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Epigenetics 
1. Introduction 

«Genetics proposes, Epigenetics disposes»  
(Medawar and Medawar, 1983)  
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• “An epigenetic trait is a stably heritable phenotype resulting from changes in a chromosome 
without alterations in the DNA sequence”  

• Berger et al (2009) Genes Dev 

 
  

• Some natural plant and animal “variants” are not due to mutations but to epigenetic variations 

Cubas et al, Nat 1999 

Sauvage       peloria  Sauvage       agouti 

Morgan et al, Nat 1999 
Manning, Seymour et al, Nat 

Genet 2006 

Sauvage                    cnr 

“Epi-genetic”, from ancient Grec ‘ἐπί’ et Genetique 
« Above genetic » 

Epigenetics? 1. Introduction 
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Conrad Hal Waddington (1956) 

(Principles of Embryology, Allen and Unwin Eds, London, 1956) 

 

The structural adaptation of chromosomal 

region so as to register, signal, perpetuate 

altered activity state. 
(A Bird, Nature 447, 396, 2007) 

 

Epigenetic marks 

Heritable traits 

DNA 
Stored 

information 

Chromatin 
Organised 

information 

Different epigenomes 

Epigenetics? 1. Introduction 
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1. Introduction Epigenetics? 
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DNA packing ratio  
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Small RNAs 



DNA methylation in plants 

 
1. Introduction: epigenetic  

 
2. Overview on DNA methylation 

 
3. Mechanisms of DNA methylation in plants 

 
4. Dynamics and functions of DNA methylation  

 
5. Conclusions  

28/06/2021 EPICATCH     P Gallusci 
8 



O N 

NH2 

N 

~ 
O 

N 

N 

NH2 

~ 

CH3 
cytosine 

5-methylcytosine 

DNA Methyltransferase (DNMTs) 

TTCGCCGACTAA 

Methylcytosine 

DNA Glycosylase Lyase 
 (Demethylase) 

2. Overview of DNA methylation in plants 

SAM           SAH 

SAM: S Adénosyl methionine 
SAH: S Adénosyl Homocystéine 
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2016 American society of Pplant Biology 



Proteins like transcription factors that can bind to specific sequences in 
double-stranded DNA usually make contacts to the sides of the bases exposed 
in the major groove. 

2. Overview of DNA methylation in plants 
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One carbon metabolism :the link between metabolome and epigenome 

Kumar et al., Int. J. Mol. Sci., 18 February 2020 
doi:10.3390/ijms21041419 

DNA methylation 

Histone lysine methylation 

Histone arginine methylation 

DNA methylation is closely linked to the cell metabolism 

2. Overview of DNA methylation 

SAM is a precursor for all Epigenetic modifications requiring a methyl donor 
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Early evidence comes from animals: the agouti phenotype 

DNA methylation is closely linked to the cell metabolism 

2. Overview on DNA methylation 
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DNA methylation is closely linked to the cell metabolism 

from 

2. Overview of DNA methylation in plants 
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Impact on DNA methylation  

DNA methylation is closely linked to the cell metabolism 

2. Overview of DNA methylation in plants 
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2. Overview of DNA methylation in plants: link with cell metabolism 

1C metabolism is critical for DNA methylation in plants 

DNA methylation is closely linked to the cell metabolism 
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3. Mechanisms of DNA methylation 

DNA methylation needs to be established and maintained 
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Methylation  of cytosine differs between eukaryotic genomes 

3. Mechanisms of DNA methylation 
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• In plants Cytosine Methylation occurs in all sequence context 

 symmetrical CG , CHG 

 non symmetrical : CHH.  

 

 

 

 

 

• Mammalians: essentially CG methylation            

(H= A, T or C) 
 

In plants DNA methylation can occur in different sequence context 

3. Mechanisms of DNA methylation 
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3. Mechanisms of DNA methylation 



DNMTs vary between EK 

3. Mechanisms of DNA methylation 
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Specificity of Plant DNA methyl-transferases 

3. Mechanisms of DNA methylation 
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Physcomitrella patens 
 

DNA methylation landscapes: provocative 
insights from epigenomics 
Miho M. Suzuki &  
Adrian Bird  
Nature Reviews Genetics volume 9, pages 465–
476 (2008) 

https://www.nature.com/articles/nrg2341?foxtrotcallback=true#auth-Miho_M_-Suzuki
https://www.nature.com/articles/nrg2341?foxtrotcallback=true#auth-Adrian-Bird
https://www.nature.com/nrg


Adapted from Teyssier , Gallusci et al , 2015, Applied Plant Genomics and Biotechnology , Chap 8 

Plant 

Mammal 

DNA  

replication 

CMT3 
KYP, SUV4 

Met1  
VIM 1,2,3 

DRMs DRD1 

CMT2  DDM1 

DNMT3A, 
DNMT3B, 
DNMT3L 

DNMT1  

 
 

Maintenance   
Methylation De novo Methylation 

Symmetrical methylation: CG  

Symmetrical methylation: CG, CHG 

Non symmetrical methylation: CHH  

Maintenance of DNA methylation 

3. Mechanisms of DNA methylation 
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CG methylation can be propagated during DNA replication 

MET1 
5’ A T G C G T A C T 

A T G C G T A C T 

T A C G C A T G A 

“MAINTENANCE” 
METHYLATION 

A T G C G T A C T 

T A C G C A T G A 

A T G C G T A C T 

T A C G C A T G A 

3’ T A C G C A T G A 

A T G C G T A C T 

T A C G C A T G A 

Maintenance of DNA methylation 

3. Mechanisms of DNA methylation 
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Non symmetrical are maintained by small interfering RNAs (siRNAs) 

A T G C A A A C T 

T A C G T T T G A 

3’ T A C G T T T G A 

A T G C A A A C T 

T A C G T T T G A 

DRM1/2 

A T G C A A A C T 

T A C G T T T G A 

Maintenance of DNA methylation 

3. Mechanisms of DNA methylation 
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From Teyssier , Gallusci et al , 2015, Applied 
Plant Genomics and Biotechnology , Chap 8 

Plants 

Mammals 

 
 

DNA 
Glycosylase 

Lyases (DMLs) 

Met1  

DRMs 
CMT2 

CMT3 

DNA  

replication 

passive active 

• a) Passive DNA demethylation 

• b)Tet-assisted passive DNA demethylation 

• c) and d) Tet-assisted active DNA 

demethylation mechanisms  involving Thymine 

DNA glycosylase 

 
 

passive 

DNMT1  

active 

a) 

b) 
c) 

d) 

DNA  

replication 

Active 
oxidation TET 

• Active demethylation is mediated by bi-

functionnal DNA glycosylase-lyase, that 

create abasic sites  

2. Overview on DNA methylation in plants 
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3. Mechanisms of DNA methylation 

Active demethylation is mediated by bi-functionnal DNA glycosylase-lyase, that create abasic sites  
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H=T, A, C 

« Maintenance » 
Methylation 

Met1 CMT3 

 « De novo »  
Methylation (RdM) 

DRM 

DME 

ROS1 

CMT2 

Active DNA Demethylation Passive DNA Demethylation 

3. Mechanisms of DNA methylation 
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3. Mechanisms of DNA methylation 
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DNA methylation in plants 
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4. DNA methylation dynamics and functions in plants 

How to analyse  DNA methylation  
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©  2016 American Society of Plant Biologists 

Methods for studying DNA methylation 

TTCGCCGACTAA TTCGCCGAuTAA 

DNA methylation– bisulfite sequencing 
 
 

Bisulfite transforms cytosine into uracil, except when cytosine is methylated 

4. DNA methylation dynamics and functions in plants 

Adapted from 



©  2016 American Society of Plant Biologists 

Bisulfite treatment differentiates cytosine and methylcytosine 

Bisulfite 

treatment 

TTCGCCGACTAA 

No 

treatment 

TTCGCCGACTAA 

TTCGCCGAuTAA 

Methyl-
cytosine 

When DNA is bisulfite treated, 
unmethylated cytosine is converted to 
uracil. Methylcytosine is not affected.  

O N 

NH2 

N 

~ 
O N 

NH2 

N 

~ 

CH3 

cytosine 5-methylcytosine 

O N 

NH2 

N 

~ 

CH3 

O N 

O 

N 

~ 
uracil 5-methylcytosine 

Bisulfite 
treatment 

Adapted from 

4. DNA methylation dynamics and functions in plants 



©  2016 American Society of Plant Biologists 

Bisulfite 
treatment 

TTCGCCGACTAA 

No 
treatment 

TTCGCCGACTAA 

TTCGCCGAuTAA 

TTCGCCGACTAA TTCGCCGATTAA 

Methyl-
cytosine 

After bisulfite treatment, 
unmethylated Cs are read as T 

and so differ in the treated and 
untreated samples.  

 
By contrast, methyl-C is read as 

C and is the same as the 
reference sequence.  

Adapted from 

Bisulfite treatment differentiates cytosine and methylcytosine 

4. DNA methylation dynamics and functions in plants 



To generate a DNA methylation map at one nucleotide resolution 

across the genome. 

 Strategy: shotgun sequencing of BS treated arabidopsis 

genomic DNA, using the Solexa Sequencing Technology. 

Obtain 2.6 billions nucleotides mapping to unique genomic 

lcations 

Coverage of 93% of all cytosine in the genome 

First methylome in plants!: 

Distribution of DNA methylation in plant genomes 

4. DNA methylation dynamics and functions in plants 
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Distribution of DNA methylation in plant genomes 

4. DNA methylation dynamics and functions in plants 



CG methylation is more abundant 
in pericentromeric regions, a 

higher proportion of CHH 
methylation is found there.  

• BLUE = Gene density 
• Brown = Repetitive 

element density 

Distribution of DNA methylation in plant genomes 

4. DNA methylation dynamics and functions in plants 
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Adapted from American society of Plant Biology, 2016 



Distribution of DNA methylation differs in genes and transposons 

4. DNA methylation dynamics and functions in plants 
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4. DNA methylation dynamics and function in plants 
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Distribution of DNA methylation differs in genes and transposons 



DNA methylation levels vary between plant species:  
(Whole Genome Bisulfite Sequencing)  
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4. DNA methylation dynamics and function in plants 

And  



Zhong et al, 2013, Nat Biotech 

DNA methylation levels vary between plant species:  
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4. DNA methylation dynamics and function in plants 
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DNA methylation variation between plant species correlates with genome features 

4. DNA methylation dynamics and function in plants 
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DNA methylation landscapes: provocative insights from 
epigenomics 
Miho M. Suzuki &  
Adrian Bird  
Nature Reviews Genetics volume 9, pages 465–476 (2008) 

DNA methylation variation between plant species correlates with genome features 

4. DNA methylation dynamics and function in plants 

https://www.nature.com/articles/nrg2341?foxtrotcallback=true#auth-Miho_M_-Suzuki
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4. DNA methylation dynamics and functionsin plants 

DNA methylation varies between tissues and developmental stages 
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DNA methylation varies in a tissue specific manner during organ development in a species 
dependant manner 

Cabernet sauvignon 

4. DNA methylation dynamics and functions in plants 
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4. DNA methylation dynamics and functions in plants 

Similar organs may present distinct behaviors  in plant species: fleshy fruits 

28/06/2021 EPICATCH     P Gallusci 
46 



DNA methylation levels vary between cell types in arabidopsis roots 

• Protoplast preparation followed by FACS 
to isolate cells  

• WGBS applied to «  enriched cell 
fractions » 
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4. DNA methylation dynamics and functions in plants 
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DNA methylation levels vary between cell types in arabidopsis roots 

4. DNA methylation dynamics and functions in plants 
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4. DNA methylation dynamics and functions in plants 

Loss of function of genes encoding DNMTs reveal the importance of DNA methylation in plants 

Met1 RNAi plants present numerous phenotypes 
• Gene miss-regulation 
• TE mobility 



Repression of the tomato DNA demethylase genes SlDML1 and 
SlDML2 alters multiple aspect of tomato plant development 

Liu, Teyssier, Gallusci unpublished) 

4. DNA methylation dynamics and functions in plants 



WT 

DML 

4. DNA methylation dynamics and functions in plants 

Repression of the tomato DNA demethylase genes SlDML1 and 
SlDML2 alters multiple aspect of tomato fruit development 

Liu et al, PNAS, 2015 
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4. DNA methylation dynamics and functions in plants 

Natural or induced DNA methylation variations can lead to various 
developmental phenotypes 

Cubas et al, Nat 1999 

Sauvage       peloria  

Manning, Seymour et al, Nat 
Genet 2006 

Sauvage                    cnr 

P Kuswandi, L Stammitti, E Teyssier, Y Hong, N Bouché G, Seymour, and  P Gallusci, Unpublished  

And many others 



Plant Methylation can occur in various sequence context  
Symetrical: CG or CHG 
Non symetrical: CHH 

 
Plants have high and variable DNA methylation levels that depends on TE content (up to 80%: eg 
corn, transposon riche genome). 

 
Methyltransferase are the enzymes seting up DNA methylation; 4 classes of DNA Mtases , only 
CMTs are plant specific 

 
Genes can be methylated in their body (CG context; GbM) or in their promoter region (all context).  

 
Methylation in promoters is in general antagonist to transcription initiation (but not always) 

 
Transposons are heavily methylated in all sequence context 

 
Impairment of DNA methylation leads to various plant phenotypes and transposon instability 
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A short summary  
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Can we use DNA methylation 
variaitons in breeding?   
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