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Abstract
Real-time PCR–based genotyping analysis 
requires assays and instrument platforms 
that can deliver accurate and reproducible 
results. In this study, researchers from 
Niguarda Hospital in Milan, Italy, used 
TaqMan® Drug Metabolism Genotyping 
Assays in conjunction with either the Applied 
Biosystems® ViiA™ 7 Real-Time PCR System 
or the Applied Biosystems® 7900HT Real-
Time PCR System in a research-only study to 
evaluate genotype variants affecting warfarin 
sensitivity. The data indicate that the ViiA™ 7 
Real-Time PCR System produces equivalent 
results to those obtained with the 7900HT 
System. In addition, the ViiA™ 7 Real-Time 
PCR System offered several advantages to 
the workflow.

Introduction
Warfarin is the most frequently prescribed 
oral anticoagulant drug used for the preven-
tion of, and treatment of individuals with, 
thromboembolic perturbances. However, it 
can cause severe bleeding resulting from 
significant inter-individual variability in dose 
requirements, with an estimate of events 
occurring at a rate of 1.3 to 2.7 per 100 
individuals per year [1]. Ongoing pharmaco-
genetic research studies have estimated that 
the screening of warfarin-correlated allelic 
variants could reduce warfarin-related major 
bleeding events by 85,000 and reduce strokes 
by 17,000 annually in the United States, 
resulting in a reduction of $1.1 billion annu-
ally in health care spending [2]. A test that 
provides a simple, easy detection method 
for variants correlated with the warfarin 
metabolism is warranted.

Genotyping of the CYP2C9, VKORC1, and CYP4F2 Genes 
to Evaluate Warfarin-Metabolism Variants using the 
Applied Biosystems® ViiA™ 7 Real-Time PCR System



The Role of CYP2C9 and VKORC1 in Warfarin 
Metabolism
Evidence of genetic influence in warfarin 
metabolism was first described by O’Reilly 
et al. [3]. The CYP2C9 gene (CYP2C9*3) and 
the VKORC1 gene, encoding the warfarin 
“receptor” vitamin K epoxide reductase, 
have since been shown to play a role in 
individuals with warfarin resistance [4,5,6]. 
It is estimated that 9% of warfarin dose 
variance depends on CYP2C9 variants, while 
genetic variability in VKORC1 accounts 
for approximately 25% of dose sensitivity 
variance [5,6]. The influence of CYP2C9 and 
VKORC1 genotypes on warfarin dose require-
ments has been consistently demonstrated 
in diverse population groups in observational 
studies and randomized clinical trails 
[6,7] suggesting that individuals of Asian, 
European, and African ancestry require, on 
average, lower, intermediate, and higher 
doses of warfarin respectively.

Warfarin consists of a racemic mixture of two 
active enantiomers—R- and S-forms—each 
of which is cleared by different pathways. 
S-warfarin (the active enantiomer) has 
five times the potency of the R-isomer 
with respect to vitamin K antagonism. The 
CYP2C9 cytochrome, the major determinant 
of S-warfarin metabolism, has two main 
genetic variants (CYP2C9*2 and CYP2C9*3) 
with reduced catalytic activity compared 
to the wild type gene (CYP2C9*1). CYP2C9 
variant genotypes have been associated 
with a significantly increased risk of serious 
bleeding events. In addition, the VKORC1 
gene is also polymorphic and a variant 
(VKORC1-1639G>A) has been associated 
with low warfarin maintenance doses. The 
main genotypes of CYP2C9 and VKORC1 that 
correlate with warfarin testing are listed 
in Table 1. Research efforts designed to 
evaluate the effectiveness of genotype-guided 
therapy in improving outcomes are underway.

Genotyping Analysis of CYP2C9, VKORC1, 
and CYP4F2 and Comparison of Instrument 
Platforms
In this study, allelic discrimination assays 
were performed to detect CYP2C9, CYP4F2, 
and VKORC1 variants in 50 samples with acute 
coronary syndromes (ACS) and 50 samples 
with hypertrophic cardiomyopathy (HCM) 
using TaqMan® Drug Metabolism Genotyping 

Table 1. Genotypes Associated with Warfarin Dosing.

Gene Symbol and Mutation dbSNP rs# AB Assay ID

CYP2C9

CYP2C9 2* p.Arg144Cys rs28371674 C__25625805_10 

CYP2C9 3* p.Ile359Leu rs1057910 C__27104892_10  

CYP4F2

CYP4F2 rs2108622 C__16179493_40

VKORC1

C1173T rs9934438 C__30204875_10

-1639G>A rs9923231 C__30403261_20 

3730G>A rs7294 C___7473918_10

Assays and the Applied Biosystems® 
7900HT Real-Time System. The genotyping 
workflow was also tested using the new 
Applied Biosystems® ViiA™ 7 Real-Time PCR 
System to evaluate data reproducibility 
between the two systems.

Methods
DNA Isolation and Quantification
Genomic DNA (gDNA) was extracted from 
50 acute coronary syndromes (ACS) and 50 
hypertrophic cardiomyopathy (HCM) whole 
blood samples using the NucleoSpin™ 
Extraction Kit (Macherey-Nagel) according 
to the manufacturer’s instructions. DNA 
quantification was performed using the 
Infinite® 200 NanoQuant Instrument (Tecan). 

Genotyping
Genotypes for CYP2C9, CYP4F2, and VKORC1 
were determined using TaqMan® Drug 
Metabolism Genotyping Assays following 

the standard assay protocol on the Applied 
Biosystems® 7900HT Real-Time PCR System. 
Approximately 6–10 ng of gDNA were used 
in each reaction. The experiments were 
repeated on the new Applied Biosystems® 
ViiA™ 7 Real-Time PCR System.

Results
Accurate Genotyping Using TaqMan® Drug 
Metabolism Genotyping Assays
Figures 1–3 show genotyping results using 
TaqMan® Drug Metabolism Genotyping 
Assays. Genotypes were successfully 
determined in all ACS and HCM DNAs. 
Interestingly, in the ACS samples, the 
following polymorphisms were not in the 
Hardy-Weinberg equilibrium: rs2108622, 
rs1799853, and rs1057910 (p<0.005); while 
in the HCM samples, the rs1799853 and 
rs1057910 (p<0.010) SNPs were not in the 
Hardy-Weinberg equilibrium. In both cases, 
the frequency of the “adverse” allele was 

Features ViiA™ 7 Real-Time PCR System

Block configurations 96-well, Fast 96-well, 384-well, TaqMan® Array 
Micro Fluidic Cards

Run time 30 minutes expected (Fast 96-well)
35 minutes (384-well)

Resolution Down to 1.5-fold changes for singleplex 
reaction

Excitation source OptiFlex™ System with halogen lamp

Detection channels Decoupled—6 emission, 6 excitation

21 CFR p11 Optional software module

Remote monitoring Available to monitor up to 4 instruments in real 
time and the status of up to 15 instruments

Data export format User configurable: *.xls, *.txt, and 7900 formats
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Figure 1. Allelic Discrimination Plot of CYP4F2. Cluster plot of 50 gDNA samples genotyped using TaqMan® Drug 
Metabolism Genotyping Assay C__16179493_40 on the Applied Biosystems® ViiA™ 7 Real-Time PCR System. In 
ASC samples, the rs2108622 SNP is not in Hardy-Weinberg equilibrium.

Figure 2. Allelic Discrimination Plot of VKORC1 -1639G>A. Cluster plot of 50 gDNA samples genotyped using 
TaqMan® Drug Metabolism Genotyping Assay C__30403261_20 on the Applied Biosystems® ViiA™ 7 Real-Time 
PCR System. The results show genetic variability in VKORC1, which accounts for approximately 25% of dose 
sensitivity variance to warfarin. Homozygous C/C individuals are less sensitive to warfarin and less represented 
in the population.

Figure 3. Allelic Discrimination Plot of CYP2C9. Cluster plot of 50 gDNA samples genotyped using TaqMan® Drug 
Metabolism Genotyping Assay C__27104892_10 on the Applied Biosystems® ViiA™ 7 Real-Time PCR System. In 
HCM samples, the rs1799853 and rs1057910 SNPs are not in Hardy-Weinberg equilibrium. 

TaqMan® Drug Metabolism 
Genotyping Assays
Applied Biosystems® TaqMan® Drug 
Metabolism Genotyping Assays are a com-
prehensive collection of over 2,700 unique 
assays for detecting polymorphisms located 
in regulatory elements and coding regions of 
220 drug metabolism and transporter genes. 
The assays are optimized for genotyping 
single nucleotide polymorphisms (SNPs), 
insertions and deletions (indels), and multi-
nucleotide polymorphisms (MNPs).

The assay uses the 5´ nuclease chemistry for 
amplifying and detecting specific polymor-
phisms in purified genomic DNA samples. 
Each assay allows researchers to genotype 
individuals for a single polymorphism.

The assays were developed with Applied 
Biosystems’ validated bioinformatics map-
ping, design, and in silico QC. Where possible, 
all assays have been mapped to the common 
public allele nomenclature. All TaqMan® 
DME Genotyping Assays have proven per-
formance across 180 unique DNA samples, 
and work under the same amplification 
conditions. Search for your gene of interest 
at www.appliedbiosystems.com/dme.

more represented in the patient population 
than in the control population. This might 
be caused by selection bias from genotyping 
individuals who do not yet have an optimal 
anticoagulant therapy.

Instrument Comparison
Results obtained on the 7900HT Real-Time 
PCR System were reproducible on the 
ViiA™ 7 Real-Time PCR System. The accuracy 
of the genotyping calls and genotyping 
clusters was equivalent on both systems. 

The ViiA™ 7 Real-Time PCR System combines 
the pre-PCR read, PCR amplification, and the 
post-PCR read into a single run, making the 
genotyping run convenient and easy to set 
up. Availability of the PCR amplification data 
provided an additional level of optimization 
and troubleshooting that was previously 
unavailable. The ability to use real-time data 
to view the traces of the cluster progres-
sion provided more confidence in making 
unambiguous calls. In addition, the software 
interface of the ViiA™ 7 System was user-
friendly and made plate setup easy.
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Conclusion
TaqMan® Drug Metabolism Genotyping 
Assays in conjunction with Applied 
Biosystems® real-time PCR instrument 
platforms provided a robust genotyping 
workflow to evaluate warfarin-correlated 
allelic variants. The workflow generated 
reproducible and reliable results on the 
Applied Biosystems® 7900HT Real-Time PCR 
System and on the ViiA™ 7 Real-Time PCR 
System. In addition, performing the genotyp-
ing run on the ViiA™ 7 System was convenient, 
and the instrument was user-friendly. This 
efficient, easy-to-use workflow may provide 
benefits to investigators operating in the 
clinical research environment.
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