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Abstract  

Pharmacogenetics, also known as personalized medicine is “The study of variations in our 

genetic information as related to drug response and metabolism”. It concerns the study of 

interaction between genes and drugs, and its response in the individual. Research in this 

field of medicine has grown in the last decade. At the current state a standard dose of a 

drug is based on the average patient and not on the individual. It is known that genetic 

variation can cause a different metabolism and response of the body to the drug. 

Therefore, the aim is to provide patients with a personal advice of an optimal drug dose, 

and adverse reactions of the drug can be avoided. In this project a validation study of 11 

genes of interest, a set of 71 Single Nucleotide Polymorphisms (SNPs), has been used in a 

multiplex assay. SNPs are tested by the technology Sequenom MassArray® Analyzer on 4 

plexes and Copy Number Variants (CNVs) are tested by PCR and a separate capillary 

electrophoresis test or agarose gel electrophoresis. Different cohorts, containing saliva 

and blood DNA samples, are used in those different tests. The main goal of this project 

was to validate and improve SNP testing in pharmacogenetics, and to obtain valid results 

from the saliva samples. In this study it has been shown that approximately 92% of the 

tested SNPs were dectable in the multiplex assay. This validation study showed promising 

results for multiplex testing of SNPs and testing difficult CYP genes which are involved 

in the metabolism of several drugs.  

Pharmacogenetic testing can improve the treatment of drugs for an individual. More 

research is required to translate the genotypes of genes into haplotypes, and a script 

software has to be designed to automaticcaly report the results in haplotypes which can 

be interpreted by the physicians and pharmacists to implement into the dosing guidelines 

for the drugs of interests.  
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Abbreviations 

ABI  Applied Biosystems (DNA sequencing by capillary electrophoresis) 

ADME  Adsorption, Distribution, Metabolism, Excretion (Pharmacokinetics)  

ADRs   Adverse Drug Reactions 

BP  Base pairs  

CNV  Copy number variation  

CPIC  Clinical Pharmacogenetics Implementation Consortium 

CYP  Cytochrome P450 

DME  Drug-metabolising enzyme  

DNA   Deoxyribonucleic acid 

dbSNP  Database Single Nucleotide Polymorphisms  

EHR  Electronic Health Record 

EM  Extensive/normal metabolizer  

EMEA  European Medicines Agency 

FAM  Fluorescein Amidite 

FDA  Food Drug Administration  

HM  High mass 

KB  Kilobase 

IM  Intermediate Metabolizer 

KNMP  Koninklijke Nederlandse Maatschappij ter bevordering der Pharmacie 

LM  Low mass 

MALDI-TOF  Matrix-assisted Laser Desorption/Ionization- Time-Of-Flight  

MAF  Minor Allele Frequency  

MS  Mass spectrometer  

PCR  Polymerase Chain Reaction 

PGt   Pharmacogenetics 

PGx  Pharmacogenomics 

PharmGKB Pharmacogenomics Knowledgebase 

PM  Poor metabolizer  

RCTs  Random Controlled Trials  

RS  reference SNP number  

SAP  Shrimp Alkaline Phosphatase 

SNP  Single Nucleotide Polymorphism 

SQNM  Sequenom 

TA-repeat Tandem repeat (of the nucleotides TA) 

UM  Ultra rapid metabolizer  
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Introduction 

Pharmacogenetics 

A drug can be therapeutic effective in some patients, but ineffective in other patients. In 

addition, some individuals may have adverse drug effects whereas others do not have any 

problems. In general, 30-60% of patients respond to drugs on a standard drug 

prescription2. Different factors play a role in affecting the exposure and drug response in 

different populations1. Examples of these factors are intrinsic (e.g. age, race, disease, 

genetics) and extrinsic (e.g. environment, alcohol use, drug-drug interactions) factors. 

The last decade a lot of information and research results came available on the intrinsic 

factors. Variability in genetics may explain the differences in drug response, also defined 

as pharmacogenetics (PGt). Pharmacogenetics has everything to do with the 

pharmacokinetic processes: Adsorption, Distribution, Metabolism and Excretion 

(ADME), looking at the phenotypes and genotypes of patients, but also with 

pharmacodynamics, the effect of drugs on the body at the molecular level2.  

 

Pharmacogenetics, also referred as pharmacogenomics, individualized or personalized 

medicine and less impersonal medicine, has grown in the last decade 3,4 and is defined as 

“The study of variations of DNA and RNA characteristics as related to drug response”5. 

Most common definition of pharmacogenetics is the study of genetic variants of an 

individual in drug response. It is a part of pharmacogenomics, which is the study of DNA 

sequence variation related to the drug response6. The progress in pharmacogenomics 

(PGx) provided many opportunities to implement personalized medicine into the clinical 

practice. Several papers are published on this subject and the first results showed that 

pharmacogenetics can be applied in clinical setting to prevent crucial side effects of drugs 

on a patient 7 (Fig. 1). This research area has promising prospects for patients, physicians 

and pharmacists8.  The goal of this field is to make a prediction and improve the responses 

of drugs in a single patient.  

 

Guidelines on how certain genes are affecting the drug response is developing at a slow 

rate. These specific guidelines give information on how the dose of a drug can be adjusted 

for a patient based on his/her genetic test results. Over the last years, databases are 

developed where these guidelines can be found and consulted. According to set up a 

validated and good guideline, initiative such as the Clinical Pharmacogenetics 

Implementation Consortium (CPIC, http://www.pgrn.org)9, and Pharmacogenomics 

Knowledge Base (PharmGKB, http://www.pharmgkb.org)10 are working to make a complete 

and freely accessible database for the guidelines of gene and drug combinations, focusing 

on clinical and research information9,11. In these guidelines, the translation of certain gene 

variants can be converted into haplotypes and its effect on a certain drug metabolism. 

Another important database is the National Center for Biotechnology Information dbSNP 

database (http://www.ncbi.nlm.nih.gov/SNP), where the SNP (genetic variant) is defined with 
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a reference SNP (rs) number. This rs number is unique and consistent with the change of 

the single nucleotide in a gene (see section of gene variants for more details about SNP). 

Furthermore, other databases are available where the influence of genetic factors to drug 

effectiveness and toxicity information is stored, such as the Food and Drug 

Administration (FDA, United States) and Koninklijke Nederlandse Maatschappij ter 

bevordering der Pharmacie (KNMP), the Netherlands). KNMP is also known as the Royal 

Dutch Association for the Advancement of Pharmacy, which established a 

Pharmacogenetics Working Group with therapeutic (dose) recommendations based on 

pharmacogenetic information7. This information can help to guide the therapy of a 

certain patient. A list of useful and free accessible websites for pharmacogenetics and 

investigations of drug response are given in Appendix A. 

 

Now the question is asked “Why is pharmacogenetics important and useful in the medical 

world?”, “What are the benefits of this test and will it have a great benefit to the society?” 

Pharmacogenetics may lead to “pharmacotherapy customized for the individual patient”. 

So, every patient has his/her medical report available with the genetics test results. When 

the patient will get a drug prescribed the doctor can look into the medical report and see 

if the (dose of) drug has to be changed, and side-effects and/or no drugs response effects 

can be prevented. As described in literature and in the previous research project report12, 

testing for genes is now only performed for genes of interest at that particular moment 

when a patient receive a certain drug. However, it would be better and efficient if a set of 

genes is tested and/or a genetic screening is performed prior to a patient who is getting 

a drug prescribed, defined as pre-emptive testing. By pre-emptive it is meant that the 

genotype results are available at in the medical record of the patient11, even before a 

doctor prescribes medication. A model for the clinical implementation of the pre-emptive 

strategy already has been developed in a research hospital. This model is called PG4KDS 

protocol, and the aim is to establish the processes using genetic screening in drugs in the 

electronic health record (EHR)13. However, more functions are required to make the 

clinical implementation successful.  

 

The greatest value of implementing pharmacogenetics into the clinical setting is that you 

can beforehand predict if the patient will have deleterious side effects or the drug is not 

enough responding to the patient (a low starting dose is given). For the use of the 

pharmacogenetic test in the clinical practice it is important that the test is valid, for the 

analytical and clinical part. Furthermore, when both types of validity, analytical and 

clinical validation, is shown, it is important that the utility of this test is proven, which 

show the health-care value. To develop a pharmacogenetic test, the analytical and clinical 

validity have to be set: “Analytical validity is the determination of whether a test can 

accurately detect the presence or absence of a pharmacogenetic variant (assay 

performance) and Clinical validity is the determination of the statistical association 
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between a pharmacogenetic variant and outcome of drug therapy” 8. The clinical validity is 

already known, but the analytical validity of a test is still ongoing. However, 

pharmacogenetic testing is not yet used in diagnostics and also not very known to 

physicians. To inform patients about the treatment and/or this kind of genetic screening 

and the translation of genotype results are limited in practice. Therefore, the main goal 

is to develop a pharmacogenetic test, which is working optimal and can inform physicians 

and/or pharmacists about decisions of treatments for patients, for example when to 

adjust the drug dose or treat the patient with another drug (decision-making process). 

So, genes have an effect on the drugs metabolism and response to the patient. Most of 

the times the common gene sequence is defined as the “wild type” and the other are the 

gene variants. Gene variants may lead to adverse drug reactions in standard doses. A table 

of the most common used terms are given in Appendix B. In the next section more details 

about the gene variants are described. 

 

 

Figure 1: Schematic overview of pharmacogenetics. A drug can have different effect on the population, due the 

differences in polymorphisms. This genetic variability causes the different kind of metabolisms of drugs14. 
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Gene variants 

Different gene variants are present in individuals. A common gene variant among the 

DNA is a Single Nucleotide Polymorphism (SNP)15. This is the most frequent variant of 

the inherent genetic variations, occurring on average at every 100-300 base pairs16. SNPs 

are pronounced as “SNIPs” and for example here a nucleotide C is replaced by another 

base for example for a G. This is noted as C>G, in specific notation the position of the 

SNP is noted. There are non-synonymous (functional) SNPs and synonymous SNPs, 

which refer to a nucleotide change and the amino acid also changes, and a nucleotide 

changes, but the amino acid is unchanged, respectively.  SNPs may also be located outside 

the gene, at another position of the genome, and even be located in an intron. The 

frequencies of SNPs varies over the population, a SNP can be unique for an individual 

whereas other SNPs occurring more frequently in the population. Studies7,17 showed that 

several SNPs are strongly associated with drug response, which can be translated to 

haplotypes. This is another notation of SNPs, which are related to the drug dose and are 

often used in the clinical setting. A haplotype is defined as: “A group of genes within an 

organism that was inherited together from a single parent, because of genetic linkage”, 

abbreviated for haploid genotype18 (Fig. 2). Many genetic variants are possible within a 

haplotype, such as SNPs, insertions or deletions or copy number variations. An individual 

has in total 2 haplotypes, for each chromosome, derived from the father and mother. 

There are different possibilities of haplotypes a certain person can have. Although, SNPs 

can be used to distinguish the different haplotypes, it is not possible to detect which SNP 

is derived from the maternal of paternal chromosome only from the patient´s material. 

For this analysis the material from the parents would be necessary to determine which 

allele derived from the mother and father.  

 

Researchers usually use the term SNPs, contrary to pharmacists and medical physicians, 

who are familiar with the nomenclature of haplotypes. Therefore, haplotypes are critical 

for the interpretation of the observations in the genetic laboratory. Here, rs numbers are 

linked to a certain haplotype name. This nomenclature is designated by using a star (“*”) 

for the analysis and interpretation of the gene variants19-21. In the nomenclature of the 

haplotypes, the wild type, ancestral haplotype, is represented usually as *1. An example is 

rs28371706 is found in several CYP2D6 variants, CYP2D6*17, *40, *58, *64, and each 

variant has a different activity on the drug response. For more detailed information how 

SNPs are related to haplotypes, see www.pharmgkb.org/gene/PA128#tabview=tab4&subtab=34 as an 

example where the translation table of CYP2D6 gene can be downloaded. These kinds of 

polymorphisms can play a role in drug-metabolising enzymes (DMEs), which can lead to 

differences in individual response to a drug. 
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Figure 2: Haplotypes originated from the different SNPs. There are different possibilities to have a different 

haplotype by detecting the SNPs of interest.  

 

Other gene variants may refer to a mutation or a copy number variation (CNV). Gene 

variants studied in this project include the SNPs, the tandem repeat (TA-repeat, a 

microsatellite) and CNV’s. Microsatellites are short repetitions of a sequence, e.g. a repeat 

of two nucleotides or more. The TA-repeat is a repeat in the TATA region of the gene 

UGT1A1 promoter. Here, the nucleotides TA can be repeated for a several times (6 times 

is the wild-type, but also TA can be repeated for 5, 7 or 8 times in certain cases). A CNV 

is a deletion or duplication of a large genomic fragment, and causes an alteration of the 

DNA22,23. In this study the whole-gene-deletion of CYP2D6 is investigated. Gene variants 

may have an effect on the production of a protein and its function, it can have a normal 

function, reduced or loss of function (dysfunctional protein), and other variants can have 

an increased activity of the enzyme. Phenotypes defined for the association to drug 

metabolism are the extensive or normal metabolizer (EM), intermediate metabolizer 

(IM), poor metabolizer (PM) and ultra-rapid metabolizer (UM) see table 124.  

 
Table 1: The enzyme activity can be high, normal, null or low. Decide the dosing recommendation (change of 

dose or drug7) 

Phenotypes Genotype* 

Extensive metabolizer (EM) Two functional alleles/normal function alleles (wild type)  

Intermediate metabolizer (IM) Normal function allele and a reduced/loss function allele 

Poor metabolizer (PM) Two decreased function alleles/ loss of function alleles (or 

combination of both) 

Ultra rapid metabolizer (UM) Increased metabolic activity of the function of the alleles caused by 

gene duplication in the absence of inactive or decreased alleles 
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Genes involved and their effect on the drug metabolism  

Many genes have been studied and recognized which are involved in the drug metabolism 

of certain people and one of the major enzymes is Cytochrome P450 (Fig.3) (involves 

genes CYP2D6, CYP2C19, CYP2C9)25. CYP genes have an effect on approximately 78% of 

the hepatically cleared drugs. The family member 2D6 (CYP2D6) is an important gene, 

which plays an essential role in the metabolism and bio-activation of drugs. This gene is 

most studied and the relation between the gene and drug is known. However, this gene 

is a complicated gene to investigate and to receive reliable and consistent results.  

 

Though, many genes are involved in the drugs metabolism, only a handful (11 genes, 72 

gene variants) are studied in this project. The selection made in the previous project12 is 

based on the dosing guidelines which are composited by the Royal Dutch Pharmacists 

Association, based on the Dutch population7. Requests of the clinical genetics 

departments are also taken into account. Therefore, only the effects of these genes are 

described below. In total 11 genes are studied in this project; CYP2C9, CYP2C19, 

CYPD2D6, DPYD, TPMT, VKORC1, UGT1A1, SLCO1B1, IL28B, GLCCI1 and Factor V 

Leiden. These genes metabolize several drugs, a short list is given in Appendix C. 

 

 
Figure 3: An example of the distribution of gene variants in people. Percentage of individuals with a high risk of 

12 gene variants. A difference is made between white and black people (ethnicity)11. 
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Short description of the eleven genes  

(1) CYP2D6 

This gene is one of the most widely studied CYP genes compared to other genetic 

polymorphisms, also known as debrisoquine 4-hydroxylase. In the beginning of the ’70s 

this gene got a lot of attention, because the wide inter-individual variation in the activity 

of the enzyme. Investigations in this period showed the discovery of deletions and 

duplications in this gene. Many variants are known for this gene, such as a frameshift, 

splicing defect, duplication or deletion 26. Approximately, 100 allelic variants have been 

documented for the CYP2D6 gene, available at www.cypalleles.ki.se/cyp2d6.htm. CYP2D6 has an 

important role and is involved in oxidative metabolism of at least 25% of the used clinical 

drugs, e.g. tamoxifen, codeine, psychoactive drugs and many other drugs27. Furthermore, 

this gene plays a major role in drugs for people who are suffering from psychiatric 

disorders. Its effect on antidepressants is critical and essential to investigate, because the 

gene variants in this gene may cause toxic effects or a failure in treatments of these 

patients28. Frequencies of these variants differs within different ethnic populations29. As 

mentioned in the previous report12, more than 80 haplotypes are known, and its activity 

is described for these alleles. The activity of CYP2D6 ranges from no activity (poor 

metabolizers) to ultra-rapid metabolism of the drug (ultra-rapid metabolizers)29,30. In 

Western Europe 5,5% of the population are affected by the ultra-rapid phenotype, where 

these people are carrying two or more CYP2D6 genes which are actively on one allele 

(Fig.4). Guidelines for drug prescription are already on the market, and many more drugs 

are being recognized which are affected by this gene. Thus, the CYP2D6 is an important 

gene to examine, one barrier is that this gene is very complex and has technical challenges 

and interpretation to implement the testing of this gene. This gene is also examined in 

this pharmacogenetic study.  

 

 

 
 

Figure 4: Major CYP2D6 gene variants, *1,2,3,4,5,10 and 17 are also tested in this study. Table obtained from31  
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(2) CYP2C19 

This gene is also one of the members of the superfamily cytochrome P450 and is involved 

in the metabolism of many drugs, including proton pump inhibitors and anti-

epileptics32,33. Furthermore, this gene has an effect on the drug response of patients with 

depressive disorders. Several studies showed that the treatment of proton pump 

inhibitors has a better effect on PMs and IMs than EMs. So, certain dose adjustments are 

required in patients.  

 

(3) CYP2C9 

CYP2C9 is also a member of cytochrome P450, and is involved in many adverse drug 

reactions. This gene is mostly involved in the metabolism of the drug warfarin 

(anticoagulant drug). The most common haplotypes are CYP2C9*2 and CYP2C9*334,35. 

These genetic polymorphisms diminish metabolic activity, which can lead to normal 

toxicity at therapeutic doses.  

 

(4) DPYD 

DPYD (Dihydropyrimidine dehydrogenase) gene, an oxidoreductase, is involved in 5-

fluorouracil catabolism. When PMs are found for this gene, an alternative drug is advised. 

Mainly, because they have a non-functional allele, and the drug would not have any effect 

on them. In addition, when a patient is heterozygote of the gene, and defined as IM, a 

dose reduction of 50% of 5-fluorouracil is recommended7,36,37  

 

(5) TPMT 

This gene encodes for thiopurine S-methyl transferase and is involved in the metabolism 

of immunosuppressive drugs and chemotherapeutic agents, such as 6-mercaptopurine 

and azathioprine. When a patient has a polymorphism in his/her gene, it can cause a 

rejection during organ transplantation38. 

  

(6) VKORC1 

Vitamin K epoxide reductase complex subunit 1 (VKORC1) is an enzyme which is encoded 

by the VKORC1 gene and plays an essential role in the vitamin K cycle. Vitamin K is 

important for blood clotting39 and has an antagonist, namely the drug warfarin. Warfarin 

inhibits this gene, and therefore, a change in this gene may cause variability in the 

warfarin response40.  

 

(7) UGT1A1 

In this gene a non-SNP polymorphism is involved, namely the TA-repeat. This repeat is 

located in the promoter region of the UGT1A1 (Uridine 5'-diphosphoglucuronosyltransferase) and 

can catalyse the biotransformation of drugs41. As mentioned before, the TA nucleotides 

(microsatellite) can be repeated for several times, 5 to 8 TA repeats. The wild type of TA-
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repeat is 6 TA repeats and TA7 and Ta8 cause a decreased UGT1A1 activity42. The Ta8 

repeat is found more frequently in African populations. UGT1A1 can affect the drug 

Irinotecan and anti-cancer drugs, but this polymorphism also can provide more 

information on the diagnosis of the Gilbert’s syndrome, a bilirubin metabolism disorder43. 

When patients have 2 alleles with 7 times a TA repeat, a guideline is made to adjust their 

drug dose. Besides the TA-repeat, 3 other polymorphisms are included in this study.  

 

(8) SLCO1B1 

This gene, a solute carrier organic anion transporter family member 1B1 (SLCO1B1), is a 

hepatic uptake transporter and is involved in drugs which are used in myopathy, e.g. 

simvastatin. It encodes for a membrane bound sodium-independent organic anion 

transporter protein, which is involved in the metabolism of many drugs44.  

 

(9) IL28B 

Interleukin 28B (IL28B) is correlated to interferon lambda 4 (IFNL4). It is known that this 

gene is associated with an increased drug response (interferon and ribavirin)7. These 

drugs are used for patient with chronic hepatitis C. When a polymorphism is present in 

this gene, it may affect the response of the treatment of these patients.  

 

(10) GLCCI1 

This gene, glucocorticoid-induced transcript 1, is associated with glucocorticoids for 

asthma patients45, which is a determinant of corticosteroid responses. The gene 

expression might be a marker for apoptosis induced by glucocorticoid, see information on 

www.ncbi.nlm.nih.gov/gene/113263. SNPs in the GLCCI1 gene have an influence on the 

decreased response to asthmatic patients, who are using glucocorticoids.  

 

(11) Factor V Leiden  

This gene is a carriage of a polymorphic allele for factor 5, which is involved in blood 

clotting (hypercoagulability). When this polymorphism is involved, the gene cannot be 

inactivated by the anticoagulant protein C, and blood clotting will be formed causing 

thrombosis. Factor V Leiden is the most common hereditary disorder amongst the 

Caucasian population46,47.  
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State of the art 

Recently, a news item appeared on nu.nl: “United States is aiming to analyse millions of 

Americans for genetic data with the goal to develop personalized medicine”48. 

Pharmacogenetics is becoming more and more popular. Several studies worked on 

pharmacogenetics; investigating which genes are involved in the drug metabolism, which 

drugs have a different response on different individuals, which SNPs can be used to 

examine the differences in the population and how we can develop a screening method 

to test these SNPs in patients and translate it into a prescription for the physicians (to 

give a reliable and optimal dose of the drug). The phases involved are from clinical 

genotype results towards the diplotype results (haplotype nomenclature), and finally get 

to the 4 different phenotypes (PM/EM/IM/UM).  

 

Different pharmacogenetics testing resources are available, such as matrix genomics, 

Mayo Clinic, 23andMe, iPlex ADME PGx Panel (Sequenom, Inc.)49,50 and many more25. 

23andMe shopped advertising by order of the FDA, but still sells the product. Moreover, 

the TaqMan Drug Metabolism Genotyping Assay Sets (Applied Biosystems, Inc.), 

GenoChip CYP2D6 (PharmGenomics, GmbH) and Roche (CYP450) AmpliChip, a FDA-

approved test, are good tests to examine SNPs in patients51. The TaqMan assay is a test 

where one SNP at once is tested52, so a separate test for each SNP is required, which costs 

money and time.  

 

In this current research project the iPlex ADME Panel of Sequenom® Genotyping 

platform is applied. The iPLEX ADME (Sequenom MassARRAY®) has a great benefit, 

which provide the possibility to investigate more SNPs at once. Other advantages of the 

Sequenom (SQNM) pharmacogenetic test are, that it can detect high-throughput 

samples, it can be changed or adjusted to the different SNPs easily and it is a cost-effective 

multiplex method. Previous experiments12 have been performed with the Sequenom 

MassArray®. Reurink also mentioned that when you want to changed something in the 

assay, you can add or remove the 3 primers needed of the SNP involved. The results of 

the research project are very promising, so in this project also these SNPs are tested and 

validated with the Sequenom MassARRAY®. The tests performed in the experiments are 

performed in multiplexes. The principle of this technology is more explained in the 

methods section.  
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Research question 

The aim of this project is to validate and improve SNP testing in pharmacogenetics. SNP 

testing is mainly performed with the Sequenom MassArray® technology, which can 

determine the SNPs involved in drug metabolism. This test is a simple and relatively 

inexpensive technology, which can be useful for testing pharmacogenetic effects in 

patients, and can identify the different SNPs between different patients. Furthermore, for 

detecting the CYP2D6 gene deletion a separate assay is designed and validated. This is 

performed in a multiplex PCR and gel electrophoresis. When these tests are working well 

and is validated it can be used in diagnostics. So, a patient can be tested for his/her drug 

metabolism before a drug is prescribed and the starting dose of a drug can be adjusted to 

the patient. Eventually, an undesired or fatal side effect of the drug can be reduced and 

the patient can get an optimal response of the drug. Therefore, Sequenom multiplex 

testing of SNPs and the additional CYP2D6 gene deletion can be performed, which has a 

pre-emptive and preventive testing as result. 

 

This research project focuses on the genetic variation, which can be involved in the drug 

response. However, it is not the only cause for a different drug response in patients. Many 

other factors can be involved as well, such as disturbance of the liver or kidney and also 

drug-drug interactions can have a high impact on the drug metabolism (co-medication). 

For example, for the gene CYP2D6, it is known that other drugs can compete with this 

gene, by inhibiting the gene. In addition, serotonin reuptake inhibitors also inhibit the 

activity of CYP2D6 which have sequential influence on the drug metabolism53. 
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Materials and Methods  

Sample collection 

For this study saliva and blood samples have been collected. Forty buccal swabs (saliva) 

are collected from volunteers according to the Isohelix buccal swab protocol (Isohelix, 

Kent, UK (Appendix D) and 40 isolated DNA (blood) samples are received from the 

diagnostic department (all diagnostic samples were plated in 5 µg). For the collection of 

the buccal swabs, donors were left with the buccal swab and the protocol, they were free 

how long and well they swabbed their cheek (just after they drank or eat something or 

not). This is done to examine what kind of results can be obtained if we assume when the 

worst scenario happens.  

 

According to the pilot study of J. Reurink one saliva collection method gives promising 

results. That is why one saliva collection method is used here, the Isohelix Buccal swabs. 

The Isohelix DNA Buccal Swabs and stabilisation and isolation kit is an easy product and 

improves the handling procedures to get enough DNA yield and quality for analyses. The 

buccal swabs are specifically made to get maximum genomic DNA yield out of saliva. The 

isolation and stabilisation kit makes it possible that intact DNA can be gathered easily 

and quickly, and can be stored for at least of a period of 3 years (using the Isohelix Dri-

Capsules). These swabs are already used in Research Genotyping Applications. After 

collecting the saliva samples, 6 samples are analysed immediately for DNA isolation. The 

other 32 samples are stored for a longer period of 3 weeks according to the Isohelix 

Stabilisation Kit (Isohelix Dri-Capsules) at room temperature. These Dri-Capsules are 

designed for a longer storage of the buccal swabs, and are simple, non-toxic capsules 

which provide active DNA stabilisation. DNA isolation is performed according to the 

Isohelix protocol and its quality is measured by the NanoDrop. Unfortunately, all samples 

showed a bad quality, therefore, it is decided to purify all samples with Ambion GlycoBlue 

according to the protocol of GAF Purification of salt-contaminated DNA samples. In 

addition, previous isolated DNA (blood) samples from the previous study12 are used for 

primary testing. So, in total there were 3 different cohorts: diagnostics blood DNA, saliva 

DNA and JR blood DNA. All blood samples are diluted to 100 ng/µl, which are known to 

have a good quality and purity. These samples are used as the golden standard. As 

mentioned 11 genes are examined in this study, namely the genes: DPYD, TPMT, UGT1A1, 

CYP2C19, CYP2C9, CYP2D6, VKORC1, SLCO1B1, Factor V Leiden, GLCCI1 and IL28B. The 

same SNPs of these genes involved are also used here as in the pilot study, in total 71 SNPs 

(table 2). No additional SNPs were selected for the experiments.  
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Validation experiment  

For completion of this research project, 174 DNA samples and genotyping results are 

received from another cohort (Phamous project), which have been genotyped by the 

TaqMan in another Institute. These samples are investigated in this validation project by 

use of Sequenom MassARRAY Analyzer and Experion Bio-Rad. These DNA samples and 

the results of TaqMan have been used for validating the methods applied in this project.  

 

 
Table 2: In total 71 SNPs are validated in this project. In this table the gene, the amount of SNPs and the SNPs 

of interest are mentioned. Most of the SNPs were from CYP genes.  

 

  

Gene Amount of 

SNPs 

SNPs 

DPYD 14  rs3918290, rs1801158, rs1801159, rs1801160, rs1801265, rs1801266, 

rs1801267, rs1801268, rs55886062, rs72549303, rs72549306, 

rs72549309, rs78060119, rs80081766 

TPMT 5 rs1800462, rs1142345, rs1800460, rs1800584, rs56161402 

UGT1A1 3 (+ a TA-repeat) rs887829, rs4148323, rs35350960  

CYP2C19 11 rs4244285, rs4986893, rs28399504, rs56337013, rs72552267, 

rs72558186, rs41291556, rs17884712, rs6413438, rs12248560, 

rs3758581 

CYP2C9 14 rs1799853, rs1057910, rs56165452, rs28371686, rs9332131, 

rs67807361, rs7900194, rs28371685, rs2256871, rs9332130, 

rs9332239, rs72558187, rs72558190, rs72558188 

CYP2D6 14 (+ a whole-

gene deletion) 

rs35742686, rs3892097, rs5030655, rs5030867, rs5030865, 

rs5030656, rs1065852, rs5030863, rs5030862, rs72549357B, 

rs28371706, rs16947, rs59421388, rs28371725 

VKORC1 4 rs9934438, rs17708472, rs7294, rs9923231 

SLCO1B1 3 rs4149056, rs2306283, rs4149015 

Factor V Leiden 1 rs6025 

GLCCI1 1 rs37972 

IL28B 1 rs12979860 
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Practical experiments  

Different experiments have been performed in this validation study, same as in the pilot 

study. Some adjustments and optimization steps are included in this study to see what 

the best protocol is for pharmacogenetic testing. The practical experiments concerned 

the separate tests of the whole CYP2D6 gene deletion and the TA-repeat assay, and the 

main analysis Sequenom MassARRAY Analyzer.  

1. CYP2D6 whole-gene deletion assay (CYP2D6*5) 

CYP2D6 has also mutations, named copy number variations, as mentioned. The whole 

gene deletion of CYP2D6 is analysed by a uniplex Polymerase Chain Reaction (PCR) and 

gel electrophoresis. This deletion is also known as the haplotype CYP2D6*5 and has an 

allele frequency of 4,5%21. Developing an efficient method for this gene is clinically 

important, but the polymorphisms of this gene have pseudogenes nearby, which have a 

high similarity in nucleotides and this makes it difficult to distinguish between the 

different polymorphisms27. Several tests are performed for this assay and the best one is 

used for further analysis.  

1.1 Multiplex PCR  

As described in the pilot study, a multiplex PCR for the gene and deletion have been 

examined for this assay. However, this worked not optimal yet. Therefore, in this study 

only the deletion primers has been used instead of multiplex PCR of both gene and 

deletion primers. This PCR is performed with the long range PrimeSTAR polymerase kit, 

which provides a high precision and fidelity of amplifying large products. Thereafter, an 

agarose gel electrophoresis is performed according to the Agarose Gel electrophoresis 

protocol of UMCG Genetics, Genome Analysis Facility ALG010 Agarose Gel 

electrophoresis. PCR reactions contained 100 ng/μl purified blood and saliva DNA, cohort 

1 and 2 (80 samples). In this multiplex PCR reaction an internal control (amplify the TTR 

gene) is added in the master mix. This internal control is stable and can give more 

information if the PCR worked well. Hence, only the CYP2D6 deletion is studied here, 

and the presence of the CYP2D6 gene is not analysed because a uniplex may be more 

favourable than a multiplex. The primers are obtained from the literature (Table 3), the 

gene is 5,1 kb long and deletion is 3,5 kb long. The PCR program was as follow: 95⁰C for 5 

min., 30 cycles of 98⁰C for 10 sec., 65⁰C for 15 sec. and 68⁰C for 5 min., followed by 68⁰C 

for 500 sec. and 15⁰C infinite. For the gel electrophoresis, a gel of 0,8-1% agarose is 

prepared and the gel ran at 90 V for 30 min. Gene ruler 1kb is used as a ladder for the gel.  
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Table 3: Primers used in the CYP2D6 Deletion test, CYP2D6 deletion and TTR primers21.  

Primer name  Sequence 5’ → 3’ Length of resulting 

amplicon 

CYP2D6*5 (DEL) F CACACCGGGCACCTGTACTCCTCA 3,5 kb 

CYP2D6*5 (DEL) R CAGGCATGAGCTAAGGCACCCAGAC 

CYP2D6 GENE F GTTATCCCAGAAGGCTTTGCAGGCTTCA 5,1 kb 

CYP2D6 GENE R GCCGACTGAGCCCTGGGAGGTAGGTA 

TTR Forward CCTTGCTGGACTGGTATTTGTG 1,0 kb (1051 bp) 

TTR Reverse AGGTGTCATCAGCAGCCTTTC 

 

1.2 Nested PCR  

Since the multiplex PCR worked not optimal and results were not reliable and consistent, 

other options have been considered to investigate the whole-gene-deletion. These 

alternatives included a two-step PCR program (according to the protocol of PrimeSTAR 

(slightly adjusted): 98⁰C for 5 min., 30 cycles of 98⁰C for 10 sec., and 68⁰C for 5 min., followed 

by 68⁰C for 500 sec. and 15⁰C infinite) and a nested PCR27. This nested PCR contains two 

set of primers (when a single plex is performed) used in two subsequent PCR runs. In 

short, in the first PCR a target is selected and thereafter, the nested PCR selects a target 

sequence into the first target and amplify this secondary target product27. This PCR is a 

sensitive and specific assay for detecting the CYP2D6 deletion allele, and may improve 

the use in science and clinical setting of the genotyping of the CYP2D6 gene. The primers 

used in the nested PCR are described in table 4. The nested PCRs were performed with 

good quality DNA, isolated of blood (cohort of diagnostics and J. Reurink diagnostic samples). 

For the gel electrophoresis, a gel of 1% agarose is prepared and the gel ran at 40-50V for 

2,5 hours. This was decided to let the different DNA fragments slowly divide from each 

other (5,1/4,1 and 3,2 kb).   

 

PCR program (same as in the previous multiplex PCR but now the PCR is performed 2 times):  

1) Primers 1 until 4, 98⁰C for 5 min., 30 cycles of 98⁰C for 10 sec., 65⁰C for 15 sec. and 

68⁰C for 5 min., followed by 68⁰C for 500 sec. and 15⁰C infinite.  

2) Primers 3, 5, 6 and 7, 98⁰C for 5 min., 30 cycles of 98⁰C for 10 sec., 65⁰C for 15 sec. 

and 68⁰C for 5 min., followed by 68⁰C for 500 sec. and 15⁰C infinite.  
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Table 4: Primers used in the Nested CYP2D6 Deletion test, CYP2D6 gene and deletion primers27.  

Primer name  Gene and 

Forward/Reverse  

Sequence 5’ → 3’ 

CYP2D6_1 Gene-R  GCCGACTGAGCCCTGGGAGGTAGGTAGCCCTG 

CYP2D6_2 Gene-F GTTATCCCAGAAGGCTTTGCAGGCTTCAGGAGC 

CYP2D6_3 Deletion-R GCATGAGCTAAGGCACCCAGACTATATTTTGTC 

CYP2D6_4 Deletion-F ACCGGGCACCTGTACTCCTCAGCCCTTG 

CYP2D6_5 Gene-R TGGCTAGGGAGCAGGCTGGGGACTAGGTAC 

CYP2D6_6 Gene-F CTTCCAGAACACACCATACTGCTTCGACCAGGTGAG 

CYP2D6_7 Deletion-F GACTGAGGCCTGGCGACAATTCAAGTGTGGTG 

 

1.3 GX and Experion analyses  

Two techniques are used for a follow-up analysis, the LabChip® GX54 and Bio-Rad 

Experion™, which can detect big DNA fragments up to 7 kb and 12 kb, respectively. These 

techniques offer electrophoresis separation for protein, RNA or DNA analysis, which are 

based on the capillary gel electrophoresis principal (both are an automated process). The 

DNA fragment is detected by a laser and the size of that particular DNA fragment is 

documented in a virtual gel and an electropherogram. Different DNA fragments can be 

distinguished by its size and is detected as a peak 55. These techniques are mainly used 

for the quantification of RNA or DNA. A DNA Chip is used where the gel, loading buffer, 

ladder and samples are loaded. The workflow of both machines are similar; preparing the 

DNA chip by loading, priming, samples added (in 384 wells plate for GX or in the wells 

of chip for Experion). The principles are the same, however, the Experion chips can only 

be used once (throw-away system).  

2. TA-repeat assay  

A second gene variant, a non-SNP has been examined, which concerned the TA-repeat, a 

microsatellite. As previous described, 4 different haplotypes are known in the Caucasian 

population, haplotype *1 (TA-6), *28 (TA-7), *36 (TA-5) and *37 (TA-8). The wild type, 

TA-6, is 253 base pairs (bp) long, whereas the most common mutated allele is 255 bp long. 

Ta-5 and Ta-8 are repeats are less common in the Caucasian population. The TA-repeat 

of UGT1A1 is tested by the Sequenom (explained in the next section), but the repeat is also 

tested with the Applied Biosystems Instrument 3730xl Genetic Analyzer (ABI 3730xl 

Genetic Analyzer) (Protocol used of Genetics Department, Fragment analysis by capillary 

ABI, SOP no: ALG036)56,57. Fragment analysis is a way to detect DNA fragments. Using 

the ABI, fluorescent labelled DNA fragments can be separated by size with an 

electrophoresis in polymer filled capillaries and these fragments are detected by a laser 

beam. The resolution of this method is much higher than the capillary electrophoresis 

performed by Experion Bio-Rad and better to detect microsatellites, which is another 

technique to detect DNA fragments. Previous studies showed that the TA-repeat is well 

detectable with fragment analysis43 and this test is preferred because of its cost-
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effectiveness. The purpose of this method is to analyse PCR products based on their 

length and amount. The number of TA repeats in the PCR product is determined using 

capillary electrophoresis on an ABI, which can replace the Sequenom TA-repeat assay, if 

it gives reliable results. The following experiments are performed on saliva samples, a 

PCR analysis, agarose gel electrophoresis and an ABI fragment analysis. According to the 

pilot study, the base pairs are adjusted for the repeats TA-6 and TA-7, namely 250 and 

252 bp. This was aberrant from the literature, because the detection of the fragments can 

be shifted due the primer binding.  The primers used for the UGT1A1 gene are described 

in table 5. 

 

 
Table 5: Primers used in the TA-repeat test. UGT1A1 TA-repeat primers, corresponding to the different TA-

repeats in this gene43.  

Primer name  Sequence 5’ → 3’ Length of resulting amplicon 

UGT1A1 Forward AAGTGAACTCCCTGCTACCTT 251 – 257 bp 

 UGT1A1 Reverse CCACTGGGATCAACAGTATCT 

 

 

For the PCR, a master mix is prepared for 40 saliva samples according to the following 

protocol; for 10 reactions: 100 μl AmpliTaq® Gold, 1 μl of each primer (100 pm/μl, forward 

and reverse) and 78 μl Milli-Q. The 5’end of the reverse primer is labelled with 6-

fluorescein amidite (6-FAM/FAM) for the fragment analysis. Two μl DNA of each sample 

is added to a separate well in a 96 well plate and 18 μl of the master mix, including a 

negative control. The PCR program was as follow: first holding of 10 minutes at 95 ⁰C, 

followed by 35 cycles of 3 seconds on 96 ⁰C, 3 seconds of 53 ⁰C and 15 seconds on 68 ⁰C. 

The last step was a heating step 72 ⁰C for 10 seconds and then the samples are cooled to 

4 ⁰C for infinite. Amplification is confirmed by 2,5% agarose gel electrophoresis and 

thereafter the fragment analysis is performed on the Applied Biosystems, Inc. (ABI)43, size 

fractionation using capillary electrophoresis. Because we are performing a microsatellite 

with the ABI, samples are diluted 100 times, and transferred into a 96 wells plate with a 

barcode, before analysing it by ABI. In this method base pairs sizes are automated called 

using ABI software (Genemapper). The peak patterns are assessed with the Genemapper 

software and the results are stored as a pdf file. Genotypes are reported as follow: 

homozygous TA6 (6/6), TA7 (7/7) or heterozygous (6/7).  
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3. Sequenom MassARRAY® 

Several tests are available for pharmacogenetics, however, most of them can only be used 

for detecting a single SNP. Sequenom MassARRAY® is used for several applications, such 

as SNP genotyping, methylation detection and quantitative gene expression analysis. In 

this study, this technology is applied for SNP genotyping, for screening genetic variants 

in DNA samples58, which is based on the matrix-assisted laser desorption/ionization 

time-of-flight mass spectrometry (MALDI-TOF MS) principal, and separate fragments 

based on their mass25(Fig. 5 and 6). Different SNPs in different samples can be 

distinguished of at least 30 Dalton. The Sequenom® multiplex testing is performed 

according to the Sequenom MassARRAY iPLEX® PRO protocol and some adjustments 

have been made. Sequenom has its own iPLEX ADME PGx Panel59,60 on MassARRAY 

System, which detect polymorphisms in genes associated with drug ADME, genotyping 

of SNPs, but also INDELS and CNVs. This has also a high relevance to drug metabolism. 

The protocol of the Groningen ADME panel of the pilot study is used for testing the 71 

SNPs in this experiment, with an extra uniplex, TA-repeat SNP (Appendix E and G). This 

ADME panel is designed by Sequenom Bioscience® and all 71 SNPs and the TA-repeat are 

divided over 5 multiplexes (Dutch SNPs) (Appendix E). Important to notice, plex 7 is a 

uniplex, which contains the TA-repeat of UGT1A1.  

 

 

Figure 5: Sequenom Technology. On the right the Sequenom MassARRAY Analyzer is shown, and on the left the 

technology of the system is shown61,62.  
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Samples used for the Sequenom experiments are as follow: saliva (S1-40), blood DNA: 

diagnostics (D1-40), diagnostics (JR) diluted to 5-10 ng, 10 ng/μl and 8 ng/μl 

concentrations, respectively and negative controls are added. Samples are transferred 

into a 384 wells plate and every step is performed according to the Sequenom Groningen 

protocol; 3 PCR reactions: PCR, amplifying DNA for genotyping, a multiplex PCR , Shrimp 

alkaline phosphatase (SAP) reaction, and extended reaction. There are 3 primers used for 

each SNP, including a pair of PCR primers and a single-base extension primer. The 

extension primer makes a difference in mass for the Sequenom. All three primers are 

needed to anneal uniquely the site in the gene of interest. After the PCR reactions, the 

samples can be spotted on a SpectroCHIP for further testing with a mass spectrometry. 

First 16 µl Milli-Q has to be added to each reaction well and thereafter resin is spread over 

the plate. The 384 wells plate is mixed upside down, so the resin go through the sample. 

This plate with the PCR product and resin is shaken for 30 minutes by hand. As 

summarized, the preparations of SQNM, multiplex PCR reactions, SAP 

dephosphorylation and iPLEX reactions, are performed by using a 384 PCR machine, and 

pipetting is performed manually (Fig. 7).  

 

Blood DNA and saliva DNA samples are genotyped twice to ensure the consistency of 

genotyping of SQNM. Two runs have been performed, a duplo test, which is only 

performed for plex 1 to 4. Plates of 384 wells are spotted on 2 SpectroCHIP® II Arrays.  

After the SQNM procedures, the data is collected and analysed by Typer Analyzer 

software spectra with the Typer 4.0.20 User’s Guide of Sequenom.  
 

 

 

 

 

Figure 6: Workflow of the iPLEX Genotyping Sequenom Dispenser and MassArray® Analyzer76 
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Samples

•Collection of Saliva Swabs

•DNA Isolation and Purification

•Positive controls (good quality isolated 
blood DNA)

•Negative controls (DNA and RNA free 
H2O)

•DNA samples diluted to 5-10 ng/μl

Procedures*(see Agena Bioscience webpage)

•According to the Sequenom Iplex Pro 
Protocol

•1. Amplifying DNA for Genotyping

•2. Neutralizing Unincorporated dNTPs 
(SAP Reaction) --> Removing excess dNTPs

•3. Creating the iPLEX® Pro Reaction 
(Extended Reaction) --> with iPLEX Pro 
Reaction Cocktail 

Preparation for SQNM

•Conditioning the iPLEX® Pro Reaction 
Products

•Add distilled water and 6 mg resin to 
samples

•Rotate plate for approx. 30 min. by hand

•Centrifuged at 3200g for 5 min. 

•The resin step is performed for desalting 
the samples 

SpectroCHIP array

•Nanodispenser --> Dispensing onto 
SpectroCHIP® Arrays

•Spotting the samples on a 384 CHIP

•Assays  and plates (sample sheet) have to be 
defined on the software: Typer 4.0.20  
User's Guide 

Sequenom

•Chiplinker is used to link the CHIP to the 
assay and plate information

•MassARRAY Analyzer

•Program MassARRAY Analzyer is opened 
and parameters of iPLEX is loaded 

•Barcode report --> Automatic Run 

Typer Analyzer

•Raw data is found on TyperAnalyzer under 
the experiment name 

•Cluster plots

 

Figure 7: A schematic overview of the Sequenom Dispenser and MassArray® Analyzer procedures. Procedures are performed according to the Sequenom iPlex Pro Application Guide, the 
protocol was slightly adjusted to the Groningen ADME Panel (Appendix G).  
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Designing an assay  

A trial is performed to make an Assay Design of the failed SNPs obtained from the pilot 

study. This is done to get more insight why 9 SNPs failed in the pilot. It could be possible 

that these 9 SNPs might be set on one design and perform the experiments in a new assay 

design. The assay design is made by using the Sequenom Online Tool (Assay Design) and 

according to the protocol provided by ing. P. van der Vlies.  
 

Designing a script  

An important issue in this project is the translation of SNPs into its haplotype 

nomenclature (Gene with an asterisk and number) and to convert it into a script for 

physicians and pharmacists. This script, containing an individual haplotype, can provide 

directly a dosing guideline. Data of SQNM consist of SNP genotypes, and not haplotypes. 

So, SNP genotypes have to be translated to its haplotype, which have to be known to give 

a dosing guideline to the patient. Haplotypes could be found in conversion tables of the 

PharmGKB website, e.g. translation table of CYP2D6 gene: 

www.pharmgkb.org/gene/PA128#tabview=tab4&subtab=34. In the pilot study a script is 

generated from an excel sheet and the ADME Panel Script of SQNM. This sheet contains 

all SNP genotypes tested in the pilot and their haplotypes are mentioned. The excel sheet 

is processed by SQNM to a script which is used in practice. After the data of SQNM 

experiments are interpreted, the translation of SNPs into haplotypes is investigated. 

However, the script is not working optimal yet and further arrangements have to be 

made. It might be difficult to distinguish whether a certain nucleotide is inherited from 

the mother or the father. An individual has 2 alleles of 1 gene, one from the maternal 

chromosome and the other from the paternal chromosome. It is difficult to determine 

which haplotype derived from which parent, when the individual has more than 1 SNP in 

a gene, then there are more options for haplotypes.   
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Results  
In total 71 SNPs are tested in this current research project, together with a CYP2D6 

deletion test and a TA-repeat assay. These experiments are performed on saliva (gathered 

from volunteers) and blood samples (diagnostics). All samples are anonymized. As in the 

pilot study, the results are promising and the Sequenom technology seems to work 

perfect on most of the SNPs. Details of each experiment is described below. A complete 

file of the data of the capillary electrophoresis performed by ABI, GX and Experion can 

be found in the Supplementary material.   

 

Isohelix Buccal Swab collection, isolation and concentration 

In total 40 buccal swabs are collected, isolated and purified. Not all samples needed 

purification, but it is decided to purify all samples to see if it could increase results and 

concentration. Results of the DNA concentration by the NanoDrop, showed a slightly 

better quality and higher DNA yield of the samples (Appendix F). It is important to look 

at the plot of the samples and to notice the ratio of 260/280 (should be between 1.8 and 2.0) 

and 260/230 (should be above 1.5) of the NanoDrop for the purity of your DNA sample63. This 

can indicate if the sample contain salts or proteins which can lead to a low pure DNA. 

The samples of the diagnostics are already isolated and are of good quality, which are 

normalized to the appropriate concentration.  

 

Details of each experiment 

1. CYP2D6 gene and deletion test 

A separate test is performed for the copy number variant, CYP2D6 deletion (CYP2D6*5). 

As previously described in the method section, three different tests have been performed 

for the whole gene deletion assay. Results of these three tests are discussed in this section.  

 

1.1 Multiplex PCR 

The same protocol has been used as described in the pilot study, but now no multiplex 

of the gene and deletion test has been used, but only the deletion primers was added to 

the master mix. Moreover, an additional PCR is performed with an internal control for 

the PCR, TTR primers. The PCR product showed better results and more clear bands with 

the TTR primers than without them (fig. 7). However, when the test is repeated with 

saliva and positive controls, the results were not consistent (Fig. 9). After these results, a 

short (two-step) PCR program is performed, but resulted in no better results (data not 

shown).  
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Figure 7A: Results of PCR product of CYP2D6 single plex deletion test, with primeSTAR polymerase and new 

primers (without TTR primers) on 40 diagnostic samples (cohort Diagnostic samples). On the left the ladder 

Gene ruler plus 1kb is used. Arrows indicates the bands in the DNA samples, blue colouring = aspecific binding 

below 5,0 kb, and yellow colouring arrow indicate for a possible deletion band (3,5 kb) at least in one CYP2D6 

allele.  

 

 

Figure 7B: Results of PCR product of CYP2D6 single plex deletion test, with primeSTAR polymerase and new 

primers (with TTR primers) on 40 diagnostic samples (cohort Diagnostic samples). On the left the ladder Gene 

ruler plus 1kb is used. Three samples showed at least one allele for CYP2D6 deletion. TTR is a product of 1,0 kb 

used as an internal control of the PCR (lowest band). Yellow colouring arrow indicate for a possible deletion 

band (3,5 kb) at least in one CYP2D6 allele.  
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Figure 8: Results of PCR product of CYP2D6 single plex deletion test, with primeSTAR polymerase and new 

primers (with TTR primers, 1,0 kb, lowest band) on 40 saliva samples and 8 diagnostic samples. On the left the 

ladder Gene ruler plus 1kb is used. Results are not consistent and not very convincing. Furthermore, no deletion 

band is detected on this gel. No arrows are indicated, because no obvious interpretation can be performed on 

this.  

1.2 Nested PCR  

Another PCR strategy, a nested PCR, has been performed for this deletion assay on blood 

DNA. The initial results were promising (data not shown), but still optimization is 

necessary (Fig.9). For example, different primers are used as in the previous experiment 

and the gene is not detected by this PCR, so the primer set has been adjusted. The gene 

in the new primer set (primer set 1) was more specifically than the old gene primers. 

Therefore, in the primer set 2 the gene primers of the previous experiment and new 

deletion primers has been used. Results of the nested PCR were not similar to the results 

described in Ota et al. (Fig. 10 and 11). The experiments performed in the nested PCR have 

been performed on a small set and also by using Eppendorf cups instead of a 96 wells 

plate, to reduce the contamination risk (Fig. 12 and 13). This experiment has also been 

performed for several times, using different conditions, however, the results were not 

consistent. Furthermore, the first PCR product showed better results than the nested PCR 

product, therefore, the nested PCR is discarded for the alternatives of CYP2D6 deletion 

assay.  
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Figure 9: Results of the Nested PCR on 8 diagnostic samples with the PrimeSTAR polymerase. In the first and 

last samples, no DNA is observed. The other samples showed promising results of the deletion test. No gene is 

observed in the initial experiment with the new primers (primer set 1). Yellow colouring arrow indicate for a 

possible deletion band (3,2 kb) of the CYP2D6 gene, shown in 3 samples: 3, 6 and 7.  

 
 

Figure 10: Results of the first PCR for the 2 different primer sets. On the left the samples with the primer mix set 

1 is loaded and on the right the samples of the primer mix 2 is loaded. Primer set 1 (primers ‘new’ described in 

article Oto et al.) Primer set 2 (primers ‘old/original’ described in article Kooistra et al. and also used in previous 

experiments and the pilot study. Sample 9 of each primer set is the negative control. There is also aspecific 

binding of short DNA fragments.  

 
Figure 11: Results of the second/nested PCR for the 2 different primer sets. On the left the samples with the 

primer mix set 1 is loaded and on the right the samples of the primer mix 2 is loaded. Primer set 1 (primers ‘new’ 

described in article Oto et al.) Primer set 2 (primers ‘old/original’ described in article Kooistra et al. and also 

used in previous experiments and the pilot study. Sample 9 of each primer set is the negative control. Here, a 

contamination is observed but primer set 2 showed better results than primer set 1, further experiments were 

performed with primer set 2.  
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Figure 12: Results of the first PCR product of samples with old primer set. All bands were well detected on the 

gel (5,1 kb), and one deletion band (3,2 kb) is seen in the 6th sample. The blank (last sample) was indeed negative. 

Arrows indicates the bands in the DNA samples, blue colouring = CYP2D6 gene 5,1 kb, and yellow colouring 

arrow indicate for a possible deletion band (3,5 kb) in CYP2D6 allele.  

 

Figure 13: The second PCR product of 8 samples (20 µl) was put here on a gel. Results could not well interpret 

and no conclusive statements could be made based on these results. The blank (last sample) was indeed 

negative. Comparing to the first PCR product, this nested product is not much better.  You cannot make a clear 

discrimination if there is only a gene band (5,1 kb) present or also a deletion band (3,2 kb).  
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1.3 GX and Experion analyses  

Another method has been chosen to perform a deletion assay. The same PCR was 

performed with primer set 2 (Table 6), but now no agarose gel electrophoresis has been 

performed but a capillary gel electrophoresis. Different optimization and attempt has 

been analysed, and the best one is describe in details.  
 

PCR products of the previous experiments (first and nested product) are analysed on the 

LabChip GX for detecting DNA fragments, (Suppl.2). Results showed that the first 

product showed already promising results, so no further analysis has been performed for 

the nested PCR. As it is shown in the results (Suppl.2) two samples showed a peak around 

3400 bp, which represent the deletion of CYP2D6 gene. However, in one of the samples, 

sample 7, the peak is not present, which is striking. It seemed that the bands are not 

representing the correct bands (artefacts or by-products). Not in every sample a peak of 

the gene is detected, which is expected around 5000 bp. An explanation for this could be 

that the peak moves into the 7000 kb, the ladder upper marker peak. To solve this 

problem, and to detect the DNA fragments better on the capillary gel electrophoresis, 

another technique, the Experion Bio-Rad, LabChip DNA 12K, is performed which has a 

broader detection range. A concentration range of 0,1-50 ng/µl is required, therefore 

different dilution steps (no dilution, 50 and 3) have been tried, and the most suitable was 

to dilute 3 times (Suppl. 3 Experion results).  

 

For the Experion experiment 8 samples of blood DNA from diagnostics, saliva samples 

and 71 DNA samples received from another cohort have been analysed. The preliminary 

results of Experion are promising, peaks appeared around 3,0 and 5,0-5,6 kb can be 

detected. The software of Experion converts the detection of the DNA fragments into an 

electropherogram (a plot of fluorescence vs time, Suppl.3). Unfortunately, the results of 

the saliva DNA are not good for an adequate interpretation and more DNA fragments are 

detected (Suppl. 3). This indicate that the deletion assay is not appropriate to apply on 

saliva samples, and it is therefore, preferred to use blood DNA.   

 

Table 6: Primer set 2 contain primers of gene and deletion of CYP2D6. Gene primers are the once used in previous 
studies, also in the pilot study, and deletion primers are obtained from the new long PCR literature.  

Primer name  Sequence 5’ → 3’ Length of resulting amplicon 

CYP2D6*5 (DEL) R GCATGAGCTAAGGCACCCAGACTATATTTTGTC 3,2 kb 

CYP2D6*5 (DEL) F ACCGGGCACCTGTACTCCTCAGCCCTTG 

CYP2D6 GENE F GTTATCCCAGAAGGCTTTGCAGGCTTCA 5,1 kb 

CYP2D6 GENE R GCCGACTGAGCCCTGGGAGGTAGGTA 
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2. TA-repeats with ABI 

The cohort of 40 saliva samples is tested with PCR fragment analysis assay (ABI). Controls 

are also taken in this analysis, both positive and negative controls, which are also 

analysed. Results have been obtained by the Genemapper Software (Suppl. 1 ABI results). 

Two samples of the total were not good enough for interpretation, so they are considered 

as failed (5%). Why these samples failed, can be explained by a high concentration of 

DNA and that one sample did not succeeded in the PCR (see band on the gel). The 

different peak heights are corresponding to the TA-repeats: 250 bp = TA6 and 252 bp = 

TA7. Data are analysed and documented. Samples are detected as homozygote for the 

TA-6 repeat, heterozygote or homozygote for the TA-7 repeat (Suppl. 1 ABI results).  The 

results of the TA-repeat on the saliva samples are combined and compared from the 2 

different methods, ABI and SQNM (Table 7 and 8). The TA-repeat performed with the 

PCR fragment analysis assay were good, and 38 of the 40 samples showed valid results. 

This is a robust and validated method. In contrast to SQNM, the results were not trustful 

enough and not all samples were consistent with the ABI method (Table 8 marked in 

blue). Twelve of the 40 saliva samples (30%) failed and 9 are adjusted manually (22,5%). 

A remarkable point in the results of SQNM was that no heterozygote is detected 

automatically (fig. 18). It seems that the primers of the SQNM test have more affinity to 

bind to the TA-6 repeat. Regarding these results, SQNM cannot detect the TA-repeats 

precisely and cannot give confident results.   

 

Table 7: Percentage of the TA-repeat results, homozygous or heterozygous detected genotypes. Results of 

Sequenom in this table are the calls which are detected automatically by Sequenom. The ABI method results 

distribution correspond with the literature.  

TA-repeat length Phenotype ABI method Sequenom 

TA6/TA6 (Homozygote) Normal metabolism 57,5% 65,0% 

TA6/TA7 

(Heterozygote) 

Intermediate 

metabolism 

35,0% 0,0% 

TA7/TA7 (Homozygote) Slow metabolism 7,5% 5,0% 
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Table 8: Results of the TA-repeat on the saliva samples and the Sequenom results are analysed and  compared. 

Blue marked results are the results which were not consistent with both methods.  

Saliva Samples TA-repeat SQNM TA-repeat ABI 

1 6/6 TA6/TA7 

2 6/6 TA6/TA6 

3 6/6 TA6/TA6 

4 6/6  TA6/TA7 

5 6/6 TA6/TA6 

6 6/6 TA6/TA6 

7 6/6 TA6/TA6 

8 7/7 TA7/TA7 

9 6/6 (No call) TA6/TA7  

10 6/6 TA6/TA6 

11 6/6 TA6/TA6 

12 6/6 TA6/TA6 

13 6/6 TA6/TA6 

14 6/6 TA6/TA6 

15 No call TA6/TA6 

16 No call TA6/TA6 

17 6/6 TA6/TA6 

18 No call -  

19 No call TA6/TA7 

20 6/6 TA6/TA7 

21 6/6 TA6/TA7 

22 6/6 TA6/TA6 

23 6/6 TA6/TA6 

24 No call TA6/TA7 

25 6/6 TA6/TA6 

26 6/6 TA6/TA6 

27 7/7 TA7/TA7 

28 6/6 (No call) TA6/TA7 

29 No call TA6/TA7 

30 6/6 TA6/TA6 

31 6/6 TA6/TA6 

32 No call TA6/TA7 

33 6/6 TA6/TA7 

34 6/6 TA6/TA7 

35 7/7 (No call) TA7/TA7 

36 No call  -  

37 No call TA6/TA6 

38 6/6 TA6/TA7 

39 6/6 TA6/TA6 

40 6/6 TA6/TA6 

  



PAGE 34 

 

 

 

3. Sequenom testing 

Several experiments have been performed for Sequenom testing. First a duplo test is 

performed, consisting of 2 runs (1: plex 1-4 and plex 7; 2: plex 1-4). Both runs had 40 saliva 

(S) and 40 blood samples (D) together with diagnostic samples (JR) of the pilot study, 

which are tested for the 71 different SNPs. Thereafter, another plex is tested (CYP2D6 

panel) and validation analyses have been performed on the duplo test and on DNA 

samples received for the validation experiment. The validation experiment is discussed 

in the section Comparison of TaqMan and SQNM.  

 

3.1 First run  

In the first run of Sequenom iPLEX PRO, in total 40 saliva samples and 96 blood samples 

are tested on two plates. In total 9656 (136*71) analyses are performed. Results of the first 

plate are shown in figure 14. The different colours represent the calls of the samples; red 

= failed call/no call, blue = low mass (LM) homozygote call, green = heterozygous calls and orange 

= high mass (HM) homozygote call. Analysing the results has been examined with standard 

steps (see recommendations). For 8 SNPs the alleles have to be chosen, because the assay 

SNP contained more than 2 alleles (Appendix C). Calls can be detected in 6 categories: 

A(Conservative), B(Moderate), C(Aggressive), D(Low probability), N(No Alleles) and E(User call). 

The last call, E, is reported when the user change the original call to another call. After 

the raw data is analysed a report of the results can be exported to an excel file and further 

analyses can be performed. Eleven of the 71 SNPs failed in this assay (one SNP is not 

included in the histogram, possibly by an error in the software) and also samples failed 

to give results. Table 9 shows the percentages of the conservative calls in this first run. 

Results of the TA-repeat performed with the SQNM are shown as a Cartesian plot (Fig. 

15) and are compared with the results of the ABI (capillary electrophoresis) as discussed 

previously. Based on the results of the first run and the comparison, it has been decided 

to perform the second run (duplo) without plex 7, which contains the assay for the TA-

repeat.  

 

3.2 Second run (Duplo) 

In the second run of Sequenom iPLEX PRO, in total 40 saliva samples and 48 blood 

samples are tested on one plate. In total 6248 (88*71) analyses are performed. The same 

approach of analysis is followed as in the first run. The histogram of the duplo is shown 

in figure 16.The different colours represent the calls of the samples; red = failed call/no call, 

blue = low mass (LM) homozygote call, green = heterozygous calls and orange = high mass (HM) 

homozygote call. Eight of the 71 SNPs failed in this assay (one SNP is not included in the 

histogram, same as previous experiments) and also samples failed to give results. Table 

10 shows the percentages of the conservative calls in this second run. To notice, results of 

the duplo were much better than the first run. Results of the first and second run are 

compared to each other to see the reliability and consistency of the technology (Appendix 

J-2) see section: 3.4 in this chapter.  
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3.3 Failures  

Some of the SNPs showed only one genotype. For these SNPs the allele frequency is used 

to see if this was consistent with the results. So, the minor and major allele frequencies 

are searched in dbSNP and the frequencies indeed showed that you will find only (mostly) 

homozygous in that particular SNP (Appendix C). In total, 11 SNPs failed in the SQNM 

assays: rs1297860 (IL28B), rs28371706 (CYP2D6), rs35350960 (UGT1A1), rs3758581 

(CYP2C19), rs3892097 (CYP2D6), rs5030655 (CYP2D6), rs5030863 (CYP2D6), rs5030865 

(CYP2D6), rs72549357B (CYP2D6), rs28371725 (CYP2D6) and rs59421388 (CYP2D6). Nine 

of these SNPs also failed in the pilot study12. These 11 SNPs are reviewed in details, 

concerning there distribution in Caucasians and other ethnic groups, and its validation 

in the dbSNP (Appendix C). Although, this overview showed that one SNP 

(rs72549357B/CYP2D6*15) is not recognized and found in the database, s72549357 is 

found in dbSNP. However, this SNP is removed from the database in November 2013, 

which is based on a single submission and is deleted due mapping or clustering errors.  
 

Table 9: Calls and conservative calls are found in the SQNM export file. Possible calls (amount of samples * 71 

SNPs) and Call rate (calls/possible calls * 100)  

Plate 1: 71 SNPs     

Samples Calls  Conservative  Possible Calls  Call rate (%)  

Saliva 1673 1134 2840 58,9 

Diagnostics NEW 2183 1677 2840 76,9 

Diagnostics OLD 432 300 568 76,1 

Blank 352 9 2272 15,5 

     

Plate 2: TA-repeat 40 samples    

Samples Calls  Conservative  Possible Calls  Call rate (%) 

Saliva 32 2 40 80 

Diagnostics NEW 24 2 40 60 

Diagnostics OLD 6 0 8 75 

Blank 5 0 8 62,5 

     

Plate 2: 71 SNPs     

Samples Calls  Conservative  Possible Calls  Call rate (%) 

Diagnostics OLD 2335 1881 3408 68,5 
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Figure 14: The histogram shows the results of the first run of the first plate. Each SNP is plotted against the 

number of calls, and the different colours indicate the result of the call (no call, homozygous or heterozygous).  
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Table 10: Calls and conservative calls are found in the SQNM export file. Possible calls (amount of samples * 71 

SNPs) and Call rate (calls/possible calls * 100) 

Plate 1: 71 SNPs     

Samples Calls  Conservative  Possible Calls  Call rate (%) 

Saliva 2236 1986 2840 78,7 

Diagnostics NEW 2208 1925 2840 77,7 

Diagnostics OLD 428 382 568 75,4 

Blank 15 12 568 2,6 

 

 

 

 
 

Figure 15: Cartesian plot is plotted here of the TA-repeat results, (uniplex 7).  No heterozygote genotype is 

detected by the Sequenom. As seen in this plot, the distribution was also a bit strange.  
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Figure 16: The histogram shows the results of the second run. Each SNP is plotted against the number of calls, 

and the different colours indicate the result of the call (no call, homozygous or heterozygous). 
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3.4 Validation of SQNM results 

Results of the two runs are compared and analysed. Excel files are made from the export 

data of the SQNM results and analyses have been performed to see the concordance of 

the results given by SQNM.  In total 25 results were not concordant (non-alleles are 

removed from the excel data), which are analysed manually after this analysis. An 

explanation for most of these 25 different results could be found, and also one of the 

result of the two runs has been taken as true. However, still 3 results are convincing as a 

true call, but are conflicting in the comparison. This could be explained by a bad quality 

of the sample or SNP itself.  Results of the excel files showed that 0,81% of the results are 

not concordant of the called SNPs, and when removing the true calls the percentage 

reduced to 0,42%. Based on the results of this analysis a recommendation for interpreting 

the results are described in the discussion.  

 

3.5 Additional CYP2D6 Panel 

A total of 9 SNPs failed in this experiment, which needed more attention. Most of the 

SNPs are located in the CYP2D6 gene. Recently, a study showed that the approach of a 

SQNM assay of only CYP2D6 genes works very well64. Therefore, this approach is also 

taken for 6 SNPs (CYP2D6; rs28371706, rs3892097, rs5030655, rs5030863, rs5030865 and 

rs28371725) and a new iPlex Extended reaction is designed (Appendix I). In this approach 

first the whole CYP2D6 gene is amplified and thereafter the samples are incorporated 

into the SQNM Pro protocol (from the SAP reaction to the additional extended 

reactions). Data retrieved from the Typer Analyzer 4.0.20 showed good results, and 

duplo’s were 100% in agreement with each other, but 2 of the 6 SNPs failed again 

(rs3892097 and rs28371725). However, this panel is performed in a small set of samples, 

more experiments with a bigger sample size are required. 

 

3.6 CYP2D6 deletion assay and SQNM 

Fourteen SNPs of the CYP2D6 gene are included in the assays of SQNM and a separate 

test is performed for the deletion of the CYP2D6 gene. When the results of the SQNM is 

retrieved, it is important to know for the homozygote patients if there is a deletion of the 

gene present. The patient can be either be homozygote for the concerning SNP or 

heterozygote, which includes one gene deletion on one allele. Unfortunately, not all SNPs 

of the CYP2D6 gene worked with the SQNM, and a new approach have been taken for 

the CYP2D6 failed SNPs. The CYP2D6 Panel showed promising results and also the 

deletion test for this gene by using the Experion method. The CYP2D6 panel showed only 

homozygote results, and compared with the Experion results of these 8 samples, sample 

6 had a deletion present. So, the blood DNA of sample 6 contains a deletion of the gene 

and the gene, which showed that this sample has a heterozygous deletion for the CYP2D6 

gene, and is hemizygous for all SNPs in this gene (Suppl.). In conclusion, the results can 

be combined of the CYP2D6 deletion test and SQNM can be combined for reporting the 

CYP2D6 genes.  
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Comparison of TaqMan and SQNM  

To complete the validation project a final experiment has been performed. Blood DNA 

samples from another cohort (Phamous cohort) are received together with results of 

TaqMan assay (performed at another Institute). Different SNPs, in total 15 SNPs, have been 

tested by using the TaqMan assay and a CYP2D6 deletion and duplication test. Four SNPs, 

all from the CYP2D6 gene, and the CYP2D6 deletion are overlapping with this current 

research project (Table 11). The aim of this experiment is to validate the SQNM method 

by comparing the results obtained from the TaqMan assay.  

There were some considerations to verify before this validation test could be started: 1) 

are the SNPs working fine in the different plexes, 2) are the SNPs conclusive for a certain 

haplotype or are more SNPs needed to be tested (reviewed in the translation table), and 3) 

is there enough DNA material available for each test. Concerning the 3 points, 2 SNPs are 

removed for the validation test (no. 2 and 3), due 1) the SNPs are not working fine in the 

panel (in both different panels it did not work properly) and 2) these SNPs are not conclusive 

for a haplotype. Additionally, the SNP (rs50306055) worked not in plex 1 of the pharmaco-

panel, but showed promising results in the separate CYP2D6 panel of SQNM. 174 DNA 

samples of the Phamous cohort are investigated within the plex 2 panel and CYP2D6 

panel, and also the CYP2D6 deletion test is performed. Same procedures are taken as 

previously described for SQNM (‘standard’ SQNM protocol and CYP2D6 panel) and 

Experion experiments (PrimeSTAR DNA polymerase PCR reactions followed by capillary 

gel electrophoresis) for the deletion assay.  

 
Table 11: Gene variants considered for the validation experiment  

SNP Haplotype Plex Method 

1. rs5030655 CYP2D6*6 1 and CYP2D6 

panel 

SQNM 

2. rs382097 CYP2D6*4 1 and CYP2D6 panel SQNM 

3. rs28371725 CYP2D6*41 1 and CYP2D6 panel SQNM 

4. rs35742686 CYP2D6*3 2 SQNM 

5. CYP2D6 deletion  CYP2D6*5 Separate assay Experion Bio-Rad 
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Genotyping using SQNM   
NanoDrop results showed that the DNA was of poor quality, but on the other hand 

previous results of bad DNA (saliva) showed promising genotyping results performed by 

the SQNM. It was decided to perform a SQNM experiment. Results of the SQNM showed 

good results, approximately more than 80% of the samples gave a genotype result.  A 

failure of less than 20% can be explained due pipetting mistakes (no primer mix was 

added), DNA degradation/low quality DNA or no result is found in the genotyping results 

performed by TaqMan. All samples which are genotyped with SQNM are compared to 

the TaqMan results and showed 100% consistency.  

 

CYP2D6 Deletion assay  

Same DNA samples (PCR products) are used as in the CYP2D6 panel for SQNM. From 

the 174 DNA samples 77 samples, including 2 negative controls, are used for the validation 

of the PCR and Experion Bio-Rad method. This sample set is also tested for the CYP2D6*5 

assay in the other institute, and corresponded to the samples which are tested in the 

SQNM. The remaining DNA samples are not included by the following reasons: 1) SQNM 

and/or TaqMan assay showed a heterozygote genotype result indicates that there is no 

CYP2D6 deletion present or 2) no result is found or undetermined by using the TaqMan 

assay. In 8 DNA samples of this sample set, a deletion is detected (heterozygote for the 

CYP2D6 gene) and in 63 samples no deletion (homozygote for the CYP2D6 gene) is 

determined. Some additional samples are also tested because they could be placed on the 

last chip (4 DNA samples which showed a heterozygote genotype in the TaqMan assay 

and 2 negative controls). The 4 additional DNA samples showed indeed a homozygote 

result for the CYP2D6 gene. In total 7 DNA chips are used for this experiment (7*11, 77 

samples). For the first 3 chips the samples are not diluted, and in the last 4 chips samples 

are 3 times diluted. A CYP2D6 gene is detected as a peak around 5,0-5,6 kb and for a 

deletion around 3,0 or 3,2 kb a peak is detected. Results of the capillary gel electrophoresis 

by using the Experion showed 100% agreement with the TaqMan results.  

 

Assay Design 

Nine SNPs failed in both, the pilot study as well in the validation study. In addition, 2 

other SNPs were not reliable enough to interpret the data of the validation study. The 

corresponding failed SNPs (9) are re-designed in the Sequenom assay design tool. 

Unfortunately, this was very difficult and without success to get the SNPs through the 

assay design. No additional assay could be made from the 9 SNPs. However, the SNP, 

IL28B (rs12979860) was the only SNP which is not rejected in this assay, but in practice 

this SNP failed (Fig.17). This showed that the other 8 SNPs have many proximal SNPs 

which disturbs designing a good assay. An overview of the design results can be found on 

mysequenom.com in online tools under the name Farmaco_FailedSNPs version 1.  
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Figure 17: The outcome  of designing an assay for the 9 failed SNPs in this project. The assay design contains 

of 5 steps, and as it is shown in this figure, at the third step, 8 SNPs are rejected. This is mainly because 

primers cannot be designed properly on these SNPs.  

 

Script Design 

Genotype results of the SQNM are not an appropriate way for interpretation by 

physicians and pharmacists. They are more familiar with the haplotype nomenclature. 

Therefore, genotype results have to be converted into haplotypes. Haplotypes can be 

found on the KNMP and/or PharmGKB/SNPedia website. For the first run the results are 

translated by haplotypes in excel manually (data not shown), but this is a lot of work to 

do it by hand. Therefore, a script has to be designed which can automatically translate 

the genotype results of SQNM into haplotypes. Sequenom has scripts available which 

translate genotype results into haplotype, but we have a different panel of the selected 

SNPs, so we have to make an adjusted script. The goal of this part is to make a proprietary 

software for translation of genotype data into star allele genotypes, in other words 

haplotypes for the genes of interest. Unfortunately, it was not possible to make a script 

design in this validation study due lack of time.   
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Discussion 
Pharmacogenetics is the study which might predict the patient phenotype drug 

metabolism. A drug can have undesired effects when polymorphisms are present, and 

can lead to deleterious consequences for the patient. The aim in this study was to validate 

pharmacogenetic screening by using Sequenom MassARRAY® and separate PCR and gel 

electrophoresis tests. Data presented in this study showed that Sequenom MassARRAY® 

multiplex testing of genetic variants provides robust and reliable genotype information. 

This screening assay seem to be well validated and can be used for further investigations 

of pharmacogenetic testing in patients. However, more research is needed to make a 

system of genotypes translation into haplotype and finally in a drug prescription before  

pharmacogenetic testing is implemented into the clinical setting.  

 

Source material and collection  

Collecting DNA material is a crucial and important part for the whole experiment. A 

crucial question is addressed: “which kind of source material will be collected; whole blood, 

a buccal swab, tissue?” In pharmacogenetic testing it is essential that the patient approves 

the collection method, despite the fact that it does not have to be a major procedure. 

Therefore, a patient convenient sampling method is preferred. Results showed that 

buccal swabs can be a good solution for SQNM analysis. In this study the worst scenario 

is taken into account, all volunteers had the opportunity to decide for his/herself when 

to take the buccal swab (not according to the Isohelix protocol). This is performed mainly to 

see what we will get out of this buccal swab. However, a limited amount is isolated from 

the buccal swabs, which cause a limitation in the amount of assays.  Furthermore, 

NanoDrop measurements showed that the DNA quality had a broad variety of good 

quality and a high DNA yield to bad quality and a low DNA yield. This showed that the 

amount of DNA is collected by a buccal swab is very individual dependent (intra-

individual variety). Blood DNA samples are the ‘golden standard’ in practice and 

therefore, the best source material for testing and biobanking65. Although, if a patient 

refuse blood sampling, a buccal swab can be given as an alternative. Here, it is important 

that the patient receives the collection/swabbing method properly. This prevents for a 

more bad quality of the saliva sample (rinse your mouth 30 min. with water before swabbing, 

according to the protocol). However, saliva samples are not appropriate for the CYP2D6 

whole gene deletion assay, only for SQNM saliva provide a reliable genotype.  
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CYP2D6 gene and deletion 

The CYP2D6 gene is an important enzyme for drug metabolism, because this gene is 

primarily expressed in the liver and has a low abundancy for drug metabolism in the liver. 

Polymorphisms of this gene might have a big role in the drug metabolism phases of all 

enzymes. As known, there are three phases of drug metabolism, phase 1 

(biotransformation by oxidation/reduction/hydrolysis); phase 2 (conjugation); phase 3 

(excretion), and the first and second phase are considered the most affected phases by 

CYP2D6 gene66. This gene has variable and repetitive regions on the genome, making the 

detection of this gene a challenge due two flanking pseudogenes, which makes it difficult 

to select the site of interest. In this study several SNPs together with the CYP2D6*5, 

deletion of the whole gene, is investigated. The detection of the deletion are promising. 

Most of the SNPs are detected with the Sequenom MassArray®, but for the deletion of 

CYP2D6 a separate assay has been developed: a PCR experiment and agarose/capillary 

gel electrophoresis. Results of the agarose gel electrophoresis, in both the multiplex PCR 

and nested PCR, were not consistent (in blood and saliva). Detecting the DNA fragments 

of the gene and deletion by GX and Experion, capillary gel electrophoresis, showed that 

these are better options to investigate the presence of the gene and deletion of CYP2D6 

in patients.  

 

Interpretation of the results obtained from the Experion Bio-Rad is as follow: 1) when one 

high peak is observed in a range of 5,0-5,6 kb it is interpreted as a homozygote CYP2D6 

gene, here, also a small peak before the gene peak can be detected, which might be a by-

product of the PCR product due the complexity of CYP2D6 gene, 2) when two peaks are 

observed, one around 3,0 kb and one peak in a range of 5,0-5,6 kb and the peak around 3,0 

kb is slightly higher than the other peak, than this is interpreted as a heterozygote 

GENE/DEL for CYP2D6. These criteria has to be set for the interpretation in this CYP2D6 

deletion assay. By-products are also seen in previous results of the agarose gel 

electrophoresis, which is expected in this gene. 

In contrast to saliva samples, only blood DNA showed promising results. This can be due 

the low concentration and quality of DNA isolated from the buccal swabs, furthermore 

also degradation patterns are seen at the results. Experion tests will be an additional test 

for the CYP2D6 gene deletion when Sequenom MassArray® does not give enough 

information on the polymorphisms in this gene (no heterozygote genotype is observed 

in the CYP2D6 SNPs). Remarkably another observation is seen, namely, when a bad 

sample is detected by the Experion, the experiment is affected for the following samples 

and the markers are not called automatically. The results of the blood DNA samples of 

the other cohort showed that bad DNA quality isolated from blood still lead to reliable 

results. So, there is a range of DNA quality present when using this method (good quality 

Blood DNA  perfect, bad/poor quality Blood DNA  good measurable, DNA isolated from saliva 

and stored for a long period  not appropriate).  
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As mentioned the CYP2D6 deletion assay performed by Experion has a limitation, which 

concerns the sample set size. Eleven samples in total can be investigated at once, in one 

chip of 12K. However, the analysis takes not very much time (approximately one hour in total). 

It is also a consideration what the best option would be for this analysis, and if an 

alternative is needed. For example, it is expected that not many patients will be tested for 

this additional CYP2D6 deletion assay, because if one of the SNPs of the CYP2D6 gene in 

the SQNM is genotyped as a heterozygote, it means that there is no deletion present and 

the assay is not needed to be carried out. In the last validation experiment samples are 

investigated of another cohort, and results showed that 71 of 174 DNA samples, tested by 

SQNM, had to be included for the CYP2D6 deletion assay, because no heterozygote 

genotype is obtained from these samples. These 71 samples are investigated for 4 SNPs of 

the CYP2D6 gene in the TaqMan assay. So, 71 of 174 samples (approximately 40% of the 

sample set) has to be investigated by use of a deletion assay, in this case the Experion Bio-

Rad. In total 8 samples showed a deletion of the CYP2D6 gene, is 4,5% in this sample set. 

It can be speculated that for 4 SNPs already showed a decrease of 60% in the sample set 

for testing of the deletion, when more SNPs are tested (in the pharmacogenetics project 14 SNPs 

are tested for the CYP2D6 gene) there is a higher change that a heterozygote genotype is 

obtained in one of these SNPs meaning that the sample set will be more reduced for the 

deletion test. Perhaps that this lead to a smaller sample set and the deletion assay by 

using the Experion Bio-Rad will be suitable.  A challenge and interesting part in this assay 

is the homozygote CYP2D6 deletion, because this has not been seen in this project. 

“What will happen when a patient does not have the CYP2D6 gene, so the patient is 

homozygote for the gene deletion?” As an expectation, there will be no calls detected in 

the SQNM analysis (No alleles are called, NA) and also in the CYP2D6 deletion assay no 

peaks might be detected or the results might be very different than seen in previous 

results. This part would be interesting and the question remains unanswered. In 

conclusion, for the deletion test it is preferred to use blood DNA rather than DNA isolated 

from buccal swabs.  

 

Detecting TA-repeats by ABI  

TA-repeats in the promotor region of UGT1A1 have been investigated by using capillary 

electrophoresis or a uniplex testing with Sequenom. Studies demonstrated that 

genotyping the TA repeats in this gene would be appropriate, especially in testing for 

Gilbert’s syndrome67,68. Homozygote patients for TA-7 repeats are a slow metabolizer, 

and they are falling within the risk group of the drug involved. Testing TA repeats in the 

UGT1A1 gene is very important. Results showed that performing TA-repeats testing by 

ABI is validated, which is a robust and cost-effective method which is already used in 

diagnostics. The DNA fragments are slightly shorter of length than mentioned in the 

literature43,69. This difference in the DNA fragments detected with the ABI corresponds 
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with the TA-6 and TA-7 repeats, due its prevalence within the population. Distribution 

of the genotypes is most likely the same as described in literature70,71.  

It is shown in this study that the capillary electrophoresis is the best option to detect TA-

repeats in the UGT1A1 gene for pharmacogenetics, rather than screening it in a single plex 

by Sequenom. Therefore, the SNP rs34815109, plex 7 is removed from the Sequenom 

MassArray® method.  

 

Sequenom MassARRAY® testing  

This system is a high-throughput and robust method for genotyping. For 

pharmacogenetic testing, an iPLEX® PGx panel (Groningen ADME Panel) is designed and 

used, and showed to be a powerful tool for screening the genetic variations of interest. In 

total 11 genes, including 71 SNPs, has been investigated which are known to be influence 

ADME of many drugs. This method is based on the MALDI-TOF MS principle which can 

characterize different SNPs at once. MALDI-TOF MS, SQNM is an accurate method for 

genotyping and have the following advantages over other different methods: high-

throughput, high sensitivity, good to facilitate and it is cost-effective. Data represented 

that this method has a high level of reproducibility. Primers are designed for the different 

SNPs where the primers need to anneal uniquely to the site of interest. One requirement 

is that the primer has to anneal directly next to the site of the SNP of interest. Designing 

an assay can give problems, due to design proper primers for complicated SNP sites, the 

SNP is located near another SNP, causing disturbance (proximal SNPs) or that the SNP is 

on more sites located on the genome. Also, an attempt is performed in this study to 

design an assay for the failed SNPs in the pilot study, which showed errors in the design. 

So, designing proper primers for these SNPs seem to be complicated, and if they can be 

designed, the question is if they will work in practice, which cannot be given with 

guarantee. Other technologies (e.g. TaqMan or Roche AmpliChip) have also problems for 

designing proper test for CYP2D6 genes, due its complexity and pseudogenes.  

 

In the SQNM analysis a low concentration is quite enough for genotyping, this is around 

5-10 ng/μl. Saliva samples are indeed appropriate for the SQNM analysis even if the DNA 

quality is bad. Results of the pilot study12 are compared to the results obtained in this 

study. The call rate in the pilot study was 94,9% for saliva samples and for blood samples 

95,2%. In this current validation study the call rates for the first run and the second run 

were for saliva samples 58,9% and 78,7%, and for blood samples 76,1% and 75,3%, 

respectively. Regarding this data the call rate is high, and most of the reactions are 

genotyped, these results showed the effect of DNA quality from different sources and 

having a bigger sample set and it is preferred to have a good DNA quality (260/280 ratio 

should be between 1.8 and 2.0).We have to keep in mind that these call rates are without the 

no alleles call and bad spectrum. In general, DNA isolated from blood gave better and 

more results then DNA from buccal swabs.  
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Every SNP is also analysed separately, divided in cohorts of saliva and blood samples. 

Here, the ratio of saliva to blood was calculated, and two SNPs of saliva samples 

demonstrated a lower amount of call rates than blood samples (in both runs, ratio <0,6: 

rs2256871 and rs59421388). These SNPs can be prone to bad quality DNA then other SNPs. 

In addition, the second run showed better and more consistent data then the first run. 

This showed that experience and accurately working is necessary performing the 

preparations for the MassARRAY®. Analysis of concordance showed that a small part of 

the reactions, below 1%, not the same call is reported by SQNM. These results have to be 

checked manually. There is approximately 99% agreement between the duplicate wells.  

 

To summarize, there are different explanations for a failure of a reactions, such as the 

degradation of primers (which seems not to be the case here), not enough or no DNA is 

added to the well, DNA sample is of bad quality (performing not well in overall experiment), 

SNP is not working well due pseudogenes. Nine SNPs failed in the Sequenom assays, 

which were assessed by the researcher and supervisors (Appendix C), including SNP 

rs72549357B, which is removed from the dbSNP. This SNP is removed because it was not 

validated (based on a single submission) and there seem to be a clustering of the SNP 

with another SNP. However, this SNP has been related to the haplotype CYP2D6*15 (a 

frameshift deletion on position: 137-138insT, -/A). This frameshift is determinative for this 

haplotype, and has to be reconsidered if it really change the enzyme activity. Another 

design can be made based on a sequence found on  

TaqMan® Drug Metabolism Genotyping Assays (TGTGTTCTGGAAGTCCACATGCAGC[-

/A]AGGTTGCCCAGCCCGGGCAGTGGCA). Most of the failures are located in the 

CYp2D6 gene, which are highly relevant, however, three other SNPs in the IL28B, UGT1A1 

and CYp2C19 failed.  

 

For the failures in SNPs of CYP2D6, another approach is taken in combination with the 

Sequenom method.  Falzoi et al. described a CYP2D6 panel in Sardinian population, and 

showed promising results. Therefore, we performed a similar experiment with the 

CYP2D6 gene variants of interest, 6 SNPs, and designed a separate iPlex/Panel. The 

positions of the SNPs from the article are translated to rs numbers by a table72. This 

targeted genotyping analysis of the CYP2D6 gene showed promising results, which is an 

indication for a better and sensitive screening method. As mentioned in the results, 2 

SNPs failed again, but these SNPs worked reasonable in another design (Phamous cohort 

Panel). The differences in the extended primers were; primers for rs3892097 are targeted 

on another part of the genome and for rs28371725 an inosine design is used. An inosine 

design refers to designing primers for the SNP with non-specific nucleotides. This means 

that this position on the sequence can bind to all nucleotides, and proxy-SNPs which 

disturbs the design is now “ignored”.  It might be a good alternative to make a separate 

panel for the CYP2D6 gene in the future for SQNM, because this gene is most relevant 

and important in several drugs metabolism. Reviewing the other failures, for the SNP of 

IL28B, there is already an alternative present, and based on the SNP distribution of 
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UGT1A1 gene, these SNPs may be removed from the assay. However, the failure in the 

CYP2C19 gene seem to be important, it does not distinguish the most crucial haplotypes 

for the drug metabolism but is required for further analysis. A TaqMan assay, a separate 

CYP2C19 panel or a re-design for SNQM might options for this SNP.  

 

Finally, to complete the validation of SQNM and CYP2D6 deletion assay, samples of 

another cohort (Phamous cohort) have been investigated. Blood DNA samples are tested 

by the TaqMan assay in another institute and the same DNA samples have been tested at 

the department of Genetics, by using the SQNM method and Experion Bio-Rad. Results 

showed that they are 100% in agreement with the results of the Institute compared to 

SQNM and Experion. A fictitious pathway of the process from the patient to genotyping 

and back to reporting and prescribing an adjusted drug dose is shown in figure 18.  

 

Some remarks has to be made: for SQNM it is essential that no contamination occurs and 

the primer mixes and DNA sample is added to the well, this can explain some failures in 

SQNM (No alleles are called, due pipetting mistakes or low DNA quality). Moreover, for 

the Experion experiment it is important to dilute the sample (3 times) to remove 

artefacts/ other small DNA fragments, and some manually adjustments might be 

necessary after obtaining the raw data (e.g. adding/excluding peaks, calling upper and/or 

lower marker in the electropherogram). To conclude, the pharmacogenetic screening 

method designed in the pilot study is validated, as this was an independently study from 

the pilot study (quality control) concerning the DNA samples and Sequenom Pro Kit. 

However, the same primers are used and the same steps are taken for analysing the data. 

The SQNM technology makes multiplex assays possible, and is relatively cheap, fast and 

convenient to work with. Furthermore, the iPlexes of SQNM can be adjusted, and new 

SNPs could be added or SNPs could be removed. In this study, experiments are performed 

twice as an intern control, which showed validated results. The validation experiment 

showed also that the SQNM and whole CYP2D6 gene deletion assay are both a robust 

and reliable method for pharmacogenetic testing. A great challenge in technologies used 

for application of drugs is the interaction of gene-drug interaction combined with drug-

drug interactions, which is complex and may have major implications for prescribing a 

drug. In the next section a roadmap with recommendations is described.  
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Figure 18: A fictitious pathway is given from the patient to the report of pharmacogenetic information 
(Personalized Medicine)  
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Future perspectives  

Further research is needed before pharmacogenetic screening is implemented into the 

clinical setting. In general, several genetic test are available, but the main question 

remains: “Which one is the best and most cost-effective?” Sequenom MassArray® provides 

a multiplex assay test, which is relatively cost and time-effective and several SNPs can be 

tested at once, leading to a decrease in assay costs. This is one of the advantages of 

Sequenom MassARRAY® and is aiming to the pre-emptive and/or preventive 

pharmacogenetics testing. More knowledge and work is required for the script design, 

which concerns the translation of genotypes into haplotypes. Designing a script is 

essential and required because physicians and pharmacists interpret haplotypes much 

easier than genotypes. Bioinformatics and its useful tools can be a good way to improve 

the script design, and making a software which can be implemented. Currently, a process 

is started to design a system where the genotypes will be automatically transferred to a 

haplotype and thereafter into a drug prescription. So, we do not have to make a separate 

script design of haplotypes for SQNM. Another alternative for the future is to perform 

the CNV of the whole CYP2D6 gene deletion also by use of SQNM, there is a panel 

available for this CNV at SQNM but needs validation. When this works well and is 

validated, results of this Sequenom technology can be used in the clinical setting. The 

next step for pharmacogenetic testing with Sequenom MassARRAY®, before 

implementation in the clinic, is randomized clinical trials (RCTs). This study design will 

be performed to prove effectiveness of pharmacogenetic testing. Patients will be asked 

for blood sampling and pharmacogenetic screening will be performed in a pre-emptive 

testing way. Another essential part in this process is reporting of data in 

pharmacogenetics, because it will make a phenotype prediction of the drug metabolism 

in the patient. Data transfer and translation of data is of great interest, and a clear final 

report has to be written.  

Furthermore, obstacles in the clinical implementation are the following: lack of 

information on cost-effectiveness and the consequences of testing, detailed knowledge is 

required for application in the clinic (dose prescriptions) and interpretation might be 

difficult for some results/patients, which have to be carefully reviewed because its clinical 

value. Pharmacogenetics on its own, cannot explain all inter-individual differences in 

drug response, other factors as age, renal function and body weight play also a role. 

Pharmacogenetic screening should be interpreted cautious. Altogether, pharmacogenetic 

testing is growing more and more, and the future for a specific test, which predict the 

outcome of a drug treatment in an individual towards a population-wide screening 

becomes more visible.  
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Recommendations  
Pharmacogenetic screening is becoming more and more feasible in research and the 

implementation into clinical setting is not far away. Regarding this validation study, several 

recommendations and additional considerations can be given for pharmacogenetic testing by 

using Sequenom MassARRAY® Analyzer. Four plexes (plex 1 until 4) are now validated in the 

pharmacogenetics study and can be used for further investigations. An additional plex, CYP2D6 

Panel, is now available to investigate the CYP2D6 failure SNPs in the previous 4 plexes. In this 

section a kind of a roadmap is given for performing tests of gene variants in pharmacogenetics.  

 

DNA Samples 

In this study isolated blood (diagnostics) and saliva (isolated and purified from buccal swabs) DNA 

samples are used. Blood DNA is used as a golden standard due its good quality. Saliva samples do 

not have a high DNA yield and good quality. This is one of the limitations of saliva samples. 

Moreover, DNA isolated from blood can be stored for a long period, because the DNA yield is high 

and you can have plenty DNA to use for different experiments. However, saliva samples are limited 

available, which could also cause storage limitations. DNA originated from saliva cannot be used 

for several experiments due the low DNA concentration. It is recommended to use blood DNA for 

all the experiments in pharmacogenetics. Saliva is more convenient and when only a few 

experiments have to be performed, saliva samples might be enough (minimal for 2 runs) and poor 

DNA quality can be tested by SQNM. However, it would not appropriate for the whole CYP2D6 

gene deletion test. Another important issue is to take enough positive and negative controls in the 

Sequenom. This technology is very sensitive to contamination. Sequenom experiments showed 

already that negatives control can be easily contaminated, e.g. small effect by cross-

contamination. It is necessary to work accurately and precisely. During pipetting it is of great 

importance that no contamination occurs, and also to add the primer mix properly to the well. 

Therefore, a high focus of the technician is required and the risk of handling mistakes has to be 

very limited.  

 

Preparing PCR reactions for Sequenom  

After DNA is isolated and purified, it has to be normalized to 5-10 ng/µl. This concentration range 

is appropriate for genotyping by Sequenom MassARRAY®. Before all preparations will be 

performed it is important to go through a checklist: lay-out of 384-wells plate (concerning DNA 

samples and different plexes), PCR, SAP and extended PCR reactions scheme (amount of reactions 

and volumes), making a sample list and assay design in a text file. When everything is prepared, 

reactions for Sequenom can be performed. Accuracy and focus have a great importance as 

performing the different reactions. Moreover, a requirement is to perform all reactions in duplo. 

With a duplo experiment you can perform an internal control and see if the SQNM genotype the 

same result. A situation may occur that the duplo results are not equal to each other, e.g. one 

failed (no call) or both gave a different genotype. When this happens, it is important to look at the 

raw data of SQNM (TyperAnalzyer) and see if any contaminations occurred or primer peaks are 

high. In this case it is important to review also the calls (conservative, moderate etc.). The most 

reliable results will be taken as true (judged by an expert), when no decision can be made, the 

experiment has to be performed again. To provide an estimation for the sample size, how many samples 

(patients) could be tested once: enough controls (32, 4 for each iPlex), 88 samples and/0r 44 samples in 

duplo can be studied at once for the whole panel, 62 validated SNPs. For one iPlex, sample size can be 

scaled up to 368 reactions (184 patients in duplo (x2)) and controls to a total of 384 reactions. 
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Data analysis  

Data is analysed and retrieved from the software Typer Analyzer: Open 

Customer/Project/Plate/Experiment/Chip and choose your file and barcode chip. Select the 

barcode in the chip window and results will appear. Failed SNPs in the validation study, 9 SNPs in 

total, can be discarded or ignored, but failed SNPs of CYP2D6 are added in the additional plex. 

These failures in the 4 plexes will be not taken into account in the results. When the raw data is 

opened, first of all a histogram view of the different SNPs has to be reviewed. Now the failed SNPs 

can be seen in one overview. The histogram can be adjusted by display limit to the total SNPs of 

interest. A percentage of 50-60% can be hold as a threshold, when the overall SNP failed in more 

than 50% of the reactions. This can be indicated as invalid.  

Thereafter, the lay-out: details and call cluster (Cartesian) plot can be chosen and reviewed for 

each single SNP. Recommended is the log(height) and yield vs skew plot view. As mentioned calls 

can be categorized in 6 parts (A, B, C, D, E and N). The following steps may be a useful way to 

analyse the raw data:    

Analysis on Typer Analyzer 4.0.20  

1. Traffic light scheme shows which wells performed well, and if the negative controls are 

really negative (red coloured).  

2. Each SNP has to be judged separately on the call cluster plot and details information. For 

the ideal picture: a sample of an assay should have a tight base line, and the primer peak 

has been disappeared or a low peak is detected.   

3. Calls can be changed by user, BUT this have to be done VERY CAREFUL. Experience and 

improvement of recognizing true calls from invalid calls are required. It is preferred to 

discuss this with 2 or more ‘experts’.  

4. Most clustering of SNPs do not have be adjusted by hand, which means that automatically 

calling for the overall SNPs are robust. For certain SNPs listed below, clusters have to be 

changed in Post Processing Clusters and see Cartesian plot for result (Table 12). The 

following parameters are set on default: 

Specificity: 1 

Magnitude cut-off: 6 

Angle: Height 

Magnitude SNR 

 

Table 12: Changes for the Post Processing Clusters for 5 SNPs (manually).  

SNP Sensitivity 

low mass 

(LM) 

Sensitivity 

Hetero 

Sensitivity 

High mass 

(HM) 

Static 

limit low 

mass 

(LM) 

Static limit 

Hetero 

Static limit  

High mass (HM) 

rs1057910 0,6 0,6 0,6 10 22 10 

rs1065852 0,9 0,9 0,9 10 35 10 

rs2256871 0,8 0,8 0,8 10 22 10 

rs4149056 0,8 0,8 0,8 10 22 10 

rs72558186 0,8 0,8 0,8 10 22 10 
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5. Wells and/or samples can be marked as unusable if practical problems occurred or the 

sample was bad for analysis.  

6. A threshold is set for a coverage rate of >50% or 60% working assays per sample. When a 

sample does not meet this criteria, the sample can be marked as failed. This can be set as 

a quality criteria of each sample. Nevertheless, this stands in relation with the purity and 

quality of the DNA, before any experiment has been performed with SQNM. When the 

concentration is between 5 and 10 ng/μl and the quality of the isolated DNA is between is 

good, then you would not expect any failures due a bad DNA sample. In general, if the 

DNA quality and concentration is as recommended by SQNM (starting material), then no 

errors would occur caused by the samples itself.  

7. To save and/or report the data of Sequenom, you can save different data. Go to file  

Reports 

a. Chip Summary: gives general information of the total export data. 

b. Assay Summary: every SNP can be stored as a single file, with information such 

as conservative calls, call rates.  

c. CallProbabilityReport: data can be reported in an excel file, the scores are 

documented in this file.  

d. PlateResultReport: data can be reported in an excel file. In this report also the 

wells are named in the report.  

 

Analysis in report (excel file: option 7c or d of the report from SQNM) 

 

1. No calls and controls can be removed from data report.  

2. Analysis of concordance can be performed between the two samples (duplo).  

3. When the results of the two samples are not in concordance, these results have to have a 

closer look into the raw data, manually. Possible explanations:  

a. Assay (SNP) worked not well in overall results, see call cluster plot. 

b. Check for call probability  description. The call is mentioned as conservative, 

most of the time this is taken as true.  

c. Background noise is present and/or primer is not bound completely. This means 

that the reaction(s) is not performed well. 

d. Sample is unusable, bad of quality or limited amount present. Check your 

documentation for any mistakes during pipetting and/or further procedures.  

e. Contamination during pipetting, PCR reactions, or nanodispensing. 

IMPORTANT check the negative controls for this!  

In conclusion, several points have to be taken into account when performing the experiments and 

also in analysing the data. Changes in the data has to be done carefully and with a good 

explanation or support. Failures in this study of non-concordance was approximately below 1%. 

So, the overall reactions gave a good result. Not only the assays (SNPs) can fail in this test, but also 

the patient material can be bad of quality and/or not reacting well to the reaction.  
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Conclusion 
The validation of pharmacogenetic testing showed good results and 66 SNPs are valid. 

Multiplex testing of SNPs with Sequenom MassARRAY® Analyzer and PCR reactions of 

TA-repeat are optimal and succeeded. At this moment there are 5 Iplexes for the 

pharmacogenetics study, 4 iPlexes were already used in the pilot study and an additional 

CYP2D6 Panel iPlex consists SNP failures of the CYP2D6 gene. The whole CYP2D6 

deletion assay is also now validated and promising for further investigations. Results 

showed that buccal swabs are a good DNA source for genotyping and a greater benefit is 

that the collection of DNA is patient-friendly and simple. However, saliva samples have 

limitations due to their low DNA quality and storage time, and does not work in the 

deletion assay. Therefore, blood DNA would be recommended for all pharmacogenetic 

tests. In conclusion, Sequenom technology is a robust, reliable and an efficient 

genotyping method aiming for a pre-emptive and/or preventive testing of 

pharmacogenetics.   
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Appendices 

Appendix A: Useful pharmacogenetics websites  

Table described the useful pharmacogenetic webpages, where drugs, genotypes and 

haplotypes can be found73.  
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Appendix B: Common terms 

Obtained from Table 174 
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Appendix C: Short list of genes involved in the drug metabolism   

Gene  SNPs Drugs and diseases  Plex  Status  

  Drugs  Category   After pilot study 

and duplo test  

Distribution of failed SNPs/ 

SNPs with more than 2 alleles  

At the end of the 

project 

DPYD (14 SNPs) 

DPYD (Dihydropyrimidine 

dehydrogenase, also known as 

DPD) is an oxidoreductase 

involved in 5-fluorouracil 

catabolism.Catabolism in 

fluorouracil (a 

chemotherapeutic agent for 

cancer)  

rs3918290 Bevacizumab, capecizumab, cetuximab, fluorouracil and more.  Neoplasm (Cancer) 1 Validated   

rs1801158 Fluorouracil, leucovorin Neoplasm (Cancer) 1   

rs1801159 Capecitabine, flurorouracil Neoplasm (Cancer)  2   

rs1801160 Bevacizumab, capecitabine, cetuximab, fluorouracil, oxaliplatin Cancer  3   

rs1801265 Fluorouracil, leucovorin Neoplasm 2   

rs1801266 Anti-cancer drug 5-fluorouacil Carcinoma 1   

rs1801267 Anti-cancer drug 5-fluorouacil Carcinoma 1   

rs1801268 Anti-cancer drug 5-fluorouacil Carcinoma 1   

rs55886062 Capecitabine, fluorouracil, tegafur Neoplasm  3 A/C/T alleles Apply in 

program: A and C 

 

rs72549303 Anti-cancer drug 5-fluorouacil Cancer 2   

rs72549306 Anti-cancer drug 5-fluorouacil Cancer 1   

rs72549309 Anti-cancer drug 5-fluorouacil Carcinoma 3   

rs78060119 Anti-cancer drug 5-fluorouacil Cancer 1   

rs80081766 Anti-cancer drug 5-fluorouacil Cancer 1   

TPMT (5 SNPs) 

The TPMT gene codes for the 

enzyme thiopurine S-

methyltransferase and is 

involved in metabolism of the 

immunosuppressant drug 

azathioprine. This drug is used 

after organ transplantation and 

overdosing in poor metabolizers 

of TPMT can cause rejection of 

the organ. 

 

rs1800462 Azathioprine, mercaptopurine, s-adenosylmethionine, 

thiouanine.  

Transplantation  2   

rs1142345 Azathioprine, cisplatin, and more. 1   

rs1800460 Azathioprine, cisplatin, mercaptopurine, s-adenosylmethionine, 

thioguanine 

2   

rs1800584 Azathioprine, mercaptopurine, thioguanine 1   

rs56161402 Azathioprine, mercaptopurine, thioguanine 

 

 

Leukemia-

Lymphoma 

4   
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UGT1A1 (3 SNPs + TA-repeat) 

UGT1A1 is able to catalyze the 

biotransformation of 

endobiotics and xenobiotics.  

 

The promoter region of the 

gene contains a repeat 5 to 8 

TA units, of which a 6 times 

repeat is most common. 

Detection of this 

polymorphism can help 

diagnosis of Gilbert’s 

syndrome, which is a disorder 

in bilirubin metabolism. 

rs887829 Atazanavir, deferasirox Beta-thalassemia 1 Validated   

rs4148323 Atazanavir, cisplatin, rifampin and more.  Neoplasms 2 Validated   

rs35350960 SN-38 

SN-38 is an active metabolite of the topoisomerase I inhibitor 

irinotecan. 

Cancer 4 Failed  CC= 0.996 

AC= 0.004 

Discarded, low 

frequency in 

population and not 

determinative for 

haplotype.  

TA-repeat 

rs34815109 

Irinotecan Potential risk for 

breast cancer, mild 

hyper-bilirubinemia 

manifested in 

Gilbert's syndrome 

7 

(uni-

plex) 

Validated TA5/6/7/8, population: TA6 

and TA7. Apply in program: 

TA6 and TA7 

 

CYP2C19 (11 SNPs) 

CYP2C9 and CYP2C19 are 

enzymes in the cytochrome 

p450 family. They are known 

to be involved in several 

adverse drug reactions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rs4244285 Proton pump inhibitors: aspirin, clopidogrel, doxepin and more.  Cardiovascular 

diseases, thrombosis, 

Depressive 

disorder/Psychiatry  

2 A/C/G alleles, population: 

G(0.806) and A(0.194). Apply in 

program: G and A 

 

rs4986893 Amitriptyline, clopidogrel, imipramine and more.  Coronary artery 

disease, 

Gastroesophageal 

reflux, Depressive 

disorder 

2   

rs28399504  Clopidogrel, diazepam, mephenytoin, phenytoin Acute coronary 

syndrome, 

cardiovascular 

diseases 

1   

rs56337013 Mephenytoin, tolbutamide, clopidogrel Cardiovascular 

events  

1 Validated   

rs72552267 Clopidogrel Coronary stent 

thrombosis, 

cardiovascular 

1   

rs72558186 mephenytoin Splicer donor 

mutation 

3 Validated   
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Continuned CYP2C19 rs41291556 Mephenytoin, tolbutamide Asthma, epileptic 

seizures 

2   

rs17884712 Mephenytoin  Asthma, epileptic 

seizures 

4   

rs6413438 Mephenytoin 

 

Asthma, epileptic 

seizures 

1   

rs12248560 Proton pump inhibitors: Amitriptyline, busulfan, clopidogrel, 

tamoxifen and more.  

Depressive 

disorder/Psychiatry, 

Acute coronary 

syndrome, 

myocardial 

infarction 

1 A/C/T alleles, population: 

C(0.844) and T(0.156) apply in 

program: C and T 

 

rs3758581 amitriptyline Depressive 

disorder/Psychiatry 

1 Failed/Strange 

plot as result  

GG=0.898 

AG=0.102 

Failure, no 

alternative found 

yet 

CYP2C9 (14 SNPs)  

CYP2C9 is involved in 

metabolism of the 

anticoagulant drug warfarin 

among others. Providing a 

normal dose of warfarin to 

poor metabolizers of the 

CYP2C9 allele is reported to 

have more bleeding 

complications. 

* Thrombosis 

 

 

 

 

 

 

 

rs1799853 Busulfan, clopidogrel, diclofenac and more.  Cardiovascular and 

heart diseases, 

epilepsy,  

2 Validated   

rs1057910 Warfarin and more. Cardiovascular and 

heart diseases, 

thrombosis 

3   

rs56165452 warfarin Thrombosis 4 A/C/T/G alleles, apply in 

program: C and T 

 

rs28371686 Phenytoin and warfarin Fibrillation, 

thrombosis 

4   

rs9332131 Phenytoin and warfarin Hypertension, 

thrombosis 

1   

rs67807361 warfarin atrial fibrillation 2   

rs7900194 Phenytoin and warfarin Fibrillation, 

thrombosis 

1 A/C/T/G alleles, apply in 

program: G and A 

 

rs28371685 Phenytoin and warfarin Atrial Fibrillation, 

thrombosis, stroke 

2   

rs2256871 warfarin Thrombosis 3   
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Continued CYP2C9 rs9332130 warfarin Thrombosis 2   

rs9332239 tolbutamide Diabetes Mellitus 1   

rs72558187 Warfarin Thrombosis 1 Validated   

rs72558190 Warfarin Thrombosis 4   

rs72558188 Warfarin Thrombosis 1   

CYP2D6 (14 SNPs + gene 

deletion) 

The CYP2D6 gene codes for the 

CYP2D6 enzyme. This is 

involved in oxidative 

metabolism of over more than 

70 pharmaceuticals 

CYP2D6 is known to be 

involved in metabolism of 

many drugs, so far dosing 

guidelines are already 

available for 25 different 

drugs. 

* dextromethorphan, beta-

blockers, antiarrhythmics, 

and antidepressants. 

 

 

 

 

 

 

 

 

 

 

 

rs35742686 Amitriptyline and more. Depressive 

disorder/Psychiatry 

2   

rs3892097 Antidepressants: amitriptyline and more. Depression, 

Depressive 

disorder/Psychiatry 

1 Failed  Distributed 

GG=0.548 

AG=0.419 

GG=0.032 

Failed, however, 

alternative 

possible in another 

panel 

rs5030655 Antipsychotics Pain, mental 

disorders, Depressive 

disorder/Psychiatry 

1 Failed  TT=1.000 CYP2D6 panel 

rs5030867 sparteine Heart (cardiac 

arrhythmias), 

fibrillation 

2 Validated   

rs5030865 flecainide Depressive 

disorder/Psychiatry, 

schizophrenia, 

cardiac arrhythmias  

2 Failed  CC=1.000 

A/C/T alleles, apply in 

program: C and A 

CYP2D6 panel 

rs5030656 Amitriptyline and more. Depressive 

disorder/Psychiatry 

1 Validated   

rs1065852 Antipsychotics Depressive 

disorder/Psychiatry 

2 Validated   

rs5030863 Tamoxifen Cancer 

(chemotherapy) 

4 Failed  No frequency data available CYP2D6 panel 

rs5030862 Sparteine Heart (cardiac 

arrhythmias), 

fibrillation 

1 Validated   

rs72549357

B 

Many drugs - 4 Failed Deletion from database Discarded from 

assay 
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Continued CYP2D6 

 

 

 

 

 

 

 

 

 

 

 

 

 

rs28371706 Amitriptyline and more. Depressive 

disorder/Psychiatry 

1 Failed CC= 0.968 

CT=0.032 

CYP2D6 panel 

rs16947 Amitriptyline and more. Depressive 

disorder/Psychiatry 

2 Validated   

rs59421388 Amitriptyline and more.  Depressive 

disorder/Psychiatry 

1 Failed only in 

first run 

CC=0.935 

CT=0.030 

Essential to keep 

in mind when 

performing the 

analysis.  

rs28371725 Amitriptyline and more. Depressive 

disorder/Psychiatry, 

Mood disorders.  

1 Failed GG=0.806 

AG=0.194 

Failed, alternative 

inosine SNP 

Whole 

gene 

deletion 

debrisoquine/sparteine (poor metabolizer) - -    

VKORC1 (4 SNP) 

 

 

rs9934438 Acenocoumarol, coumarin, fluindione, phenprocoumon, 

warfarin 

Heart Disease, 

Thromboembolism 

1 Validated   

rs17708472 warfarin Thromboembolism 2   

rs7294 Acenocoumarol, coumarin, phenprocoumon, warfarin Thromboembolism 2   

rs9923231 Acenocoumarol, coumarin, phenprocoumon, warfarin Thromboembolism 2 A/C/T/G alleles, population: 

C(0.574) and T(0.426). Apply in 

program: C and T 

 

SLCO1B1 (3 SNP) 

SLCO1B1 is a hepatic uptake 

transporter. Heterozygous or 

homozygous carriers of a 

polymorphism SLCO1B1 allele 

should get a reduced dose of 

simvastatin since there is 

increased risk for myopathy. 

 

 

 

 

rs4149056 Atorvastatin, enalapril, simvastatin and more.  Muscular diseases  1   

rs2306283 Rifampin, simvastatin, and more.  Diabetes, cancer 2   

rs4149015 Arsenic compounds: atorvastatin, enalapril, irinotecan, 

lovastatin and more.  

Carcinoma 2   
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Factor V Leiden (1 SNP) 

Factor 5 Leiden is carriage of a 

polymorphic allele for factor 

5. It causes resistance to 

inactivation by protein C and 

results in increased 

coagulation. 

rs6025 Drotrecogin alfa, tamoxifen Thrombosis 2   

GLCCI1 (1 SNP) 

GLCCI1 stands for 

glucocorticoid-induced 

transcript 1 and is associated 

with a decreased response to 

glucocorticoids which are 

inhaled by patients with 

asthma. 

rs37972 Glucocorticoid therapy/corticosteroids Asthma  2 Validated    

IL28B (1 SNP) 

IL28B is strongly correlated to 

IFNL4 (interferon, lambda 4). 

SNP testing in this gene can be 

used to predict response to  

treatment of hepatitis C. 

rs12979860 Interferons, ribavirin and more. Hepatitis C 1 Failed  Distributed Discarded, 

alternative is 

available already in 

diagnostics 
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Appendix D: Instructions for use of Isohelix Buccal Swabs  
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Appendix E: Plexes 

 

IPlex Format of 71 SNPs (Named as Plex 1,2,3 and 4) – distribution of SNPs  

Red coloured = failed SNPs   Blue coloured =CYP2D6 gene SNPs 

 

 

 

 

 

 

  

Plex  Amount of SNPs SNPs 

1 32 1. rs5030655 

2. rs1801158 

3. rs3758581 

4. rs72549306 

5. rs72552267 

6. rs5030656 

7. rs9934438 

8. rs7900194 

9. rs28371725 

10. rs59421388 

11. rs1801266 

12. rs9332239 

13. rs28399504 

14. rs28371706 

15. rs56337013 

16. rs6413438 

17. rs72558187 

18. rs3918290 

19. rs887829 

20. rs72558188 

21. rs3892097 

22. rs80081766 

23. rs9332131 

24. rs12248560 

25. rs1801268 

26. rs5030862 

27. rs4149056 

28. rs12979860 

29. rs1142345 

30. rs1801267 

31. rs78060119 

32. rs1800584 

2 25 1. rs5030865 

2. rs1065852 

3. rs35742686 

4. rs1801265 

5. rs5030867 

6. rs28371685 

7. rs67807361 

8. rs17708472 

9. rs4986893 

10. rs1801159 

11. rs1800460 

12. rs16947 

13. rs1799853 

14. rs7294 

15. rs41291556 

16. rs4244285 

17. rs9332130 

18. rs4148323 

19. rs1800462 

20. rs72549303 

21. rs6025 

22. rs37972 

23. rs4149015 

24. rs9923231 

25. rs2306283 

 

3 6 1. rs55886062 

2. rs1057910 

3. rs1801160 

4. rs72549309 

5. rs72558186 

6. rs2256871 

4 8 1. rs56165452 

2. rs17884712 

3. rs28371686 

4. rs5030863 

5. rs72549357B 

6. rs35350960 

7. rs72558190 

8. rs56161402 
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Appendix F: DNA concentration by NanoDrop 

 

 

Additional information of DNA concentration/ NanoDrop 

For a good quality DNA, the OD 260/280 ratio should be between 1.8 and 2.0 The OD 

260/230 ratio should be above 1.5. However, for the saliva samples this is difficult to 

obtain these ranges for all samples.  

 

Isohelix Buccal  Swab 
Before Purification After Purification

Sample ID Nucleic Acid Conc. ng/µl 260/280 260/230 Sample ID Nucleic Acid Conc. ng/µl 260/280 260/230

1 33,44 1,19 1,57 1 50,45 1,67 0,78

2 120,5 1,18 0,91 2 28,22 1,46 0,8

3 24,39 1,27 1,39 3 35,29 1,68 0,85

4 11,43 1,12 0,59 4 23,12 1,7 0,8

5 5,451 1,17 -0,68 5 17,53 1,75 0,75

6 15,54 1,01 0,31 6 22,68 1,77 0,77

7 26,07 1,32 0,62 7 37,79 1,75 0,96

8 31,6 1,2 0,37 8 24,12 1,6 0,7

9 78,2 1,48 0,4 9 47,1 1,78 0,78

10 70,4 1,52 0,41 10 47,6 1,65 0,71

11 83,6 1,43 0,4 11 97 1,64 0,67

12 275,8 1,38 0,45 12 147,6 1,53 0,67

13 51,2 1,49 0,39 13 127,8 1,68 0,73

14 158,1 1,41 0,62 14 97,6 1,47 0,7

15 31,6 1,4 0,31 15 60,7 1,58 0,6

16 2,7 0,8 0,06 16 77,8 1,45 0,58

17 1,2 -0,39 -0,02 17 74,9 1,69 0,78

18 78,9 1,3 0,34 18 203,9 1,49 0,59

19 25,7 1,14 0,18 19 18,2 1,63 0,55

20 23,7 2,3 0,6 20 42,4 1,71 0,88

21 18,5 1,67 0,35 21 30 1,6 0,64

22 10,1 2,59 0,2 22 24,1 1,65 0,66

23 78,6 1,44 0,59 23 81,2 1,67 0,7

24 9,7 7,8 -0,21 24 167,9 1,73 0,83

25 184,4 1,33 0,46 25 62,4 1,62 0,62

26 47,6 1,31 0,3 26 81,7 1,57 0,61

27 26,2 1,58 0,31 27 61 1,63 0,7

28 6,8 1,23 0,11 28 23,9 1,63 0,64

29 20,6 1,3 6,3 29 11,2 1,54 0,39

30 31,3 1,58 0,39 30 473,9 1,6 0,72

31 9,9 1,68 0,22 31 35,1 1,66 0,75

32 11,6 1,58 0,25 32 98,7 1,54 0,55

33 35,4 1,39 0,42 33 468 1,52 0,65

34 6,2 1,12 0,11 34 27 1,56 0,55

35 54,4 1,37 0,3 35 38,6 1,68 0,74

36 24,8 1,05 0,18 36 12,2 1,11 0,11

37 7 1,12 0,11 37 55,5 1,51 0,59

38 24,3 1 0,09 38 31,9 1,66 0,64

39 9,4 1,4 0,14 39 41,7 1,7 0,67

40 36,2 1,12 0,2 40 30,5 1,64 0,75
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Important Screen Features  

Obtained from GAF E002 NanoDrop measurement using the ND-1000 or ND-8000, version 

1.0 UMCG Genetics – Genome Analysis Facility 

 

ng/μl: sample concentration in ng/μl based on absorbance at 260 nm and the selected 

analysis constant. 

260/280: ratio of sample absorbance at 260 and 280 nm. The ratio of absorbance at 260 

and 280 nm is used to assess the purity of DNA. A ratio of 1.8 – 1.9 is generally accepted 

as “pure” for DNA. If the ratio is appreciably lower in either case, it may indicate the 

presence of protein, phenol or other contaminants that absorb strongly at or near 280 

nm. 

 

260/230: ratio of sample absorbance at 260 and 230 nm. This is a secondary measure of 

nucleic acid purity. This ratio is commonly in the range of 1.8-2.2. If the ratio is 

appreciably lower, this may indicate the presence of co-purified contaminants, such as 

salts.  
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Appendix G: Groningen ADME Panel Sequenom iPLEX Pro reaction 

 

Concentration scheme for the different PCR reactions and plexes  

  

5 * (144 reactions >  160 samples Number of samples 144 with blanco

Total per PLEX Reactions 172,8

Water (HPLC Grade) NA 0,75 120 160

PCR Buffer(10x) (15mM MgCl2) 1.25x 0,625 100

MgCl2 (25mM) 1.625 mM 0,325 52

dNTP mix (25mM each) 500uM 0,1 16

Primer mix (1uM each) 200nM 1 160 5 cupjes for 5 plexes

PCR Enzyme (5U/ul) 0.5U/rxn 0,2 32

Genomic DNA (5-10ng/ul) 10ng/rxn 2 x 2 ul DNA + 3 ul mix 

5 x

480  

94C 2min

94C 30sec

56C 30sec

72C 1min

72C 3min

4C forever

5 * 144 reacties > mastermix maken voor 160 reacties

Total

Water (HPLC) NA 1,53 244,8 1224  

SAP Buffer (10x) 0.24x 0,17 27,2 136 1600

SAP enzyme (1.7U/ul) .07U/rxn 0,3 48 240

2 320 1600

37C 40min

85C 5min

4C forever

TA-repeat

144 reactions

Per plex  een cupje mix Total

Water (HPLC Grade) NA 0,619 99,04 Water (HPLC Grade) NA 0,6795 108,72

iPLEX Pro buffer (10X) 0.222X 0,2 32 iPLEX Pro buffer (10X) 0.222X 0,2 32

iPLEX termination mix 25uM 0,2 32 ATG Stop mix 25uM 0,1 16

Extension primer mix (9uM) 1uM 0,94 150,4 Extension primer (9uM) 1uM 1 160

iPLEX Pro enzyme 1x 0,041 6,56 iPLEX Pro enzyme 0.5X 0,0205 3,28

2 320 2 320

94C 30sec

94C 5sec

52C 5sec

80C 5sec

72C 3min

4C forever

Add 16ul HPLC grade water and 6mg Clean resin (add water first)

Ready for dispensing and MALDI-TOF analysis

Total Total

Cycling Parameters

40 cycles
5cycles

Incubation Parameters

EXTENSION SETUP W1-W6 EXTENSION SETUP rs34815109

Reagent Conc. In 9ul
Volume - 1 rxn 

(ul)
Reagent Conc. In 9ul Volume - 1 rxn (ul)

Total

PCR SETUP

Reagent Conc. In 5ul
Volume -1 rxn 

(ul)

Total

Cycling Parameters

45 cycles

SAP SETUP

Reagent Conc. In 7ul
Volume-1 rxn   

(ul)



PAGE 73 

 

 

 

Appendix H: CYP2D6 gene 

For further investigation on CYP2D6, a schematic view was searched for clarification of 

this gene on the genome. CYP2D6 is located on 22q13.175. On the next page a description 

of the CYP2D6 locus shown of Nature Reviews.  
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Figure 19: CYP2D6 gene (yellow) is a complex gene and also challenging for pharmacogenetic 
genotyping. The genomic locus of CYP2D6 has 2 or more homologous pseudogenes: pseudogene 7P 
(green) and 8P (purple). A) CYP2D6*5 (whole gene deletion, 3,5 kb) is shown. The 2 pseudogenes are 
closely located to the CYP2D6 gene. B) CYP2D6 duplication is also one of the CNVs of CYP2D6. C) 
The gene is clustered and has 3 highly homologous genes are located next to each other. CYP2D6 is 
highly polymorphic and because of the pseudogenes the polymorphisms in CYP2D6 are difficult to 
target for genotype analysis. A long PCR reaction is required to detect CYP2D6 SNPs, deletions and 
duplications. D) common polymorphisms of the CYP2D6 gene is shown here. This figure is adapted 

obtained from TECHNOLOGY PLATFORMS FOR PHARMACOGENOMIC DIAGNOSTIC ASSAYS (Koch et al. 
2004)  
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Appendix I: CYP2D6 gene SQNM Panel  

I-1: Another approach  

This approach contains a single iPlex, first a PCR reaction is performed for selecting the CYP2D6 gene/deletion and thereafter a SAP reaction and extended 

reaction is performed. Different approach is more specific then SQNM approach.  

  



PAGE 76 

 

 

 

I-2: IPlex extended reaction information 

 

 

 

 

Number Position SNP UEP Seq UD UM EP LM Seq ELM EP HM Seq EHM 

1 1023C>T rs28371706 CCCGCCTGTGCCCATCA Reverse 5067.3 CCCGCCTGTGCCCATCAC 5314.5 CCCGCCTGTGCCCATCAT 5394.4 

2 1846G>A rs3892097 GGGGCGAAAGGGGCGTC Reverse 5342 GGGGCGAAAGGGGCGTCC 5588 GGGGCGAAAGGGGCGTCT 5668 

3 1758G>T>A rs5030865 TTGTGCCGCCTTCGCCAACCACTCC Forward 7490 TTGTGCCGCCTTCGCCAACCACTCCA 7761 TTGTGCCGCCTTCGCCAACCACTCCG 7777 

        TTGTGCCGCCTTCGCCAACCACTCCT 7817 

4 883G>C rs5030863 TCCCCGAAGCGGCGCCGCAA Reverse 6073 TCCCCGAAGCGGCGCCGCAAC 6320 TCCCCGAAGCGGCGCCGCAAG 6360 

5 2988G>A rs28371725 CATGTGCCCCCGCCTGTACCCTT Reverse 6888 CATGTGCCCCCGCCTGTACCCTTC 7135 CATGTGCCCCCGCCTGTACCCTTT 7215 

6 1707delT rs5030655 GCGGCCTCCTCGGTCACCC Reverse  5702 GCGGCCTCCTCGGTCACCCC 5949 GCGGCCTCCTCGGTCACCCA 5973 
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Appendix J: Results  

J-1: Details and Scatter plots of heterozygote and homozygote results 
 
Examples of details (left; homozygote and right; heterozygote) and plots (examples of only 
homozygote calls and on the next page plots of three clusters). These images were obtained from 
the Typer Analyzer 4.0.20  
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J-2: Explanation of Excel files of validation analysis 

For analysing the concordance of the Sequenom results, results of the first run and second 

run (duplo) were compared with each other. Out these analysis the results showed that 

Sequenom had a failed concordance of below 1% (no calls and bad spectrums are 

removed).  

Excel files contained the following information: sample, assay (rs numbers), genotype 

(calls), description (conservative, moderate etc.), score and operator (Automatic). For 

analysis the sample, assay, genotype and description column is used and compared within 

the different runs with the same samples (first and second run). This information showed 

which results were consistent with each other and/or in conflict. Saliva and Blood DNA 

samples are also analysed separately as a ratio and percentages of calls (data not shown).  

In general, both sources gave similar results and can be used for the SQNM experiments,  

 

Data of the ABI, GX and Experion can be found in the Supplementary Material (see attached 

document)  

 



 

 

Appendix K: Schematic overview- Current state 

Schematic overview of the current state of implementing pharmacogenetic testing in 

practice is given. From the first step, the discovery of gene variant, and now we are at the 

stage of pharmacogenetic screening. For future research it is necessary to work on the 

translation of the data to the clinic, which will lead to a PGx test in the clinical setting.  

Below the schematic overview a flow chart is viewed; here, details are described of the 

experiments and sample set. The last two charts (brown) are the phases which is studied 

in this study and what remains to be done. 
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