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Pharmacogenomics (PGx)

• The study of how a person’s genes affect 

his or her response to medications

• Goal is to help doctors select the correct 

drugs and prescribe the correct doses for 

each person

• Part of the field of precision medicine, 

which aims to treat each patient 

individually

Pharmacogenomics (nih.gov)

https://www.nih.gov/about-nih/what-we-do/nih-turning-discovery-into-health/promise-precision-medicine/pharmacogenomics


Drug-dependent phenotype

Phenotype is often not recognized in the patient until:

1. Patient does not respond to a drug

2. Patient has an adverse drug reaction

Goal is to optimize drug dose and minimize adverse 

drug reaction



History of PGx

• Observational evidence that some adverse drug 

reactions were more frequent in certain ethnic groups

• The term “pharmacogenetics” was coined in 1959 for 

the concept that drug reactions are under genetic 

control

• Late 1970’s-80’s: drug response patterns identified in 

families and candidate genes begin to be identified



Important Pharmacogenes

(kinetics)

(dynamics)

Red boxes = genes commonly tested by PGx assays

Pharmacokinetics: 

absorption, distribution, metabolism, excretion

Pharmacodynamics: 

perturbs proteins involved in a drug’s mechanism, or immune regulation

Katara et al 2019. PMID: 31425740 

https://pubmed.ncbi.nlm.nih.gov/31425740/


Cytochrome P450 (CYP)

• Hemeprotein that plays a key role in the 

metabolism of drugs and other xenobiotics

• 57 functional CYP genes (58 pseudogenes)

➢ family number (CYP2) 

➢subfamily letter (CYP2D) 

➢ individual enzyme (CYP2D6)

Typical active site of cytochrome P450 

with heme group shown in the middle

https://f1000research.com/articles/4-178

CYP2D6 metabolizes ~20% of 

commonly used drugs 

a dozen CYP genes together 

metabolize ~70-80% of drugs 

https://f1000research.com/articles/4-178


CYP2D6: 
a complex genomic region

Taylor et al 2020. PMID: 33143137

PharmVar: Structural Variation CYP2D6

PharmVar: Structural Variation CYP2D6

https://pubmed.ncbi.nlm.nih.gov/33143137/
https://www.pharmvar.org/gene-support/Variation_CYP2D6.pdf
https://www.pharmvar.org/gene-support/Variation_CYP2D6.pdf


Star (*) allele nomenclature

• *1 alleles are normal/wild type/fully functional alleles

• star alleles are numbered in the order in which they were 

identified, not by their sequential order in the gene



Star alleles are determined by SNPs

Kalman et al 2016. PMID: 26479518 

CYP2C19

EM = extensive 
metabolizer
IM = intermediate 
metabolizer

https://pubmed.ncbi.nlm.nih.gov/26479518/


*Disclaimer: the SNP combinations shown here are just examples of how 

star alleles are determined and should not be used for clinical test 

interpretation

Example of how SNPs determine 
star alleles in CYP3A5



CYP2D6 shows how complex star 
alleles can get

*Disclaimer: the SNP combinations shown here are just examples of how 

star alleles are determined and should not be used for clinical test 

interpretation



Core star alleles and subtypes are 
provided on PharmVar website



Challenges in the field

• Individual might be *1/*1 just because certain SNPs were not 

tested

• SNPs important to minority populations may not be known

• Previously reported gene-drug interactions may not be accurate

• Communicating clinical relevance to physicians and patients



PGx is a Key Part of 
Precision Medicine

• PGx has implications for large portion of population throughout life

• Not always reimbursed because value might come years after 

testing

• PGx could help bring precision medicine to general population



Why be interested?

Cutting-edge genetics

• Multiple variants in a gene (haplotypes)

• Complex regions (CYP2D6)

• Novel multiplex assays

Social implications

• Population genetics

• International collaborations

• Precision medicine
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