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Epigenetics and    

    Agro-Traits 



EPIGENETICS 

The study of stable and heritable 
changes in gene expression or cellular 
phenotype that do not entail changes in 
the DNA sequence  
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DNA METHYLATION 



Cytosine methylation 

•Transposon silencing 

 

•Epigenetic regulation of 
endogenous genes 

 

•Critical for normal 
development 

 



Histone modifications 
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Epigenetic   Mechanisms 
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Enzymes involved in chromatin modifications 

DNA methyltransferase 

                           -mainly silencers 

Histone methyltransferases 

                    -silencers and activators (site specific) 

Histone demethylases (Jumonjii) 

                           -silencer and activator (site specific) 

Histone acetyltransferases 

                           -mainly activators 

Histone deacetylases 

                           -mainly silencers 



Modified from M.Rigal, O. Mathieu, 2011, Biochimica and Biophysica Acta 

A ‘mille-feuille’ of Epigenetic mechanisms 



     EPIGENETIC  PHENOMENA 

Vegetative development 
Flower Development 

Parental imprinting in Seed Development 

Stress response 
Transposon silencing 
 

Epigenetic 
modifications 

Epi-
alleles 

Agronomic 
traits 

Improved 
varieties 



wt 

met1 

wt cmt3 met1 

DNA Methylation is critical for Arabidopsis  

                    normal development 

Embryo development at 4, 5, 6 DAF       
(Days after Fertilization) 



Developing seed 
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Genes that control seed development  
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FIE 

FIS2 

MEDEA 

Polycomb 
group 

DME(Demeter) 

Target genes 

Ex. PHERES I 

Normal embryo 
and endosperm 
development 

Expressed in 
specific cells 
and only at 
3DAP 



M Wt 

Mutations in  the female    MEDEA gene lead to 
abnormal seed development 

Κιyosue et al., 1999, PNAS 96, 4186-4191 

Parental Imprinting regulates seed 

development 



Α: wild type silique 

B: Heterozygous DME/dme-1 

silique 

C: Homozygous dme-1 silique 

D: Viable seed 

E: Aborted seed 

DME mutants in Arabidopsis 

 DME wt DME mutant 

Normal 

embryo and 

endosperm 

development 

Enlarged 

endosperm 

and aborted 

embryo 
Choi et al., 2002 Cell 110, 33-42 



Μικρός καρπόςΜικρός καρπός

Μεγάλος καρπόςΜεγάλος καρπός

PARENTAL IMPRINTING 

Medea 

Pheres and Meidos X X 



Epigenetic modifications in the endosperm 

Huh and Rim 2013 



Small RNAs (miRNAs) regulate  Leaf 
Development  

miR- JAW TCP Cell cycle control 



Disruption of miRNA164-regulation  

of NAC-domain protein in Arabidopsis 

 

Affects proper formation and separation of adjacent  

embryonic, vegetative, and floral organs 

 



Flower Development 
 

Regulation of APETALA 2 like genes by miR172 



Epigenetic Mechanisms regulate the response to environmental changes  

Ding et al., 2013 



Epigenetic   Mechanisms 

Methylation 

Acetylation 

Phosphorylation 

+ activation 

small 



 EPIGENOMES 

Locus-specific 

epigenetic 

modifications 

Large-scale 

genome wide 
epigenetic 
landscapes 



Genome-wide DNA methylation techniques 



            Genome Bisulfite Sequence (BS-seq) 

Combination of Bisulfite treatment with Deep Sequencing 



HUMAN METHYLOME 

Different cell and tissue types 

Normal and disease conditions 

Different Methylation Pattern in cancer cells 

 



DNA METHYLATION LANDSCAPE OF THE ARABIDOPSIS GENOME 

Cell 126, 2006 

‘Genome-wide High-Resolution Mapping and Functional Analysis of DNA Methylation in Arabidopsis’ 

•Wt                                         

•met-1 mutant                  

•drm1/drm2/cmt3 triple mutant (ddc) 



Methylation Profiles for Columbia  and Landsberg Arabidopsis ecotypes 



         Genome-wide analysis in Arabidopsis 

DNA methylation  

Histone H3 Lysine 27 Trimethylation 



LARGE-SCALE EPIGENETIC LANDSCAPE IN RICE  





The tomato methylome 

Density of methylated DNA and other features in chromosomes of 
the tomato fruit 

Zhong et al., 2013 Nat. Biotechnology 



Tissue and developmental specific epigenetic variation  in tomato 

Zhong et al., 2013 Nat. Biotechnology 



Karan R, DeLeon T, Biradar H, Subudhi PK (2012) PLoS ONE 7(6): e40203. doi:10.1371/journal.pone.0040203 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0040203 

MSAP: Methylation Sensitive Amplified Polymorphism 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0040203


DNA methylation changes under non-stress and salinity conditions 

Karan R, DeLeon T, Biradar H, Subudhi PK (2012) PLoS ONE 7(6): e40203. doi:10.1371/journal.pone.0040203 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0040203 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0040203


Expression profiles of MSAP loci in rice under salt stress 

Karan R, DeLeon T, Biradar H, Subudhi PK (2012) Salt Stress Induced Variation in DNA Methylation Pattern and Its Influence on Gene 

Expression in Contrasting Rice Genotypes. PLoS ONE 7(6): e40203. doi:10.1371/journal.pone.0040203 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0040203 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0040203


MSAP is being widely used to detect epigenetic variation in 

different species, cultivars, tissues and in different environmental 
conditions 

 

Poplar 

Grapes 

Coffee 

Tomato 

Grafted vegetables 

 

MSAP: Methylation Sensitive Amplified Polymorphism 



 TRAITS 

Association of epigenetic variation 

with important agricultural traits 



  Inheritable Epigenetic States lead to Agronomic Trait Variants 

Squamosa promoter binding protein like14 (SPL14)           panicle branching and  
                                                                                              higher grain yield in rice 



Akimoto et al. Ann Bot 2007;100:205-217 

DNA Methylation  

mapping of rice Xa21 

Xa21 is a rice disease resistance gene 
 
Encodes a receptor-like kinase 
 
5’end methylation prevents gene expression 
Treatment with 5’-aza (DNA methylation inhibitor) 
resulted in high levels of expression and resistance to  
Xanthomonas oryzae pv oryzae 
 
Hypomethylation and resistant trait were stably 
inherited in progeny (10 ys) 

 



Miura  et al., PNAS  July 7, 2009  vol. 106  no. 27 

DWARF1 RICE EPIGENETIC MUTANT 

The epi- alleleDWARF1 (D1), epi-d1, 

Causes a dwarf phenotype 

Stably inherited  

Used as dwarf breeding material in 
Japan for decades 

Silenced state associated with 
repressive histone and DNA methylation 
marks in the D1 promoter region 

Gene body promoter 

X CH3 



Factors leading to epigentic mutations in plants 
 
Spontaneous epimutations 
Transposon insertions 
Transacting small RNAs 

Heritable  
epi-alleles         accumultate over generations        increases phenotypic diversity          

Epigenetic changes – Source of natural variation 



IMPLICATIONS IN BREEDING 

Ap2-11 Wt 

~ 30% increase in 

seed weight 

Mutations in Apetala-2 which is regulated by miRNA172 lead to 

changes in   SEED SIZE 

PNAS  2005  vol. 102  no. 8  3123–3128 

http://www.pnas.org/cgi/content/full/102/8/3123/FIG3


  

Silencing  
       of  

DEMETRA 
 
 

Low-Gluten  
    Wheat 

 
 
 

 

Wen et al. 2012 PNAS 



EPIGENETIC MECHANISMS IN CEREALS 

Epigenetic modifications Epi-alleles Agronomic traits Improved varieties 

Flowering 

Seed Development 

Stress response 

DNA methylation 

Histone modifications 

Small RNAs 

Plant processes affected: 

Importance: 



Barley cultivars with different seed size 

Caresse 

Kos 

Ippolytos 



Expression of Polycomb group in barley during seed development  

                      in two cultivars with different seed size 

Caresse 

Ippolytos 

HvFIE 

HvEZ 
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Kapazoglou et  al., (2010)  BMC Plant Biology 10:73 



PcG genes colocalized with regions known to be associated with malting quality traits  

Mapping of PcG genes on the barley physical map 

Kapazoglou et al, (2010) BMC Plant Biology 10:73 



MADS-box Type I genes in Arabidopsis 

AGL35 (PHERES I) 

AGL61 

AGL62 (DIANA) 

AGL80 

AGL23 

Central cell formation 

Timing of endosperm 
cellularization 

Seed development 





EPIGENETIC MECHANISMS AS  

MEDIATORS  

OF ENVIRONMENTAL CHANGES 



Responses of barley epigenetic modifier genes  

                      to stress-related hormones 

JA ABA SA 
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HvHDAC2-1 

HvHDAC2-2 

Demetriou, Kapazoglou, Tondelli, Francia, Stanca, Bladenopoulos, 

Tsaftaris (2009) Physiol. Plant. 

HDACs  

family HD2 

HDAC1-IV
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Demetriou, Kapazolgou, 
Bladenopoulos and  Tsaftaris  

(2010 )Plant Mol Biol Rep 

JA HDACs 

Family  

RPD3-HDA1 
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ABA 
Polycomb 

Kapazoglou, Tondelli, Papaefthimiou, Ampatzidou, 

Francia, Stanca, Bladenopoulos, Tsaftaris  
(2010) BMC Plant Biology 



Expression of HvTX1 in response to dehydration 

Caresse: drought sensitive 

Demetra: drought tolerant 

Papaefthimiou and Tsaftaris, 2012, Biologia Plantarum, 56:683 



 
 To meet the future challenges of    
       world population growth          
       climate change  
 
An increased focus on exploring new varieties and novel traits  

 

Study and exploit epigenetic variation as well as genetic variation 
 
Development of tools and technology to enable easy and  
rapid selection for improved varieties 

OUTLOOK 

Epigenetic
Breeding
Epigenetic
Breeding
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