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Precision/Personalized Medicine
Pharmacogenomics: When medicine gets personal



http://www.cpgr.org.za/precision-medicine-in-south-africa-a-cost-benefit-analysis-framework/





CYP2C9



• 28 CPIC guidelines for gene-drug pairs

• ~100 genetic variants



What study design should be used for the 1M project?

What analysis strategies should be employed?



Manolio et al. Nature Reviews Genetics 7, 812–820 (October 2006)

Study Designs for 1M Person Project



Study Designs for 1M Person Project

Human Genetics (2012) 131: 1615-1626



http://acd.od.nih.gov/presentations/PMI_WG_report_2015-09-17_ACD-NN.pdf



http://acd.od.nih.gov/presentations/PMI_WG_report_2015-09-17_ACD-NN.pdf



AJHG 2010 Apr 9;86(4):560-72



eMERGE has demonstrated quality of 
phenotypes derived from EHR

https://emerge.mc.vanderbilt.edu/about-emerge/



EHR biobank for genomics

• Cost is lower than de novo cohort collection
• Add-on to routine clinical care

• All of the clinical visit data is available

• Longitudinal data

• Limitations
• Usually little/no environmental exposure data

• Usually little/no behavioral data

• Biased to clinic populations  potential inference issues

Supplement with survey tools and geocoding

Supplement with survey tools, questionnaires, apps   

To what population do you want to make inferences?





MyCode Community Health Initiative

• Broad based biobank

• Fully consented
• Access to EHR

• Data sharing (collaborators and public)

• Return of results

• Re-contact
• New biospecimens, samples, information, data

• Implementing
• Electronic consent

• Exposome, social, behavioral surveys

• mHealth
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MyCode Enrollment

~50,000 participants 
whole exome
sequenced

~30,000 GWAS 
genotyped



Which analysis strategies should be employed?





NHGRI GWA Catalog
www.genome.gov/GWAStudies
www.ebi.ac.uk/fgpt/gwas/ 

Published Genome-Wide Associations through 12/2013
Published GWA at p≤5X10-8 for 17 trait categories

As of 02/20/15, the catalog includes 2,111 
publications and 15,396 SNPs.
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Distribution of Effects



25% variance explained

9% variance explained

A multivariate model, including age, gender, treatment with amiodarone, treatment with 
losartan, VKORC1 genotype (rs9923231), CYP2C9 carrier status (either *2 or *3), and patient 
weight (n = 507) increased the total predicted dose variance to approximately 47%.



Biology is complex



Biology is complex



To explore genetic architecture we need…

• Large sample size
• Not simply large because we want to detect OR ~1.1

• Large so that we can subset into clinical meaningful sets and 
explore complex genomic effects (GxG, GxE, meta-dimensional)

• Rich, longitudinal phenotypic data
• Many different phenotypes

• Comprehensive genomic data
• DNA sequence/genotyping, transcriptome, metabolome, etc.

• Environmental and behavioral data
• Surveyed through health system tools along with geocoding, 

mobile apps, etc.

• Powerful analytic tools
• Holistic data-driven approaches



Nat Rev Genet. 2015 Feb;16(2):85-97.



Nat Rev Genet. 2015 Feb;16(2):85-97.



Nat Rev Genet. 2015 Feb;16(2):85-97.



Multi-omics Data
Copy number variation

Gene Expression
Methylation

Protein expression

Outcome
Breast Cancer Survival



Performance comparison between the model from single dimensional 
genomic data and integration model. Performance was measured from the 

validation dataset.

Data type 1- MAD
CNA 0.63
Methylation 0.63
Gene expression 0.69
Protein expression 0.64
Integration 0.73





Performance comparison between the model with gene expression 
data alone and models identified using knowledge-based matrices

Data type Balanced accuracy AUC
Gene expression 0.6957 0.7103
Pathway 0.7451 0.7457
GO 0.6991 0.7275
Pfam 0.7046 0.7335
Integration 0.7882 0.8108



Potential limitations

• Data are incomplete

• Biological knowledge is incomplete

• Network connections may be incomplete

• Topology may be incomplete/incorrect

Do we need to know everything and have every data 
point to make inferences and learn new biology?









Summary

• Biobanks linked to electronic health records are robust 
study designs for genome-phenome analyses
• Large sample size for creating meaningful subsets and 

exploring complex effects (GxG, GxE, meta-dimensional)

• Rich phenotypic data*

• Comprehensive ‘omic data possible

• Environmental and behavioral data can be supplemented

• Going beyond single SNP associations is critical*

• Systems genomics or meta-dimensional analysis will 
enable better predictions of disease risk, disease 
treatment, and prevention strategies
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www.genetic-programming.org

• marylyn.ritchie@psu.edu

• http://ritchielab.psu.edu

Just because we have not found it 
yet, doesn’t mean it’s not there…..


