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Copy number variations (CNVs) in genes relevant to drug absorption, 
distribution, metabolism, and excretion (ADME) have been characterized using 
several technologies. CNV detection using a standard single-nucleotide 
polymorphism (SNP) genotyping assay is efficient and advantageous because the 
genotypes of these genes are of utmost importance. We report here on the 
development of a CNV detection method for five ADME genes using 
PharmacoScan™ Solution, a cost-effective, high-throughput pharmacogenomics 
analysis solution. Copy number calls are compared to TaqMan® copy number 
assays, published data, or both, when available.

We focus on CNV calling for five genes: CYP2A6, CYP2D6, GSTM1, GSTT1, and 
UGT2B17. CYP2A6 and CYP2D6 are particularly difficult to characterize because 
of the presence of closely related pseudogenes, which may form hybrids with 
their respective genes. Copy number states called include gains and homozygous 
and hemizygous losses. Both SNP and non-polymorphic probes are used for copy 
number.

Several hundred samples from the HapMap and 1000 Genome Projects were 
analyzed using PharmacoScan Solution, and CNVs were called in nine regions: 
GSTM1, GSTT1, UGT2B17, three CYP2D6 sub-regions, and three CYP2A6 sub-
regions. The predicted copy number states were compared to TaqMan Assay 
results, and to sequencing results reported by the 1000 Genomes Project. 
Results show high concordance in copy number calls for all nine regions between 
PharmacoScan Solution and other technologies. For CYP2D6 and CYP2A6, many 
samples were identified with differing copy number calls in the sub-regions, 
demonstrating the ability to distinguish copy number changes that are likely due 
to complex recombination events. In order to obtain equivalent results using 
TaqMan Assays, multiple assays probing different locations within the gene are 
required. In contrast, the method presented here has the advantage of using a 
single assay to call CNVs in multiple sub-regions, while also providing 
comprehensive genotypic information in genes of interest.   

Finally, copy number calls are used to improve genotyping accuracy and 
translation to star-allele nomenclature on these important ADME genes.   

CN = 1 haploid 
SNP calls

 CYPD2D6*5 is 
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entire gene copy.
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double copy 
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CN Region CN = 0 CN = 1  CN = 2 CN = 3

CYP2A6_5pFlank 17/17 66/66

CYP2A6_exon2‐intron4 4/4 40/40

CYP2A6_intron5‐3pUTR 12/12 71/71

CYP2D6_5pFlank 2/2 20/20 39/39 18/18

CYP2D6_exon9 2/2 20/21 49/49 11/11

CYP2D6_3pFlank 2/2 21/21 48/48 9/10

GSTM1 21/21 29/29 33/33

GSTT1 17/17 41/41 25/25

UGT2B17 18/18 43/43 22/22
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Seventy-seven samples with TaqMan copy number data were assayed with PharmacoScan 
Solution, six in duplicate. Figures show histograms of median log2 ratios of all samples 
colored by TaqMan calls. The table shows the number of concordant calls and total number 
of samples in each cell. 

SNP copy number is assessed as above. SNPs between 
copy number measurement regions are assigned the 
flanking copy number, or 2 (diploid) if the two regions 
disagree. PharmacoScan Solution CYP2D6 SNPs mostly 
use amplicons to avoid CYP2D7 interference. Amplicon 
regions are not informative for CN measurement, 
requiring CN state to be inferred for most of CYP2D6.

CN = 1 samples are 
genotyped using a haploid 
model. CN ≥2 samples are 
genotyped using a diploid 
model. CN = 0 samples 
are assigned a zero copy 
state and not genotyped.
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Copy number aware genotyping

Copy number of ADME genes

 Copy number 
calls are made in 
three sub-regions 
of the gene: 
3’ flank, exon 9, 
and 5’ flank.

 Samples with 
differing copy 
numbers in the 
three sub-regions 
are identified 
(Samples 4     
and 5).

 Calls show high 
concordance with 
TaqMan Assays in 
sub-regions 
overlapping 
TaqMan locations. 

Gene Substrates (partial list)

CYP2A6 Nicotine, cotinine, coumarin, halothane, losigamone

CYP2D6 Various antidepressants, neuroleptics, beta-blockers, antiarrhythmics

GSTM1 Intermediates of polycyclic aromatic hydrocarbons

GSTT1 Cytostatic drugs, hydrocarbons

UGT2B17 Eugenol, steroid hormones

ADME genes with common copy number changes: Deletion or amplification of 
CYP2A6 and CYP2D6 impacts the rate of drug metabolism, with significant 
implications for treatment. The very common deletions GSTM1 and GSTT1 are 
partially compensated by other GST enzymes of the same classes, but nevertheless 
affect drug metabolism and cancer risk, in particular from smoking. Individuals with 
a double deletion of UGT2B17 have been shown to have significantly higher levels of 
testosterone and higher risk of prostate cancer.
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