PharmVar

Pharmacogene Variation Consortium

The Pharmacogene Variation (PharmVar) Consortium is a central repository for

pharmacogene (PGx) variation that focuses on haplotype structure and allelic variation

The information in this resource facilitates the interpretation of pharmacogenetic test results

10 guide precision medicine.
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PharmVar Publications

Articles published by PharmVar are available on the resources page

Original content from the cypalleles.ki.se site is available through the arc

suggestions? Please contact us o




CYP Nomenclature - 1996

In order to provide the science field a
with a unified nomenclature, the star
(*) allele nomenclature has been
devised to “encourage scientists
worldwide to speak the same
language” and to avoid home-made
allele designations that can confuse
the scientific literature.

A group of experts came together in the mid 1990s to devise the first pharmacogene
nomenclature to “encourage scientists worldwide to speak the same language”. The
new Star (*) nomenclature was first applied to CYP2D6, a major drug metabolizing
enzyme, for which there was a growing number of allelic variants. The star (*)
nomenclature was expanded in 2000 to include all other polymorphic CYP genes.
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P450 Gene Nomenclature - 2000

Pharmacogenetics 2000, 10:91-93 Letter 1o the editor

Human cytochrome P450 (CYP) genes: recommendations
for the nomenclature of alleles

Magnus Ingelman-Sundberg®, Ann K. Daly*, Mikael Oscarson® and
Dandel W. Nebent®

it of

[

Received 15 November 1999: accepted 15 November

T [T —r—

In the nomenclature system for CYP alleles, we
propose using the same general rules as have already
been described for the human CYP2D6 gene (Daly et
al., 1996), as discussed by Nebert (2000), to take
into consideration the anticipated SNP explosion
during the next several vears. These rules are also
consistent with those of the Human Allele Nomen-
clature Working Group (Shows et al, 1987;
Antonarakis et al., 1998).

The star (*) nomenclature was expanded in 2000 to include other polymorphic CYP
genes

PharmVar Overview V4 | 4-17-2019



www.cypalleles.ki.se/ - 2002

The Human Cytochrome P450 (CYP)
Allele Nomenclature Database

Allele nomenclature for Cytochrome P450 enzymes

Inclusion criteria - New criteria regarding variants identified by NGS

Cvytochrome P450 Oxidoreductase:
POR

CYP1 family:
CYPIAI CYPIlA2: CYPIBI

CYP2 family:
CYP246; CYP2413: CYP2B6: CYP2CS: CYP2C9: CYP2CIY:
CYP2D6: CYP2EL: CYP2EL: CYP2J2: CYP2RI; CYP2SI: CYP2W]

CYP3 family:
CYP344; CYP3AS; CYP3A7; CYP3A443

CYPA familv:
CYP4A1l; CYP4A422; CYP4BI; CYP4F2

CYP>4 families:
CYPSAL CYP8AI; CYPI9AL: CYP2IA2: CYP264]

SNP information on CYPI7AI can be found here

Drug Metsh, Pharmacokin. 17 (6): 491-491 (2002).

Review
CYPalleles: A Web Page for Nomenclature of Human
Cytochrome P450 Alleles
Mikacl Oscarson' and Magnus INGELMAN-SUNDBERG?
\Division of ) ., Uni of Basel, Basel, Switzeriand

mental Medicine,

*Division of Molecular Toxicology, Institute of Envirom
Karolinska Instituter, Stockholm, Sweden

The number of allelic variants was growing fast — too many to keep updates in
paper format. The Human CYP P450 Allele Nomenclature Database was launched
in 2002 under the direction of Magnus Ingelman-Sundberg at the Karolinska

Institutet in Stockholm, Sweden.
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;) cPIC

.)CPIC

Clinical Pharmacogenetics
Implementation Consortium

Guidelines Genes-Drugs Alleles Publications Meetings Resources Informatics Members Contact

Tablesrely
on allele
definitions

Table 1 Assignment of likely CYP2D6 phenotypes based on genotypes

Phenotype® Genotype Examples of CYP2D6 diplotypes®
Metabolizer Activity score
CYP2D6 ultrarapid metabolizer >2.0 An individual carrying duplications of *1/*1xN, *1/*2xN, *2/* 2N°
functional alleles
CYP2D6 normal metabolizer 15and2.0 An individual carrying two nomal /%1, *1/*2, *1/*9, *1/*41, *2/*2,
function alleles or one normal func:
tion and one decreased function
allele
CYP2D6 normal metabolizer o inter. 1.0 An individual carrying two decreased *1/%4, *1/*5, *41/*41
mediate metabolizer (controversy function alleles or one normal func-
remains)’ tion and one no function allele.
An activity score (AS) of 1.0 is associ-
ated with decreased tamoxifen
metabolism to endoxifen compared to
those with an AS of 1.50r 2.
CYP2D6 intermediate metabolizer 0.5 An individual carrying one decreased *4/%10,*4/*41, *5/*9
function and one no function allele
CYP2D6 poor metabolizer (1] An individual carrying only no func- *3/%4,%4/ %4, *5/*5, *5/%§

tional alieles

CPIC guideline for tamoxifen

CPIC guidelines provide recommendations based on diplotypes for a number of
genes including CYP2C9, CYP2C19 and CYP2D6 as shown for the
CYP2D6/tamoxifen guideline. Allele definitions are based on those provided by

PharmVar.
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PharmGKB and CPIC use * alleles

Stargazer a software 100l for caling Star alleles trom nexi-generation sequencing dala using

Mot PR Gee S e e e GesmA e w - Published literature typically refers to * alleles rather

Genet Med 2018 Jun 8 dor 10 1038/541438-012-0054-0 [Epud ahead of print] . PR -

DL 207822 Free PO et individual variants for CYPs and some other PGx genes
CI— = Mostsupporting tables for CPIC are based on * alleles
Gene-specific Information Tables for for CYP genes: allele frequency and function, diplotype-

CYP2D6 phenotype mapping

= PharmGKB/CPIC allele definition tables are used for
o CPIC guideline evidence review and prescribing

recommendations

PharmGKB literature annotations

CPIC and PharmGKB submissions to ClinVar require

allele definitions

o PharmCAT tool determines * alleles from VCF files

+ CYPZDS Allsle Definition Tabie

O O

+ CYPIDS Gene Resource Mappings

Star allele designations are widely used.
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Tools call star alleles from NGS data

Astrolabe
Pharmcat
Alignment ) *ig —
Variant Tk : *‘2\%
1 Detection \} ‘.— “,_..,,;’ &
W = =
- i Astrolabe v v 7
rra P Adste Machine Duta s e o
2| = 1 N
-+ — |
CYP2D§, CYP2CS, CYP2C19 { H
s H
" o ] | =i
- e
Y
o

hitp://www.childrensmercy.org/Health_Care_Professionals/Research/Pediatric_Genomic_Medicine/Software_Tools/ www_.pharmgkb.org/page/pharmcat

Bioinformatic tools such as Astrolabe (developed at CMH) and Stargazer rely on
allele/haplotype definitions. PharmCAT, another bioinformatic tool for calling PGx
diplotypes using star allele defintions is a Pharmacogenomics Research Network
(PGRN) initiative in collaboration with the PharmGKB.
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Clinical Test Reports also Use Star Nomenclature

05/27/2014 10:33 AM Doe, Jane
Gene Genotype
Antiplatelet Metabolism
Test Summ;ry: Abnormal Drug Metabolism Predicted - . /_‘_\\
Result electronically approved and reported on by v
Gene Tested Alleles Common Patient | Predicted Patient |
Genotype | Genotype Phenotype L
CYP2C19 *1,%2,*3,%4,"4B, *5, "6, 1" /2 M fran : Y
*7,%8, 9, *10, *17 \ |
CYP3A4 *1,*1B, *2, *3, *12, *16, 1M1 ‘ 11 | EM
*17, *22 o ST
CYP3A5 *1,*1D, *2, *3A, *3B, *3C, 11 *3A/"3A M e : /(\rh\
*6,*7.*8.*9 J |
s ;’:’7\
N —
V — Unified nomenclature facilitates
V — standardized testreporting P y /—'*-7\
LI

As highlighted in yellow, the star (*) nomenclature is almost exclusively used to
display patients’ genotypes on PGx test reports.
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www.cypalleles.ki.se/

The Human CYP Allele q
Nomenclature Database
PharmVar

. |
£ PharmGKB

After more than 15 years the Human Cytochrome
P450 (CYP) Allele Nomenclature Database has transitioned...

\

...to the Pharmacogene Variation (PharmVar) Consortium at
www.PharmVar.org

After dedicating many years of his distinguished career to developing and
maintaining the CYP Allele Nomenclature resource together with Sarah Sim who
served as the Webmaster for twelve years, both Magnus Ingelman-Sundberg and
Sarah Sim have retired from the nomenclature site to focus on other projects.

The Nomenclature site has transitioned to PharmVar on September 26 of 2017.
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PharmVars is a PGRN Resource
WhatiSPGRN?  Members  Data & Tools e et

Clinical implementation

Functional
Pharmacogenes

CYP database is now PharmVar.org RFA: Pharmacogenomics iPSC Pilot EERM R

The Human CYP Allele A

Nomenclature Database

Gene Editil’lg SEI'ViCE PGRN-PILS Resource

PGRN-RIKEN

PharmGK8
PharmVar
RPGEH

£ PharmGKB

at PharmVar.org

1R24GM123930-01

Once again, a group of experts came together and mutually agreed that the
Nomenclature database is an invaluable resource to the entire field of PGx
(research, clinical, commercial) and must not disappear. Andrea Gaedigk (Children’s
Mercy Kansas City) and Teri Klein (PharmGKB) devised a plan to continue: The
PharmVar Consortium is the new kid on the block (aka PGRN resource, see
http://www.pgrn.org/pharmvar.html).
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PharmVar =

Pharmacogene Variation Consortium

CPIC
{ Other consortial databases J { PharmGKB J

N

wo | PharmVar.org | s, | Researchiabs ]

— Clinical labs

[ S therikig Commiiios J advise Houses Allelic Variation e Connnacialllabe

feedback/input review/designate novel variants

PharmVar PharmVar
Consortium members Expert Panels

Overview of the PharmVar Consortium. Community input and active participation
is key. PGx experts are encouraged to become a member and volunteer to
participate (e.g. serving as a gene expert). PharmVar currently has 116 members.
Efforts are coordinated between PharmVar, PharmGKB and CPIC with the goal to
utilize standardized PGx nomenclature.
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Gene Expert Panels

= Each panel consist of a chair and co-chair, 3-7 experts
and PharmGKB representatives

= Experts have research, clinical and/or industry backgrounds
— ideally all are represented in a panel

= International representation

= Curate allele definitions as they are transferred into the PharmVar
database

= Review submissions and recommend allele designation(s)

» Instrumental role in reviewing and building nomenclature for new
PharmVar genes, develop documents and contribute to progress
reports or gene summary papers

Overview of what gene experts do
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Pho rmvo r ” The PharmVar database was launched on March 21, 2018

Many CYP genes including CYPs 2C9, 2C19 and 2D6 have been
transitioned into the PharmVar database.

Notable database features include:

« All variants are consistently mapped to current reference sequences (RefSeqs), GRCh37 and
GRCh38

*» No more counting— simply click ‘count from sequence start’ or ‘ATG start’

+ Redesigned gene pages with customizable display features make it easier to find the information
you need

+ The new revised haplotype naming system allows cataloging of suballeles

+ Each haplotype now has a unique PharmVar |ID number

+ Evidence levels indicating how strong the information is for a haplotype definition
+ Core allele definitions and Comparative Allele ViewEr (CAVE) tool « new

+ Download options in different formats

The new PharmVar database has many more features compared to the original
Nomenclature website. As CYP genes are transitioned into the PharmVar database
allele definition display will be updated to current RefSeqs and edited to facilitate
standardized and uniform reporting of variants across fields. Gene pages have been
redesigned to provide information in user-friendly and intuitive ways. PharmVar also
continues to improve cataloguing by introducing a revised haplotype naming system
and unique PharmVar ID numbers to track each haplotype (see Gaedigk et al. CPT
Jan;105(1):29-32).
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HOME

Ph(]rmvor u HOME  ABOUT  GENES SUBMISSIONS MEMBERS RESOURCES CONTACT LOGIN
Phommacogene Variation Consortium

PharmVar

Pharmccogene Variation Consorfium The Pharmacogene Variation (PharmVar) Consortium is a central repository for

pharmacogene (PGx) variation that focuses on haplotype structure and allelic variation.

The information in this resource facilitates the interpretation of pharmacogenetic test results

to guide precision medicine.

W Follow us on Twitter

PharmVar Publications

Articles published by PharmVar are available on the resources page.

Original tent from the les.kise site is available through the archive

Link to archive

PharmVar celebrated its first birthday in September 2018 and graduated to a new
HOME page (no longer showing the transition of the Nomenclature page to
PharmVar).

From here, gene pages can be accessed through the GENES tab in the menu bar.
The content of the Nomenclature site (cypalleles.ki.se) as of Sept 26, 2017, is
available through the ARCHIVE link.
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ABOUT

PhOI’mVOI'lJ HOME ABOUT  GENES S

ERS  RESOURCES  CONTACT

Phormacogene Variation Co

The

War Consortium

The Pharmacogene Vi

tion (PharmVar) Consortium is the new home for PGx gene serving as a L tion’ P! gene Variation data repository. The major focus of PharmVar is to catalogue allelic variation

of genes impacting drug metabolism, disposition and response and provide a unifying designation system (nomenclature) for the global pharmacogenetic/genomic community

The Human Cytochrome P450 (CYF) Allele Nomenclature Database formerly hosted at hitp.//www.cypalieles ki se/ has transitioned to Children's Mercy in Kansas City, USA. Many CYP genes have already been integrated into the new PharmVar database that launched on March 215t
2018. PharmVar.org is developed and maintained by Scott Casey

Q2 Piease cite Ph

¢ 03 foliowing. Pharmacogens Variation Consortium (Pharmvar) at wew PharmVar org

An overview of PharmVar is provided in this poe

Please use any of the Steering Commitiee
slides pruvided = Andrea Gaedigh, PhD, Children's Mercy. Kansas City = Teei Kigin, PhD, Stanford University/PharmGKB/CPIC
- just give us credit = Steve Leeder, PharmD, PhD, Childrer's Mercy, Kansas City = Michelle Whirl-Carrillo, PhD, Stanford University/PharmGKE/CPIC

« Ned Miller, BA, Childrenis Mercy, Kansas City Katrin Sangkuh, PO, Stanford University/PharmGKB/CPIC

= Mark Hoffman, PO, Chuldren's Mercy, Kangas O Mary Reling, Pharm, St Judé Childrens Research

ke Lee, PhO, Geisinger Healthcare Hospaal/CP

« Michael Philips, PhD, Sequence Bio = Kelly Caudle, PharmD, PhD, BCPS, St Jude Children's Research

iy Prat, PhD, indisna University HospaaliCPIC

« Magnus ingelman-Sundberg. PhD, Karolinska Institutet Rachel Tyndale, PhD, University of Toronto

= Stuart Scoft, PhO, Mount Sinal Meghan Chencweth, PhD, University of Toronto

» Markus Paulmichl, MD, Privatidinik Maria Hil{ Klagenfurt and

nszentrum Saizburg, Au
friger, PhD, PharmGenetix GmbH

Advisory Board
. WD, Jeterson University Hosprals

« Amb ‘ 2. PhD, University of Maryland

« Sara Van Deiest, MD, PhD, Vanderbit University

LOG IN

Find important information about the PharmVar Consortium under the ABOUT tab in
the menu bar including of how to cite PharmVar.
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SUBMISSIONS

ABOUT GENES SUBMISSIONS MEMBERS RESOURCES CONTACT

E’_h_u_ranar it

Consartum

s sccepting submissions

or CYP allele designations. While we are working on the onkine submission portal,pléase use the submission form and email 1o subMIssiON@ENAIMIVAL oG With the gene name in the subject line
Important information for submissions

A standardized submission form has been developed to collect complete sets of high-quality data across all genes. To that end, all submissions MUST be provided in reference to the gene's RefSeqGene sequence (RefSeq IDs are provided on the RefSeq tab of the submission form)

Only complete submissions will be accepted and revewed by the gene expert panels

The requested information is detailed in each tab and an example is provided, please check out all tabs for a range of examples

For each gene a minimum of 500 bp

the 5 untranslated and 250 bp of the 3 untransiated regions must be sequenced. Submitters are strongly encouraged 10 extend the sequenced untranslated regions if they harbor key 51
1 that are key to define *17 and 27, respectively,

s defining star (*) alleles. For example, for CYP2C19 there are

two SNP3 at positions. 806 and -1

To faciitate slleie/haplotype defindtions, genes under 10 kb in length (defined 3 ex0n 1 through exon 9) MUST be entirely sequenced. See RefSeq tab on submission form whether gene of interest falls into this category

For genes over 10
key SNV defining

b in length (defined as exon 1 through exon 9), all exons and 50 bp of flanking infrons must be sequenced. See RefSeq tab on submission form whether gene of interest falls into this category. Submitters are strongly encouraged 10 also cover intronic regions that harbor
alleles. Examples are CYP2C19 12662 on 2 defining the *35 allele and CYPIAS 69864>G in intron 3 defining the *3 allele

To adequately capture structural and copy number variation, there are separate tabs for CYP246 and CYP2
the entire gene must be sequenced

6. For CYPZAG submissions covering the entire gene are encouraged although submissions fulfilling the requir
uding 1600 b of the untranslated region to inchude the SHP at position -1584 which is part of many haplotype definitions and tested on many genotyping platforms.

g regions are also accepted. For CYP206

There is a separate tab for NUDT15 submissions to accommodate specific requirements for this gene

Novel sequence variations detected by Next Gen Sequencing must be confirmed by orthogonal methods

Download Submission Form

The form for new haplotype submissions can be found under the SUBMISSIONS
tab of the menu bar. The allele definition and evidence level criteria document
can also be found under this tab.
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STANDARDS

PharmVar uses a number of conventions for storing and displaying allelic data consistently.
As summarized in the STANDARDS document, PharmVar relies on public standards and
data sources wherever possible. Note that this may cause some variant positions to shift
especially variants in repeat or homopolymer sequences.

@ Data downloads are now available for genes that have been transitioned into the PharmVar database ( | ). See the Downloads Page for additional information on data downloads.
+ Important information for each gene is available in the Read Me and Change Log documents found on each Gene Page
« Conventions used for storing and display allelic data are described in the Standards Document

Under the GENES tab, check out the STANDARDS
document describing how data are displayed

The same standards are being applied to all genes in the PharmVar database as
detailed in the STANDARDS document. Please familiarize yourself with these
standards before you start using the database.

PharmVar Overview V4 | 4-17-2019
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Database Overview

Gene name(s), links to external resources,
download gene information

0 Read Me for CYPZD6 A Change Log for CYP2DE 44 urel Yanation for CYP mportant gene documents: Read Me, Change log and structural information Variants mapped to g. and c.
RefSeqs, GRCh37 and 38 and

M33388 - click to change view

CAVE tool Compare View Count From: Sequence Sta

Create custom views with the Haplotype

selectmode = m N .
Easence e Beteances Filter and Column Selector tools

Haplotype evidence levels

PharmVar provides a set of accompanying documents to guide the user. Each gene
page has a READ ME document summarizing important gene and reference
sequence information. The CHANGE LOG document keeps track of all changes
(transition to PharmVar, corrections, revisions, new (sub)allele definitions added,
etc.). Genes with structural variants such as CYP2D6 shown here also have a
STRUCTURAL VARIATION document providing a summary of gene deletions,
duplications, hybrid genes, etc.

Coordinates are mapped to the current genomic and cDNA reference sequences
(RefSeq) as well as the GRCh37 and 38 genome builds (select the sequence of
interest by clicking on it). For CYP2D6, coordinates are also shown for M33388, a
sequence that has been used in the past (PharmVar encourages the use of RefSeq
coordinates optimally cross-referenced with M33388). The user can toggle
between different number systems - coordinates can be visualized counting from
the start of a sequence or counting from the ATG start codon.

In the current view SNVs highlighted in blue have a rs number. Clicking on any
SNP will activate the slide-in Variant Positions Window (details see next slide).
Impact of a SNV is no longer shown in a separate column, but is displayed in
brackets after the causative SNV. A column has been added for the revised
haplotype naming system (cross-referenced to legacy names), PharmVar IDs

PharmVar Overview V4 | 4-17-2019
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(each haplotype’s unique ID number) and evidence levels. Users can now also
customize page views using the Haplotype Filters and Column Selection tools.

In collaboration with the PharmGKB, PharmVar is introducing core allele definitions
(see STANDARDS and READ ME documents for details). Core alleles are
highlighted by gray background and core SNVs are flagged with the PharmVar logo.
Since function is believed to be the same for all alleles with the same star number,
function is now displayed in the core allele line.

The Comparative Allele ViewEr (CAVE) tool allows graphical comparisons of core
alleles. The user can access the CAVE tool via the Graphical View button. Please
consult the READ ME document for more information and examples before
using CAVE.

PharmVar Overview V4 | 4-17-2019
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Database Overview

Variant Positions X
NG_008376.3
eneros b NG_008376.3:9.2617C>G
TG oy NG_008376.3:9.-1584C>6
GRCh37
Slide-in window SEEEEE  NC_00002210:g 42528382CC Variant positions for both count
upon clicking on a i modes across all RefSeqs,GRCh37
SNV and 38
Sesarce et NC_000022.11:9.42132375G>C
M33388
Semaerce S M33388:g 36C>G
ATG St M33388:9.-1584C>G

New feature

Click to view all variants with this SNV

External Resources

The Variant Positions Window shows positions of a SNV on all reference
sequences and both genome builds. A link to dbSNP is provided here. Furthermore,
the user has the option to view all haplotypes containing that SNV.

PharmVar Overview V4 | 4-17-2019
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Comparative Allele ViewEr (CAVE)

Select all core alleles for comparison in the Comparative Allele ViewEr (CAVE)
selection pad. For illustration purposes, we have

selected 5 core alleles all having 100C>T as a core "4 "0 36 49 "100 "114
SNV. CYP2D6*4 was selected because 100C>T is ¥ ¥ J J o

present on suballeles, but is not a core SNV.

Click COMPARE HAPLOTYPES
Allele Selection Pad

1759G>A

CAVE graphically displays all SNVs present on each
selected core allele.

100C>T (boxed), is shown in blue for *10, *36,
*49, *100 and *114 indicating that it is part of
their respective core allele definitions, and in gray
for *4 indicating that 100C>T is not present in all
suballeles. In contrast, 1847G>A is the "4 core
SNV and exclusively found on *4 haplotypes.

CAVE also indicates whether a SNV alters function

Click compare haplotypes and/or is unique to a haplotype.

Select allelic variants for comparison from the selection pad and click the
‘Compare Haplotypes’ button. The CAVE graph displays which core SNVs are
shared among alleles. Note that a core SNV of a particular haplotype may not be
part of the core definition of another, but may be found on one or more suballeles.
More detailed information and examples are provided in the READ ME
documents of the genes that have the CAVE feature. We strongly encourage all
users to consult these documents before using CAVE.
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New kid on the block: NUDT15

PharmVar is expanding to include important non-CYP pharmacogenes

»  NUDT15genetic information is included in the 2018 update of the CPIC guideline on
thiopurine dosing recommendations

= No centralized resource for NUDT15to keep track of allelic variation

o Expert panel
First convened in April 2018
Reviewed known/published allelic vaniants
Assessed whether existing *names conform with PharmVar rules for
haplotype designation
Contacted authors to submit their [published] haplotypes to PharmVar
Reviewed and assigned star names
Panel reviewed two submissions

a| Published NUDT15 nomenclature published
Yang etal, CPT 105:1091-1094, 2019, PMID )

al NUDT15 gene page now posted on PharmVar

PharmVar expanded its repertoire by adding its first non-CYP gene. The slide
provides a brief overview of the process of establishing formal nomenclature of
NUDT15 and displays the haplotypes currently defined. A number of novel variants
were discovered and submitted during the process.
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In the works.....

= Still transitioning more CYP genes into the PharmVar database

= Building nomenclature for other CPIC genes including DPYD and
SLCO1B1

= Implementing HGVS

= More content and functional features down the road
Convert accompanying information filesto HTML
Cross-referencing Coriell reference materials with haplotype
Graphic display of structural variation
Online submission

Phq rmvo r i Display of SNV frequencies

Sequence alignments

Others (suggestions are welcome)

The home for PGx Variation

The PharmVAR team and PharmGKB collaborators are keeping busy. The DPYD
page is under construction and will go live later this year. We continue to work on
additional cool features.
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PowerPoint slides of the presentation can be used for non-commercial purposes— please creditus
For questions or concerns, please contact support@pharmvar.org

Thank you!
Please feel free to use any slides, but don’t forget to credit PharmVar.org
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