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• Plant genomic DNA extraction kit (recommended)

• Standard CTAB DNA extraction



Training School on Plant Epigenetics: Basics, Applications and Methodologies 
June 28th-30th , 2021 On-line  

Agricultural Research 
Organization,
Volcani Institute  

Methodology of Bisulfite Sequencing

Genomic DNA 
extraction

Bisulfite 
treatment

Target 
amplification

Cloning & 
selection

Sequencing

Commercial kits available for plant DNA bisulfite conversion
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Methodology of Bisulfite Sequencing

Bisulfite 
treatment

1. Mix preparation

2. DNA conversion

3. DNA cleanup

Step Time (min) Temperature 

Denaturation 5 95°C 

Incubation 25 60°C 

Denaturation 5 95°C 

Incubation 85 60°C 

Denaturation 5 95°C 

Incubation 175 60°C 

Hold ∞ 20°C 

Step Time (min) Temperature 

Denaturation 2 95°C 

Incubation 120 75°C 

Denaturation 1 95°C 

Hold 60 75°C

Hold ∞ 10°C 

X 8

Duration: ~ 18 hrs

Duration: ~ 5 hrs

Conversion rate

DNA integrity
Conversion rate

DNA integrity

Option 1 Option 2
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PCR amplification using the bisulfite-treated DNA

General considerations for primers design:

• Use a designated software (freely available on the web) 

• Target a methylated region ≤ 500bp

• Design nested primers

• As few Cs as possible
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Freely available tools for primer design:

• Kismeth http://katahdin.mssm.edu/kismeth/primer_design.pl

• Methyl primer express 

https://www.thermofisher.com/order/catalog/product/4376041?SID=srch-srp-4376041

• Bisulfite Primer Seeker https://www.zymoresearch.com/pages/bisulfite-primer-seeker

• And more….

http://katahdin.mssm.edu/kismeth/primer_design.pl
https://www.thermofisher.com/order/catalog/product/4376041?SID=srch-srp-4376041
https://www.zymoresearch.com/pages/bisulfite-primer-seeker


http://katahdin.mssm.edu/kismeth/primer_design.pl



C -> Y (C or T)  in Forward primer

G -> R (G or A) in Reverse primer



Forward strand primers Reverse strand primers

Visualization Visualization

No nesting option

Nested PCR primers:
- primer7 + primer5
- Primer9 + primer 10



Nested PCR for increased specificity and yield:

1st PCR

2nd (nested)  PCR

Outer primers

Nested primers
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Standard cloning procedure

• ligation into cloning vector

• Transformation into bacteria (E.Coli), colony selection (6-10 positive)

• Plasmid purification -> sequencing
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Sequence analysis

1) Clean vector sequences

2) Blast to validate identity

3) KISMETH analysis



http://katahdin.mssm.edu/kismeth/revpage.pl
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Cytosine position 

Total methylation (%)Overall statistic

1.29%CG

1.29%CHG

2.74%CHH

2.3126%all
Unmethylated chloroplastic region

~97.7 % conversion
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DNA bisulfite sequencing results – Example 1
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DNA bisulfite sequencing results – Example 2

Lieberman-Lazarovich M, Melamed-Bessudo C, de Pater S, Levy AA (2013) Epigenetic Alterations at Genomic Loci Modified by 

Gene Targeting in Arabidopsis thaliana. PLoS ONE 8(12): e85383. https://doi.org/10.1371/journal.pone.0085383
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Summary

Bisulfite sequencing:

• Provides information on DNA methylation at a nucleotide level 

resolution, allowing the detection of the position of methylated 

cytosines and the level of methylation.

• Key factors for a successful assay: primer design, non-methylated control

• Can be used to detect methylation status 

• of a particular locus

• genome wide


