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Workshop Schedule

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

• wireless login

mslguest

4myguest

2



3



Today’s Topics

• Multiple Sequence Alignments (refer to 
content from DAY2 notes)

• Genome Browsers, Accessing Genome 
Annotations.

• PRACTICAL EXERCISES, three different views 
of the BRCA1 gene 

• Pathway Resources for Systems Biology

• Bioinformatics Links Directory, Conducting 
Research on the Web 

4



Accessing Genome Annotations & 
PRACTICAL EXERCISE:   Three Different 

Views of the BRCA1 Gene

Genome Browsers
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February 2001: Completion of the Draft Human Genome
Public HGP Celera Genomics

April 14, 2003:

The Human Genome is co
mpleted – agai

n!October 2004 - present:

The Human Genome is now really finished!

The Human Genome Project
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maps.google.ca
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Let’s Look at the Human Genome...
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Objectives
• By the end of this module:

✓You will be able to describe the following 
concepts: genome annotation, genome builds, and 
genome browsers.

✓You will view the genomic location that contains 
the BRCA1 gene in the human genome using three 
different genome browsers.

✓You will be able to compare and contrast the 
UCSC, Ensembl and MapViewer systems for 
visualizing genome information.
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Genome Browsers
• What is a Genome Browser?

- System for displaying, viewing, and accessing 
genome annotation data

• Genome annotations = knowledge attached to raw 
genome sequence.

- Annotation information comes from many 
different sources

✓ Computational pipelines

✓ Research groups

✓ Databases 12



The “Neopolitan Ice Cream” World 
of Genome Browsing:

• UCSC Genome Browser

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

• Ensembl

http://www.ensembl.org/

• NCBI Map Viewer

http://www.ncbi.nlm.nih.gov/mapview/
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http://genome.cse.ucsc.edu
http://genome.cse.ucsc.edu
http://www.ensembl.org
http://www.ensembl.org
http://www.ncbi.nlm.nih.gov/mapview/
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The underlying data is 
common for all three 
“flavors” of Genome 

Browsers.
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• NCBI, UCSC and Ensembl use the same 
human genome assemblies that are generated 
by NCBI 

- release timing is different between sites. 

• Note the version of genome assembly to 
which you are referring

- available precomputed info and locations of 
features will be different between different 
assemblies. 
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Let’s compare the view of 
the BRCA1 gene in all 

three genome browsers.
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Viewing the genomic region 
containing BRCA1

• Common features:

✓Coordinate system is based 
on the build

✓Zoom in and out

✓Annotations displayed – ie. 
Gene features 

• Major Differences:

✓Each Browser has a very 
different look and feel

✓Annotation information 
displayed differently

✓Different ways to navigate 
through the information
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http://genome.cse.ucsc.edu/
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Search for 
BRCA1;

Note sample
queries
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The Search Results

• Many BRCA1 isoforms

✓All located on chr 17

✓ same chr coordinates

✓ different gene structures
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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?

• Can you figure the display to add/remove 
tracks that are (or are not) of interest to 
you?
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Zoom in
Zoom out

DNA link
Download 
Sequence
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Drop down controls
configure the data shown

in the image above
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http://www.ensembl.org/Homo_sapiens/index.html
http://www.ensembl.org/Homo_sapiens/index.html
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Click on 
ENSG00000012048
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click here to 
view genomic 

location

Gene Summary
shows

you information
about the gene
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Tasks
• Explore the information presented in the 

Gene Summary views.  

- Can you figure out how to visualize the 
alternatively spliced isoforms for BRCA1? 

- What can you find out about known 
variations in this gene?

• Using the Location Based Displays, can you 
figure out how to download the genomic 
sequence for the BRCA1 region?
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The Splice Variants 
page shows

you information
about the 
transcripts
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Variation Data;
configure display 

to show more/less 
details
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Export options 
available on all 

pages
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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
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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
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Artemis: DNA Sequence 
Viewer and Annotation Tool

• Artemis is a free genome viewer and annotation 
tool that allows visualisation of sequence features 
and the results of analyses within the context of 
the sequence, and also its six-frame translation.

• http://www.sanger.ac.uk/resources/software/
artemis/

http://www.sanger.ac.uk/resources/software/artemis/
http://www.sanger.ac.uk/resources/software/artemis/
http://www.sanger.ac.uk/resources/software/artemis/
http://www.sanger.ac.uk/resources/software/artemis/
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ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc
ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg
gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct
ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa
taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa
cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt
tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa
cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca
ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag
cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc
ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca
tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag
tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg
tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg
tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg
ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag
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Figure 1. The Sanger sequencing 
reaction. Single stranded DNA is 

amplified in the presence of 
fluorescently labelled ddNTPs that serve 
to terminate the reaction and label all 
the fragments of DNA produced. The 

fragments of DNA are then separated 
via polyacrylamide gel electrophoresis 
and the sequence read using a laser 

beam and computer.

source: http://www.scq.ubc.ca/genome-projects-uncovering-the-blueprints-of-biology/
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Nucleotide Sequencing

• Dideoxy termination (Sanger)
–Separate by gel or capillary 

electrophoresis
–Fluorescence detection

• Rapid and reliable sequences
• No information on chemical 

modifications



New Sequencing 
Technology



Every few years, a new technology comes 
along that dramatically changes how 
fundamental questions in biology are 

addressed.  The impact of the technology is 
not always appreciated at first ...

- Stanley Fields
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• DNA sequencing by synthesis

• approach built around very large number of 
short sequence reads

• key points:

✓ solid phase amplification = no cloning necessary

✓ reversible chemistry

✓ data generated by imaging

✓ read lengths 30-50 bp

✓ < 1% cost, ultra high-throughput

Solexa Technology
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source: http://www.illumina.com/51



Illumina/Solexa 
instrument 

• Laser-based Optics

• 4-colour Detection

• CCD camera 

• 8-channel flow cell

• 1 Gb / run at launch

source: Dr. Steven Jones, GSC 52



Data acquisition
source: Dr. Steven Jones, GSC53
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GenBank
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Two Days

One machine, running for two 
days, can generate 

~1 Gb data.
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One Month

One machine, running for one 
month, could generate ~15 

Gb data.
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One Year

Two machines, running for 
one year, could generate ~365 

Gb data.
58



source: Fields, Science 2007, p144159



• ultra high-throughput sequencing

- DNA binding site identification

- genome re-sequencing; SNPs, expression

✓low cost

✓whole genome

✓any genome

Frontiers in Bioinformatics
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Credits & References

• Technology Spotlight on DNA Sequencing with 
Solexa Technology:

http://www.illumina.com/downloads/SS_DNAsequencing.pdf

• Dr. Steven Jones, GSC

several slides/images used with permission

• Stanley Fields, “Site-Seeing by Sequencing”, 
Science, 8 June 2007
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Proteomics

• How large is the human proteome, anyway?

Class Size Description
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

65
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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/

http://bioinformatics.ca/links_directory/
http://bioinformatics.ca/links_directory/
http://bioinformatics.ca/links_directory/
http://bioinformatics.ca/links_directory/
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navigate to:
bioteach.ubc.ca/bioinfo2010

Your Feedback is 
Important!



Thanks for attending the 
AMBL Laboratory 

Bioinformatics Workshop

• Questions?  Please contact:

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