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Chapter 1: Interpreting genome-wide expression profiles - 
A knowledge-based approach 

Introduction 

Genes typically operate in a sophisticated network of interactions and it is now well 

recognized that co-expressing genes tend to be playing some common roles in the cell. 

Recent evidences also suggest functionally related genes map close even in the eukaryotic 

genomes. Complex phenotypic traits, including diseases are now considered from a systems 

biology perspective. Thus, 

there is a clear necessity for 

methods and tools which 

can help to understand 

genome-scale experiments 

(for e.g. microarray-based 

gene expression) from a 

systems biology 

perspective. Genome-wide 

expression analysis with 

DNA microarrays has 

become a mainstay of 

genomics research. In fact, 

the challenge no longer lies 

in obtaining gene expression 

profiles, but rather in 

interpreting the results to 

gain insights into biological 

mechanisms (Subramanian et 

al., PNAS, 102: 15545-15550). 

A typical experiment generates 

mRNA expression profiles for thousands of genes from a collection of samples belonging to 

different classes. The genes are ordered in a ranked list based on their differential expression 

between the classes. The proper interpretation of this data requires an integrative systems 

biology-based functional annotation wherein the collective properties of groups of genes are 

taken into account rather than individual genes. The principal challenge then is to extract 

meaning from this list(s) ï what is the common or unifying theme(s)? 

a. Common Regulation (shared cis regulatory elements or transcription factor binding 

sites) 

b. Common Biological Function (common pathways or processes) 

c. Chromosomal Location 

 

 

 

Figure 1: Enrichment analysis for functional and regulatory 

analysis aimed at identifying specific functions or processes 

or pathways (GO, KEGG) and transcription factor binding 

sites that are common for a group of coexpressed genes. 
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Chapter 2: Strategies for Identifying Putative Gene 
Regulatory Regions in a Group of Genes 

Objectives 

i. Fetch the promoter sequences from a group of coexpressed genes 

ii.  Identify the common/shared transcription factor binding sites (TFBSs) or cis-

elements for this group of promoters 

a. Known 

1. Non-conserved 

2. Conserved 

b. Unknown/Novel 

1. Non-conserved 

2. Conserved 

Fetching the Promoter Sequence 

1. Go to the UCSC genome browser home page ((http://genome.ucsc.edu) and get the 

sequence for  

a. Single gene: 

i. Using gene symbols:  

Á From the home page i.e. http://genome.ucsc.edu, click on the 

ñGenomesò link (top navigation bar - left hand corner). Once 

you are on the Genome Browser Gateway page, select 

whichever genome you are interested in. In the box under 

ñposition or search termò enter the gene symbol and click 

submit. 

Á The following pages list your query results under different 

categories (e.g. Known Genes, RefSeq Genes, etc.). What this 

means that your query has results from these different tables or 

databases. 

Á Click on the entries below RefSeq Genes (wherever available; 

RefSeq or Reference Sequence is a database of curated 

mRNAs from NCBI) and this will take you to the Genome 

Browser page. 

Á Click on the ñDNAò (navigation bar on the top) 

Á On the ñGet DNA in Windowò page, enter your sequence 

retrieval region options (for e.g. how many base pair upstream, 

etc.) 

Á If you want to mask the repeat regions, check that option under 

ñSequence Formatting Optionsò 

Á Finally click on ñget DNAò to get the sequence in fasta format. 

Á Explore the ñextended case/color optionsò 

ii.  Using accession numbers 

Á Same as above but using accession number instead of gene 

symbols. 
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b. Group of genes:  

i. Using gene symbols  

Á Fetching upstream 1 kb sequences for a list of genes using gene 

symbols ï Use ñRefFlatò option. 

Á Human genes: Gene symbols should be in upper case and they 

should be approved gene symbols (for e.g. TP53 instead of p53 

ï although p53 is commonly used, the approved gene symbol is 

TP53) 

Á Mouse genes: Gene symbols should be lower case (the first 

letter should be upper case). For e.g. Trp53 for mouse p53. 

Note: the mouse orthologous gene for human TP53 gene is not 

Tp53 but Trp53! 

Á Where can I get a list of human and mouse approved symbols 

and the orthologous pairs? 

 NCBIôs Homologene 

(http://www.ncbi.nlm.nih.gov/sites/entrez?db=homolog

ene) 

 MGIôs ortholog table 

(ftp://ftp.informatics.jax.org/pub/reports/index.html) 

ii.  Using accession numbers 

Á Same as above but with two differences: 

 Use RefSeq accession numbers (start with 

NM_XXXXXX  

 Use the option ñRefGeneò instead of ñRefFlatò 


