PyroMethATM: Quantitative methylation analysis by pyrosequencing. 
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Short Abstract: 

An efficient method of quantitatively assessing the methylation status of multiple methylation sites simultaneously is described. PyroMethATM , 1, based on CpG methylation analysis by pyrosequencing, is advantageous in that it assesses not only the presence of DNA methylation, but also the percent methylation at each CpG across the target region.

Long Abstract: 


Epigenetics is the change in gene function without a change in nuclear DNA sequence.  DNA methylation is a major epigenetic mechanism2,3.  Methylation occurs on the cytosine of CpG dinucleotides within CpG islands found in the promoter region of genes.  A CpG island is a region of DNA enriched with CpG dinucleotides that has a GC content of at least 50%, is at least 200 bp long, and has an observed/expected ratio of CpG dinucleotides that is greater than 60%.


Aberrant methylation of CpG islands by DNA methyltransferases occurs in cancer cells.  DNA methylation results in gene inactivation, which can result in decreased expression of tumor suppressor genes4.  Manipulation of DNA methylation as a means to restore expression of transcriptionally silenced genes could prove to be a powerful tool in the treatment of cancer.  To this end, an efficient method of detecting and quantifying the levels of methylation has been developed and will be described here.  


Pyrosequencing-based Methylation Analysis (PyroMethATM) is an effective method for analyzing cancer genes that undergo epigenetic inactivation by promoter hypermethylation.  Genomic DNA is initially chemically converted by bisulfite treatment, allowing methylated and unmethylated cytosines to be distinguished.  PCR primer pairs specifically designed with PSQ Assay Design software are then used to amplify bisulfite treated DNA of a sequence of interest.  The assay can be performed in forward or reverse orientation.  The primers are designed such that, for a forward reaction, the reverse primer is biotinylated.  This biotinylation is used to collect single-stranded DNA of the sequence of interest for the pyrosequencing reaction.  In the pyrosequencing reaction, nucleotides are added sequentially as a complementary strand of DNA is being generated.  When DNA polymerase incorporates a complementary nucleotide, pyrophosphate is released which is then converted to ATP by sulfurylase.  The ATP is then used to convert luciferin to oxyluciferin resulting in a fluorescent signal that is proportional to the amount of nucleotide incorporated at each position5.  This light signal is then visualized by the experimenter as a pyrogram trace such that the peak heights are proportional to the amount of incorporated nucleotide (Figure 1).  


This method is advantageous over other methods, such as methylation-specific PCR or methylation analysis using restriction enzyme digestion, in that one can accurately quantify methylation, allowing sensitive comparisons of methylation levels over time and across experimental conditions6.  Since methylation controls gene expression in a dose-dependent manner, this is a key point for use of the technology in understanding the epigenetic control of genes in cancer7,8,9.

Protocol Text: see Figure 3 for Workflow. 

1.) Set up assay

1.1) Based on the gene of interest, select a CpG island within the promoter region for analysis.

1.2) Convert the genomic sequence to reflect bisulfite treatment by changing the Cs to Ts and the CGs to YGs.

1.3) Input the converted sequence into the PSQ assay design software

1.4) Set the target sequence and generate primers.

2.) Bisulfite treatment of DNA (Figure 2)
2.1) Using Qiagen’s Epitect Bisulfite kit, combine ~200ng of genomic DNA, 85 µl bisulfite mix, 15µl DNA protection buffer, and RNase-free water to a total volume of 140µl in 200µl PCR tubes. We have used patient DNA prepared from Trizol and solubilized in 8mM NaOH as well as patient DNA from formalin-fixed, paraffin-embedded tissue sections and cell line DNA from phenol chloroform extraction.

2.2) Place samples into a thermocycler and elicit bisulfite conversion of all unmethylated Cs in the genomic sequence by running a program according to Table 1.  The program runs for approximately 5 hours and the samples can be left over night at this point before moving on to the next step.

2.3) In order to clean up the bisulfite treated DNA, a series of washes are performed.  Begin by transferring the sample from the 200µl PCR tubes into 1.5ml microcentrifuge tubes.

2.4) Add 560µl of binding buffer (Buffer BL) to the sample, mix by vortexing, and centrifuge briefly.

2.5) Transfer the entire solution of sample and Buffer BL to the spin column.2.6) Centrifuge the column at maximum speed for 1 minute and discard flow-through.

2.7) Add 500µl of wash buffer ( Buffer BW) to the column, centrifuge at maximum speed for 1 minute, and discard flow-through.

2.8) Add 500µl of desulphonation buffer (Buffer BD) to the column and let sit at room temperature for 15 minutes.

2.9)  After the 15 minute incubation, centrifuge the column at maximum speed for 1 minute and discard flow-through.

2.10) Wash twice with 500µl of Buffer BW, centrifuging and discarding flow-through between washes and after the final wash.

2.11) Transfer the spin column with DNA bound to a clean 2ml collection tube, then centrifuge for 1 minute to remove any remaining liquid.

2.12) Transfer the spin column to a clean 1.5ml microcentrifuge tube and elute DNA by adding 20µl elution buffer (EB) to the center of the spin column and centrifuging for 1 minute at 12000rpm. This generally yields 40-60ng/µl bisulfite-treated DNA.

3.) PCR amplify bisulfite-treated DNA 

3.1) Set up a PCR reaction with sample, forward primer, biotinylated reverse primer, Qiagen 2X master mix, and water to a total volume of 25µl in 200µl PCR tubes (Table 2).

3.2) Run this mixture on the thermocycler according to the program in Table 3.  This program will run approximately 2 hours.  The annealing temperature for the reaction is specific to the primers and can vary between different assays.

3.3) Make a 1.5% agarose gel by dissolving 3g of agarose in 200mL 1X Tris-acetate-EDTA buffer (TAE). 


Add ethidium bromide at 1ug/mL, pour the gel and allow it to set for ~15 minutes.

3.4) Once the gel has solidified, add samples, controls, and a DNA ladder.

3.4) Run 10µl of each sample on the gel at 100 volts for 30 minutes.

3.5) Check for the presence of the desired PCR product as a band of the appropriate size as visualized with a UV light source. If DNA is present, 15µls, the remainder of the sample, can be used for pyrosequencing.

4.) Bind biotinylated-PCR product to streptavidin-Sepharose beads 

4.1) Transfer 15µl of PCR product to the wells of an unskirted 96-well plate.

4.2) Add 70µl streptavidin bead mix to each well containing PCR product, then cover the plate with a removable seal and place the plate on a plate mixer for 5 minutes at 1250 rpm.

4.3) While the samples are shaking, pipette 12µl of 30nM sequencing primer in annealing buffer to the wells of a white 96-well pyrosequencing plate. Slide this plate into the slot on the right-hand side of the vacuum prep station

4.4) Once the unskirted 96-well plate containing the biotinylated-PCR product with the streptavidin bead mixture has finished shaking, remove the seal and place this plate uncovered into the pegged slot on the left-hand side of the vacuum prep station.

5.) Prep the sample for pyrosequencing through the vacuum prep station

5.1) Fill 4 troughs with each of 4 reagents: water, 70% ethanol, 0.2M NaOH, and wash buffer.

5.2) Turn on the vacuum and place the manifold with attached 96-well filters in water for 30 seconds. After this, lift the 96 well filters up vertically briefly, to clear the water from the filter tips.

5.3) Next, carefully place the filter tips into the wells of the 96-well plate containing the biotinylated-PCR product and streptavidin bead mixture and suction the entire volume onto the filter tips

5.4) Place the filter tips in 70% ethanol for 1 minute, then lift the 96-well filters up vertically briefly.

5.5) Place the filter tips in 0.2M NaOH for 1 minute, then lift the 96-well filters up vertically briefly.

5.6) Place the filter tips in wash buffer for 1 minute, then lift the 96-well filters up vertically briefly.

5.7) Carefully position the 96-well filter tips over the white 96-well pyrosequencing plate containing the sequencing buffer.  Turn off and disconnect the vacuum, then place the tips in the wells of the white plate and vigorously shake the filter tips in the plate to knock off the biotinylated DNA strands into the sequencing primer.  It is important to turn off and disconnect the vacuum before placing the filter tips into the sequencing buffer or the sequencing buffer will be suctioned off the plate.  

5.8) Place the white pyrosequencing plate now containing biotinylated single-stranded sample DNA suspended in sequencing buffer onto a hot plate set to 80°C for 2 minutes.

5.9) After incubation, allow the plate to cool and it is ready for pyrosequencing. The sample plate can be stored at 4°C and analyzed up to a week later.

6.) Set up the pyrosequencing run

6.1) In the Pyro Q CpG software, enter the sequence to analyze, by copying and pasting the sequence used to generate primers, and the software automatically generates the proper dispensation order.

6.2) Insert a control in the sequence for complete bisulfite conversion (e.g. for Forward reactions, add a C in the dispensation order before or after a converted T; if complete conversion occurred all should be converted to T and no C peak should be seen).

6.3) Enter sample names and other details in 96-well plate format.  This information can be imported directly from Excel ™.

6.4) Use PyroMark MD to run software (other pyrosequencing instruments can also be used- PyroMark ID, PSQ 96MA, PSQ 96 (A)).

6.5) The length of the run depends on the length of the sequence to analyze.  Result analysis is automatic and parameters can be adjusted using the Pyro Q-CpG software.

Methylation of the region is given as an average level of methylation across the individual CpG sites within the sequence of interest. 

7.) Run samples on PyroMark MD

7.1) Load the run file with Pyro Q CpG.  The program calculates the amounts of Pyro Gold reagents (nucleotides, enzyme, and substrate) necessary for the run.

7.2) Vortex and centrifuge the nucleotides briefly.  According to the amount indicated by the Pyro Q CpG software, add this amount of each nucleotide to a 1.5mL microcentrifuge tube and add an equal amount of 1X TE. Pipette the full volume into the appropriate cartridges of the PyroMark MD.

7.3) Load the appropriate amount of enzyme and substrate into cartridges and insert the cartridges into the PyroMark MD.

7.4) Test dispensation with an empty covered white 96-well pyrosequencing plate inserted in the PyroMark MD.  Six droplets should be visible, one for each reagent, indicating that none of the capillaries are clogged.

7.5) Insert the sample plate and run.

Representative Results: 


As shown in Figure 4, the pyrogram, which is measured in relative luciferase units, is visualized as a trace of red peaks.  The peak height is shown on the Y axis and is proportional to the number of nucleotides incorporated. The X axis is the position in the dispensation order.  The input sequence to analyze is displayed across the top of the trace.  


The Pyro-Q CpG software calculates the ratio of T to C at each variable position and gives a percentage methylation at each individual CpG, as well as the average methylation percentage across the region. Variable positions are highlighted in blue gray, while the bisulfite treatment control position is highlighted in gray.

Tables and Figures (Required):  see end

Discussion: 


The use of pyrosequencing to detect DNA methylation allows researchers to precisely quantify the amount of methylation of multiple CpGs at once in a high-throughput, cost effective manner.  The reaction can be set up with very little starting material, which is useful in the case of limited sample material.  PyroMethATM is advantageous over other methods, such as methylation-specific PCR or methylation analysis using restriction enzyme digestion, in that it allows for precise methylation quantification, and that it assays multiple CpGs in a single reaction using one set of primers.  There is an expanding body of evidence demonstrating that changes in promoter methylation are associated with the development of many cancers.  Both promoter hypermethylation and global hypomethylation have been implicated in tumorigenesis 10, 11, 12.  One application of PyroMethATM is as a tool for detecting changes in the methylation pattern of tumor tissue compared to normal tissue, but this procedure is generalizable to any application in which detection of methylation in a defined sequence is desired.


A limitation of the procedure is that pyrosequencing is most accurate over a read length of 75-100 bp, so several assays across one CpG island may be preferred.  However, for the purpose of methylation analysis even a few analyzed CpGs can be indicative of the overall level of methylation of the promoter.  Also, it requires the use of bisulfite, which highly degrades the DNA13. However, the alternative of analyzing with restriction digestion enzymes is sequence dependent, assays a single CpG, and does not provide quantification of methylation.  Manipulation of DNA methylation as a means to restore expression of transcriptionally silenced gene(s) could prove to be a powerful tool in the treatment of cancer.  The ability to quickly (the protocol can be completed from DNA to pyrograms in two days and for multiple samples simultaneously) detect changes in methylation from small volumes of starting material (as little as 1ng) with the techniques described here serves as a valuable tool in understanding the role of DNA methylation in cancer development, progression, and treatment.
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Table of specific reagents and equipment:
	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	QIAamp DNA FFPE Tissue kit
	Qiagen
	56404
	DNA prep from FFPE samples

	Epitect bisulfite kit
	Qiagen
	59104
	Contains reagents for bisulfite treatment

	2X Master Mix
	Qiagen
	201443
	For PCR

	Pyromark Custom assay
	Qiagen 
	varies
	Fwd and rev biotinylated primers, sequencing primer

	Streptavidin bead mix
	
	
	240µl sepharose beads, 4560µl annealing buffer, 3600µl water

	Vacuum prep station
	Biotage
	
	

	Pyromark MD
	Biotage
	
	

	Pyro Gold reagents
	Biotage
	
	Ncleotides, enzyme and substrate

	PSQ HS Capillary Dispensing Tips
	Biotage
	
	For PyroMark MD

	PSQ Assay Design 
	Biotage
	
	For designing primers

	Pyro Q-CpG
	Biotage
	
	Software for running samples on PyroMark MD
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Figure 1| The principle of Pyrosequencing and the output Pyrogram™. Double
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Figure 1: The principle of the pyrosequencing reaction. (from Nature Biotechniques)
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Figure 2: Work flow for PyroMethA.
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Figure 3: Epitect bisulfite treatment work flow ((from Qiagen Epitect handbook)
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Figure 4: Example pyrogram results of ASNS methylation in 17-71 canine lymphoma cell line.
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Denaturation 5min 99°C
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Table 1: Thermocyler settings for bisulfite treatment of sample DNA. (from Qiagen Epitect protocol)
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Table 2: PCR reaction mixture for amplifying bisulfite treated DNA.
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Table 3: PCR thermocycler settings for amplification of bisulfite treated DNA.

