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• DNA modifications

• Histone modifications

• Non coding RNA

Epigenetic marks
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Methods timeline for DNA modifications
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Next Generation Sequencing

Modified from Harrison et al., 2011



DEPARTMENT OF PLANT

DEVELOPMENTAL GENETICS 

C C

CH
3

C C

CH
3

MspI

C C

CH
3

C C

CH
3

HpaII

CC

CH
3

C C

CH
3

Sodium

bisulphite

C U

CH
3

ImmunoprecipitationMethyl sensitive

Restriction enzyme

Bisulphite

Sequencing

Main approaches for DNA methylation analysis of genomes



• Bisulphite-based methods:

• Non-targeted enrichment methods

- MethylC-seq

- reduced representation bisulphite sequencing (RRBS)

• Targeted enrichment methods

- Bisulphite Padlock Probe (BSPP)

- Bisulphite Patch PCR

• Enrichment-based techniques:

• methylated DNA immunoprecipitation sequencing (MeDIP-seq)

• methylated DNA binding domain sequencing (MBD-seq)
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Bisulfite Padlock Probe (BSPP)
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Bisulfite Patch PCR
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- Low Input and Single-cell methods
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• Tn5mC-seq

• Methylation-sensitive restriction enzyme-based assay (RSMA) 



Tn5mC-seq
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Methylation-sensitive restriction enzyme-based assay (RSMA) 
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Modified from Kantlehner et al., 2011



DNA Modifications

• 5-methylcytosine (5mC)

• 5-hydroxymethylcytosine (5hmC)

• 5-formylcytosine (5fC)

• 5-carboxycytosine (5caC)
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BER, base excision repair; 

TDG, thymine-DNA glycosylase; 

TET, Ten−eleven translocation.



Assays for mapping 5-methylcytosine (5mC) 

oxidation derivatives at single base resolution
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Modified from Plongthongkum et al., 2014
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Histones and transcription factors

• Global quantification

• DNA-protein interaction

• Chromatin Immunoprecipitation (ChIP)

• Protein based (ChIP-like methods)

• DNA based

• Chromosome Conformation Capture
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Global quantification by Mass Spectrometry
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Modified from Sidoli et al., 2012
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Bottom-up analysis

1-2 KDa
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Middle-down analysis

Enzymatic protein

digestion with

AspN or GluC

5-6 KDa

Histone tail



Top-down analysis
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Intact histone

11-15 KDa

LC-Q-TOF



Histones and transcription factors
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Chromatin Immunoprecipitation (ChIP)



Histones and transcription factors
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Proteomics of

Isolated Chromatin

Chromatin Affinity with

Mass Spectrometry

TALEN/CRISPR-based Chromatin Affinity 
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Modified from Guillen-Ahlers et al., 2014



Histones and transcription factors

• Global quantification
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Chromosome Conformation Capture

•DNA shearing

•Immunoprecipitation
•Biotin labelling of ends

•DNA shearing

•DNA shearing

•Immunoprecipitation

Modified from Barutcu et al., 2015



Epigenetic regulation of sex-linked

genes in the dioecious Silene latifolia

Epigenetic analysis of the Y 

chromosome

Genome wide epigenetic 

identification of sex-linked genes

o DNA epigenetic enrichment +

Next Generation Sequencing

o Sex-linked gene identification

o Sex-linked gene-specific analysis

- DNA methylation

- Histone modifications

Epigenetic regulation of 

Y chromosome genes

Gene specific dosage compensation of X-

linked genes with no Y counterpart

o Induction of plant differential methylation

status (hypo and hypermethylation)

o Gene-specific methylation analysis

Dosage compensation mechanism

regulated by DNA methylation?

Hetero and euchromatic 

identification of sex-linked genes
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Thank you for your attention
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