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• Here we consider the application of a 

generalized WGCNA that keeps track of 
the sign of the co-expression 
information.

• standard unsigned networks are based 
on

• Here we focus on signed networks 
based on
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Step 1: Define a Gene Co-
expression Similarity

Step 2: Define a Family of 
Adjacency Functions

Step3: Determine the AF 
Parameters

Step 4: Define a Measure of Node 
Dissimilarity

Step 5: Identify Network Modules 
(Clustering)

Step 5: Find Biologically Interesting 
Modules

Step 6: Find Key Genes in 
Interesting Modules
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• A network can be represented by an adjacency 
matrix, A=[aij], that encodes how a pair of 
nodes is connected. 
– A is a symmetric matrix with entries in [0,1] 
– For unweighted networks, hard thresholding is 

applied to S to yield A. If sij > � , aij = 1 else aij = 0.
– For weighted networks, soft thresholding is applied 

with 0 < aij < 1, and aij = sij
� .

– Both types of adjacency functions can be applied to 
unsigned and signed co-expression similarity 
measures. In this analysis we employ soft 
thresholding.
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Unsigned networks are based on 
the absolute value of the 

correlation.
Signed networks preserve sign 
information from the correlation

),( jiij xxcors =
2

1),( +
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ij

xxcor
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Cor(xi,xj) Cor(xi,xj)
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• A gene’s connectivity (also known as degree) equals the 
row sum of the adjacency matrix.  Intuitively for 
unweighted networks this is the number of direct 
neighbors a gene has.

• For our signed networks, the connectivity of the i-th gene 
measures the extent of positive correlations with the other 
genes in the network.

i ijj
k a= �
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• Scale Free Topology 
refers to the frequency 
distribution of the 
connectivity k, P(k)~k-�

• p(k)=proportion of 
nodes that have 
connectivity k

Frequency Distribution of Connectivity
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• Idea: Log transformation p(k) and k and look at scatter 
plots
• Linear model fitting R2 index can be used to quantify 
scale free topology
•In our cancer and mouse embryonic stem cell 
applications, we find R2 = 0.97 and 0.94 for � = 12 and 22, 
respectively.
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• Biological Answer: look at shared neighbors 
with the topological overlap matrix.
– Intuition: if 2 people share the same friends they 

are close in a social network
– In an unsigned network negatively correlated 

genes are treated as friends while in the signed 
network they are treated as enemies.  

– Two genes have high topological overlap if they 
share (positively correlated) friends
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• Generalized in Zhang and Horvath (2005) to the 
case of weighted networks.

min( , ) 1
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SIMPLE TOM example

• In this simple example 
TOM1,2 reduces to a.

• If cor(x1, xu) and cor(xu, x2) 
= -1, then in an unsigned 
network TOM1,2 = 1, while 
in a signed network TOM1,2 
= 0.
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Unsigned Network Signed Network

Message: no difference between signed and unsigned analysis



Analysis of Networks in Mouse ESC 
data described in Ivanova et al
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Unsigned Network Signed Network
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• Separated into 
their own module, 
both the 
connectivity and 
relative  gene 
significance of the 
TF’s increase.
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• Shows Oct4 is a highly connected hub and it 

is highly significant in this module.
• This module could not have been detected in 

an unsigned network.

• Note that the signed intramodular connectivity 
is a biologically important screening variable.

• Biological importance of module is verified by 
2 fold enrichment of Oct4 and Nanog binding.
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• Signed weighted gene co-expression network 
analysis is a robust extension of unsigned 
WGCNA, preserving large modules while finding 
new and biologically interesting modules, thus 
facilitating a system’s level understanding of gene 
and/or protein interactions.
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