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A key challenge for pharmacogenetics is the creation of

databases to store, analyse and disseminate important

datasets in order to catalyse research and training. Most

successful databases have a limited scope: Genbank

contains DNA sequences [1]; the Protein Data Bank

contains the three-dimensional coordinates of macro-

molecules [2]; the Online Mendelian Inheritance in

Man contains a record of human genetic disease [3];

and PubMED contains the biomedical literature [4].

This limited scope is a great strength, because the

information can be stored, searched and analysed using

a few powerful tools, and the users of these databases

know exactly what to expect. Databases for pharmaco-

genetics and pharmacogenomics will have much more

diversity. Pharmacogenetic data involve phenotypes

that are as diverse as the assays we invent to measure

them. Thus, it is unclear what a user should expect

from a pharmacogenetics database, and yet a public

repository of pharmacogenetic data is critical to estab-

lish a core dataset for the field upon which we can

build new analyses and new hypotheses [1]. Clearly,

successful databases for pharmacogenetics must employ

some sort of classification of phenotypes that is general

purpose, yet extensible to include undefined character-

izations of phenotype.

We propose a classification to organize pharmacogenetic

information based on two principles. First, pharmacoge-

netics relates variation in a gene to variation in some

phenotype associated with a drug, and these three con-

cepts should be used as major labels for most pharma-

cogenetics datasets. Second, we can further classify

phenotypic data based on the nature of the data

collected. In particular, we propose five types of varia-

tion information that commonly are reported in journals

such as Pharmacogenetics, and which provide reasonable

coverage of the field (Fig. 1).

Genetic variation
The most basic information about pharmacogenetic

variation is the observation of variation in individual

genes, the type and location of the variation, and the

frequency of the variation in the populations of interest.

Thus, the first type of pharmacogenetic variation in-

formation is genetic variation itself (this is actually

independent of individual drugs, unlike the other

types). The well described polymorphisms of CYP2D6
(�4, �7, �8, �3, �6) are prototypes [5].

Molecular and cellular assay variation
Frequently, reports in the pharmacogenetics literature

contain data establishing an association between genet-

ic variation and the results of drug-related molecular or

cellular assays. For example, we might find that the

specific activity of an enzyme is reduced by a cSNP

(molecular variation) or that the expression of a set of
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Variation in genotype and phenotype in the context of drugs is the
central dogma of pharmacogenetics. We propose five categories of
information where variation can be observed in the context of drugs
that form a basis for indexing important pharmacogenetic datasets.
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genes is altered by a cSNP in the presence of a drug

(cellular variation). The change in 6-thioguanine nu-

cleotide concentrations in the presence of TPMT

variants is an example of this type of variation [6].

Pharmacokinetic variation
The early days of pharmacogenetics relied upon ob-

serving changes in drug metabolism in the context of

genetic variants. Any genes that are involved in the

absorption, distribution, metabolism or elimination of a

drug might result in pharmacokinetic changes. Many

datasets therefore demonstrate that genetic polymorph-

isms lead to variation in the pharmacokinetics of

particular drugs. The well documented affect of

CYP2C9 polymorphisms on warfarin levels is a well

known example [7].

Pharmacodynamic and drug response
variation
The action of a drug at its molecular receptors or

targets can vary in response to genetic variation in these

targets. Thus, many pharmacogenetic datasets docu-

ment that the pharmacodynamic response to a drug

(usually at the whole-organism level) vary as one or a

set of genes vary. For example, we may find that

polymorphisms in an opioid receptor lead to changes in

pupillary constriction [8].

Outcomes variation
The pharmacogenetics community is acutely aware

that, in order to make the impact upon clinical medi-

cine, genetic variations in the response to drugs must

have measurable differences in the clinical outcomes

that patients and their physicians care about: drug side-

effects, disability, days-of-work-missed, pain and death.

Datasets that associate genetic variation with variation

in clinical outcome are different from pharmacody-

namics and drug response datasets, which may show

differences that are not sufficient to alter practice or

policy. An example of variation in outcomes is found in

the data on the cure rates for peptic ulcer disease in

patients treated with omeprazole with different variants

of CYP2C19 [9].

These five areas are admittedly coarse, and there will

certainly be datasets that touch upon more than one

area, and should be multiply indexed. In addition,

refinements in this high-level classification scheme

could be made to create a tree of indexing terms. One

value of these distinctions is that different types of

pharmacogenetic researchers will contribute different

types of datasets, based on their interests and capabil-

ities. Thus, geneticists and genomics scientists will

generate datasets of the first type, molecular and

cellular biologists will generate datasets of the second

type, pharmacologists will generate datasets of the third

and fourth type, and clinical researchers and outcomes

specialists will generate outcomes datasets. The emer-

gence of pharmacogenomics may blur the line between

these specialties, and create new inter-disciplines.

Thus, the indexing scheme corresponds only to an

approximate set of scientific partitions within the field,

but it should catalyse interactions between researchers

within them.

A web site to facilitate identification and
indexing of datasets
We are collaborating in the construction of the first

comprehensive pharmacogenetic knowledge base, the

PharmGKB (http://www.pharmgkb.org/), an NIH-

funded project to bring together datasets from all these

levels, index them, and represent them in a way that

allows the community to retrieve and analyse them.

The PharmGKB is charged with collecting and organiz-

ing major publicly available datasets in pharmacoge-

netics and pharmacogenomics. The task of identifying

and extracting datasets from the literature and from

participating research groups is ongoing, and will lead

to a critical mass of data for the community. However,

in order to accelerate public participation and guidance

in our efforts, we have created a web site where the

pharmacogenetics community can specify gene–drug

interactions where genetic variability has been ob-

served and associated with phenotypic variability at one

or more of the levels.

We call this the ‘PharmGKB Community Submission

Project’ and it is meant to help us identify and catalog

important datasets in pharmacogenetics. It is available

at http://www.pharmgkb.org/community/. Users submit

a gene, a drug, a category of knowledge (from the

above list), and their email address. They are also

encouraged to provide links to the literature or other

databases that support these gene–drug variability

associations (and that provide hints on how to track

down the data), as well as comments, key words and

other information. We will collect these submissions,

store and organize them in an accessible database. We

will also allow public comment on individual submis-

sions, to stimulate debate.

We believe that there are numerous benefits to be

gained by this activity. First, it takes advantage of the

Internet to accelerate the acquisition of important

datasets for PharmGKB. Second, it takes advantage of

the scientific diversity in pharmacogenetics to ‘cover

the waterfront’ of potential sources of important data-

sets. Third, it creates a forum for scientists to be

introduced to the PharmGKB and to other scientists,

through their submissions and discussions. Fourth, it

creates a portal into the more detailed PharmGKB

datasets, as ‘hits’ on searches of the community-based

site will be linked to datasets that we have acquired.

Finally, it creates a tool for identifying new research
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opportunities in pharmacogenetics. For example, a

gene–drug interaction may have good genetic poly-

morphism information, outcomes information and mole-

cular/cellular phenotype datasets, but be relatively

unexplored in the areas of pharmacokinetics or molecu-

lar pharmacodynamics. We are optimistic that this

prototype project will be successful, but some potential

drawbacks include lack of participation, careless data

entry, poor user interface and inadequate curation.

If successful, the PharmGKB Community Submission

Project will become part of the research infrastructure

that accelerates our ability to improve the development

and delivery of drugs to patients. It may also serve as a

model for other genotype-to-phenotype efforts that

involve the complex datasets and multiple scientific

disciplines.

Researchers are encouraged to visit the site, and to

inform us of important gene variations that may affect

the response to drugs.
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