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The cytochrome P450-2D6 (CYP2D6) hepatic oxidase is directly
involved in the metabolism of ~ 25% of all commonly used
drugs,1–3 making it one of the most well-studied genes in
the ﬁeld of pharmacogenetics. As is likely well known by the
readership of The Pharmacogenomics Journal, the CYP2D6 gene is
highly polymorphic, with over 100 variant star (*) alleles
currently cataloged by the Human Cytochrome P450 (CYP) Allele
Nomenclature Committee.4 This committee was formed in 1999 to
manage CYP450 allele nomenclature using established sequence
variation guidelines and to provide a summary of curated star (*)
alleles and their effects when known;5 however, the ﬁeld of
pharmacogenetics
has
been
transformed
by
the
recent advances in high-throughput sequencing technologies.
Although next-generation sequencing has greatly facilitated
pharmacogenomic discovery,6–8 one of the resultant challenges
is now reconciling the historical star (*) allele nomenclature with
current genome reference assemblies and a more
informed understanding of the extent of variation in the human
genome.9
Interrogating CYP2D6 by short-read sequencing technologies is
challenging due to pseudogene sequence homology and
the existence of copy number variant CYP2D6 alleles.10 In addition,
one of the most cumbersome informatics issues is converting
identiﬁed CYP2D6 sequence variants from the genome assembly
used for sequence analysis (for example, GRCh37/hg19) to the
M33388.1 or AY545216.1 GenBank reference sequences
used to deﬁne CYP2D6 star (*) alleles (http://www.cypalleles.ki.
se/cyp2d6.htm). This tedious but necessary process typically is
accomplished by manual curation, but recently assisted by the
CYP2D6 haplotype tables available at PharmGKB (https://www.
pharmgkb.org).
In an effort to simplify and automate this important step, we
developed a CYP2D6 variant call format (VCF) Translator tool
that takes a standard VCF ﬁle (.vcf) limited to the CYP2D6
coordinates from human reference hg19, including ﬂanking
sequences (chr22:42522071–42528563), and converts identiﬁed
sequence variant coordinates to the M33388.1 and the
AY545216.1 reference coordinates used to deﬁne CYP2D6 star (*)
alleles. Importantly, the reference coordinates in the CYP2D6 VCF
Translator have already been modiﬁed to include the necessary
nucleotide corrections indicated by the Nomenclature Committee.
Moreover, the CYP2D6 VCF Translator corrects for the fact that the
hg19 reference sequence actually contains CYP2D6*2 and other
common variants (for example, intron 1 conversion, 1661G4C,
2850C4T, 4180G4C and so on), so these nucleotides are
automatically interrogated as if being compared with wild-type
CYP2D6*1. In addition, it converts variants to their reverse
complement (as CYP2D6 is encoded on the negative strand),
annotates variants with gene location (for example, exon
and intron), reference/alternate alleles, dbSNP identiﬁer (when
available) and genotype calls based on VCF metrics (for example,
wild-type, heterozygous and mutant), which can all be downloaded as a tab-delimited text (.txt.) ﬁle after executing the
program (Figure 1).

The script was written in Python and implemented on a
web server with PHP, and was designed to focus on the
CYP2D6 variants cataloged on the CYP2D6 Nomenclature
Committee website to facilitate subsequent star (*) allele
conversion. To accomplish this, the CYP2D6 VCF Translator
extracts variant coordinates from an uploaded VCF and compares
them to an annotated reference ﬁle of CYP2D6 sequence variants
with hg19, M33388.1 and AY545216.1 coordinates (ATG start
codon = nucleotide 1). The CYP2D6*2 correction is accomplished
by reversing the CYP2D6 nucleotides that are incorrectly variant in
hg19 before making genotype calls from the VCF. Accordingly,
any CYP2D6*2 variants not called in a VCF because they are
homozygous reference in hg19 are annotated in the output
ﬁle as ‘Mutant or Not Sequenced’ (Figure 1). The CYP2D6 VCF
Translator also annotates novel sequence variants not listed on
the Nomenclature Committee website.
The CYP2D6 VCF Translator is run on the high-performance
computer cluster at the Icahn School of Medicine at Mount Sinai
(Minerva) and is freely available for investigators to use at
http://stuartscottlab.org/vcf. Future iterations of the CYP2D6 VCF
Translator aim to infer star (*) allele diplotypes based on genotype
data; however, in the interim we have found it to have
substantial utility when converting high-throughput targeted
CYP2D6 sequencing data to star (*) alleles, as well as translating
CYP2D6 coordinates extracted from exome and whole-genome
sequencing VCFs that were derived using hg19. As such, this
letter is submitted to The Pharmacogenomics Journal to increase
visibility of this online tool and, therefore, facilitate more
simpliﬁed CYP2D6 sequencing analyses for those investigators
studying this very important pharmacogenetic gene.
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Figure 1. An overview of the CYP2D6 variant call format (VCF) Translator with (a) a screenshot of the online homepage (http://stuartscottlab.
org/vcf) and (b) example input (.vcf) and output (.txt) ﬁles. Highlighted in red boxes are some of the key components of the input and output
ﬁles of an example VCF using DNA from the NA12878 HapMap cell line with a CYP2D6*3/*4 diplotype sequenced through chr22:42522044–
42527019 (hg19), or − 225 to 4752 using M33388.1 coordinates. Note the variants in the output ﬁle annotated as ‘Mutant or Not Sequenced’:
− 1584C4G was not called in the VCF as it is outside of the sequenced region, and the common intronic 746C4G and downstream 4722T4G
variants were not called in the VCF as they are found on both the *3 and *4 haplotypes, as well as in hg19. As such, these three variants were
classiﬁed as ‘Mutant or Not Sequenced’ by the CYP2D6 VCF Translator (blue asterisk). Similarly, the original VCF shows homozygous variants for
the CYP2D6 intron 1 conversion, 2850C4T, 3584G4A and 3790C4T; however, this is actually a reﬂection of those variants being present in
hg19 and not in NA12878. As such, these variants were corrected to wild-type (WT) by the CYP2D6 VCF Translator (green asterisks).
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