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Goals
• Discuss laboratory methods for pharmacogenomics
• Review limitations in interpretation of results



BRIEF REVIEW OF GENETIC 
CONCEPTS



Chromosomes and DNA

Image Credit: NCI Visuals Online (Public Domain)

Image Credit: Wikimedia Commons
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Presentation Notes
Metaphase arrest via colchicine  karyotype46 chromosomes ~ 6 billion bp per human cell



DNA

Image Credit: Wikimedia Commons
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Presentation Notes
Left: Simple schematic of DNA molecule and complementary base pairingRight: More detail with	1) 5’-3’ strand orientation	2) sugar-phosphate backbone	3) hydrogen bonding between bases



Nitrogenous Bases

Pyrimidine

• Thymine / Uracil
• Cytosine

Purine

• Adenine
• Guanine

Presenter
Presentation Notes
Pyrimidines: Thymine, Cytosine, Uracil, Orotic AcidPurine = pyrimidine + imidazole ringPurines: Adenine, Guanine, hypoxanthine, xanthineNucleoside = base + sugarNucleotide = Nucleoside + phosphate



Gene Structure

Image Credit: Wikimedia Commons



Alternative Exons

Image Credit: Wikimedia Commons
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Presentation Notes
13 alternative exon 1 sequences2, 11, 12, 13 are pseudogenes1, 3-10 are functional



POLYMORPHISMS & VARIATION



Single Nucleotide Polymorphism (SNP)

• Reference Sequence
– GRCh38.p13 chr 16
– Genome Reference Consortium

• Human Build 38
• Patch Release 13

Allele 1:      5’-GCACC C GGCCA-3’

Allele 2:      5’-GCACC T GGCCA-3’

Presenter
Presentation Notes
GRC = Genome Reference ConsortiumHuman Build 38, Patch Release 13 (as of Jan 2020)



Single Nucleotide Polymorphism (SNP)

• Reference SNP (rs #) - rs9923231

• VKORC1 -1639G>A

Presenter
Presentation Notes
dbSNP – SNPs, small indels, microsatellites



Insertion (Indel)

• rs774671100 – defines CYP2D6*15
– CYP2D6 137_138insT (or 137dup)

• NM_000106.5:c.137dup
• NP_000097.3:p.Leu47fs

Reference: 5’-CAACC T ̶ GCTGC-3’

Variant:      5’-CAACC TT GCTGC-3’
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Presentation Notes
Defines CYP2D6 * 15 – non-functional protein



Deletion (Indel)

• rs9332131 – defines CYP2C9*6
– CYP2C9 818delA

• NM_000771.3:c.818delA
• NP_000762.2:p.Lys273fs

Reference: 5’-TGGAGA A GGTAA-3’

Variant:      5’-TGGAGA  ̶ GGTAA-3’

Presenter
Presentation Notes
Defines CYP2C9 * 6 – non-functional protein



Dinucleotide Repeats

• UGT1A1
– Promoter region (TA)n – rs8175347
GRCh38.p12 Chr 2 (NC_000002.12)

A(TATATATATATA)TAA
(TA)n Allele Effect

5 *36 Increased Activity

6 *1 “Wild Type”

7 *28 Reduced Activity

8 *37 Reduced Activity



Copy Number Variation

Del Tredici et al (2018). DOI: 
10.3389/fphar.2018.00305

Presenter
Presentation Notes
Figure 1. Overview of structural CYP2D6 variants identified in this study.Reference gene locus consisting of CYP2D6 and two pseudo genes, CYP2D7 (red), and CYP2D8 (dark gray). Blue boxed indicate almost-identical downstream sequences and the open red and gray boxes labeled REP7 and REP6 represent regions with repetitive elements located downstream of CYP2D6 and CYP2D7, respectively.Deletion that includes the entire CYP2D6 gene. The deletion breakpoints are within the near-identical REP6 and REP7 elements which are fused to the REP-DEL element in the CYP2D6*5 gene deletion allele.Allelic variants carrying two or more identical gene copies. These may include duplications/multiplications of functional variants (i.e., CYP2D6 *1XN) or no function variants (CYP2D6 *4XN). This group does not include tandem arrangements, in which two or more different gene copies are present on an allele (see E).



Structural Variation With Hybrid Genes

Del Tredici et al (2018). DOI: 
10.3389/fphar.2018.00305
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Presentation Notes
Figure 1. Overview of structural CYP2D6 variants identified in this study.(D) Structural variants including CYP2D6 *4. The red box within CYP2D6*4 gene copies indicates the presence of CYP2D7-derived sequences in exon 9, also known as the “exon 9 conversion” (these are designated CYP2D6*4N).(E) The CYP2D6 *36 variant, which includes a CYP2D7-derived exon 9 conversion, can be found in different structural variants. The most commonly found is the CYP2D6 *36-*10 tandem arrangement. In this study CYP2D6 *36 alone was included in the single gene copy variants, not structural variants.



LAB METHODS



DNA Sample
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Presentation Notes
Buccal swabWhole blood



Polymerase Chain Reaction (PCR)

Image Credit: NHGRI

Extension with DNA polymerase
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Presentation Notes
PCR described in 1983Nobel Prize in Chemistry (1993) to Kary Mullis94°C to denature DNA55-70°C to anneal72°C for extension



Sanger Sequencing

Wangler & Bellen (2017). DOI: 
10.1016/B978-0-12-803077-6.00012-6
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Presentation Notes
Sanger SequencingDNA Polymerase with regular nucleotides + fluor-labeled dideoxy nucleotidesCauses random terminations at each ladder lengthSeparate DNA fragments by size and read the fluor label



Sequencing

Wangler & Bellen (2017). DOI: 
10.1016/B978-0-12-803077-6.00012-6



Restriction Fragment Length 
Polymorphism (RFLP)

• ANKK1/DRD2:TaqIA

5’- … T C G A … - 3’
3’- … A G C T … - 5’
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Presentation Notes
ANKK1/DRD2:Taq1Ars1800497 G>A



Restriction Fragment Length 
Polymorphism (RFLP)



Gel Electrophoresis

Image Credit: Wikimedia Commons



Allele-Specific Probes

• Fluorescence/Förster
Resonance Energy 
Transfer (FRET)



Allele-Specific Probes

• 4 x 12 grid = 48 subarrays
• 8 x 8 grid in subarray

= 64 through-holes
• 3,072 reactions



Single Base Extension

Presenter
Presentation Notes
MassArray uses PCR followed by single base extension followed by MALDI-TOF MS for detectionIllumina uses a chip with 50-mer probes for each polymorphism, hybridizes amplified genomic DNA, then performs a single base extension with fluorescent-based detection



Mass Spectrometry Detection

Heterozygous Homozygous



LAB RESULT TO PHENOTYPE



*-Alleles and Haplotypes
• Haplotype = group of polymorphisms on one 

chromosome
CYP2B6 
Allele

SNP 1
rs2279343

A>G

SNP 2
rs3211371

C>T

SNP 3
rs12721655

A>G

SNP 4
rs3745274

G>T

*4 

*5 

*6  

*7   

*8 

*9 

*13   



Pitfalls of *-Allele System

CYP2B6 
Allele

SNP 1
rs2279343

A>G

SNP 2
rs3211371

C>T

SNP 3
rs12721655

A>G

SNP 4
rs3745274

G>T

*4 

*5 

*6  

*7   

*8 

*9 

*13   

Appear as *1

Unable to distinguish between *4, *6, 
and *13 if only SNPs 1 & 2 are tested 
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Presentation Notes
1) If only the first two SNPs are tested, you can’t tell between *4, *6, and *13



Pitfalls of *-Allele System – Phase
Patient 
Sample

SNP 1
rs2279343

A>G

SNP 2
rs3211371

C>T

SNP 3
rs12721655

A>G

SNP 4
rs3745274

G>T

1 A/G C/C A/A G/T

2B6 *-Allele 
Possibilities

SNP 1 SNP 2 SNP 3 SNP 4

*1
*6

A
G

C
C

A
A

G
T

*9
*4

A
G

C
C

A
A

T
G

CYP2B6 
Allele

rs2279343
A>G

rs3211371
C>T

rs12721655
A>G

rs3745274
G>T

*1 A C A G

*4 G C A G

*6 G C A T

*9 A C A T

Heterozygous



Sample Result



CYP2D6*2

• Defined by 2850C>T (Normal function)
• But many other *-alleles also have 2850C>T

Allele Function

*8 None

*11 None

*12 None

*14B Decreased

*17 Decreased

*19 None

*31 None
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Presentation Notes
- Alleles shaded in red are not part of this example panel



CYP2C19: Diplotype Phenotype

Presenter
Presentation Notes
- 2C19 allele/diplotype  phenotype (tables from CPIC)



CYP2C19 Phenotypes

RM

UM

Presenter
Presentation Notes
In 2013, there are 4 metabolizer statuses.Now all previous UM  RM.The only UM is *17/*17.



DPYD: Diplotype Phenotype
Activity Scores

Presenter
Presentation Notes
DPYD Allele/AS --> Diplotype/Activity Score  Phenotype



Other Interpretive Challenges

• Recent blood transfusion
• Transfusion-Associated Microchimerism
• Allogeneic Bone Marrow Transplant (BMT)
• Liver Transplant

Presenter
Presentation Notes
Even after transfusions using leuko-reduced blood products, microchimerism has been demonstratedIn trauma patients, microchimerism has been shown even greater than 10 years after transfusion



QUESTIONS?
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