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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
to guide precision medicine.
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What's new on PharmVar

Variant Freguencies

s  The frequency of 2 variamt displayed in the
Variant Window is now directly sourced from
the latest version of gromal

s  The frequency provided here reprasents the
global frequency of the variant which may
considerably vary across populations

» Information regarding variant freguencies can
ricny also easily be accessed via the external
resources link to the PharmGKB SMP page

» Please note that the frequency of avariant
does not reflect the frequency of a2 haplatype
(o star allele) it it is part of two or more
haplotypes

PharmVar 4

Pharmacogene Variation Consortium

The Pharmacogene Variation (PharmVar) Consortium is

pharmacogene (PGx) variation that focuses on haplotype

Database Updated to Version 6.1.2
interpretation of pharmacogenetic test results to guide prEEFavErEe

The information in this resource facilitates basic and clin

1 27001 noow fully characterized; evidernce level
upgraded to 'Dehnitive

o PharmVar API Services are now available for third party use. For more information, visit the APl Servica Dacumentation Page

0 2 Addition of wo nowvel "27 suballeles, "27.002
What's New and "27.003
[ 3¢ Win] 3. 27002 was found as 2 'singleton’ gene and in
anidentical “27002x 2 duplication configuration
PharmVar Publications 4. 41 05 was corrected (see Change Log

. . ) document for details)
Articles published by PharmVar are available on the resources page.

Database Updated to Version &.1
MNew genes NATZ2

MNATZ nomenclaturewas transferred from from
the original Database of Arylamine M-
Acetyltransferases

to PharmVar on March 11, 2024,




AMEWUVENN gene pages

CYP2D6 CPIC guidelines > RefSeq 5’ limit 5’ limit 3’ limit 3’ limit
I *a PHARMGKB Counting from the Counting from the Counting from the Counting from the
B » sequence start ATG translation start | sequence start ATG translation start
NG 008376.4 3436 -1584 9501 4482

All SNVs within the 5’ and 3’ limits must be submitted for haplotype (star allele) definitions.
This includes 5’ flanking sequence, the 5’ UTR, exons 1-9, introns 1-8, the 3" UTR, and the 3’
flanking sequence.

CYP2D6

External Resources CPICQ ‘QPHARMGKB ClinGen ClinVar EntrezGene HGNC Download Gene Data i

@ Read Me for CYP2D6 /\ Change Log for CYP2D6 -/Z Structural Variation for CYP2D6 4+ More Documents Additional Data Download Information

NG_008376.4 (LRG_303) ® GRCh37 (NC_000022.10) GRCh38 (NC_000022.11)

NM_000106.6
© o) 16

M33388 (D

CAVE Compare View 4+ Count From: Sequence Start

¥ Download Allele Data ] Core SNV _— III




PharmVar citations

CPIC Clinical Function

¥ CYP2D6*27 PV00451 .

depOSited by Marez et al. 1997
nOW has “yea r’ Sakuyama et al. 2008
the a”ele Was 2zzzsited by Nofziger et al

)

deposited by Gelineau-
torel/Pharmyar Teamr(2024

®

* CYP2D6*27.001 CYP2D6*27 FV00130

deposited by Nofziger &t al
2024

pOSted ¥ CYP2D6*27.002 PV02496

®

o ~ deposited by Nofziger et al
¥ CYPZD6*27.003 PY02407 2024

Coming: more info about depositing
author(s) in Change Log document




PharmVar

Variant

Frequencies

CYP2D6*10

100C>T (rs1065852, P345)

4181G>C

Variant Positions

Gene NG_008376.4.9.5119C=T

Transcript MM_000106.6:c.100C=T

GRCh37 NC_000022.10:9.42526694G=A

GRCh38 NC_000022.11:9.42130692G=A

Reference Sequence Position Reference

NG_008376.4

Saguance Star a9 c = T

ATE Zan 100 c = T
NM_000106.6

Saquenca San 119 C = T

ATE Zan 100 C = T

GRCh37 (NC_000022.10)

Show Haplotypes With This Variant

External Resources: dbSNP:rs1065852
PharmGKB:PA166156062
GnomAD:rs1065852

Variant Frequency: 0.212157 (GnomAD)




PharmVar
Variant

=2 rs1065852

PG
gnomAD Genome ® = gnomAD Exome @ = 1000 Genomes ® = ALFA e N PHARMGKB
|
I ‘ e u ‘ E n CI ‘ E Based on v3 genome data from the Genomes Aggregation Database (gnomAD) retrieved from the Ensembl API.
> AGGREGATED POPULATIONS DISTRIBUTION A% G*%

v All populations n=150,49¢ (N - T 10.06% 809
n=40,586 (INIENGGEEEE T (0.4cc: 57.54%
n=s0s (NGNS - 0072 69.93%
_________ n=15,142 (N T 15-0°: 54.70%
. i AS) n=3462 (NN - o ccc. 75.42%
link to PharmGKB i g n=5,10+ (Y S - ;. (3%  45.57%
Varlant/SNP page 3 n=10,590 (NG - 1 0cc: 88.74%
i ONF n=67,574 I 00500 77.75%
n=2,060 (NG - /.70c: 52.28%
n=4764 (NG T (5010 83.19%

This SNP is presents the frequency of ALL star alleles
including *4 and *10



PharmVar

Allele
Window

More info coming
- link to PharmGKB
haplotype page

CPIC UK Biobank

Based on CPIC Frequency Tables.

POPULATION

African American/Afro-Caribbean

American

Central/South Asian

East Asian

European

Latino

Mear Eastern

Ciceanian

Sub-5Saharan African

CYPZD6%1@ OBSERVED

il

i

127

339

16973

1758

423

3132

114

226

ALLELES
TOTAL *

28368

8768

4458

39616

111398

1c89s

4526

1993

4518

FREQUENCY =

3.

42.

.

82%

.A5%

.56%

84%

.57

.B3%

7R

.71%

.87%



DPYD

Get-RM study

Reference Materials

AMP

Clinical testing recommendations

Characterization of Reference Materials for
DPYD — A GeT-RM Collaborative Project
Gaedigk, Turner, Moyer, Zubiaur, Boone, Wang, Broeckel and Kalman

J Mol Diag, in revision

DPYD Genotyping Recommendations: A Joint
Consensus Recommendation of the AMP, ACMG,
CPIC, American Pathologists, DPWG, ESPG,
PharmGKV and PharmVar

Pratt, Cavallari, Fulmer, Gaedigk, Hachad, Ji, Kalman, Ly, Moyer, Scott,
Turner, van Scaik, Whirl-Carrillo and Weck

J Mol Diag, accepted



Characterized DNA Reference Materials for PGx and HLA Testing:
The Genetic Testing Reference Material (GeT-RM) Program

Kusic DY, Pratt VM2, Gaedigk A%, Turner AF, Moyer AMS, W lo ME, Kalman W7
cal s ence, 5 ©

e Y ¥ AR}, Division af Clinical Pharmacel

Division of
Laboratory
Systems

GeT-RM PGx
Search Tool

Introduction

Regulations, accreditation standards, and professional guidance requirs
Iaboratories to use reference materials for assay development, validation,
quality control, and proficiency testing of clinical genstic tests. There are,
however, very few publicly availatle reference materials for most genetic
tests. To address this issue, the Centers for Disease Control and Prevention's
Genetic Testing Reference Material Program (G=T-RM), the Coriell Institute
for Medical Research, and the genstic testing community have conducted
15 studies to creste characterized and publicly available DNA samples for

and Pathology, Maya Clinkc,

Resul

A consolidated information rescurce containing consensus ganotypes covering 334 DNA samples characterized during 8 GeT-RM PGx or HLA studies for 34 7
genes/loci (Tables 1 and 2) including CYP2CT, CYP2C19, CYP3A4, CYPIAS, CYPZDS, TMPT, NUDT15, DPYD, and 11 HLA lodi Is available as an excel file on the

i GaT-RM website (Figure 1). A searchable web-basad database too [JEET-RMIBERISESRTH, is available at https-//www coriell orz/GeTRM/PGxSearch. Figure

O tisplays a scree

n shot of GeT-RM PGx Search. This example displays results for CYR20s, chosen from the dropdewn filter on the top of the table. Results
{ for each gena can be filterad by sllele. The referance (Table 2| for each genatype is provided in the adjacent column. Links to Pharmvar and the NCBI entry

éﬁ:rme selected gene are provided. The GeT-RM PGx Search results can be e);LonE:I to a Csv file by clicking the green button on the right side of the page.
1)

Conclusions

* These resources provide an easily accessible
way to find information about publicly
awvailable, wall-characterizad DNA samples that
can be used to support test development and
quality assurance programs of laboratories
performing clinical PGx and HLA testing

* Al reference materials developed by GeT-RM

coriell.org/GetRM/PGxSearch e e g o e PR SS— ree
Human Leukocyte Antigen (HLA testing. This information is available in . _ are publicly available from the NIGMS and
two new resources containing all available PGx and HLA genotypes for 334 Lo Figure 1. Excel file shows NHGRI repositories =t the Coriell Institute for

Consensus genotypes coverin
- 334 Coriell DNA samples
- 8 GeT-RM studies

samples.

Methods

consensus genctypes for 34
gene/loci determined during
& GET-AM studies [Table 2).
References for each

Medical Research.

- Forach GeT-RM study, cell line DNA samples containing possible PGx q e
vaniants of interest were selectad from the Natienal Institute of General | EEEILEHEpE I N
evrea - [evpial - [evraaz |ErPIATRer - |CYRRAE . |CYPRA Ref - |vPIES CYF2ES Ref :-" adjacent column. BAM and GeT-RM Webﬂte

Medical Sciences [NIGMS) Human Genetic Cell Repasitory and/or the
National Human Genome Research Institute (NHGRI) Sample Repository
for Human Genetic Research at the Coriell Institute for Medical Research.

= Each sample was characterized using a variety of methods and test
platforms in 2 or more laboratories.

= Results were assessed for quality, discordances, and determination of
consensus genotype for each sample.

= These data were used to create consolidated information resources.

Table 1. Genes/loci in the GeT-RM Excel and searchable database

« CYPIAL -+ CYPIDE ¢+ GSTP1  + SICOIBI + HLA-A  + HLA.DGAD
- CYPIAZ - CYP2E1 - GSTTI - SICO2B1 - HLA-B - HLA-DAGSI

Figura 2.

T T—

GeT-RM PGx Search

Figure 2. Search by gens= and sllele to return
an interactive table of each sample,

FASTQ files are available for
some samples, and many
have sequence data from the
1000 Genomes Project.

Coriall
GeT-RM PBx Search

« CYP2A6 + CYPIAL + NATI = TPMT * HLAC *  HLA-DPAT - 5 .

- CYP2B6 - CYPIAS + NAT2  + UGTIAI » HLA-DRE1= HLADPE1 genotype, and subject population descriptor,

« CYPC8 + CYPAFZ  + NUDTIS + UGT287 * HLA-DRE3 - S— that can be further filtered or exported to an

« CYP2C9 + DPYD ¢ SICISAZ + UGTZBIS + HLA-DRB4 npint sren | el file. -

. . . G . - G . - v
CrP2C19 + GSTMI SIC2242 + UGT2B17 + MLA-DRBS - o T EE =T
r ] + CYPZC Cluster NC_D00O10,10: g 96405502654, rs1277782
-— : -
e e S O C I + GGOXNM_000821 6:c.214+507654, rs12714145 =3 === - - - hittps://weww.cdc.gov/labguality/get-rm findex html

GGOX NM_000821 6:c.2084+4565C 511676382 = - Table 2. References for consolidated Excel file (Figure 1)

+ VKDACI NM_024006.5-.-1639G>A, 139923231 - o b b S and GeT-RIM PEx Search (Figure 2} + Info about RMs characterized by GeT-RM

© VKORCI NM_024006 6:c 106G>A, rs6174224
WKORCE NM_024006.6:c. 19664, rs72547529

1. Pratt 2t l., | Mol Diagn (2010} 12{6):835-846
- 2. Pratt et l., | Mol Diagn (2016} 18{1):109-123

» 3. Geedigk ot al., | Mol Diagn (2019) 21{6):1034-1052
4. Gaedigk =t al, | Mol Diagn (2022) 24{4):337-350

7. Gaedigh et al, | Mol Diagn (2023) 25/9):655-664
8. Battinotti ef al,, } Mal Diagn (2018} 20(5):703-715

» Links to GeT-RM publications

- 5. Pratt £t l., | Mol Diagn (2021} 23{8):952-958 CONTACT INFO
- & Pratt ot o)., | Mol Diagn (2023} 24{10)-1079-1088 Lisa Kalman FhD

LKziman@cdc.gov

ik The et st concimiorn i o e s of et b 0 kit nec sy reproased e il ek of e Cantrs o lstans oot s Prvsertion.
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Pharmacogene Variation 2021
Consortium: A Global
Resource and Repository for | Please cite!

PharmVar
. . Pharmacogene Variation
p u b I I Ca tl O n S Andrea Gaedi§k"2’*, Scott T. Casey’, Michelle Whirl-Carrillo®,

Neil A. Miller® and Teri E. Klein*®

2023

PharmVar Tutorial on CYP2D6 Structural
Variation Testing and Recommendations on

Reporting

Amy J. Turner'? ®, Charity Noﬁ:iger} , Bronwyn E. Raune‘rlr':i , Reynold C. L}fs , Chad A. Bousman®
José A. G. Agt’mdez?‘s , Katrin Sangkuhlg , Michelle Whirl-Carrillo” @, Simone Vanoni® ©,
Henry M. Dunnenbergerm , Gualberto Ruafo'""? , Martin A. Kennede , Michael S. Phillips.l‘i ,

Houda Hachad® @, Teri E. Klein'® ,Ann M. Mo:.’er” and Andrea Gaédigkm‘w“

RESOURCES  CONTACT

Coming
PharmVar GeneFocus: CYP2AG6 (in revision)

PharmVar GeneFocus: CYP4F2 (submitted)

PharmVar GeneFocus: NAT2 (initiated)




CYP2D6

this panel keeps
busy...

CYP2D6 Gene Expert Panel

CYP2D6 expert panel

o New star alleles, suballeles and structural variants
keep coming

“Clean-up” efforts

@)

Looking into alleles with limited evidence that were first

defined using methods we would not accept today
o Confirmed *27, there are now three suballeles, one found as *27.002x2
o Need to confirm *20, *23, *24, *25, *26, *30, *34, *37 and some *2, *3,
*4, *6, *12, *19 suballeles

Concerns that some of these alleles do not exist as defined

o Retire some alleles if no evidence can be found in the literature or
databases supporting the allele in question?

Can we identify samples with SNV(s) of interest for
reanalysis?

If you have data for alleles with a “Limited” or “Moderate”

evidence level, please consider submitting to PharmVar



CYP1A2 o No CPIC or DPWG guidelines

= PharmGKB PharmGKB level 3/4

CU ratl O n = PharmVar Priority Level low

d o Tested by many PGx panels
un erway o Many star alleles poorly characterize

o Many common haplotypes not define

CYP1A2 Gene Expert Panel
ole Name Institution
- u
chair Andres Gaedigk Children's Mercy Research Insttute a o r c a n e S a re co m I n
Viee Chair Pablo Zubiaur Universidad Autonoma de Madrid

PharmGKB/CPIC

‘ Michelle Whirl-Carrillo  Stanford, PharmGKE
Representative = I al I : ZO: ! 4

PharmGKE/CPIC Teri Klein stanford, PharmGKB
Representative

Member Solomon Adams Bases UsA
Member Matthias Kisnig Humboldt University Germany
Member Dora Koller University of Barcelona Spain

Sweden,
Germany

Member Volker Lauschke Karolinska Institutet and Institute of Clinical Pharmacology
Member Martin Lewis South Australia Heafth & Medical Research Institute, Adelaide Australia
Member Katalin Monostory HUN-REN Research Centre for Natural Sciences Hungary
Member Mohamed Nagy Children's Cancer Hospital Egypt
Member Amy Tumner Medical Callege of Wisconsin; RPRD Diagnostics, LLC UsA

Member David Twesigomwe Brenner Institute, University of the Witwatersrand south Africa

Gonzalo Villapalos- Hospital Universitario de La Princesa and Children's Mercy Research

Traines Garcia Institute

Spain, USA

Data Specialist Erin Boone Children's Mercy Research Institute usA

Ad Hot Member Chad Bousman University of Calgary Canada

CYP1a2 expert panel




NAT2 transferred from
the NAT database to
PharmVar!

 PharmVar NATZ2 gene
page launched in
March 2024

« NATZ2 “legacy” content
still available at the
DUTH site

e NAT1 and non-human
NATs will continue to
be hosted by DUTH

DEMOCRITUS
YA :Needal DEPARTMENT OF MOLECULAR BIOLOGY AND GENETICS

Y THRACE

Welcome to the database of Created & maintained by:

Dr. Sotiria Boukouvala

arylamine N-acetyltransferases (NATs)

BACKGROUND Tel.: +30-25510-30632

sboukouv@mbg.duth.gr

PROKARYOTIC NAT GENES

EUKARYOTIC NAT GENES Special thanks to:

Einni Vagena
Vasiliki Garefalaki

for collection, annotation and
presentation of the data

Human NAT
alleles/haplotypes

NAT1 alleles
Contact address:

NAT2 alleles
Department of Molecular Biology
and Genetics

Non-human NAT
alleles/haplotypes

Democritus University of Thrace,
University Campus, Dragana,
Building 10, Alexandroupolis,
68100, Greece.

Images are from the public domain

NAT1 alleles Salmonella NAT is pdb 1E2T

The Arylamine N-acetyltransferase Gene Nomenclature Committee:

NAT2 alleles Fax.: +30-25510-30613

Dr. Sotiria Boukouvala Prof. David W. Hein
Department of Molecular Biclogy & Genetics, Department of Pharmacology & Toxicology,
NAT3 alleles Democritus University of Thrace, Greece. University of Louisville, USA.

Big “Thank You” to all who provided NAT2 nomenclature
in the past and/or served on the PharmVar expert panel to make
the transition happen



NATZ2

New nomenclature

used for the CPIC guideline
on NATZ2 and hydralazine

NAT2 Gene Expert Panel

David Hein

Estella Poloni

NAT2 expert panel

Allele definitions include the 5" and 3’
untranslated regions

Star allele definitions use NG_012246.1

The “new” NATZ2*1 allele matches
NG 012246.1 and GRCh38 (and the “old”
*12A)

Used 1000 Genomes 30X WGS data to
confirm existing allele definitions (and
discover some new ones)

Not all previously defined star alleles were
transferred to PharmVar

Many were assigned a new star allele
number to conform with PharmVar rules



NATZ2

Alleles not transferred

VAN

to PharmVar

Numerous alleles defined based on
computational inference

Papers provide limited/no information about
o about method
o SNPs present in subjects(s) with “new” haplotype
o Possible/alternate diplotype
o Inferred to be present in one/few subjects

Concerns about whether these exist

Efforts underway by panel experts to
reanalyze samples, if available

Experts concurred that experimental
validation is needed before transfer to
PharmVar to ensure high-quality content of
NATZ2 star alleles in PharmVar



legacy PharmVar
name name

*12A —m /2 ———  *1.001

c.609G>T
*¥12G — e —— *43.001

NAT2

Renamed alleles

to conform to PharmVar rules



NAT2

New nomenclature

Look it up!




NATZ2 Look-up table

New nomenclature

Legacy PharmVar Transferred PharmVar data base version if transferred OR why
name Name® Yes/No allele was not transferred
- | - | -4
*10 *10.001 yes 6.1 (March 11, 2024)
*11A *4.002 yes 6.1 (March 11, 2024)
*12A *1.001 yes 6.1 (March 11, 2024)
*12B *1.002 yes 6.1 (March 11, 2024)
*12C *1.003 yes 6.1 (March 11, 2024)
*12D *48.001 yes 6.1 (March 11, 2024)
*12E *41.001 yes 6.1 (March 11, 2024)
*11B n/a no allele retired from NAT nomenclature site

computationally inferred; experimental evidence needed to

*12K n/a no '
NAT2 confirm haplotype and transfer to PharmVar
%121 o computationally inferred; experimental evidence needed to

n/a
/ confirm haplotype and transfer to PharmVar

External Resources QPHARMGKB ClinGen ClinVar EntrezGene HGNC #12M e no computationally inferred; experimental evidence needed to
confirm haplotype and transfer to PharmVar
E Read Me for NAT2 A\ Change Log for NAT2 + More Documents 138 *13 reserved o evidence review in progress; if transferred, allele will keep its
original star number
computationally inferred; experimental evidence needed to
*13C n/a no P y P

confirm haplotype and transfer to PharmVar




NATZ2 Look-up table

New nomenclature

Legacy PharmVar Transferred PharmVar data base version if transferred OR why
name Name® Yes/No allele was not transferred
- | - | -4}
*10 *10.001 yes 6.1 (March 11, 2024)
*11A *4.002 yes 6.1 (March 11, 2024)
*12A *1.001 yes 6.1 (March 11, 2024)
*128B *1.002 yes 6.1 (March 11, 2024)
*12C *1.003 yes 6.1 (March 11, 2024)
*12D *48.001 yes 6.1 (March 11, 2024)
*12F *41.001 yes 6.1 (March 11, 2024)
*11B n/a no allele retired from NAT nomenclature site

computationally inferred; experimental evidence needed to

*12K n/a no '
NAT2 confirm haplotype and transfer to PharmVar
%121 o computationally inferred; experimental evidence needed to

n/a
/ confirm haplotype and transfer to PharmVar

External Resources QPHARMGKB ClinGen ClinVar EntrezGene HGNC #12M e no computationally inferred; experimental evidence needed to
confirm haplotype and transfer to PharmVar
E Read Me for NAT2 A\ Change Log for NAT2 + More Documents 138 *13 reserved o evidence review in progress; if transferred, allele will keep its
original star number
computationally inferred; experimental evidence needed to
*13C n/a no P y P

confirm haplotype and transfer to PharmVar




NATZ2 Look-up table

New nomenclature

Legacy PharmVar Transferred PharmVar data base version if transferred OR why
name Name® Yes/No allele was not transferred
- | - | -4}
*10 *10.001 yes 6.1 (March 11, 2024)
*11A *4.002 yes 6.1 (March 11, 2024)
*12A *1.001 yes 6.1 (March 11, 2024)
*128B *1.002 yes 6.1 (March 11, 2024)
*12C *1.003 yes 6.1 (March 11, 2024)
*12D *48.001 yes 6.1 (March 11, 2024)
*12F *41.001 yes 6.1 (March 11, 2024)
*11B n/a no allele retired from NAT nomenclature site

computationally inferred; experimental evidence needed to

*12K n/a no '
NAT2 confirm haplotype and transfer to PharmVar
%121 "o computationally inferred; experimental evidence needed to

n/a
/ confirm haplotype and transfer to PharmVar

External Resources QPHARMGKB ClinGen ClinVar EntrezGene HGNC #12M e no computationally inferred; experimental evidence needed to
confirm haplotype and transfer to PharmVar
|E Read Me for NAT2 A Change Logfor NAT2 ~ + More Documents 138 *13 reserved o evidence review in progress; if transferred, allele will keep its
original star number
computationally inferred; experimental evidence needed to
*13C n/a no 9 v -

confirm haplotype and transfer to PharmVar




TPMT?
ABCG2?
VCORC1?
UGT1A17?
Other?

Can’t do this without

Gene Champions and Experts
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d Thank You *ning
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Supported by the Children’s Mercy Research Institute
NIH

PharmVar

Scott Casey (website developer)
Erin Boone (data)
Wendy Wang (lab, submissions)

Expert Panelists

Submitters
PharmGKB GeT-RM
CPIC AMP
Teri Klein Lisa Kalman
Michelle Whirl-Carrillo Vicky Pratt

Kelly Caudle
and all curators
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