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Structure of human genome 

• Consist of 23 pairs of chromosomes. 

• Each chromosome is paired 
meaning that it is diploid. 

• Each individual chromosome made 
up of double stranded DNA. 

• Approximately ~3 billion bases in 
total. 

 

The size makes the genome difficult 
to visualise 

 



Why visualise? 

• Quality control (QC) 

 

• To help interpret the data. 

 

• Communicate results with others. 



What to visualise? 

• Two main types: 

 

(1) Visualisation of individual genomic elements. 

 (For example using UCSC) 

 

(2) Visualisation of summary of genomic 
elements. 



What we will cover 

• Visualisation of elements genome-wide 

– Circos plots 

 

• Visualisation of summary of NGS data signals 

– Profile plots and heatmaps 

 

• Gene expression data 

– Hierarchical clustering 

– Principal component analysis (PCA) 

– Differential expression (volcano plot) 

– Gene set enrichment analysis (GSEA) 



Circos plot 

• Provides a visual 
snapshot of the 
whole genome. 

 

• Allow visualisation of 
relationships between 
different 
chromosomes. 

 

• Uses tracks just like 
UCSC genome 
browser 

http://circos.ca/ 



What making circos plots involve 

• Command line tool. 

• Instructions are written in a text-based 
configuration file. 

 

• Some web-based versions such as J-Circos 
(http://www.australianprostatecentre.org/research/software/jcircos) 



NGS profile data 

• Many types of NGS 
data such as RNA-
seq and ChIP-seq 
provide 
quantitative 
information. 

 

• How to look at 
signal across 
multiple loci? 



Example – PolII occupancy 



Tools for making profiles 

• deepTools (http://deeptools.ie-freiburg.mpg.de/) 

– Galaxy based tool 

– Functions to draw profiles as well as tools for QC. 

 

• seqMINER (http://bips.u-strasbg.fr/) 

– Standalone Java-based tool 

– Limited functions but easy to use. 

– But sometimes a bit buggy… 

http://deeptools.ie-freiburg.mpg.de/
http://deeptools.ie-freiburg.mpg.de/
http://deeptools.ie-freiburg.mpg.de/
http://bips.u-strasbg.fr/
http://bips.u-strasbg.fr/
http://bips.u-strasbg.fr/
http://bips.u-strasbg.fr/


deepTools 

Ramirez et al. Nuc Acids Res. 42:W187-W191 





seqMINER 

Ye et al. Nuc Acids Res. 39:e35 



Example – distribution of melanoma 
mutation across gene promoters 

1. 

2. 

3. 







Cluster 1 are 
mainly highly 
expressed genes. 



Visualisation of gene expression data 

• Gene expression data is typically 
generated by microarray or RNA-seq. 

 

• Both used to generate expression level 
of mRNA in a sample 



Things to consider for gene expression 
analysis 

• Gene expression analysis is complex. 

 

• The following usually needs to be considered 
in addition to visualisation: 

– Data normalisation 

– Batch effect removal 

– Appropriate statistical model for differential gene 
expression analysis 



Hierarchical clustering 

• Grouping of samples 
and/or genes based on 
similarity. 
 

• Only major parameter is 
how to measure similarity. 
 

• Effective for seeing how 
samples are different and 
whether clusters genes 
have similar expression 
profiles. 



Principal component analysis (PCA) 
• Reduces dimension of the 

data. (i.e. 20,000 genes into 
3D). 
 

• These new dimensions are 
represented as principal 
components (PC). 
 

• Each PC captures a certain 
% of variation between 
samples such that PC1 
captures the most. 

 
 



Variations of PCA for gene expression analysis 
exists, such as the GE-biplot. 

Data is transformed such that 
sample and genes are plot on 
the same axes and their 
directionality can be  directly 
interpreted. 
 
Pittelkow and Wilson (2003) 
Stat App Genetics Mol Biol 
2:6 



Visualising differential gene expression 

• Each gene is a fold change and a p-value. 

• Plotting these gives a volcano plot. 



How to make these plots 

• R is possibly most commonly used among 
bioinformaticians. 
 

• Commercial packages such as Partek Genome 
Studio can also be handy for gene expression 
data visualisation. 
 

• BUT always a good idea to consult a 
bioinformatician/biostatisticians who is familiar 
with gene expression analysis. 



Pathway analysis 

• Often the end product of 
gene expression analysis 
is a list of significant 
genes. 

 

• Its difficult to look at 
each gene individually. 

 

• It is usually more 
meaningful to see if they 
below to particular 
biological pathways. 

Ingenuity IPA 



My gene list 
• Gene A 
• Gene C 
• Gene F 
• Gene G 
• Gene K 

Pathway A 
• Gene A 
• Gene B 
• Gene H 
• Gene K 
• Gene P 
• Gene X 

Pathway B 
• Gene C 
• Gene F 
• Gene G 
• Gene K 
• Gene Z 

Pathway C 
• Gene B 
• Gene R 
• Gene S 
• Gene T 
• Gene U 

Pathway analysis example 

Enrichment 

Pathway B 

Pathway A 

Pathway C 

4/5 genes 

2/6 genes 

0/5 genes 



Gene set enrichment analysis (GSEA) 

• However, sometimes it is 
difficult to define a list of 
significant genes. 
– Cutoff might be arbitrary 
– Small sample size can make 

p-values difficult to 
interpret 
 

• GSEA is an alterative to 
standard pathway 
analysis. 



Interpreting GSEA plots 



Running GSEA 

http://software.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html 



• Do you have any other data types that need to 
be visualised? 

 

 



Further reading 

• Circos  
– www.ncbi.nlm.nih.gov/pubmed/19541911 

– https://www.adelaide.edu.au/bioinformatics-hub/seminars-
workshops/notes-handouts/circos.pdf 

• deepTools  
– www.ncbi.nlm.nih.gov/pubmed/24799436 

• seqMiner  
– www.ncbi.nlm.nih.gov/pubmed/21177645 

•  Clustering gene expression data 
– www.ncbi.nlm.nih.gov/pubmed/16333293 

• GSEA  
– www.ncbi.nlm.nih.gov/pubmed/16199517 
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