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The Problem

Characterized reference materials are not publicly 

available for most genetic tests; laboratories often use 

uncharacterized, non-renewable clinical materials for 

test validation and QC

Consequences

The quality of genetic tests may be compromised

Reference Materials: 

Essential for Quality Testing



Genetic Testing Reference Material Program 

(GeT-RM)
A collaborative CDC-based program to improve the 

availability of reference materials for genetic testing
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Roles of GeT-RM

� Information exchange about RMs for genetic 
testing

� Monitor RM needs 

� Facilitate submission, development and 
characterization of RMs 



GeT-RM Process



GeT-RM Projects
Completed Projects

� Fragile X

� Huntington Disease

� Cystic Fibrosis

� Ashkenazi Jewish Panel

� 9 disorders including Tay-Sachs 

and Canavan disease

� BRCA1/2

� MTHFR

� Multiple endocrine neoplasia ,     

Type 2A

� Alpha1-antitrypsin deficiency

� Pharmacogenetics (20 loci) 

� Duchenne muscular dystrophy

� Myotonic dystrophy

Ongoing Projects
�Rett Syndrome

�Next-Gen Sequencing

�Cytogenetics

� Molecular oncology

� HLA (6 loci)

Over 400
gDNA RM 

characterized 

by GeT-RM



Pharmacogenetics 1

� Involved 13 laboratories (clinical + commercial)

� Assays: laboratory developed tests + many commercial 
platforms 

� Characterized 107 DNA samples for 20 loci (same samples 
were used in a HLA study)

• 5 main pharmacogenetic loci (CYP2D6, CYP2C19, 
CYP2C9, VKORC1 and UGT1A1) characterized by multiple 
labs 

• 9 other pharmacogenetic loci characterized by 1 lab 
(CYP4F2, EPHX1, ABCB1, HLAB, KIF6, CYP3A4, CYP3A5,
TPMT, DPD) 

• 6 non-pharmacogenetic loci characterized by 1 or 2 
labs (F5, F2, HFE, MTHFR, AAT, PAI1)



Pratt, VM et al.

J Mol Diag 2010 12:835-846



Pharmacogenetics 2

� Second study to increase number of characterized 

pharmacogenetic genes/alleles

� Compared a number of available PGx panel tests (231 

pharmacogenetic loci, over 2000 SNPs)

� Selected 137 Coriell cell lines that contained variants in as 

many of the SNPs included in the PGx panels as possible



Pharmacogenetics 2

Study Design:

DNA from 137 Coriell cell lines are being characterized 

in 9 labs with a number of PGx platforms:
� Affymetrix DMET (231 genes, 1931 SNPs)

� Sequenom iPLEX ADME (36 genes) 

� Sequenom iPLEX expanded panels (CYP2D6, CYP2C19, VKORC1, 

CYP2C9, UGT1A1)

� AutoGenomics (CYP2D6, CYP3A4, CYP3A5, NAT2)

� GenMark (CYP2C19, CYP3A4/3A5, CYP2C9/VKORC1)

� Luminex (CYP2D6, CYP2C19, CYP2C9/VKORC1)

• Custom Life Tech Taqman array- (17 genes)

• Targeted NGS assays – 3 labs

� LifeTech Ion Torrent NGS assay- 2 labs



Pharmacogenetics 2

Participating Laboratories:

� Robin Everts- Agena Biosciences (Sequenom)

� Uli Broeckel/Praful Aggarwal- University of Wisconsin

� Stuart Scott- Icahn School of Medicine at Mount Sinai

� Ruth Baak- AutoGenomics

� Vicky Pratt- Indiana University

� Elaine Mardis/Bob Fulton- Washington University

� Steven Scherer- Baylor Medical College

� Debbie Nickerson/Adam Gordon- University of Washington

� Audrey Papp/Wolfgang Sadee- Ohio State University



Nomenclature Issues Identified 

During the PGx 2 Study



Nomenclature Issues

Not all assays test the same SNPs for each gene, which can lead 

to incorrect assignment of haplotypes

Example: CYP2C19

� *4 (1A>G; 99C>T, 80161A>G) 

� *4B (-3402C>T; -806C>T; 1A>G; 99C>T; 80161C>T) 

� *17 (-3402C>T; -806C>T; 99C>T; 80161C>T)

If platform does not test for *4 (c.1A>G), how does one 

distinguish *4B (no activity) or *17 ( increased activity)?



Nomenclature Issues

Laboratories report genotype of same gene using different 

nomenclature  

Example 1: SLC22A2

Sample                         Lab 1                                             Lab 2

PGxT117 *1/*2B,*2A/*3A WT / WT

PGxT118 *3D/*3D S270A / S270A

PGxT119 *2B/*2B WT / WT

PGxT120 *1/*2B,*2A/*3A WT / WT

PGxT121 *1/*1 WT / WT

PGxT122 *1/*3E,*2A/*3D,*2B/*6;*3A/UNK WT / S270A

PGxT123 -;*1/UNK,*7/UNK R400C / K432Q

PGxT124 *1/*7 WT / R400C



PGxT101 H2/H5 / H2/H5 H2/H2 AA AA *2/*2 *2 / *2 AA

PGxT102 *2B / *3; H2/H5 / H7B

H2/H7;H6/UNK,H1/UNK,H3/UNK

,H4/UNK,UNK/UNK GA GA *1/*2 *2 / *3 AG

PGxT103 H2/H5 / H2/H5 H2/H2 AA AA *2/*2 *2 / *2 AA

PGxT104 *2/H1 / H7B; *2A / *3

H1/H7;H6/UNK,H3/UNK,H4/UNK

,UNK/UNK GA GA *1/*2 *2 / *3 AG

PGxT105 BHT2RE / BHT2RE H9/H9 GG GG *1/*1 *4 / *4 GG

PGxT106 *2/H1 / *2/H1 H1/H1 AA AA *2/*2 *2 / *2 AA

Laboratories report genotype of same gene using 

different nomenclature  

Example 2: VKORC1

Nomenclature Issues

Sample Lab 1                       Lab2                                  Lab3  Lab4  Lab5   Lab6     Lab7     



PGxT101 H2/H5 / H2/H5 H2/H2 AA AA *2/*2 *2 / *2 AA

PGxT102 *2B / *3; H2/H5 / H7B

H2/H7;H6/UNK,H1/UNK,H3/UNK

,H4/UNK,UNK/UNK GA GA *1/*2 *2 / *3 AG

PGxT103 H2/H5 / H2/H5 H2/H2 AA AA *2/*2 *2 / *2 AA

PGxT104 *2/H1 / H7B; *2A / *3

H1/H7;H6/UNK,H3/UNK,H4/UNK

,UNK/UNK GA GA *1/*2 *2 / *3 AG

PGxT105 BHT2RE / BHT2RE H9/H9 GG GG *1/*1 *4 / *4 GG

PGxT106 *2/H1 / *2/H1 H1/H1 AA AA *2/*2 *2 / *2 AA

Laboratories report genotype of same gene using 

different nomenclature  

Example 2: VKORC1

Nomenclature Issues

Sample Lab 1                       Lab2                                  Lab3  Lab4  Lab5   Lab6     Lab7     

AND

Different assays look at different SNPs



Problems reporting sequence results: 
which strand?

� The Affymetrix DMET and other assays report 

genotypes from the coding strand and do not refer to 

the Human Reference Genome (e.g. hg19)

� Other sequencing assays report from the Human 

Reference Genome (not always same as coding 

strand)



Problems reporting sequence results:
reference genotype

Example: rs10276036

� Reference genotype for Affymetrix DMET= AA

� Reference genotype for deep sequencing labs = CC

Where does AA come from?  It is based on the most 

common allele observed in HapMap data.



Problems reporting sequence results:
SNPs with non-variant calls

� Sequencing labs only report genotypes that are 

different from the reference sequence (this is how 

the VCF is usually structured)

� In order to determine the haplotype, it is important 

to know which SNPs were tested, but found to be the 

same as reference!



Problems reporting sequence results:
SNPs with non-variant calls

rsSNP 1           2             3           4          5         1            2            3          4            5          

RS10276036 AG CT CT CT AA CC CC CC

RS1045642 CT CT AG AG AG CC CC AA AA AA

RS1128501 GG GG

RS1128502 AA AA

RS1128503 CT CT AG AG AG CC CC AA AA AA

RS1202183 AA AA

RS17064 AA AA

RS2032581 AA AA

RS2032582 GT GT AC AC AC GG GG AA AA AA

Genotype  data                         Reference  genotype

Assay #                                                  Assay #                                   

Yellow shading indicates discordant data



Problems reporting sequence results:
SNPs with non-variant calls

rsSNP 1           2             3           4          5         1            2            3          4            5          

RS10276036 AG CT CT CT AA CC CC CC

RS1045642 CT CT AG AG AG CC CC AA AA AA

RS1128501 GG GG

RS1128502 AA AA

RS1128503 CT CT AG AG AG CC CC AA AA AA

RS1202183 AA AA

RS17064 AA AA

RS2032581 AA AA

RS2032582 GT GT AC AC AC GG GG AA AA AA

Genotype                                Reference  genotype

Assay #                                                  Assay #                                   

Assays use different 

reference sequence



Problems reporting sequence results:
SNPs with non-variant calls

rsSNP 1           2             3           4          5         1            2            3          4            5          

RS10276036 AG CT CT CT AA CC CC CC

RS1045642 CT CT AG AG AG CC CC AA AA AA

RS1128501 GG GG

RS1128502 AA AA

RS1128503 CT CT AG AG AG CC CC AA AA AA

RS1202183 AA AA

RS17064 AA AA

RS2032581 AA AA

RS2032582 GT GT AC AC AC GG GG AA AA AA

Genotype                                Reference  genotype

Assay #                                                  Assay #                                   

Some assays do not report 

genotypes of SNPs with non-

variant genotypes



Nomenclature?
Next Steps:

Develop standardized nomenclature for pharmacogenetics!

� Assembled group of stakeholders including: 

• Testing laboratories

• Commercial test developers

• Database providers (NIH/NCBI and gene specific)

• Gene specific nomenclature groups

• Pharmacogenomics Research Network (PGRN)

• PharmGKB

• Clinical Pharmacogenetics Implementation Consortium (CPIC)

• HUGO, HGVS Nomenclature curators

� Have started discussions to identify issues and possible 

solutions



Possible Solutions???
Problem 

� Not all assays test the same SNPs for each gene. 

Lack of standardization can cause ambiguous 

haplotype assignments.

Solution? 

� Create defined list of SNPs that MUST be assayed 

for each gene (similar to ACMG list of 23 cystic 

fibrosis variants)-based on CPIC recommendations?

� Labs must clearly state the genotype (variant or not 

variant) of each SNP on the “must test” list, or 

indicate that the SNP was not tested. 



Possible Solutions???

Problem  

� There are many nomenclatures used to report results 

of a single gene

Solution?   

� Use HGVS nomenclature to describe variant SNPs

� Refer to rsSNP #

� Can also state results in * nomenclature to provide 

continuity



Possible Solutions???

Problem   

� Not all platforms define the reference sequence of 

the same SNPs in the same way (some use the 

coding strand, some use the positive strand, some 

use reference genotype from a different population)

Solution?   

� Use the Human Reference Genome (e.g. hg19) 

and/or LRG as reference sequence



Other issues to consider…

� How can non-variant SNPs (i.e. SNPs with the 

reference sequence) be represented in VCF? (forced 

calling?) 

� How to deal with sequencing data that detects many 

new variants that do not have described haplotypes?

� How should databases handle changing 

nomenclature? (esp. related to *alleles) 

� How should haplotypes be represented in databases 

such as ClinVar?



Developed prototype tables of VKORC1, TPMT and 

CYP2C19

� The rsSNPs that compose each haplotype are shown

� Table can be used to translate between different 

nomenclature systems

� HGVS for each SNP is provided

Standardized haplotype nomenclature



Standardized haplotype nomenclature

yellow- SNPs 

that define * 

haplotypes

Genome (GRCh38,  hg38) NC_000016.10 g.31099660G>A g.31099180G>T g.31097388C>G g.31096368C>T g.31094233A>C g.31094032G>A g.31093557G>A g.31093188C>G g.31092475A>G

Genome (GRCH37,  hg19) NC_000016.9 g.31110981G>A g.31110501G>T g.31108709C>G g.31107689C>T g.31105554A>C g.31105353G>A g.31104878G>A g.31104509C>G g.31103796A>G

Reference LRG ?

Reference Gene 

(RefSeqGene) NG_011564.1 g.296C>T g.776C>A g.2568G>C g.3588G>A g.5723T>G g.5924C>T g.6399C>T g.6768G>C g.7481T>C

Reference Transcript NM_206824.1 c.-4931C>T c.-4451C>A c.-2659G>C c.-1639G>A c.173+324T>G c.173+525C>T c.173+1000C>T c.173+1369G>C c.174-1133T>C

Reference Protein

Common name?  -1639G>A 6009C>T 6484C>T 7566C>T

LOCATION in gene 5' exon 1 5' exon 1 5' exon 1 5' exon 1 1i 1i 1i 1i 1i

Haplotype Id VKORC1 rs7196161 rs17880887 rs17881535 rs9923231 rs2884737 rs17708472 rs9934438 rs8050894 rs2359612

PA165816585 H1 (consistent with *2) G G C T A G A G A

PA165816586 H2 (consistent with *2) G G C T C G A G A

PA165816587 H3 (consistent with *1) G G C C A G G G G

PA165816588 H4 G G C C A G G C A

PA165816589 H5 (consistent with *2) A G C T C G A G A

PA165816590 H6 (consistent with *1) A G C C A G G C G

PA165816591 H7 (consistent with *3) A G C C A G G C G

PA165816592 H8 (consistent with *3) A T C C A G G C G

PA165816593 H9 (consistent with *4) A T G C A A G C G

VKORC1:  Official Haplotypes 

and Nomenclature             

Version: Sept. 30, 2014

Developed by Dr. Johan den Dunnen and Dr. Lisa Kalman  

based on tables from PharmGKB.  Contact Lisa Kalman 

(Lkalman@cdc.gov) for questions or to provide feedback



hg20

yellow- SNPs 

that define * 

haplotypes

Genome (GRCh38,  hg38) NC_000016.10 g.31099660G>A g.31099180G>T g.31097388C>G g.31096368C>T g.31094233A>C

Genome (GRCH37,  hg19) NC_000016.9 g.31110981G>A g.31110501G>T g.31108709C>G g.31107689C>T g.31105554A>C

Reference LRG ?

Reference Gene 

(RefSeqGene) NG_011564.1 g.296C>T g.776C>A g.2568G>C g.3588G>A g.5723T>G

Reference Transcript NM_206824.1 c.-4931C>T c.-4451C>A c.-2659G>C c.-1639G>A c.173+324T>G

Reference Protein

Common name?  -1639G>A

LOCATION in gene 5' exon 1 5' exon 1 5' exon 1 5' exon 1 1i

Haplotype Id VKORC1 rs7196161 rs17880887 rs17881535 rs9923231 rs2884737

PA165816585 H1 (consistent with *2) G G C T A

PA165816586 H2 (consistent with *2) G G C T C

PA165816587 H3 (consistent with *1) G G C C A

PA165816588 H4 G G C C A

PA165816589 H5 (consistent with *2) A G C T C

PA165816590 H6 (consistent with *1) A G C C A

PA165816591 H7 (consistent with *3) A G C C A

PA165816592 H8 (consistent with *3) A T C C A

PA165816593 H9 (consistent with *4) A T G C A

VKORC1:  Official Haplotypes 

and Nomenclature             

Version: Sept. 30, 2014

Developed by Dr. Johan den Dunnen and Dr. Lisa Kalman  

based on tables from PharmGKB.  Contact Lisa Kalman 

(Lkalman@cdc.gov) for questions or to provide feedback



Next Steps….

� The PGx Nomenclature Workgroup will continue to 

discuss these issues

� Sub-workgroups will develop models to show how 

our proposed nomenclature could be used to 

address problems identified in the nomenclature.  

We plan to make models using 4 genes: TPMT, 

CYP2C19, VKORC1 and NAT2

� We are preparing a manuscript that describes the 

issues with PGx nomenclature and our suggestions 

for addressing these problems
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