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Pyrosequencing® Applications

Sharon Marsh

Summary

Genetics research has benefited tremendously from the release of the human genome
sequence. Subsequent technology has been developed and adapted to accommodate the
need for faster, easier throughput of genetic assays. Pyrosequencing® is a unique system
that allows the analysis of genetic variations including single-nucleotide polymorphisms,
indels and short repeats, as well as assessing RNA allelic imbalance, DNA methylation
status, and gene copy number. Advances in methodology, including multiplex and uni-
versal primer applications, have reduced assay cost and improved throughput. This chap-
ter briefly reviews some of the many applications for Pyrosequencing technology.
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1. Introduction

Since the release of a working draft of the human genome there has been a
drive for technological advancements to improve the throughput and analysis
of genetics research.

Low-throughput procedures such as restriction fragment length polymor-
phism and allele-specific PCR (1) are time consuming and laborious when
multiple samples and/or multiple assays are to be used. Conversely, high-
throughput procedures utilizing chips or bead arrays (2) are cheap per variant
but are limited by the large amounts of sample needed and are consequently
limited to studies such as whole-genome scanning where data on up to 500,000
polymorphisms are required. A range of medium-throughput technologies have
emerged to fill the gap, each with their advantages and disadvantages (3).
Pyrosequencing is one such technology that allows rapid and reliable
genotyping to be performed in a 96-well plate format.
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2. Principles of Pyrosequencing

The origins of Pyrosequencing have been described in Chapter 1. This inno-
vative technique is based on sequencing by synthesis. The assay takes advan-
tage of the natural release of pyrophosphate whenever a nucleotide is
incorporated onto an open 3' DNA strand. The released pyrophosphate is used
in a sulfurylase reaction releasing ATP. The released ATP can be used by lu-
ciferase in the conversion of luciferin to oxyluciferin. The reaction results in
the emission of light, which is collected by a CCD camera and recorded in the
form of peaks, known as a Pyrogram® (4—6) (Fig. 1). When a nucleotide is not
incorporated into the reaction, no pyrophosphate is released and the unused
nucleotide is removed from the system by degradation through apyrase. This
four-enzyme process is performed in a closed system in a single well. The
processing time is simple and relatively fast (~20 min/96-well plate) and the
cost of the reaction is comparable to other medium-throughput technologies.

3. Applications

The advantages with the Pyosequencing system lie with the range of appli-
cations the technology can be applied to (Fig. 2). Single-nucleotide polymor-
phisms (SNP), insertion/deletions (indels), short tandem repeats, pooled allele
frequencies, human leukocyte antigen (HLA) typing, gene copy number, al-
lelic imbalance in RNA, methylation status, and short sequencing stretches are
among the numerous applications, many of which are described in this book.
As short stretches of sequence are synthesized during the assay, novel poly-
morphisms close to the polymorphism in question have also been identified
using this technique, where they may be missed or cause inaccurate genotype
calls using other methods (7). The assay is applicable to almost any source of
DNA or RNA (e.g., blood, saliva, cell line, plasma, serum, tissue, formalin-
fixed and/or paraffin-embedded samples, and whole genome-amplified DNA).
In addition, the use of a universal biotinylated primer and multiplex analysis of
up to three different amplicons can be performed (8-10), reducing genotyping
cost and time of throughput. No other system provides this range, throughput,
and cost advantage. An up-to-date listing of publications involving
Pyrosequencing technology can be found at http://www.biotagebio.com/
DynPage.aspx?id=8890&search=publications.

3.1. Human Genetics

Historically, genetics research works back from a phenotype using family
inheritance patterns and linkage analysis to narrow down regions associated
with genetic disorders. However, once the genome regions have been assigned
they often still span huge stretches of DNA and narrowing down further to
identify the causative genes/haplotypes/variants can be an arduous process.
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Fig. 1. The principles of Pyrosequencing®. (Reproduced with permission from ref.
46.)

Utilizing the Pyrosequencing allele quantification software, pooling individual
samples allows a rapid and cost-effective process for screening allele frequen-
cies in affected and control populations (11). For example, Permutt et al. used
a case—control design to screen 91 SNPs from a 7.3-Mb region in pooled
samples of 150 individuals with diabetes and 150 controls from the same popu-
lation (Ashkenazi) (12). This allowed a direct comparison of allele frequencies
between cases and controls and was performed in 182 assays rather than the
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Fig. 2. Applications of Pyrosequencing®. Pyrogram® adapted from Fig. 1.

27,300 that would be necessary to screen all of the individuals for each poly-
morphism separately. Studies such as this can allow a rapid screening process
to narrow down the regions that should be subsequently genotyped at a higher
density in individual samples.

3.2. Pharmacogenetics

Pharmacogenetics research, the search for inherited variability in drug re-
sponse, relies on rapid, accurate genotyping technologies. There are many ex-
amples of the use of Pyrosequencing for pharmacogenetics research in the
recent literature (13-27). Although the majority of DNA variation is in the
form of individual DNA nucleotide differences (SNPs), other variants includ-
ing tri-allelic polymorphisms, tandem repeats, and indels have been shown to
be clinically relevant. For example, a functional dinucleotide (TA) repeat in
the UGTIAI gene has been associated with severe toxicity in cancer patients
treated with the chemotherapy drug, irinotecan (28). The majority of people
have six copies of the TA repeat. The UGTA*28 polymorphism corresponds
to seven copies of the repeat, and this is the allele associated with toxicity. This
polymorphism can be identified by direct sequencing, but the analysis is time
consuming and the assay can be expensive. An accurate Pyrosequencing assay
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has been developed that screens this polymorphism in a 96-well plate format
and significantly reduces analysis time (24).

The ability to multiplex reactions is also a boon to pharmacogenetics re-
search. The multidrug transporter gene, ABCBI/ (MDRI1) has three commonly
studied polymorphisms. As these are all usually screened in patient samples,
assessing all three in one multiplexed assay (29) can reduce time, cost, and
importantly, reduces the amount of patient DNA required.

Copy-number polymorphisms can also have pharmacogenetic relevance.
CYP2D6 is another metabolizer of commonly used drugs. Gene duplication
events lead to polymorphic CYP2D6 gene copy numbers between individuals.
Amplification of the CYP2D6 gene is associated with increased enzyme levels
and consequently increased CYP2D6-mediated metabolism. Time-consuming
and labor-intensive methods such as long-range PCR can be used to quantify
the number of CYP2D6 genes in a patient. However, the development of a
Pyrosequencing assay (Chapter 12) to quantify gene copy numbers (30) allows
rapid and reliable data to be generated. For CYP2D6 the assay takes advantage
of a known pseudogene (CYP2DS8P) and the allele quantification software to
compare the ratio of peak heights and determine the number of CYP2D6 genes
present (31).

Along with identifying clinically relevant polymorphisms, an added com-
plication can be found where an imbalance in allele expression is seen in the
RNA expression of a gene. For example, in patients heterozygous for a func-
tional polymorphism, if the deleterious allele is over-represented in the RNA
compared with the wild-type allele, this could significantly affect patient out-
come. Over-representation of specific alleles has been demonstrated in
CYP3AS5, a gene responsible for the metabolism of many commonly prescribed
drugs. A polymorphism in the 3'-untranslated region of the CYP3AS5 gene is
over-represented in cDNA from individuals whose DNA is heterozygous for
the polymorphism (32). This is ultimately owing to tight linkage with a SNP in
the promoter region of the gene causing increased expression (32). Conse-
quently, the need to look to RNA for allele expression may provide more infor-
mation than simply assessing the DNA for the presence of the functional allele.
Chapter 13 details a method for assessing allelic imbalance, which could be
readily applied to studies such as these. Consequently, assessment of RNA
allele expression and DNA polymorphism in the status of the same individual
can be readily performed on the same technology platform.

3.3. Epigenetics

Hypermethylation of CpG islands located within or close to the 5' region of
genes is associated with inhibition of gene expression. This can be particularly
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important in tumors where hypermethylation can “switch off” tumor-suppres-
sor genes and/or DNA damage repair genes, which can lead to sensitivity or
resistance to chemotherapy drugs (33). Assessment of methylation status in
CpG islands can be easily performed using bisulfate modification and compar-
ing the conversion of cytidine to thymidine with the allele quantification
Pyrosequencing software (Chapter 8). The procedure for detecting methyla-
tion using Pyrosequencing (34) was recently applied to determine the methyla-
tion status in oral squamous cell carcinoma (35), leading to the identification
of cytoglobin as a novel putative tumor suppressor gene (35).

3.4. Medical Genetics

The use of Pyrosequencing to rapidly and accurately type HLA loci (Chap-
ter 10) is of valuable clinical importance (36—41). The matching of patient and
donor for HLA significantly reduces the chance of rejection following organ
transplantation.

Other medical applications for Pyrosequencing include the typing of muta-
tions (Chapter 9) conferring antibiotic resistance to bacteria or to differentiate
between multiple bacterial or viral strains (42—44) and for screening for target
phage ligands for novel drug development (Chapter 11) (45). These protocols
demonstrate the utility of Pyrosequencing for clinical assessment and drug de-
velopment applications.

The technique also has far-reaching applications to fields outside of human/
medical genetics. Chapter 12 describes the use of gene copy number detection
in animal studies where Pyrosequencing technology can be utilized to deter-
mine X and Y copy numbers in cattle sperm sorting, or coat color variation
gene copies in pigs, demonstrating that the same technique and protocols can
be applied to a wide variety of disciplines.

3.5. Conclusion

The availability of a multipurpose instrument for genetic analysis is a major
boon to researchers. Pyrosequencing is an established, reliable technique that
can be applied to all areas of genetics. Applications of Pyrosequencing tech-
nology can be found in widely diverse research fields from plant biology to
immunology. The following chapters describe in-depth protocols and trouble-
shooting tips covering many of these applications.
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