.000000e+00 6.268163e-32

[136,] 8.094653e-07 9.999992e-01 4.240773e-29

[137,] 5.610601e-10 1.000000e+00 1.375056e-27

[138,] 2.926628e-05 9.999707e-01 7.582703e-20

[139,] 4.460329e-09 1.000000e+00 3.842732e-30

[140,] 1.666067e-15 1.000000e+00 2.490640e-39

[141,] 4.507383e-21 5.636847e-40 1.000000e+00

[142,] 9.080927e-25 1.486540e-40 1.000000e+00

[143,] 1.086970e-16 1.161023e-30 1.000000e+00

[144,] 7.229376e-22 7.610320e-39 1.000000e+00

[145,] 1.474802e-12 6.833871e-23 1.000000e+00

[146,] 1.586221e-20 1.736722e-32 1.000000e+00

[147,] 8.160370e-26 3.695201e-38 1.000000e+00

[148,] 1.387176e-23 3.437208e-33 1.000000e+00

[149,] 3.061608e-21 6.567046e-34 1.000000e+00

[150,] 1.311553e-13 1.105813e-25 1.000000e+00

[151,] 7.975582e-18 4.118033e-29 1.000000e+00

[152,] 3.385342e-24 3.793995e-36 1.000000e+00

[153,] 3.602263e-09 2.214157e-23 1.000000e+00

[154,] 3.359794e-09 4.128001e-18 1.000000e+00

[155,] 1.598710e-13 5.544518e-30 1.000000e+00

[156,] 1.479003e-16 2.055868e-32 1.000000e+00

[157,] 4.494767e-21 4.689960e-33 1.000000e+00

[158,] 2.194349e-18 1.956900e-29 1.000000e+00

[159,] 1.711484e-25 1.008993e-36 1.000000e+00

[160,] 9.772698e-20 8.987647e-36 1.000000e+00

[161,] 1.030394e-06 1.811306e-17 9.999990e-01

[162,] 1.321022e-25 3.785424e-39 1.000000e+00

[163,] 5.757598e-16 5.516728e-22 1.000000e+00

[164,] 2.069331e-15 1.654041e-29 1.000000e+00

[165,] 3.007242e-23 1.622657e-33 1.000000e+00

[166,] 8.480795e-12 2.804768e-27 1.000000e+00

[167,] 1.761099e-20 3.293476e-36 1.000000e+00

[168,] 5.199551e-24 5.302513e-33 1.000000e+00

[169,] 3.118520e-19 1.090372e-33 1.000000e+00

[170,] 7.080348e-16 9.487550e-28 1.000000e+00

[171,] 2.339446e-27 1.046922e-35 1.000000e+00

[172,] 9.169628e-23 2.712438e-38 1.000000e+00

[173,] 9.081455e-25 2.392881e-39 1.000000e+00

[174,] 1.794913e-20 2.476994e-31 1.000000e+00

[175,] 3.180897e-22 2.756249e-38 1.000000e+00

[176,] 8.666085e-11 1.878975e-21 1.000000e+00

[177,] 1.769759e-20 1.562168e-40 1.000000e+00

[178,] 9.603073e-26 1.526464e-32 1.000000e+00

[179,] 1.024221e-18 3.482496e-34 1.000000e+00

[180,] 1.942268e-21 4.869345e-32 1.000000e+00

[181,] 1.416914e-13 1.167162e-27 1.000000e+00

[182,] 1.422026e-22 3.303497e-39 1.000000e+00
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[183,] 1.186062e-15 5.179261e-32 1.000000e+00

[184,] 8.999277e-28 9.847847e-41 1.000000e+00

[185,] 1.031153e-16 6.941680e-30 1.000000e+00

[186,] 4.870024e-24 7.404181e-42 1.000000e+00

[187,] 9.504784e-17 2.121741e-32 1.000000e+00

[188,] 3.549277e-25 1.870705e-41 1.000000e+00

[189,] 1.195569e-17 1.232380e-34 1.000000e+00

[190,] 8.774921e-22 8.148238e-35 1.000000e+00

[191,] 4.945466e-19 5.799232e-30 1.000000e+00

[192,] 6.777540e-19 2.335418e-31 1.000000e+00

[193,] 2.592568e-21 7.350826e-32 1.000000e+00

[194,] 6.568151e-22 3.072014e-35 1.000000e+00

[195,] 7.304032e-15 1.405492e-29 1.000000e+00

[196,] 8.603637e-16 1.909613e-32 1.000000e+00

[197,] 6.717920e-18 4.187678e-35 1.000000e+00

[198,] 4.877886e-25 8.575665e-40 1.000000e+00

[199,] 6.168445e-21 2.088025e-36 1.000000e+00

[200,] 9.558593e-20 7.218479e-34 1.000000e+00

$nodes

[1] "node-4" "node-5" "node-6"

Probabilistic sample-response assignments for a given subnet is retrieved
with:

> response.probabilities <- sample2response(model, subnet.id)

5 Extending the subnetworks

After identifying the locally connected subnetworks, it is possible to search for
features (genes) that are similar to a given subnetwork but not directly inter-
acting with it. To order the remaining features in the input data based on
similarity with the subnetwork, type

> g <- find.similar.features(model, subnet.id = "Subnet-1")

> subset(g, delta < 0)

feature.name delta

node-6 node-6 -71.58987

node-5 node-5 -68.29558

node-4 node-4 -31.91122

This gives a data frame which indicates similarity level with the subnetwork
for each feature. The smaller, the more similar. Negative values of delta in-
dicate the presence of coordinated responses, positive values of delta indicate
independent responses. The data frame is ordered such that the features are
listed by decreasing similarity.
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6 Nonparametric Gaussian mixture models

The package provides additional tools for nonparametric Gaussian mixture mod-
eling based on variational Dirichlet process mixture models and implementations
by [4, 3]. See the example in help(vdp.mixt).

7 Interaction Component Model for Gene Mod-
ules

Interaction Component Model (ICMg) can be used to find functional gene mod-
ules [5] from either protein interaction data or from combinations of protein
interaction and gene expression data.

A short example of how to run ICMg and obtain clustering for the nodes:

> library(netresponse)

> data(osmo)

> res <- ICMg.combined.sampler(osmo$ppi, osmo$exp, C=10)

> res$comp.memb <- ICMg.get.comp.memberships(osmo$ppi, res)

> res$clustering <- apply(res$comp.memb, 2, which.max)

8 Visualization

Plot subnetwork responses (Fig. 1). The visualization tools depend on Rgraphviz
and igraph packages.
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> subnet.id <- "Subnet-2" # specify the subnet to visualize

> vis <- plot.responses(model, subnet.id)

Subnet−2/Response−1

node−4

node−5

node−6

Subnet−2/Response−2

node−4

node−5

node−6

Subnet−2/Response−3

node−4

node−5

node−6

Figure 1:

Plot color scale used in the visualization:

> plot.scale(vis$breaks, vis$palette)
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9 Citing NetResponse

Please cite [1] with the package. When using the ICMg algorithms, additionally
cite [5].

10 Version information

This document was written using:

> sessionInfo()

R version 3.1.1 Patched (2014-09-24 r66678)

Platform: i386-w64-mingw32/i386 (32-bit)

locale:

[1] LC_COLLATE=C

[2] LC_CTYPE=English_United States.1252

[3] LC_MONETARY=English_United States.1252

[4] LC_NUMERIC=C

[5] LC_TIME=English_United States.1252

attached base packages:

[1] grid parallel stats graphics grDevices utils datasets

[8] methods base
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other attached packages:

[1] netresponse_1.16.0 Rgraphviz_2.10.0 reshape_0.8.5 RColorBrewer_1.0-5

[5] qvalue_1.40.0 minet_3.24.0 mclust_4.4 graph_1.44.0

[9] ggplot2_1.0.0 infotheo_1.2.0 igraph_0.7.1 dmt_0.8.20

[13] MASS_7.3-35 mvtnorm_1.0-0

loaded via a namespace (and not attached):

[1] BiocGenerics_0.12.0 Matrix_1.1-4 Rcpp_0.11.3

[4] colorspace_1.2-4 digest_0.6.4 gtable_0.1.2

[7] lattice_0.20-29 munsell_0.4.2 plyr_1.8.1

[10] proto_0.3-10 reshape2_1.4 scales_0.2.4

[13] stats4_3.1.1 stringr_0.6.2 tools_3.1.1
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