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0 Preliminaries: setting up the R session

Here we assume that a new R session has just been started. We load the WGCNA package, set up basic parameters
and load data saved in the parts 1 and 2 of the tutorial.

# Display the current working directory

getwd();

# If necessary, change the path below to the directory where the data files are stored.
# "." means current directory. On Windows use a forward slash / instead of the usual \.
workingDir = ".";

setwd (workingDir) ;

# Load the WGCNA package

library (WGCNA)

# The following setting is important, do not omit.

options(stringsAsFactors = FALSE);

# Load the data saved in the first part

lnames = load(file = "Consensus-datalnput.RData");

#The variable lnames contains the names of loaded variables.
lnames

# Also load results of network analysis

lnames = load(file = "Consensus-NetworkConstruction-auto.RData");
lnames

exprSize = checkSets(multiExpr) ;
nSets = exprSize$nSets;

We have loaded the variables multiExpr and Traits containing the expression and trait data, respectively. Fur-
ther, expression data dimensions are stored in nGenes and nSamples. The consensus network analysis results are
represented by the variables consMEs, moduleLabels, moduleColors, and consTree.




4 Relating consensus modules to external microarray sample infor-
mation

In this section we illustrate the use of module eigengenes to relate consensus modules to external microarray
sample information such as classical clinical traits. In this analysis we have available several clinical traits. We
relate the traits to consensus module eigengenes in each of the two sets. We remind the reader that while the
consensus modules is a single module assignment for all genes, the module eigengenes represent the modules in
each of the two sets. In other words, we have a single module assignment for each gene, but we have two sets
of consensus module eigengenes, because a given module (set of genes) has a particular expression profile in the
female mice, and a different expression profile in the male mice. Similarly, we have the trait data separately for
the female and for the male mice.

# Set up variables to contain the module-trait correlatiomns

moduleTraitCor = list();

moduleTraitPvalue = 1list();

# Calculate the correlations

for (set in 1:nSets)

{
moduleTraitCor[[set]] = cor(consMEs[[set]]$data, Traits[[set]]$data, use = "p");
moduleTraitPvalue[[set]] = corPvalueFisher(moduleTraitCor[[set]], exprSize$nSamples[set]);

}

We now display the module-trait relationships using a color-coded table. We print the correlations and the
corresponding p-values, and color-code the entris by the p-value significance.

# Convert numerical lables to colors for labeling of modules in the plot
MEColors = labels2colors(as.numeric(substring(names(consMEs[[1]]$data), 3)));
MEColorNames = paste("ME", MEColors, sep="");
# Open a suitably sized window (the user should change the window size if necessary)
sizeGrWindow(10,7)
#pdf (file = "Plots/ModuleTraitRelationships-female.pdf", wi = 10, he = 7);
# Plot the module-trait relationship table for set number 1
set =1
textMatrix = paste(signif (moduleTraitCor[[set]], 2), "\n(",
signif (moduleTraitPvaluel[[set]], 1), ")", sep = "");

dim(textMatrix) = dim(moduleTraitCor[[set]])
par(mar = c(6, 8.8, 3, 2.2));
labeledHeatmap(Matrix = moduleTraitCor[[set]],

xLabels = names(Traits[[set]]$data),

yLabels = MEColorNames,

ySymbols = MEColorNames,

colorLabels = FALSE,

colors = greenWhiteRed(50),

textMatrix = textMatrix,

setStdMargins = FALSE,

cex.text = 0.5,

zlim = c(-1,1),

main = paste("Module--trait relationships in", setLabels[set]))

dev.off();
# Plot the module-trait relationship table for set number 2
set = 2
textMatrix = paste(signif (moduleTraitCor[[set]], 2), "\n(",
signif (moduleTraitPvaluel[[set]], 1), ")", sep = "");
dim(textMatrix) = dim(moduleTraitCor[[set]])
sizeGrWindow(10,7)
#pdf (file = "Plots/ModuleTraitRelationships-male.pdf", wi = 10, he = 7);
par(mar = c(6, 8.8, 3, 2.2));




labeledHeatmap(Matrix = moduleTraitCor[[set]],
xLabels = names(Traits[[set]]$data),
yLabels = MEColorNames,
ySymbols = MEColorNames,
colorLabels = FALSE,
colors = greenWhiteRed(50),
textMatrix = textMatrix,
setStdMargins = FALSE,
cex.text = 0.5,
zlim = c(-1,1),
main = paste("Module--trait relationships in", setLabels[set]))
dev.off();

The two tables are shown in Figs. [1| and 2l The two module-trait relationship tables look similar but they are
not the same. For example, they both identify the turquoise, purple and green modules as highly related to
weight, although the actual correlations and p-values differ slightly. There are several ways of forming a measure
of module-trait relationships that summarizes the two sets into one measure. We will form a very conservative
one: for each module-trait pair we take the correlation that has the lower absolute value in the two sets if the
two correlations have the same sign, and zero relationship if the two correlations have opposite signs:

# Initialize matrices to hold the consensus correlation and p-value

consensusCor = matrix(NA, nrow(moduleTraitCor[[1]]), ncol(moduleTraitCor[[1]]));

consensusPvalue = matrix(NA, nrow(moduleTraitCor[[1]]), ncol(moduleTraitCor[[1]]));

# Find consensus negative correlations

negative = moduleTraitCor[[1]] < O & moduleTraitCor[[2]] < O;

consensusCor [negative] = pmax(moduleTraitCor[[1]] [negative], moduleTraitCor[[2]] [negativel);
consensusPvalue [negative] = pmax(moduleTraitPvalue[[1]] [negative], moduleTraitPvalue[[2]] [negativel);
# Find consensus positive correlations

positive = moduleTraitCor[[1]] > O & moduleTraitCor[[2]] > O;

consensusCor [positive] = pmin(moduleTraitCor[[1]] [positive], moduleTraitCor[[2]] [positivel);
consensusPvalue[positive] = pmax(moduleTraitPvalue[[1]] [positive], moduleTraitPvalue[[2]] [positivel]);

We display the consensus module—trait relationships again using a color-coded table:

textMatrix = paste(signif(consensusCor, 2), "\n(",
signif (consensusPvalue, 1), ")", sep = "");
dim(textMatrix) = dim(moduleTraitCor[[set]])
sizeGrWindow(10,7)
#pdf (file = "Plots/ModuleTraitRelationships-consensus.pdf", wi = 10, he = 7);
par(mar = c(6, 8.8, 3, 2.2));
labeledHeatmap(Matrix = consensusCor,
xLabels = names(Traits[[set]]$data),
yLabels = MEColorNames,
ySymbols = MEColorNames,
colorLabels = FALSE,
colors = greenWhiteRed(50),
textMatrix = textMatrix,
setStdMargins = FALSE,
cex.text = 0.5,
zlim = c(-1,1),
main = paste("Consensus module--trait relationships across\n",
paste(setlLabels, collapse = " and ")))

The table is shown in Fig.|3] The advantage of the consensus relationship table is that it isolates the module-trait
relationships that are present in both sets, and hence may be in a sense considered validated. For example, we
confirm that the turquoise, purple, and green modules are highly related to weight in both sets; the brown module
is highly related to insulin levels etc. One could now adapt the gene selection technique illustrated in the female




expression analysis tutorial to look for particular genes that are highly related to traits as well as being highly
connected in a module related to the trait; we leave this analysis as an exercise for the reader.
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Figure 1: Relationships of consensus module eigengenes and clinical traits in the female data. Each row in the
table corresponds to a consensus module, and each column to a trait. Numbers in the table report the correlations
of the corresponding module eigengenes and traits, with the p-values printed below the correlations in parentheses.
The table is color coded by correlation according to the color legend.



Module—-trait relationships in Male liver
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Figure 2: Relationships of consensus module eigengenes and clinical traits in the male data. Each row in the table
corresponds to a consensus module, and each column to a trait. Numbers in the table report the correlations of
the corresponding module eigengenes and traits, with the p-values printed below the correlations in parentheses.
The table is color coded by correlation according to the color legend.
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Figure 3: Consensus relationships of consensus module eigengenes and clinical traits across the female and male
data. Each row in the table corresponds to a consensus module, and each column to a trait. Numbers in the table
report the consensus correlations of the corresponding module eigengenes and traits, with the p-values printed
The table is color coded by correlation according to the color legend.
Missing (NA) entries indicate that the correlations in the male and female data sets have opposite signs and no

below the correlations in parentheses.

consensus can be formed.
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4.a Exporting results of the network analysis

We now put together a data frame that summarizes the results of network analysis, namely the gene significances
(GS) and module memberships (also known as kME) of all probes. We start by loading the gene annotation table.

file = gzfile(description = "GeneAnnotation.csv.gz");

annot = read.csv(file = file);

# Match probes in the data set to the probe IDs in the annotation file
probes = names(multiExpr[[1]]$data)

probes2annot = match(probes, annot$substanceBXH)

We next (re-)calculate the module eigengenes in the ”alphabetic” order and calculate the gene significances and
module memberships in each data set.

consMEs.unord = multiSetMEs(multiExpr, universalColors = modulelabels, excludeGrey = TRUE)
GS = 1list();

kME = 1list();
for (set in 1:nSets)
{

GS[[set]] = corAndPvalue(multiExpr[[set]]$data, Traits[[set]]$data);
kME[[set]] = corAndPvalue(multiExpr[[set]]$data, consMEs.unord[[set]]$data);
}

We perform a very simple "meta-analysis” by combining the Z scores of correlations from each set to form a
meta-Z score and the corresponding p-value.

GS.metaZ = (GS[[111$Z + GS[[2]11$Z)/sqrt(2);

kME.metaZ = (kME[[1]]1$Z + kME[[2]11$Z)/sqrt(2);

GS.metaP = 2*pnorm(abs(GS.metaZ), lower.tail = FALSE);
kME.metaP = 2*pnorm(abs(kME.metaZ), lower.tail = FALSE);

Next we form matrices holding the GS and kME. We use a simple re-shaping trick to put the values and the
associated p-values and meta-analysis results next to one another.

GSmat = rbind(GS[[1]1$cor, GS[[2]]1$cor, GS[[111$p, GSL[[2]11$p, GS.metaZ, GS.metaP);

nTraits = checkSets(Traits)$nGenes

traitNames = colnames(Traits[[1]]$data)

dim(GSmat) c(nGenes, 6*nTraits)

rownames (GSmat) = probes;

colnames(GSmat) = spaste(
c("GS.setl.", "GS.set2.", "p.GS.setl.", "p.GS.set2.", "Z.GS.meta.", "p.GS.meta"),
rep(traitNames, rep(6, nTraits)))

# Same code for kME:

kMEmat = rbind(XME[[1]1]$cor, kME[[2]]$cor, kME[[1]]1$p, kME[[2]]1$p, kME.metaZ, kME.metaP);

MEnames = colnames(consMEs.unord[[1]]$data);

nMEs = checkSets(consMEs.unord)$nGenes

dim(kMEmat) = c(nGenes, 6*nMEs)

rownames (kMEmat) = probes;

colnames (kMEmat) = spaste(
c("kME.setl.", "kME.set2.", "p.kME.setl.", "p.kME.set2.", "Z.kME.meta.", "p.kME.meta"),
rep(MEnames, rep(6, nMEs)))

Finally we put together the full information data frame and write it into a plain text CSV file that can be read by
standard spreadsheet programs. Note that the probes are not sorted in any particular way; many sort orders are
possible and we leave it to the reader to either modify the code or to perform the sort in a spreadsheet software.

info = data.frame(Probe = probes, GeneSymbol = annot$gene_symbol [probes2annot],
EntrezID = annot$LocusLinkID [probes2annot],
ModuleLabel = moduleLabels,
ModuleColor = labels2colors(modulelabels),




GSmat,
kMEmat) ;
write.csv(info, file = "consensusAnalysis-CombinedNetworkResults.csv",
row.names = FALSE, quote = FALSE);
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