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DNA Packaging: Nucleosomes and Chromatin

nature.com/scitable/topicpage/dna-packaging-nucleosomes-and-chromatin-310/
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Chromosomes consist of heterochromatin and euchromatin

Densely packaged 

heterochromatin

Less densely 

packaged 

euchromatin

DNA around the 

centromere is usually 

packaged as 

heterochromatin. 

CENTROMERE

Epigenetics, The Plant Cell, Volume 22, Issue 1, January 2010
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Histone deacetylation

Histone acetylation

Histone (de) methylation

Histone (de) methylation

DNA methylation

DNA demethylation

Histone variants

Transcription

Epigenetic Silencing

Chromosomes consist of heterochromatin and euchromatin

Epigenetics, The Plant Cell, Volume 22, Issue 1, January 2010



Histone complex

Draizen et al. 2016 Database Li et al. 2014 Transgenerational Epigenetics



Histone variants in plants

Arabidopsis thaliana histone-coding genes 

Replicative/canonical: expressed during S-phase and deposited 
during DNA replication in a DNA-synthesis-dependent manner

Replacement: expressed throughout the cell-cycle and are 
deposited in a DNA-synthesis-independent manner 



Three main H3 variants: H3.1, H3.3 & CenH3

Jiang et al. 2003 Trends Plant Sci., Stroud et al. 2012 PNAS; Shi et al. 2011 PNAS

Nucleosomes at the centromere 
incorporate an H3 variant called 
CENH3 that is necessary for 
centromere maintenance

CENH3

H3

Probst et al. 2020 JXP

heterochromatin

euchromatin
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Deposition of H3 variants by histone chaperones

Probst et al. 2020 JXP

CAF-1: Chromatin assembly factor 1

FAS: Fasciata

MSI: Multicopy Suppressor of IRA 

ASF: Anti Silencing Factor

NASP: Nuclear Autoantigenic

Sperm Protein

HIRA: Histone Regualtor A

UBN: Ubinuclein

CABIN: Calclneurin Binding Protein

The Plant Journal, Volume: 83, Issue: 1, Pages: 96-109, 2015



Histone H2A variants

Kawashima et al. 2015

Nucleosome array compaction

Dimer formation
Nucleosome stability 

Dhall et al. 2014, J. .Biol. Chem. 

Biswas et al. 2011, PLOS Comp. Biol.



H2A.Z and expression patterning

Coleman-Derr & Zilberman, 2012 



H2A.Z and expression patterning

Coleman-Derr & Zilberman, 2012 



H2A.Z regulates the responsiveness of heat stress induced genes

Wu et al. 2019, Plant Phys; Kumar & Wigge 2010 Cell; Cortijo et al. 2017, Mol. Plant



Jarillo & Piñeiro 2015 Plant Journal

H2A.Z in plant development and stress responses 
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The histone variant H2A.Z promotes transcription and is 

swapped into the nucleosome by the SWR1/SRCAP complex.

SWR1/

SRCAP 

complex

Inactive gene
Active gene

Remodelling of chromatin by SWR1

Epigenetics, The Plant Cell, Volume 22, Issue 1, January 2010
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H2A.Z deposition by SWR1 complex 

The Plant Journal, Volume: 83, Issue: 1, Pages: 96-109, 2015



Cell 2010 143725-736DOI: (10.1016/j.cell.2010.10.019) 

Remodelling of chromatin by SWR1
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Remodelers use energy to move/alter histone octamers 

Clapier and Cairns 2009. Annu. Rev. Biochem. The Plant Journal, Volume: 83, Issue: 1, Pages: 96-109, 2015
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Post-translational modifications of histones

The Plant Journal, Volume: 83, Issue: 1, Pages: 96-109, 2015Beyer et al. 2021, ChemBioChem



Histone modifications in plants

Ueda and Seki 2020, Plant Phys
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Histone modification affects chromatin structure

Closed configuration

Me            Me P

K9          K27 S28
H3

Open configuration

Me   P      Ac

K4  S10   K14
H3



Writers, erasers and readers

Falkenberg & Johnstone, 2014 Nat. Rev. Drug Disc. 

Acetyltransferases
Methyltransferases
Kinases
Ubiquitinases

Deacetylases
Demethylases
Phosphatases
Deubiquitinases

Recognize specific histone marks
Recruit other chromatin modifiers and 
remodelling proteins to alter 
chromatin architecture and function.



Acetylation of histone lysine is associated to transcription

Grayson et al. 2010, Mol. Pharmacology 



Liu et al. 2014, Mol. Plant

Transcriptional regulation by histone acetylation



Importance of histone acetylation for plant immunity

Kong et al. 2017, Current Biology

acetyltransferase 

suppression H3K9 acetylation

SAGA
Spt–Ada–Gcn5 Acetyltransferase

Phytophthora sojae



Histone methylation

Ueda and Seki 2020, Plant Phys

* * * * *

*



Arginine and Lysine methylation

Zhang & Reinberg 2001, Genes Dev.



Effect of histone methylation

Mum & Shi 2017, Nature Rev. Mol. Cell Biol.
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Histone modifications are associated with genes and 
transposons

Red = high correlation

Green = low correlation 
H3K9me is associated with methylated 

DNA (Me-C) and transposons.

H3K9me

Me-C

Transposon

mRNA

H3K4me

Gene

H3K4me is associated with actively 

transcribed genes and mRNA.

Reprinted by permission from Macmillan Publishers, Ltd: NATURE. Lippman, Z., Gendrel, A.-V., Black, M., Vaughn, M.W., Dedhia, N., McCombie, W.R., Lavine, K., 

Mittal, V., May, B., Kasschau, K.D., Carrington, J.C., Doerge, R.W., Colot, V., Martienssen, R. (2004) Role of transposable elements in heterochromatin and epigenetic 

control. Nature 430: 471-476 Copyright 2004. 

http://www.nature.com/nature/journal/v430/n6998/abs/nature02651.html
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H3K27me3 is associated with genes

GREEN = H3K27me3

PURPLE = methylcytosine

BLUE = Gene 

density

RED = Repetitive 

element density

H3K27me3 in 

Arabidopsis is 

present within the 

gene-rich region, 

not the repeat-rich 

region.

Zhang, X., Clarenz, O., Cokus, S., Bernatavichute, Y.V., Pellegrini, M., Goodrich, J.,  Jacobsen, S.E. (2007) Whole-

genome analysis of histone H3 lysine 27 trimethylation in Arabidopsis. PLoS Biol. 5: e129. 

http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.0050129
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H3K27me3 methylation by Polycomb Repressive Complex 2

H3K27me3

Polycomb
Repressive
Complex 2

Active genes 

Silenced genes
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Plants make multiple PRC2 complexes with different targets

MEA + FIS2 complex

CLF/SWN + VRN2 complex

CLF/SWN + EMF2 complex

Seed development

Transition to flowering

Floral organogenesis
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LHP1 co-localizes with H3K27me3

Active genes Silenced genes Stably silenced genes

PRC2

H3K27me3

PRC1-like

LHP1

LHP1 binds 

specifically to 

H3K27me3
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In plants LHP1 maintains H3K27me3

Active genes Silenced genes Stably silenced genes

PRC2

H3K27me3

PRC1-like

LHP1

Maintenance of silenced state
of FLC after vernalization!!!



Control of flowering by epigenetic reprogramming

https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.12869

FLC expression: 

H4 acetylation, H3K4me, 

H3K36me, H2A.Z incorporation

FLC silencing

Expression of the VRN3 gene (part of VRN2-PRC2 complex)

Activating marks removed

Silencing marks (H3K9me, H3K27me3) added

FLC maintained silenced:

Association with LHP1

FT is expressed

Flowering is induced

Resetting FLC expression:

Silenced during gamete formation

Reactivated during fertilization or early embryogenesis

SWR1 incorporates H2A.Z variant



Histone Ubiquination

Ueda and Seki 2020, Plant Phys

In drought

Molecular Plant 12, 292–294, 2019



Thank you


