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What is a pathway?

• A group of genes and small molecules that
interact to create a phenotype

• The group may work in series:
A    B    C    D

• Or in parallel:
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Do pathways really exist?

• Linear pathways are useful to think about
• But there are many genes in the cell, and

they can all potentially interact.
• There is really a NETWORK of

interactions, and pathways just pick a
commonly traversed subnetwork.
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What kind of pathways in PGx?

• Pharmacokinetic pathways
– Pathways of drug transport & metabolism

• Pharmacodynamic pathways
– Pathways of drug and metabolite action
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Where do pathways come from?
At PharmGKB…
1. Investigator announces interest in a pathway, calls

for others to help
2. Conference calls to sketch out by hand the key

players in pathway and evidence for them.  Curator
participates.  Rarely achieve 100% agreement.

3. When consensus is reached, pathway is drawn
graphically, and linked to PharmGKB contents.

4. Final conference call to approve the pathway and
have it posted.
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Why do we care about these?

Generating a list of “candidate genes” in
which variation could affect drug
response!

• If a gene is involved in PK, then it may
affect drug or metabolite levels

• If a gene is involved in PD, then it may
affect response to drug or side effects
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Candidate gene lists are important

• If there are insufficient resources to genotype
all possible genes, need to select a subset which
may be important for determining a drug
response phenotype.

• Candidate gene approaches group together
genes that “make sense” and hope that they
contain the answer.

• PROBLEM:  May be biased by previous
knowledge and will not produce entirely new
“discoveries” (Cf VKORC1)
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Why else do we care?

• Pathways are useful ways to look at high
throughput data.

• Typically, the data is mapped onto the
pathway with colors, so that the data can
be viewed through the “lens” of the
pathway.
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PK pathways are metabolic

D is drug, M1 & M2 metabolites, E = excreted metabolite

A, B are enzyme genes
C is a transporter gene that excretes into urine

D M1 M2 E
A B C
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“Typical” PK genes

• Phase I enzymes (cytochrome P450)
– Reductases
– Oxidases

• Phase II enzymes
– Methylation
– Sulfation
– Acetylation
– Glucuronidation
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“Typical” PK genes

• Transporters (membrane-bound
proteins)
–Pumps (use ATP)
–Symporters
–Antiporters



Stanford – South Africa  Biomedical Informatics Program

 PK data

• Blood levels of drugs, metabolites (over
time)

• Intracellular (Red blood cell) levels of
drugs, metabolites

• Levels of enzymes
• Rate of transport of drugs
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PD pathways are diverse

NM1, NM2 = natural metabolites
D = drug, R = receptor
A = Enzymes
B = kinase (phosphorylates)
C = kinase target protein
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PD Genes

• The top drug targets (GPCRs, etc…) and
how they work
– Signaling within the cell
– Control of gene expression
– Control of metabolism



Stanford – South Africa  Biomedical Informatics Program

PD Data

• Any assay related to phenotype, including:
– Molecular
– Cellular
– Organ
– Organism

• Usually need all levels to make coherent
story.
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Standards for pathway exchange

• How to exchange pathway information?
– Graphical pathways (e.g. PharmGKB, Biocarta)
– Ad hoc network drawings (e.g. Cytoscape Inc,

Ingenuity Inc)
– Genmapp format (http://)
– BioPAX  = Biological Pathway XML format
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Biocarta Pathway
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Kegg pathway/network
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Reactome pathway
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Useful pathway resources

http://www.123genomics.com/files/pathway.html
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Goal of BioPAX

“The goal of the BioPAX project is to
provide a data exchange format for
pathway data that will represent the key
elements of the data models from a wide
range of popular pathway databases.”

http://www.biopax.org/
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Top level classes
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Properties of entities and pathways
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Conversion class
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Biochemical reaction and transport
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Physical entity classes
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“utility” classes, e.g. publicationXref
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Summary of structure
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BioPAX Conclusions

• Emerging standard for representing
pathway information

• Will allow transfer of pathway
information between computational
systems for 170+ pathway databases.

• Version 2.0 recently released, 3.0 under
evaluation.
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Pathway Conclusions

• Definition of PK/PD pathways is key to
pharmacogenomics

• Representation of these pathways must
include both metabolism, cell signalling,
and control of expression.

• BioPAX is an emerging standard that is
constantly improving.




