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1. Network biology



Protein-protein interaction network

A node is a protein

An edge is an interaction



Gene regulatory network

A node is a gene, a protein or a small molecule

An edge is a regulatory relationship



Genetic interaction network

A node is a gene

An edge is a genetic interaction



Basic concepts in a network

Node
Edge
Degree
Small world
Modules
Scale-free
…

Those physical/math concept can be utilized to study biology.



Network is a tool for studying large-scale data

Protein-protein
Protein-DNA
Protein-small molecular
Small molecular-small molecular
…
Gene expression profile-gene expression profile



2. Gene coexpression network



Gene expression data matrix

Raw reads Gene expression

The data analysis starts from here.



What is gene coexpression?
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PCC is the simplest approach.

Many more advanced methods have been proposed to measure coexpression.

A gene co-expression network



The correlation relationship between thousands of 
genes form a coexpression network



3. Network module



Why some genes are tightly connected?



Genes of the same protein complex



Genes of the same metabolic pathway



Transcription
P-value: 1*10-22

Response to drought
P-value: 1*10-8

Proteolysis
P-value: 1*10-12

Genes of the same protein complex/pathway tend to 
be expressed together



Genes of ‘unknown’ can be functionally annotated

Guilt-by-association



How to calculate functional enrichment?

Genome-wide 
annotation

Gene list

Chi squared test

Enrichment p-value



A list of 100 genes:
Traes_2BL_059F3503B
Traes_2BL_A0F003DB8
Traes_2BL_A58FC26CE
Traes_2DL_3852FDC43
…
Traes_2BL_96F12BAE2

In this network module,
number of genes annotated as ‘photosynthesis’ = 10
(total number of genes in the module = 100)
Ratio = 0.1

In the genome,
number of genes annotated as ‘photosynthesis’: 766
(total number of genes in the genome = 100,000)
Ratio=0.00766

Fold change for ‘photosynthesis’ in the module = 13.05 (0.1/0.00766)

Chi squared test, p-value < 0.0001

A network module 
with 100 genes.

How to calculate functional enrichment for a module? 
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Photosynthesis is significantly enriched in this network 
module.

We can guess the rest of the genes in the module may be 
associated with ‘photosynthesis’



We have to test the enrichment for all functional 
categories for just one module.

There are usually hundreds of functional categories, 
other than ‘photosynthesis’.

If I don’t know computer coding, what shall I do?











GeneOntology is hierarchical system



4. Case studies of coexpression network



Caffeoyl Shikimate Esterase (CSE) Is an Enzyme in 

the Lignin Biosynthetic Pathway in Arabidopsis

Vanholme et al., 2013, Science

‘we identified CSE as a candidate for involvement in 
lignification, based on analyses designed to identify 
genes coexpressed with known components of the 
lignin biosynthetic pathway.’



How is the coexpression analysis performed?

Supplementary methods:
Co-expression analyses Analyses to identify genes that are co-expressed with known lignin biosynthesis genes were performed 
using three different tools/datasets;  ACT (the Arabidopsis Co-expression Tool) (28),  CressExpress (29),  and a high-resolution 
root spatiotemporal (HRRS) expression dataset (30). 

For each analysis, 10 known monolignol biosynthetic genes were used as query baits (PAL1, At2g37040; C4H, AT2g30490; 4CL1, 
At1g51680; HCT, At5g48930; C3H1, At2g40890; CCoAOMT1, At4g34050; CCR1, At1g15950; F5H1, At4g36220; COMT, At5g54160 
and CAD6/CAD-D, At4g34230). 

For the ACT analyses, the 22K array option was selected (corresponding to experiments performed with the Affymetrix ATH1 
array), and for each lignin biosynthesis gene bait, a list was derived of the top 50 co-expressed genes (ranking by r-value). These 
10 individual gene lists were then compared to identify 94 genes that were co-expressed with two or more lignin biosynthesis 
genes.

Similarly, the HRRS dataset (30) was analysed using the graphical representation tool featured in Brown et al. (31) to identify 
candidate genes that are spatially co-expressed with each lignin biosynthesis gene; then the 10 individual lists were compared to 
identify 99 genes that appeared on more than one list. 

CressExpress is a coexpression analysis tool (http://cressexpress.org/) that can rank co-expressed genes based on their common 
connections with two or more query genes (29). The 10 monolignol biosynthetic genes were treated as a set of query baits to 
retrieve the co-expressed genes. In total, 134 genes co-expressed with two or more lignin query genes were identified using 
CressExpress. 

The final lists from all three analyses were compared to reveal common genes identified by two, or all three analyses.



10 known genes in lignin pathway

10 groups of coexpressed genes

Genes shared among the 10 groups

candidates



G1

G2

G3

G10

…

Start with 10 well studied genes in lignin pathway 
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… …

Obtain coexpression network in public database
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Obtain coexpression network for all 10 genes
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Candidate genes tend to be coexpressed with more genes



Author’s rule#1:

If a gene is coexpressed with more than 1 lignin 
gene, it is a candidate.

Author’s rule#2:

If a candidate repeatedly been detected by 
different databases, it is a better candidate 



Three databases were used

3 candidate genes Only CSE is coexpressed with 
lignin pathway genes in a set 
of lignin mutant



Genome interplay in the grain transcriptome 
of hexaploid bread wheat
Pfeifer et al., 2014 Science

‘We used previously unknown genome information 
to analyze the cell type–specific expression of 
homeologous genes in the developing wheat grain 
and identified distinct co-expression clusters 
reflecting the spatiotemporal progression during 
endosperm development’



21 (3 replicates x 7 tissue) RNAseq samples were 
used to build coexpression network



Genome dominance of the gene expression are 
discussed using coexpression network



Summary
Coexpression network is a tool for analyzing expression data and predict gene function.

If you really want to, 
1) Construction of coexpression network
2) Identification of network module
you need to learn coding, at least R or python.

Best tutorial and tool for coexpression network,
WGCNA, in R
https://labs.genetics.ucla.edu/horvath/CoexpressionNetwork/Rpackages/WGCNA/Tuto
rials/index.html

https://labs.genetics.ucla.edu/horvath/CoexpressionNetwork/Rpackages/WGCNA/Tutorials/index.html
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Coexpression network inferred will have different biological meaning



A Systems Biology View of Responses to Lignin Biosynthesis 
Perturbations in Arabidopsis

Vanholme et al., 2012 Plant Cell

Expression profiling of 20 mutants


