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Introduction 
Genomic DNA methylation is one of the most important epigenetic modifications in eukaryotes. It is essential for life 
and its alteration is often associated with disease. In animals, most of the methylation occurs at the 5´ position of 
the pyrimidine ring of the cytosine. The resulting methylcytosine (mC) is mainly found in cytosine-guanine (CpG) 
dinucleotides. The presence of 5-mC in the promoter of specific genes alters the binding of transcriptional factors 
and other proteins to DNA and recruits methyl-DNA-binding proteins and histone deacetylases that compact the 
chromatin around the gene-transcription start site. Both mechanisms block transcription and cause gene silencing. 
Methylation of cytosine residues in genomic DNA plays a key role in the regulation of gene expression. There is an 
extensive range of methods based on the sodium bisulfite treatment for quantifying the methylation status of 
cytosines located in specific DNA regions. Bisulfite modification converts unmethylated cytosine to uracil, while 
methylated cytosine does not react (Figure 1). After denaturation and bisulfite modification, double-stranded DNA is 
obtained by primer extension and the fragment of interest is amplified by PCR. 
Procedure 
DNA Extraction from Frozen Tissue Sections 

The following protocol is based on a standard phenol DNA extraction protocol. Other protocols and versions of this 
protocol are also acceptable. 

Method 

1. Take pre-cut samples out of the -80°C freezer and thaw.  
2. Add 10 ml of PBS to dissolve OCT. Invert tube to make sure all of the tissue is in the solution and not stuck 

to the tube walls.  
3. Spin down tissue at 1,400 rpm (500 g) for 5 min.  
4. Remove supernatant carefully, watching the tissue pellet. (note 1)  
5. Resuspend pellet by vortexing. Add 950 µL digestion buffer (100 µL 10X PCR buffer [100 mM TRIS, 15 mM 

MgCl2, 500 mM KCl), 5 µL 0.5% Tween 20, 845 µL H2O) and 30-50 µL of 20 mg/ml Proteinase K.  
6. Resuspend pellet by vortexing, and pipetting up and down and place in a 55°C shaking water bath overnight. 

The next day make sure all the tissue has been digested. If necessary, add more PK buffer and allow to 
digest for a few more hours.  

7. Add 500 µL (or equal volume) of room-temperature (RT) phenol/chloroform/isoamyl alcohol into each tube 
and vortex for 10 s.  

8. Centrifuge at 14,000 rpm (max) for 2 min at RT.  
9. Aliquot the aqueous phase into the minimum possible number of 1.5-ml Eppendorf tubes. Maximum volume 
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per tube is 350 µL. Add 1/2 volume of 7.5 M ammonium acetate and mix.  
10. Add 2X 100% ethanol, mix by inversion. Leave at RT for 2 h, or overnight (ON) at –20°C.  
11. Centrifuge at 14,000 rpm for 15 min at 4°C.  
12. Decant supernatant immediately.  
13. Wash pellet in 70 µL of 100% ethanol. Spin at 14,000 rpm for 5 min and discard supernatant.  
14. Air-dry pellet.  
15. Add 20-50 µL of TE or MilliQ water. The volume will depend on the pellet. (~30 µL)  
16. Leave at RT for 2 h or ON.  
17. Store DNA at 4°C for short periods or colder for longer periods. Repeated freezing and thawing may lead to 

shearing of DNA into smaller pieces.  

Treatment of genomic DNA with sodium bisulfite 
Method 

1. Add 1 µg of DNA to a clean 1.5 ml Eppendorf tube and dilute to a final volume of 50 µL.  
2. Add 5.7 µL of  3 M NaOH to the DNA and incubate for 10 min at 37ºC.  
3. Add 33 µL of the hydroquinone solution (note 2) and 530 µL of NaHSO3 solution. (note 3)  
4. Incubate overnight (16-18 h) at 50ºC. (note 4) (comment 1)  
5. Purify the DNA using the Wizard DNA-clean up kit following the supplier’s instructions (Promega). (note 5)  
6. Add 5.7 µL of NaOH 3.0 M and incubate for 15-20 min at 37ºC.  
7. Precipitate the DNA adding a mixture with 1 µL of glycogen (10 mg/mL) solution, 17 µL of ammonium acetate 

solution and 450 µL of cold absolute ethanol.  
8. Incubate overnight (16-18 h) at -80ºC.  
9. Centrifuge (max rpm, 4ºC, 20 min). Discard the supernatant.  

10. Wash the pellet with 500 µL of cold EtOH 70%, centrifuge again and discard the supernatant.  
11. Dry the pellet at room temperature.  
12. Dissolve in 35-45 µL of water.  

Cloning and bisulfite sequencing (BS) (Figure 2) 

Sequencing bisulfite-altered DNA is the simplest means of detecting cytosine methylation. After denaturation and 
bisulfite modification, double-stranded DNA is obtained by primer extension and the fragment of interest is amplified 
by PCR. To optimize the PCR amplification step, the following critical requirements must be considered when 
designing the primers: 

First, the annealing temperature of both primers must be similar (+/- 3ºC) and always between 55 and 65ºC. 
(comment 2)  
Second, the PCR product should be between 200 and 400 bp. Bisulfite modification of the DNA produces a 
biased base composition that hinders the sequencing of long DNA fragments.  
Third, each primer must not contain CpG dinucleotides to avoid methylation-slanted clone amplification.  
Finally, in order to avoid amplification of unmodified DNA, primers should contain non-CpG cytosines.  

Methylcytosine may then be detected by standard DNA sequencing of the PCR products. Cloning PCR products 
into plasmid vectors and then sequencing individual clones is an alternative method that, although slower, can yield 
methylation maps of single DNA molecules rather than the average values of the methylation status in the 
population of molecules obtained by directly sequencing the PCR products. 

Method 

1. Design methylation-specific oligonucleotides using Methyl Primer Express Software (Applied Biosystems; 
https://products.appliedbiosystems.com/ab/en/US/adirect/ab?cmd=catNavigate2&catID=602121 following the 
references referring before (Figure 3). (comment 3)  

2. Add 4 µL of DNA, treated with sodium bisulfite in PCR tubes.  
3. Combine (per reaction); 

5 µL of 10X of Taq-polymerase-specific buffer  
1.5 µL of 50 mM MgCl2  
5 µL of 2 mM dNTPs  
0.125 µL of each BS oligonucleotide (100 µM)  
0.2 µL of FastStart Taq DNA Polymerase (comment 4)  
Sterile water up to a final volume of 46 µL  
Mix briefly by vortexing or pipetting.  
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4. Amplify DNA using the following PCR conditions: 
1 cycle of denaturing: 5 min, 95ºC   
40 cycles of denaturing: 30 s, 95ºC; annealing: 30 s, at a primer-specific annealing temperature; 
elongation: 45 s, 72ºC (comment 5)  
1 cycle of 72ºC, 7 min  

5. Analyse the PCR products by mixing 50 µL of the reaction mix with 3 µL of 6X orange loading dye solution 
and resolving the sample by agarose gel electrophoresis alongside a DNA size marker.  

6. Extract and purify the PCR bands using QIAquick Gel Extraction Kit following the supplier’s instructions.  
7. Set up ligation reactions: Mix 3 µL of PCR purified product, 1 µL of plasmid, 1 µL of T4 ligase and 2.5 µL of 

reaction buffer.  
8. Mix the reactions by pipetting. Incubate the reactions for 1 h at room temperature. Alternatively, if the 

maximum number of transformants is required, incubate the reactions ON at 4°C. (comment 6)  
9. Transformation in competent cells: 

Carefully transfer 50µL of cells into each prepared tube  
Gently flick the tubes to mix, then place them on ice for 20 min  
Heat-shock the cells for 45-50 s in a water bath at exactly 42°C (Do not shake)  
Immediately return the tubes to ice for 2 min  

10. Add 950 µL room-temperature SOC medium to the tubes containing cells transformed with ligation reactions. 
11. Incubate for 1.5 h at 37°C with shaking (~150 rpm).  
12. Plate 150 µL of each transformation culture onto LB/ampicillin/IPTG/X-Gal plates. The cells may be pelleted 

by centrifugation at 8,000 rpm for 1 min, resuspended in 150 µL of SOC medium.  
13. Incubate the plates overnight (16 - 24 hours) at 37°C.  
14. Longer incubations or storage of plates at 4°C (after ON incubation at 37°C) may be used to facilitate blue 

colour development. White colonies generally contain inserts.  
15. Plasmid miniprep procedures (Millipore) to isolate the recombinant plasmid DNA: 

Inoculate clearly white colonies into 1,250 ml of 2X LB (with 1 µL of ampicillin per 1 ml of medium) in 
sterile 96-deep well blocks. Cover blocks with a sticker and lid and incubate at 37ºC at 320 rpm for 20-
24 h  
Centrifuge the blocks at 1,200 rpm for 10 min  
Discard the supernatant  
Add 200 µL of water  
Vortex until the pellet is resuspended  
Centrifuge the blocks at 1,200 rpm for 10 min  
Discard the supernatant  
Add 100 µL of solution 1 (stored at 4ºC)  
Vortex until the pellet is resuspended  
Add 100 µL of solution 2 (note 6)  
Vortex for 1 min  
Incubate for 2 min at room temperature  
Add 100 µL of solution 3  
Vortex for 2 min (note 7)  
Centrifuge the blocks at 1,200 rpm for 10 min.  
Transfer the supernatant to the CLEARING plate (be careful with the pellet)  
Place the PLASMID plate inside the vacuum manifold  
Place the CLEARING plate on top of the vacuum manifold  
Adjust the vacuum to 8 inches of Hg and wait until the supernatant has fallen in the PLASMID plate  
Discard the CLEARING plate  
Place the PLASMID plate on top of the empty manifold and apply vacuum at 24 inches of Hg and wait 
until the wells are empty.  
Add 200 µL of buffer 4.  
Apply vacuum at 24 inches of Hg and wait until the wells are empty.  
Close the vacuum system.  
Add 50 µL of buffer 5 (at 65ºC)  
Shake for 1 h  
Transfer to a flat-bottomed 96-well plate.  

16. Using the purified recombinant plasmid DNA as templates, perform a cycle-sequencing reaction using the 
BigDye Terminator Version 3.1 Kit (Applied Biosystems). Combine (per reaction): 

5 µL of DNA template  
1.5 µL of reaction mix  
3 µL of reaction Buffer 5X  
1.5 µL of T7 primer (10 µM)  
4 µL sterile water  

17. Mix briefly by vortexing or pipetting and amplify DNA using the following PCR conditions: 
1 cycle of denaturing: 1 min, 96ºC  
30 cycles: 10 s, 96ºC; 5 s, 50 s; 4 min, 55ºC  
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1 cycle of 4ºC, 10 min  
18. Perform sequencing using an ABI Prism 3130XL Applied Biosystems DNA sequencer or similar. (note 8)  
19. Analyze the methylation data in the corresponding software platform (Sequencing Analysis Software) (Figure 

4). (comment 7)  

Materials & Reagents 
Treatment of genomic DNA with sodium bisulfite 

Genomic DNA (1 µg/sample)  
Sterile water  
3M sodium hydroxide [NaOH; 3 g of solid NaOH (Sigma) in 25 ml of water]  
16 mM hydroquinone [27 mg of solid hydroquinone (Sigma) in 15 ml of water]  
4M sodium bisulfite (NaHSO3), pH=5.0 [3.8 g of solid sodium bisulfite (Sigma) in 7 ml of water] Adjust pH by 
adding drops (500 µL) of a concentrated solution of NaOH (10 M). Add water to a final volume of 10 mL. 
(comment 8)  
Heating blocks or water baths set at 37ºC and 50ºC  
Wizard DNA-clean up kit (Promega)  

Cloning and bisulfite sequencing (BS) 

FastStart Taq DNA Polymerase (Roche) and accompanying 10X Taq polymerase buffer  
50 mM magnesium chloride (MgCl2; Roche)  
Methylation-specific oligonucleotides (100 µM) (Sigma)  
2 mM dNTPs (Invitrogen)  
Sterile water  
0.8% agarose gel containing 10 ng/ml ethidium bromide  
6X orange loading dye solution (Fermentas)  
Equipment and reagents for agarose gel electrophoresis including 1X TBE agarose gel running buffer (10.8 
g/l TRIS base; 5.5 g/l boric acid; 4 ml/l 0.5 M EDTA, pH 8.0; diluted from a 10X stock) (Sigma)  
DNA size marker (100-bp ladder, Invitrogen)  
UV light source  
QIAquick Gel Extraction Kit (Qiagen)  
pGEM®-TEasy Vector System kit (Promega)  
LB plates with ampicillin/IPTG/X-Gal  
SOC medium  
Montagetm Plasmid Miniprep96 Kit (Millipore)  
A Genetic Analyzer and a Big Dye Primer Sequencing Reaction kit.  

Author Notes 

1. Repeat steps 2-4 (with 5 ml PBS) if there appears to be a significant amount of “sticky” OCT left in the tube.  
2. It is recommended that hydroquinone be freshly prepared for each experiment. Hydroquinone is both light 

and air-sensitive. Once prepared, wrap the tube containing the hydroquinone in silver foil to avoid excessive 
exposure to light. In addition, to avoid excessive exposure to air only open tubes containing hydroquinone 
just before they are required and quickly seal tubes afterwards.  

3. It is recommended that sodium bisulfite be freshly prepared for each experiment. As a solid, sodium bisulfite 
takes the form of sodium metabisulfite.  

4. Do not incubate for longer than 20 h.  
5. Similar kits for DNA cleanup (e.g., Qiagen) should also be suitable, although these have not been tested in 

our laboratory.  
6. Total lysis time should not exceed 5 min.  
7. Store at -20ºC to improve DNA precipitation (you can continue if you wish).  
8. The quantity of PCR product used for sequencing varies depending onthe size of the product. For 100-200 

bp, use 1-3 ng of DNA; for 200-500bp, use 3-10 ng of DNA; for 500-1000 bp, use 5-20 ng of DNA; for 1000-
2000bp, use 10-40 ng of DNA; for >2000 bp, use 20-50 ng of DNA (www.appliedbiosystems.com). 

Reviewer Comments 

Reviewed by: Jörn Walter Universität des Saarlandes, Genetics, 66041 Saarbrücken, Germany 

Page 4 of 7Epigenome NoE - protocol: DNA Methylation Analysis by Bisulfite Sequencing (BS)

31/10/2007http://www.epigenome-noe.net/researchtools/protocol.php?protid=34



1. Bisufite and NaOH induce DNA DEGRADATION.  Prolonged Incubating (16-18 h) enhances degradation - 
we experienced that 4-6 h is enough.  

2. To follow this rule is often not possible – such a high stringency may be suitable for CpG islands but not for 
other regions! We usually run our PCRs with primers working around 50°C and experienced that we can go 
down to 45°C which still gives specific products.  

3. Manual primer design avoiding CpG positions is superior– we have no good experience with Methyl Primer 
Express Software or any other software.  

4. We recommend using Hot start polymerases like HotStarTaq (Qiagen) or HotFirePol (Solis BioDyne) to 
prevent polymerization at RT.  

5. We recommend a longer denaturation steps 1 min to overcome secondary structures often formed in 
bisulphite amplicons)  

6. We experienced best ligation results at 16° C overnight.  
7. We use BiQ-Analyzer (Bock et al. 2005) for the quality check and evaluation of bisulfite sequence reads 

http://biq-analyzer.bioinf.mpi-sb.mpg.de/  
8. 4M sodium bisulfite is a very high concentration. From our experience it is already difficult to dissolve 2M 

sodium bisulfite in water and NaOH. We are just using 2M sodium bisulfite solutions and it´s sufficient to 
reach 100% conversion. 

Figures 

 
Figure 1. Sodium bisulfite treatment of CpG motifs. Methylated cytosines are protected and remain unchanged 
(above), while unmethylated cytosines are deaminated to uracil after treatment with sodium bisulfite (below). 
 
 

 
Figure 2. Flowchart for designing experiments to study locus-specific DNA methylation status. First, identify a CpG 
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island surrounding the transcription start-point. Second, simulate the resulting DNA sequence after bisulfite 
modification of the DNA. Third, design methylation-specific (MSP) or bisulfite sequencing (BS). All the steps can be 
easily achieved with the help of software such as Methyl Primer Express®.  
 
 

 
Figure 3. Representative output window of the design of BS primers within a gene promoter obtained with Methyl 
Primer Express®. The oligos are represented as red and orange arrows. Pink bars indicate CpG sites. The original 
and bisulfite-modified DNA sequences are shown in the lower boxes. The upper box shows the primer sequences. 
 
 

 
Figure 4. Bisulfite sequencing of methylated and unmethylated DNA. Example electropherograms obtained with an 
ABI Prism 3130XL Applied Biosystems DNA sequencer after bisulfite sequencing of the promoter region of a gene 
in a methylated (protected cytosines, blue traces) and unmethylated sample (no cytosines because they have been 
converted to thymines). 
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