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Abstract
One approach to circumvent barriers to clinical implementation of pharmacogenetics is to employ
pre-prescription genotyping that requires interrogation of multiple pharmacogenetic variants using
a high-throughput platform. We compared the performance of the DMET Plus array (1,931
variants in 225 genes) with orthogonal genotyping methods in 220 pediatric patients. A total of
1,692 variants had call rates above 98% and were in Hardy Weinberg equilibrium. Of these, 259
were genotyped by at least one independent method and a total of 19,942 SNP-patient sample
pairs were evaluated. The concordance was 99.9% with only 28 genotype discordances observed.
For those genes deemed most likely to be clinically relevant (TPMT, CYP2D6, CYP2C19,
CYP2C9, VKORC1, DPYD, UGT1A1, and SLCO1B1), a total of 3,799 SNP-patient sample pairs
were evaluable and had a concordance of 99.96%. We conclude that the DMET Plus array
performs well with primary patient samples when compared to multiple other lower-throughput
genotyping methods.

INTRODUCTION
Genetic variants that encode for metabolizing enzymes and drug transporters have been
demonstrated to affect interindividual drug responses by altering the absorption, distribution,
metabolism or elimination (ADME) of drugs.(1–4) Pharmacogenetic testing has the
potential to improve medication use through the pre-emptive detection of clinically
significant genetic variants, such as single nucleotide polymorphisms (SNPs), insertions,
deletions, and duplications that can drive therapy individualization.(2) One of the barriers to
clinical implementation of pharmacogenetics includes a lack of affordable, array-based
genotyping technologies that can be performed in a CLIA-certified laboratory. Array-based
genotyping would allow for interrogation of a sufficient number of polymorphisms related
to the ADME of medications, suggesting that pharmacogenetic testing could become pre-
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emptive, with test results being available on a per-patient basis to the clinician at the time
prescribing is contemplated, rather than waiting for a test result on a drug-by-gene-test basis.

The Affymetrix DMET Plus array is one such technology that types 1,931 variants in 225
ADME genes.(5, 6) The platform contains both rare and common variants, and the array
interrogates biallelic and triallelic SNPs, copy number variations, and insertion/deletions.(7,
8) The array uses molecular inversion probes (MIPs) that amplify and hybridize
independently of genomic sequences as well as universal primers and tag sequences.(7) The
platform uses a single-sample genotype calling method that compares each marker to an
expected signal distribution defined by large training sets at Affymetrix.(9)

Few data are available on the performance characteristics of DMET Plus genotyping in
patient samples or on its concordance with orthogonal genotyping methods. Herein, we
report on the performance characteristics of a high-throughput pharmacogenetics array,
assayed in a clinical genetics laboratory, using patient samples, with emphasis on those
genes that are most clinically relevant.

RESULTS
The concordance between the DMET Plus genotypes and all orthogonal genotypes available
(Table 1) was determined for all evaluable DMET variants that passed quality control
(Figure 1). Quality control filters applied to DMET genotypes showed that of the 1,931
SNPs included in the DMET array, 1,760 SNPs (91.1%) met the call rate criterion and 1,851
met the HWE criterion (Figure 1, Supplemental Table 1). The MAF of SNPs that passed QC
in patients of European ancestry was highly correlated to that in HapMap CEU samples
(Figure 2, R2 = 0.9711).

A total of 259 SNPs passing quality control were assessed by the DMET array and at least
one orthogonal method. Of the 259 SNPs, 233 SNPS were assessed by one orthogonal
method, 22 SNPs were assessed by two orthogonal methods, and 4 SNPs were assessed by
three orthogonal methods, for a total of 289 tests of concordance between an orthogonal
method and a DMET SNP call. A total of 19,942 SNP-patient pairs were evaluable for
concordance with at least one method. Of these, 19,914 SNP calls were concordant (28
discordant) between DMET and the orthogonal methods for an overall concordance of
99.9%.

Genotype concordances were compared with data obtained by several orthogonal methods.
Data from the Affymetrix Gene Chip 500K or 6.0 assays for 167 DMET SNPs in 88 patients
were compared to results generated by the DMET Plus (Figure 3A, orange squares). The
majority of these SNPs had a concordance above 98% (166 SNPs), and only rs2266780 in
the FMO3 gene and rs1800440 in the CYP1B1 gene were below the concordance threshold
(Supplemental Table 2, 96.5% and 97.7, respectively). Three SNPs in TPMT were
genotyped in 215 patients by a reference laboratory (Figure 3A, purple triangles). Genotypes
for all three SNPs were highly concordant: both rs1142345 and rs1800462 (contained in the
*3A, *3C, *3D and *2 alleles) were 100% concordant and rs1800460 (contained in the
*3A,*3B, *3D alleles) had a concordance of 99.1% (Supplemental Table 2). Data obtained
from the Illumina Golden Gate assay for 78 SNPs in 32 patients were compared to results
from the DMET Plus (Figure 3A, red circles), and there were no SNPs below the
concordance threshold of 98%. MassARRAY technology was used to interrogate 8 SNPs in
31 patients (Figure 3A, green diamonds) and each SNP was 100% concordant with the
DMET genotyping. Exons of seven genes were sequenced (Sanger) and covered 26 SNPs in
67 patients (Figure 3A, white circles), and these results were 100% concordant with DMET.
The SNPs genotyped using the Beckman Coulter Genome Lab SNPstream had the overall
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lowest concordance with DMET. A total of 7 SNPs were interrogated by SNPstream and
DMET (Figure 3A, blue squares), and the number of patients per SNP varied from 22 for
rs1800566 to 34 for rs6195. Of these 7 SNPs, only SNPs rs6195, rs10264272, and
rs7080681 achieved > 98% concordance. The lowest concordance was for rs1800566 at 91%
and the 4 SNPs below the concordance threshold averaged a concordance of 95%. There
was a single discordant call responsible for the poor performance of rs2274407, rs1045642,
and rs776746, and two discordant calls for rs1800566 (Table 2).

Overall, only 6 SNPs in 6 different genes failed to reach the 98% concordance threshold
(Figure 3B). A total of 10 genotype calls were responsible for the 6 failed SNPs (Table 2).
Additional genotyping by a 2rd and 3th orthogonal method was available for 4 of these
samples (Table 2). The two discordant samples for rs1800566 were assessed by 4
genotyping platforms (i.e., DMET, SNP6/500K, Golden Gate, SNPstream), and for both
samples, the DMET genotyping was concordant with the SNP6/500K and Golden Gate, but
not with SNPstream. Moreover, rs1045642 and rs776746 (also genotyped using SNPstream)
were discordant with the additional orthogonal genotyping method (Table 2). Thus, our
evidence indicates that of the 10 discordances affecting 6 SNPs, 4 discordances (in 3 SNPs)
favor the DMET results being correct, leaving just 3 SNPs unresolved (rs2274407,
rs1800440 and rs2266780).

DMET includes 164 SNPs in 8 highly clinically relevant genes (TPMT, CYP2D6,
CYP2C19, CYP2C9, VKORC1, DPYD, UGT1A1, and SLCO1B1) that are already subject
to testing in some clinical settings. Of these, 148 SNPs (90%) passed the call rate and HWE
QC criteria (Table 3), and 46 of those SNPs were genotyped by at least one orthogonal
method. A total of 3,799 SNP-patient sample pairs were evaluated within these 8 genes and
there was an overall concordance of 99.96% (Supplemental Table 2).

DISCUSSION
In the current study, the performance of the DMET Plus array was assessed in 259 SNPs in
111 different genes using samples from 220 patients and included up to six different
orthogonal genotyping methods (Table 1). These genes encoded for 27 P450 enzymes, 44
non-P450 enzymes, and 32 transporters. The concordance in our study varied from 91.0% to
100%, and only 6 variants assessed had a concordance below 98%. All orthogonal methods
had a concordance greater than 98%, except for the SNPstream genotyping that had a
concordance with DMET of 97.4% (Table 1). The high degree of correlation between the
DMET and HapMap CEU allele frequencies in SNPs that passed QC further supports the
accuracy of the DMET genotyping (Figure 2). Of the 6 genes carrying SNPs with < 98%
concordance between DMET and orthogonal methods, none are currently used routinely for
clinical decisions, and three with multiple orthogonal methods favored the DMET genotype
being correct.

Of the 225 genes included on the DMET array, 8 genes are high-priority clinical
pharmacogenes as identified by the Clinical Pharmacogenetics Implementation Consortium
(www.pharmgkb.org).(10) A total of 3,799 SNP-patient sample pairs were assessed within
these 8 genes and a concordance of 99.96% was observed, indicating good performance of
the array for clinically relevant polymorphisms.

The DMET Plus array has been previously tested for accuracy in two other studies. The
larger of the two studies found > 99% concordance for 165 DMET variants across 27 genes
in 91 samples (74 Epstein-Barr virus-transformed cell lines and 17 samples from normal
donor blood) that had been sequenced at those 165 loci.(11) The second comparison was
included in a pharmacogenetics study of docetaxel and thalidomide in patients with prostate
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cancer using the DMET platform.(12) DMET genotypes were compared in 8 variants across
8 genes in 47 patients using direct sequencing, and the concordance varied from 96 to 100%
with an average concordance of 98.6%.(12) Thus, the current study represents the largest
number of patients and the broadest spectrum of genotypes for assessing the DMET array
against orthogonal genotyping methods. With the development of more comprehensive
clinical genetic testing platforms such as we have described herein, and a migration from
single gene tests to gene panels or genome sequencing, additional genetic information will
be available at the time of testing that may not directly affect the diagnostic question or
patient care. Therefore, when deployed in the clinic, these platforms need careful
consideration with regard to medical data management, consent for withholding results, and
communication to patients and their respective health care providers.

We conclude that the DMET Plus array is a highly accurate method for determining the
genotype of a large number of genetic polymorphisms that have potential clinical utility for
optimizing drug therapies.

METHODS
Study Population

Genotyping with the DMET Plus array was performed using DNA from 220 patients
enrolled on the PGEN5 protocol at St. Jude Children’s Research Hospital. DNA was
extracted from blood using the Qiagen Blood and Cell Culture DNA extraction kit. This
study was approved by the St. Jude Institutional Review Board, and consent was obtained
from the parents of children younger than 18 years of age or from patients older than 18
years of age.

Genotyping and Quality Control Methods
The DMET Plus array uses MIP technology to amplify the sequence-specific targets at each
SNP. The PCR products generated with the MIP undergoes enzymatic fragmentation and
end labeling followed by hybridization to an array containing allele-specific
oligonucleotides used for SNP genotyping. The preparation and processing protocol for
patient samples followed the methods described by Burmester et al, (13) and was performed
under CLIA-compliant conditions in a clinical genetics laboratory at the Medical College of
Wisconsin.

Quality control filters applied to genotypes were as follows. Probe sets with call rates below
98% were removed from the analysis of concordance, as were any SNPs that were not in
Hardy-Weinberg equilibrium (HWE) (P-value < 0.001). HWE was determined in patients
with European ancestry using an exact test included in the R genetics package, and SNPs on
the X chromosome were not evaluated (46 SNPs).(14) No patient samples were removed
from the analysis due to poor sample call rates (all samples had calls generated for > 95% of
the SNPs). Ancestry was estimated using STRUCTURE as described previously,(15) based
on the ancestry-informative SNPs interrogated on the DMET array (Table 4). The minor
allele frequency (MAF) for DMET SNPs was calculated in those patients with > 95%
European ancestry and compared to available allele frequencies determined in 59 CEU
samples from the HapMap extended diversity panel.(6, 16) The correlation between the
DMET and HapMap allele frequencies values was determined in SNPs that passed QC using
linear regression analysis.

Several orthogonal methods were used to genotype subsets of the samples. These included
the Affymetrix Human Mapping 500K Array Set and the Affymetrix Genome-Wide Human
SNP Array 6.0, as we previously described.(17) SNP genotyping was also determined using
a custom-designed Illumina Golden Gate assay (San Diego, CA) that was performed at the
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SNP Center at Johns Hopkins University(18), the iPLEX Gold assay on the MassARRAY
platform from Sequenom (San Diego, CA) that was performed at the University of
Chicago’s Genetic Services Laboratories (19, 20), and using the Beckman Coulter
GenomeLab SNPstream (Fullerton, CA) that was performed by DNAprint.(21) The major
non-functional alleles of TPMT (*2, *3A and *3C) were determined using a TaqMan assay
by a clinical reference lab (Prometheus Labs, San Diego, CA). Sanger sequencing of exons
on 7 genes (TPMT, CYP2D6, CYP2C19, CYP2C9, VKORC1, DPYD, and UGT1A1) was
performed by Polymorphic DNA Technologies (Alameda, CA). Concordance between
methods was assessed by comparing whether the genotype calls gave identical results for
each sample assessed by the methods. A genotype concordance for each variant greater than
or equal to 98% between the two methods was considered acceptable performance.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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STUDY HIGHLIGHTS

What is the current knowledge on the topic?

Genetic testing for pharmacogenetic genes is currently conducted on a gene by gene
basis. With the development of higher throughput platforms, expanding this to a panel of
relevant genes becomes an attractive and cost effective approach.

What question this study addressed?

This study evaluates the performance characteristics of a genotyping array for the
analysis of a large number of pharmacogenetics genes.

What this study adds to our knowledge?

This study shows for the first time the performance characteristics of a novel genotyping
platform. This method is highly accurate and can provide a cost effective approach for
comprehensive pharmacogenetic gene analysis.

How this might change clinical pharmacology and therapeutics?

These results should be relevant to clinicians who are interested in pharmacogenetics as
well as clinical labs which offer genotyping for genes relevant in pharmacogenetics.
Ultimately, the results from this report provide support in favor of a more comprehensive
genotyping approach.
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Figure 1. Performance of the DMET Plus array
The Affymetrix Drug Metabolizing Enzymes and Transporters (DMET) genotyping
platform scans 1,931 different variants. The accuracy of the platform was determined for
SNPs that passed two quality control criteria. The first quality control filter removed any
SNPs with call rates below 98%, and the second filter removed any SNPs that were not in
Hardy-Weinberg equilibrium (HWE) at a P-value < 0.001. A total of 1,692 SNPs passed QC
and the concordance of genotypes was determined between the DMET array and those
available from orthogonal genotyping. A total of 259 SNPs were assessed by DMET and at
least one additional genotyping method.
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Figure 2. Concordance of DMET MAF with HapMap CEU MAF
The minor allele frequency (MAF) of all SNPs that passed quality control was determined in
patients of European ancestry (x-axis) and compared to the corresponding frequency in
HapMap CEU samples (y-axis). Linear regression between the DMET and HapMap allele
frequencies suggest that the values between the populations are highly correlated (R2 =
0.9711).
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Figure 3. Concordance of the DMET Plus array with other genotyping methods
The DMET genotyping was compared to all other sequencing and genotyping data available
in 220 patients. A total of 259 SNPs were assessed by the DMET array and at least one
orthogonal method. Of these, 233 SNPS were assessed by one orthogonal method, 22 SNPs
were assessed by two orthogonal methods, and 4 SNPs were assessed by three orthogonal
methods, yielding a total of 289 tests of concordance between an orthogonal method and a
DMET SNP call. (A) 167 DMET SNPs were in common with the Affymetrix Gene Chip
(orange squares), 3 SNPs with Prometheus TPMT genotyping (purple triangles), 78 with the
Illumina Golden Gate chip (red circles), 8 with the Sequenom iplex Gold MassARRAY
platform (green diamonds), 26 with Sanger sequencing (white circles), and 7 with Beckman
Coulter GenomeLab SNPstream (blue squares). (B) A threshold of 98% was used to
determine SNPs with poor concordance. SNPs below this threshold (6, 2%) were further
investigated, where possible, by comparing the discordant genotypes with any other
overlapping genotyping methods.
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