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Project overview:

STAGE 1: 
Goal: Identify expression patterns that are unique to the rhEpo induced haematopoiesis in the mouse.
Methods: Use Serial Analysis Gene Expression (SAGE) to generate high-resolution transcriptional profiles of whole blood taken from mice 

(C57BL/6J) exposed to either normobaric hypoxia (~14% O2) or rhEpo injection.

STAGE 2:
Goal: Characterize the human homologues of genes identified in stage 1 and characterise expression patterns of these in human blood 

cells under a variety of doping-enforcement relevant conditions. 
Methods: Homologues will be identified in the genome databases by bioinformatics software.  Expression patterns in human blood will 

be measured by quantitative PCR (qPCR) in individuals at rest, and during and after exercise.  

Stage 3: 
Goal: Confirm that rhEpo-specific expression patterns seen in mice are also characteristic of humans.
Methods: Erythropoiesis will be induced in human subjects by exposure to normobaric hypoxia or rhEpo.  Total blood RNA will be 

prepared and expression of genes identified as diagnostic for rhEpo vs. hypoxia gene induction will be assessed by qPCR.
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CATGTCGTGGTCGTAGCTGGGT
CATGGGTGTCTTGCACAAAGGA
CATGGGGGTTTCTTTTCAAAAA
CATGCCCGAGGCGAGTCTGTGT
CATGAAAAAATAAATAACGTGT

sequencing vector
Ligate the recovered 21 base “SAGEtags” (~50) into 
sequencing vectors and DNA sequence, bioinformatic
software can extract the sequence of each tag

Cut the cDNA with a second enzyme (e.g. MmeI) that 
cuts exactly 21 bases (long SAGE) from the free end 
discard what stays bound to the column

Cut the cDNAs with a restriction enzyme that cuts at a 
specific, common sequence (e.g. NlaIII cuts at CATG), 
keep what stays bound to the column

Convert the mRNA to more stable cDNA, 
bind the “poly-A” end of the cDNAs to a column 

Extract total mRNA from tissue of interest (e.g. blood) 
(each mRNA molecule has a “poly-A tail”)

SAGE libraries contain thousands of sequenced 21 base 
SAGEtags (some common, some rare), each of which 
represents a single mRNA in the original tissue

Bioinformatic software (e.g. DiscoverySpace) matches 
the 21 base SAGEtag sequences to known genes or to 
regions of the genome

The frequency of each SAGEtag type in the library 
represents the frequency of the corresponding mRNA 
species in the tissue sample, so quantification is direct 

SERIAL ANALYSIS OF GENE EXPRESSION (SAGE) LIBRARIES

The C57BL/6J mouse

• inbred mouse strain used for the 
“mouse genome project”

Contact information:

Contact : rupertj@interchange.ubc.ca

Lab webpage: http:// griplab.wordpress.com
DiscoverySpace:www.bcgsc.ca/discoveryspace

DiscoverySpace screenshot:
• sample comparison of 43,000 SAGEtags from 

two libraries at three levels of significance

DiscoverySpace screenshot:
• sample tag to gene mapping
• gene and site for each tag can be identified

Mouse hypoxia chamber

• normobaric hypoxia chamber
• O2 depleted using a HypoxicoTM

hypoxia generator 

HYPOXIA
(altitude training, “hypoxia tents”)

ERYTHROPOIETIN
(rhEpo, Epo mimics,
Epo gene constructs)

hypoxia inducible factor (HIF-1)

Project rationale:

Hypoxia (natural or artificial) triggers HIF1 induced gene 
expression in a number of pathways, including erythropoiesis

Erythropoietin up-regulates only the erythropoiesis pathway 

Transcription profiling should identify patterns of gene 
expression characteristic and diagnostic for either strategy.

erythropoiesis (19)

angiogenesis (28) glycolysis (10)vasodilation (24)

HIF-1 regulated  pathways.  The number of proteins in the corresponding 
Biocarta pathway (http://www.biocarta.com) is indicated in brackets.  

Methods: genomics and bioinformatics

Methods: mice
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