
Common Tools & Tricks of the Trade

Bioinformatics

Welcome to Day 3

bioteach.ubc.ca/bioinfo2008

joanne@msl.ubc.ca

1



Workshop Schedule

• Laptops, available here for 
your use 9am - 4:30pm

• wireless login

mslguest

4myguest

• Vancouver guide books 
available
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Today’s Topics

• PRACTICAL EXERCISES CONTINUED  
Three different views of the BRCA1 gene 

• Discovering GEO, the Gene Expression Omnibus.

• Pathway Resources for Systems Biology

• Bioinformatics Links Directory, Conducting 
Research on the Web 

• Let’s go to the Pub! ... and chat more informally 
about what you’d like to do next with bioinformatics
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Two tasks

• What genes are on either side of BRCA1 on 
chr 17?

• Can you figure out how to download the 
genomic sequence for the BRCA1 region?
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Zoom in
Zoom out

DNA link
Download 
Sequence
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http://www.ensembl.org/

Click on Human
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GeneView shows
you information
about the gene

click here to 
view genomic 

location
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Two tasks

• Using GeneView, can you figure out how 
many different alternatively spliced isoforms 
exist for BRCA1?

• Using ContigView, can you figure out how to 
download the genomic sequence for the 
BRCA1 region?
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GeneView shows
you information

about the 
transcripts

ExportView gives 
you access to 
sequence data
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http://www.ncbi.nlm.nih.gov/mapview/

Two builds of human;
Note many genomes 

available
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Quick Filter
Gene



14



15



16

Two tasks

• Can you figure out how to LinkOut to the 
OMIM and/or Homologene entries for 
BRCA1?

• Can you figure out how to download the 
genomic sequence for the BRCA1 region?
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LinkOut 
OMIM = disease
sv = sequence view
pr = protein record
dl = download
hm = Homologene



Credits

• UCSC Genome Browser

http://genome.cse.ucsc.edu/

• Ensembl Genome Browser

http://www.ensembl.org/index.html

• NCBI MapViewer

http://www.ncbi.nlm.nih.gov/mapview/
index.html
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Session 3.1 - Discovering GEO, the Gene 
Expression Omnibus.

Bioinformatics
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Functional Genomics

basic research

drug target discovery

biomarker discovery

pharmacology & toxico-
genomics

clinical diagnosis - 
prognosis, diagnosis, & 
disease classification

gene regulatory networks

protein-DNA binding

 + more

• What kinds of questions can you ask with 
microarray data?
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Figure 1 | Schematized experimental process using a microarray.  Although the specific 
protocols differ, the microarray approach first involves isolating RNA or messenger RNA from appropriate 
biological samples, making the RNA (or a copy of it) fluorescent, hybridizing it to the microarray, washing off 
the excess and scanning the microarray under laser light. 

source: Butte, A Nature Reviews 200221



Different 
Platforms

in situ oligonucleotide
single sample, absolute levels

 
spotted DNA/cDNA
two samples, relative levels
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Microarray Experiment

• Design 

• Collect

• Pre-Process 

• Analyze 

• Interpret

• Submit

• Publish 

Example = Normalization

Rate Limiting Step = What do 
these results actually mean?

Examples = Distance measures, data 
classification, clustering, + more
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Public Microarray Data

• The Gene Expression Omnibus (GEO)

repository/archive gene expression data

• data submitted by the research community in 
fulfillment of journal requirements

• this public data represents an untapped 
resource; potential discovery from existing 
data sets is at your fingertips
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GEO Database
Organized by:

Platform
Sample

Series/DataSet
Profile
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http://www.ncbi.nlm.nih.gov/geo/
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Searching GEO
• Are you interested in a 

particular type of expt?

GEO DataSets

• Are you looking for your 
favorite gene?

GEO Profiles
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Data in GEO
>120,000 samples

>3.2 billion measurement
200+ organisms
from >2000 labs

freely available online
ftp downloads
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An Example
• Find microarray experiments that look at the 

expression of genes in cancer

You can use these GEO data mining tools for quick 
and easy identification of relevant & noteworthy data 
sets.  For serious analyses, you should download the 

data and use a microarray data analysis software suite.



cancer
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How many “spotted DNA/cDNA” 
experiments explore cancer in humans?
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brca1
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• thumbnail image represents the abundance profile for an 
individual gene across each Sample in a DataSet

• bars at the bottom of the chart represent experimental 
subsets within the DataSet. 

• Red bar: measured level of abundance

• Blue square: indication of where the expression of that gene 
falls with respect to all other genes on that array

39



40



41



A vs B Query Tool

• Purpose: To help identify gene profiles that 
display marked differences in expression level 
between two subsets of experimental factors 
(e.g. tissue, strain, time, dose, etc).

• Caveats: The "mean group A vs B" is 
perhaps the most rudimentary means of 
filtering data; t-test is well established but 
comes with a set of basic assumptions.

Take home message: GEO data analysis tools are great 
for quick identification of interesting leads; you download the 

data to carry out more robust statistical analyses
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A Simple Test

• Student’s t-test

- Assumptions: Normality, equal variance
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Using GEO for 
differential 
expression

http://www.ncbi.nlm.nih.gov/projects/geo/gds/gds_browse.cgi?gds=2415
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GEO limitations

• Differential expression can only be done for 
“Datasets”(GDS****)

• T-tests only 

• Very little control over parameters 

• Output is not that easy to use
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Be careful with p < 0.05

• In the example, 2912 genes met p<0.05

• This is 11% of the genes on the array 

• Expect 5% by chance (this is what p < 0.05 
means) 

• Probably ~1/2 of the selected 2912 are false 
positives

• This is the “multiple testing” problem
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Download 
Data Types

SOFT - text based
MiNiML* - xml based

*MIAME Notation in Markup Language

all GEO data are available for bulk download:
ftp://ftp.ncbi.nih.gov/pub/geo/DATA
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More Serious Tools

•  Free 

- R + Bioconductor

- TIGR MultiExperimentViewer (MeV) 

...

• Commerical 

- Genespring–ArrayAssist 

- Rosetta Resolver

...
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gene of interest
FABP3
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Profile Neighbors

• Connects groups of genes that have similar 
expression profiles within a DataSet

- pre-computed

- calculated by Pearson correlation coefficients

Take home message: GEO data analysis tools are great 
for quick identification of interesting leads; you download the 

data to carry out more robust statistical analyses
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Other Features

• Cluster Heat Maps

- precomputed sample and 
gene hierarchical cluster heat 
maps provided

- different methods available; 
can select, expand, download

• GEO BLAST

- retrieve gene expression 
profiles by sequence 
similarity
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GEO, the gene 
expression omnibus

• public repository of expression data from 
many different experimental platforms

• Main uses

search for experiments of interest

search for expression information about 
gene of interest

• submit, search, analyses tools available

• data standards required MIAME, MiNiML
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Credits & References

• NCBI GEO: mining tens of millions of 
expression profiles–database and tools 
update.  Barrett T, et al. Nucleic Acids Res. 35 
(2007) D760-5. [PMID: 17099226]

• GEO: the Gene Expression Omnibus

http://www.ncbi.nlm.nih.gov/projects/geo/info/
GEOHandoutFinal.pdf

• Dr. Paul Pavlidis, UBC Bioinformatics Centre
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Session 3.2 - Pathway Resources for Systems Biology

Bioinformatics
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Proteomics

• How large is the human proteome, anyway?

Non Redundant Proteins 20,000-25,000 representative protein from every 
gene locus

Variants 50,000-500,000 different proteins obtained by 
splicing or proteolysis

Combinatorial Variants >10,000,000 different proteins generated by 
somatic DNA rearrangements

Protein Species >100,000 proteins that differ in chemical 
composition due to PTM

Protein Alleles 75,000-150,000 proteins that differ by genetic 
variation (coding SNPs)

source: Uhlen M et al, Molecular & Cellular Proteomics (2005)
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Cellular Pathways

• A striking similarity between intracellular 
signaling pathways and the Tokyo subway 
system
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http://www.pathguide.org/
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Pathway Graphs

Node
Edge

Node

• In addition to describing the network 
topology, nodes and edges can each have 
their own attributes
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Systems Biology 
• Goals:

integrating diverse data types, pathways

cellular simulations

• Community approaches:

pathguide, pathway commons, cytoscape

• Open data exchange key to success



Credits & References

• Dr. Gary Bader, DCCBR, UofT

 slides/images used with permission

• Cary MP, Bader GD, Sander C “Pathway 
Information for Systems Biology”, FEBS 
Letters (2005)
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Finding online tools & resources for Life 

Sciences research

Bioinformatics Links 
Directory
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http://bioinformatics.ca/links_directory/



77



78

navigate to:
bioteach.ubc.ca/bioinfo2008

Your Feedback is 
Important!



Thanks for attending the 
AMBL Bioinformatics 

Workshop

• Questions?  Please contact:

Dr. Joanne Fox
Michael Smith Laboratories
joanne@msl.ubc.ca
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