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Collection

• Saliva - DNA OG-500® Saliva Kits (Oragene, Ottawa,

Ontario, Canada) N=173

Extraction

• QIAcube® (Qiagen, Hilden, Germany) with QIAamp DNA

Mini Kit®

Quantification

• Qubit 2.0™ fluorometer (Invitrogen, Waltham, MA, USA)

Enrichment

Figure 1: Amplicon overlay for CES1

• TaKaRa Long Amplicon Polymerase Chain Reaction®

• Custom Primer Design with Primer-BLAST (NCBI)

• PCR Optimized for CES1: 2 primer sets tested,

annealing temperature, extension time, cycle number

Table 1: Optimized PCR Conditions

Library Preparation and Sequencing

• MiSeq FGx with Nextera XT library Prep (Illumina, San

Diego, California) resequencing- targeted amplicon

workflow

• MiSeq Reagent Kit v3 600 cycle chemistry, 86 samples

per run

Analysis

• Miseq Control Software, Real time analysis, MiSeq

Reporter

• Generated Bam/Bai files visually compared to VCF files

using Integrated Genomics Viewer

• Results were then compared to Variation Viewer (NCBI)

d/l-threo-methylphenidate ritalinic acid

Mutations in drug metabolizing enzymes can lead to varying

responses to similar doses of pharmaceutical compounds.

These mutations can have serious implications ranging from

requiring an adjustment of drug regimens to adverse

reactions that otherwise would be unanticipated by health

care practitioners. In some instances, these adverse

reactions can lead to temporary disorientation or even death.

In forensic settings, this could play a role in molecular

autopsies. In this study a robust method was developed for

the use of massively parallel sequencing to identify

polymorphisms in drug metabolizing enzymes.

Initial Denaturation 94°C for 2 minutes

Denaturation 98°C for 10 seconds

Annealing 60°C for 1 minute (32x)

Extension amp 1 68°C for 20 minutes (32x) 

Extension amp 2 68°C for 18 minutes (32x)

Final Extension 72°C for 10 minutes

Hold 4°C

I N T R O D U C T I O N

Attention-Deficit/Hyperactivity Disorder (ADHD) is a

common diagnosis that affects an estimated 5% of the

world’s population[1]. Methylphenidate (MPH), a

frequently used psychostimulant in the United States,

is administered orally as a racemic mixture of d and l

threo-enantiomers to treat ADHD. A variable response

rate among those who take methylphenidate has been

reported in literature with increases in adverse side

effects leading to a decreased quality of life in some

patients [2, 3]. Methylphenidate is metabolized by

Carboxylesterase enzyme 1 (CES1). This enzyme is

encoded by the CES1 gene. This 30.5 kilobase gene

is located on the q arm of chromosome 16 and recent

studies have found multiple SNPs and CNVs that have

been correlated to outcome of MPH dose. To increase

the likelihood of identifying sequencing variants that

impacted MPH metabolism the entire CES1 gene was

sequenced using massively parallel sequencing.

Target enrichment was accomplished using long

amplicon polymerase chain reaction, with two

approximately equal length overlapping amplicons

being amplified. This target enrichment has been used

successfully with Sanger Sequencing and with the

mitochondrial genome [2, 4]. Target enrichment was

optimized and resulting variants were sequenced

using the Illumina MiSeq FGx.
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Figure 7: Sequencing Coverage of all successfully amplified samples 

(n=171)

C O N C L U S I O N S

• This workflow was a cost-effective and successful method 

for method for sequencing CES1

• Preliminary results show multiple novel variants in sample 

population

• Additional tertiary analysis is needed to correlate 

sequenced SNPs to clinical outcomes

• Alignment problems because of highly homologous 

pseudogenes may effect tertiary analysis

• Conserved drops in coverage resulted from the use of 

LAPCR

Figure 3Figure 2 Figure 4 Figure 5

Figures 2-5: Bioanalyzer 2100 results with Figure 3 displaying an initial attempt at enrichment. Figures 4 and 5 display successful 

enrichment post optimization
15,988 bp1 bp

15,545 bp 31,421 bp

Figure 6: Variants sequenced in the sample population, grouped to the nearest 10 bp for clarity
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Figure 8: Summary of sequenced variants in sample population 

as compared to Variation Viewer (NCBI)


