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Mini-Review

DNA cytosine methylation and histone modifications including 
acetylation, methylation, phosphorylation as well as ubiquitina-
tion are important epigenetic mechanisms that have profound 
roles in gene regulation and development processes.1-3 The func-
tional consequences of histone modifications can be direct, caus-
ing structural changes to chromatin, or indirect, acting through 
the recruitment of effector proteins. All histone modifications are 
removable, which may therefore provide a flexible way for regula-
tion of gene expression.

DNA cytosine methylation of genes is often associated with 
transcriptional gene silencing. In Arabidopsis, cytosine meth-
ylation occurs at CG, CHG and CHH sites.4 The Arabidopsis 
thaliana genome encodes three classes of DNA cytosine meth-
yltransferases. The function of DRM2 is to control de novo 
methylation.5 MET1, the ortholog of the mammalian DNMT1, 
maintains CG methylation; whereas CMT3 is plant specific 
methyltransferase, which functions to control the maintenance 
of CHG methylation.6

Histone acetylation levels are determined by the action of 
histone acetyltransferases and histone deacetylases (HDACs). 
Plant HDACs can be grouped into three major families, RPD3/
HDA1, SIR2 and HD2.7,8 It was reported that gene silencing 
could be relieved by treatment with either HDAC inhibitors or 
an inhibitor of DNA methylation.9-11 In addition, inhibiting cyto-
sine methylation induces histone acetylation, whereas inhibiting 
histone deacetylation causes the loss of cytosine methylation.12 
These findings suggest that histone deacetylation and DNA 
methylation may act coordinately in gene silencing. In mammals, 
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One of the most fundamental questions in the control of gene 
expression is how epigenetic patterns of DNA methylation 
and histone modifications are established. Our recent studies 
demonstrate that histone deacetylase HDA6 integrates DNA 
methylation and histone modifications in gene silencing by 
interacting with DNA methyltransferase MET1 and histone 
demethylase FLD, suggesting that regulatory crosstalk 
between histone modifications and DNA methylation could be 
mediated by the interaction of various epigenetic modification 
proteins.
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HDACs can be recruited by high DNA methylation levels, via 
association with methyl-DNA binding domain-containing pro-
teins or via direct recruitment by the DNA methyltransferase 
DNMT1,13,14 suggesting a tight interplay between histone deacet-
ylation and DNA methylation.

HDA6 interacts with MET1 Mediating Crosstalk of 
Hitone Deacetylation and DNA Methylation

HDA6 was first identified to be involved in transgene silenc-
ing through an auxin-responsive element mutant screening in 
Arabidopsis.15 HDA6 mutant alleles axe1-1 to axe1–5 displayed 
increased expression of the auxin-responsive reporter genes in the 
absence of auxin treatment, suggesting a role of HDA6 in gene 
silencing.15 Furthermore, HDA6 was also identified as an essen-
tial component in RNA-directed DNA methylation (RdDM).16,17 
The HDA6 mutant allele rts1 exhibits a reactivation of RdDM-
silenced promoters and results in reduced cytosine methylation 
in symmetric sequence contexts, highlighting a function for 
HDA6 in methylation maintenance.16,17 Recently, To et al. (2011) 
reported that HDA6 regulates locus-directed heterochromatin 
silencing in cooperation with MET1.18 In addition, HDA6 and 
MET1 co-target to the heterochromatin sites and maintain het-
erochromatin silencing.18

More recently, we show that a subset of transposons was 
transcriptionally reactivated in hda6 mutants, associated with 
elevated histone H3 and H4 acetylation as well as increased 
H3K4Me3 and H3K4Me2.19 Decreased DNA methylation of 
the transposons was also detected in hda6 mutants, suggest-
ing that HDA6 silences the transposons by regulating histone 
acetylation and methylation as well as the DNA methylation 
status. Similarly, transcripts of some of these transposons were 
also increased in the met1 mutant, with decreased DNA methyla-
tion. Furthermore, H4 acetylation, H3K4Me3, H3K4Me2 and 
H3K36Me2 were enriched at the co-regulated transposons in the 
met1 and hda6met1 mutants. Protein-protein interaction analysis 
indicated that HDA6 physically interacts with MET1 in vitro 
and in vivo. These results suggest that HDA6 and MET1 interact 
directly and act together to silence transposons by modulating 
DNA methylation, histone acetylation and histone methylation 
status.19
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histone modifications.20,21 HDAC inhibitors can 
diminish histone demethylation activity, whereas 
the abrogation of LSD1 activity by mutations can 
decrease the deacetylation activity,21 suggesting 
that the enzymatic activities of HDACs and LSD1 
are closely linked. The Arabidopsis homolog of 
LSD1, FLD, was found to promoter flowering in 
Arabidopsis by repressing FLC expression.22 In 
addition, two Arabidopsis FLD homologs, LDL1 
and LDL2, act in partial redundancy with FLD 
to promote flowering by repress FLC expression.23 
Our recent study indicates that HDA6 is physi-
cally associated with FLD in Arabidopsis,24 sug-
gesting that histone deacetylases and demethylases 
may cross-talk and mutually affect each other’s 
activities to coordinate regulate gene expression 
in plant development and in response to environ-
mental changes.

Conclusions and Perspectives

Our studies demonstrate that HDA6 integrates 
DNA methylation and histone modifications in 
gene silencing by interacting with MET1 and FLD 
(Fig. 1). More recently, OTU6 was found to directly 
interact with the histone lysine demethylase LDL1/

KDM1C in planta,25 suggesting that regulatory crosstalk between 
histone demethylation and deubiquitination through the direct 
interaction between LDL1/KDM1C and OTU6. Taken together, 
data described above indicate that the crosstalk among different 
epigenetic modifications could be mediated by the interaction of 
various histone modification proteins and complexes.
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HDA6 Interacts with Histone Demethylase FLD

Histone methylation is dynamically regulated by histone 
methylases and demethylases. There are two types of demeth-
ylases with distinct mechanisms, amine oxidation by lysine-
specific demethylase1 (LSD1) and hydroxylation by Jumonji 
C (JmjC) domain-containing proteins, removing methyl 
groups from methylated lysine residues. The mammalian 
histone demethylase, LSD1, is an integral component of his-
tone deacetylase corepressor complexes in which HDACs and 
LSD1 may cooperate to remove activating acetyl and methyl 

Figure 1. Gene silencing mediated by HDA6. The gene activation markers, H3 acetyla-
tion, H4 acetylation and H3K4 tri-methylation are associated with active chromatin. 
HDA6 can mediate gene silencing through interacting with MET1 and FLD, resulting in 
DNA methylation, histone deacetylation and histone demethylation.
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