
TRANSLATING PHARMACOGENOMICS FOR PERSONALIZED MEDICINE

MOTIVATIONS. Drug response varies among individuals, ranging from

expected beneficial effects to adverse reactions, and sometimes to even fatal

events Various pharmacogenes relate and affect drug response Different

populations carry different profiles of rare and common gene variants

 In this work we study how 69 ADMET (core) genes and their variants

(508 SNP biomarkers) affect the PGx metabolizer status of phase 3

1000 Genomes (1kG) samples across 26 populations following an

elaborative PGx translation process.

OBJECTIVE. To develop an integrated electronic Pharmacogenomics (PGx)

web service that provides personalized genotype-to-phenotype

translation services, linked with drug recommendations.

POPULATION PHARMACOGENOMICS ANALYSIS ILLUSTRATES THE IMPORTANCE OF STRATIFIED MEDICINE FOR THE SAFER USE OF EXISTING MEDICINES

The reported work was funded by the eMoDiA (electronic Molecular Diagnostics Assistant) project (11SYN_10_145)

under the "Competitiveness and Entrepreneurship» (OPCE ΙΙ; Greek-EU) operational program

eMoDiA: electronic Molecular Diagnostic Assistant

Personalization
Quality of 
information

Cost Updatable

Current scientific Knowledge bases × √ √ ×

Commercial Direct To Consumer (DTC) companies √ ? × ×

eMoDiA: electronic Molecular Diagnostic Assistant √ √ √ √

 To integrate heterogeneous PGx information from several valid PGx

resources (PharmGKB, dbSNP, Ensembl …)

 To offer automated personalized PGx translation (genotype-to-

phenotype) services, linked to drug recommendations

 To provide a user friendly interface for submitting newly

discovered PGx related gene-variants and alleles

PGx Translation Service

METHODOLOGY. We developed an automated PGx translation algorithm, which infers

metabolic phenotypes from individual genetic (SNP) profiles. For each pharmacogene, and based on

available (PharmGKB) haplotype/allele tables, an individual’s genotype-profile is matched against

the available gene-alleles. Next, each inferred diplotype is assigned to a PGx phenotype status,

according to available “look up” tables [the algorithm was verified with the Affymetrix© DMET Plus

respective translation results]

METHODOLOGY. The explore functionality couples drugs, genes and diplotypes with personalized

recommendations in a simple database schema. Currently eMoDiA relies on the PharmGKB dosing

guidelines. Health professionals or biomedical researchers browse this information through a

lightweight web service. eMoDiA shows recommendations that form an expandable tree with user

friendly and printable content.

Glossary.
Pharmacogene - any evidence based gene related to drug
Absorption, Distribution, Metabolism, Excretion and Toxicity
(ADMET);
Pharmacogenomic marker - any Single Nucleotide
Polymorphism (SNP) present in a pharmacogene locus.
Reference/Reference (R/R) - refers to the combination of
two reference (wild-type) haplotypes and corresponds to a
‘normal’ metabolic status.
Reference/Variant (R/V) - refers to the combination of
one reference and one variant haplotype (any non wild-type
haplotype) and corresponds to an ‘intermediate’ metabolic
status.
Variant/Variant (V/V) - refers to any combination of two
variant haplotypes that may lead to either a poor or an ultra-
rapid metabolic status; an ‘abnormal’ metabolic status.

IMPLEMENTATION. The core of the translation process is implemented in the open-source R

environment (www.r-project.rg) and uses R Studio’s Shiny web-application framework

(http://shiny.rstudio.com/) to build its web-based interface.
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THE CLINICAL PROBLEM
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eMoDiA: Explore Service

CYP2D6

The 1000 Genomes

(1kG) Project aims to

provide a deep

characterization of

human genome

sequence variation.

 2504 individuals from 26

populations

Total variant sites ~80M
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Population specific PGx haplotype frequency

ACB ASW BEB CDX CEU CHB CHS CLM ESN

FIN GBR GIH GWD IBS ITU JPT KHV LWK

MSL MXL PEL PJL PUR STU TSI YRI

 36 PGx haplotypes (~11%) are matched to a single

population.

 18 populations (~69%) have at least 1 unique PGx

haplotype

 JPTs and FINs match uniquely to four different

PGx haplotypes and LWKs to five.

Puerto Rican in Puerto 
Rico (PUR) 30%

Colombian in 
Medellin, Colombia 

(CLM) 27%
Peruvian in Lima, 
Peru (PEL) 25%

Mexican Ancestry in 
Los Angeles, 

California (MXL) 18%

British in 
England and 

Scotland 
(GBR)
18%

Toscani in 
Italia (TSI)

21%
Iberian populations in 

Spain (IBS) 21%

Utah residents with 
Northern and Western 

European ancestry (CEU)
20%

Finnish in Finland (FIN)
20%

Esan in Nigeria 
(ESN) 15%

Yoruba in Ibadan, 
Nigeria (YRI) 16%

Luhya in 
Webuye, 

Kenya (LWK)
15%

Gambian in Western Division, The 
Gambia (GWD) 17%

Mende in Sierra 
Leone (MSL)

13%

African Ancestry in 
Southwest US (ASW) 9%

African Caribbean in 
Barbados (ACB) 15%

Punjabi in 
Lahore,Pakistan 

(PJL) 20%

Bengali in 
Bangladesh 
(BEB) 17%Gujarati Indian in 

Houston,TX (GIH) 21%

Indian Telugu in 
the UK (ITU) 21%

Sri Lankan Tamil in the 
UK (STU) 21%

Japanese in Tokyo, 
Japan (JPT) 21%

Chinese Dai in 
Xishuangbanna, 
China(CDX) 18%

Han Chinese in 
Bejing, China (CHB)

20%

Southern 
Han 

Chinese, 
China (CHS)

21%

Kinh in Ho Chi Minh 
City, Vietnam (KHV)

20%

South Asian Ancestry 
(SAS): 19%

African Ancestry (AFR): 26% 

European Ancestry (EUR): 20%

Americas Ancestry (AMR): 
19%

East Asian 
Ancestry (EAS): 

20%

http://www.1000genomes.org
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CONCLUSIONS.

• eMoDiA adequately (sample coverage>90%) assigned PGx phenotypes to 2504 individuals for 33 out of 69 pharmacogenes.

• Statistically significant (p<10-10) phenotypic difference among populations in 29 pharmacogenes

• Potential abnormal metabolism of most individuals in several genes (i.e. ADRB2, LDLR)
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