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Histone acetylation and deacetylation play central roles in the 
regulation of chromatin structure and transcription by RNA 
polymerase II (RNA Pol II). Although Hda1 histone deacetylase 
complex (Hda1C) is known to selectively deacetylate histone 
H3 and H2B to repress transcription, previous studies have 
suggested its potential roles in histone H4 deacetylation. 
Recently, we have shown that Hda1C has two distinct 
functions in histone deacetylation and transcription. 
Histone H4-specific deacetylation at highly transcribed 
genes negatively regulates RNA Pol II elongation and H3 
deacetylation at inactive genes fine-tunes the kinetics of gene 
induction upon environmental changes. Here, we review 
the recent understandings of transcriptional regulation via 
histone deacetylation by Hda1C. In addition, we discuss the 
potential mechanisms for histone substrate switching by 
Hda1C, depending on transcriptional frequency and activity.
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INTRODUCTION

Chromatin is composed of eukaryotic DNA and histone 

proteins and its primary function is to package long DNA 

molecules into the cell. In addition, chromatin plays import-

ant roles in the regulation of many DNA-based processes 

including transcription by RNA polymerase II (RNA Pol II), 

DNA replication, and DNA damage responses (Kim et al., 

2019a; Kouzarides, 2007; Li et al., 2007a). The fundamental 

repeating unit of chromatin is the nucleosome, comprised of 

a histone octamer with two copies of each of four histone 

proteins, H3, H4, H2A, and H2B, as well as 147 base pairs 

of DNA (Luger et al., 1997; Richmond et al., 1984). At least 

20% of the residues in histone proteins are positively charged 

amino acids, including lysine and arginine, which stabilize the 

interactions with the negatively charged DNA. Nucleosomes 

function as a barrier of transcription and DNA synthesis, and 

should be evicted and reincorporated during and after RNA 

Pol II transcription and DNA replication (Petesch and Lis, 

2012).

	 Covalent modifications on histone tails, including acetyla-

tion, methylation, ubiquitination, and phosphorylation, play 

critical roles in RNA Pol II transcription (Kouzarides, 2007). 

Acetylation on histone tails can directly activate transcription 

by neutralizing positively charged lysines, thereby reducing 

the interaction between DNA and histones. This histone 

mark also creates a binding site for bromodomain proteins 

that are often associated with large protein complexes that 

positively regulate transcription (Kouzarides, 2007; Li et al., 

2007a). The histone acetylation pattern is dynamically regu-

lated by the opposing functions of histone acetyltransferases 

(HATs) and histone deacetylase complexes (HDACs). Multiple 

mechanisms for targeting of HATs and HDACs to specific re-

gions of a genome have been proposed (Woo et al., 2017). 

Site-specific histone methylations recruit and/or stimulate 

HATs or HDACs to control local histone acetylation. H3K4me3 

enriched at active promoters acts as a binding site for multi-
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ple HATs and HDACs including NuA3 and NuA4 HATs, Rdp3L 

HDACs in yeast as well as, HBO HAT and the mSin3a-HDAC1 

complex in mammals (Lee et al., 2018; Saksouk et al., 2009; 

Shi et al., 2006; 2007; Taverna et al., 2006; Woo et al., 

2017). Set3 HDAC binds to H3K4me2 and modulates the 

kinetics of gene induction upon environmental changes (Kim 

and Buratowski, 2009; Kim et al., 2012). H3K36me3 peak-

ing at 3’ regions of genes enhances histone deacetylation by 

Rpd3S HDAC to repress transcription initiation from internal 

cryptic promoters (Carrozza et al., 2005; Keogh et al., 2005; 

Li et al., 2007b). Transcription machinery also contributes to 

recruitment of multiple HATs and HDACs to optimize RNA Pol 

II elongation (Govind et al., 2010).

	 The Hda1 histone deacetylase complex (Hda1C) includes 

three subunits, Hda1, Hda2, and Hda3, and is known to 

selectively deacetylate histone H3 and H2B to repress tran-

scription (Carmen et al., 1996; Rundlett et al., 1996; Wu et 

al., 2001a; 2001b). Although this complex has HDAC activity 

toward histone H4 in vitro, and mutants for Hda1C show 

a global increase in H4 acetylation (Carmen et al., 1996; 

Rundlett et al., 1996), previous studies have focused on the 

functions of Hda1C-mediated H3 deacetylation for the reg-

ulation of transcription and cellular responses. We recently 

found that Hda1C mediated histone H4-sepcific deacetyla-

tion at hyperactive genes, indicating two distinct functions 

of Hda1C in histone deacetylation (Ha et al., 2019). Here we 

review recent findings on the roles of Hda1C in transcription 

regulation, deacetylation of distinct histone substrates, and 

potential mechanisms for controlling substrate switching by 

Hda1C.

COMPOSITION AND STRUCTURE OF Hda1C

Hda1C is a conserved fungal HDAC initially identified in bud-

ding yeast. This complex includes three components, Hda1, 

Hda2, and Hda3, and the catalytic subunit, Hda1 belongs to a 

class II HDAC sensitive to trichostatin-A (Carmen et al., 1996; 

Rundlett et al., 1996; Wu et al., 2001a). The active form of 

Hda1C is a tetrameric complex composed of two copies of 

Hda1 and a single copy of Hda2 and Hda3 (Lee et al., 2009) 

(Fig. 1A). Hda1 has two important domains, a HDAC do-

main and an Arb2 domain at its N-terminus and C-terminus, 

respectively, and it forms a homodimer via its N-terminal 

domain (Fig. 1B). The Arb2 domain was initially identified in 

the Arb2 protein, a subunit of a fission Argonaute complex 

(Argonaute siRNA chaperone, ARC) that regulates H3K9 

methylation, heterochromatin assembly and siRNA gener-

ation (Buker et al., 2007). Hda2 and Hda3 are structurally 

and functionally similar and interact with each other to form 

a heterodimeric complex through their C-termini (Fig. 1B). 

Both proteins have a potential nucleic acid-binding domain 

and a coiled-coil domain at their N-terminus and C-terminus, 

respectively (Lee et al., 2009). The Hda1 N-terminal region 

directly interacts with the C-terminal coiled-coil domains of 

Hda2 and Hda3 to form an active Hda1C (Fig. 1B). Truncated 

Hda1C, including the N-terminal part of Hda1 and the coiled-

coil domains of Hda2 and Hda3, showed comparable HDAC 

activities with the full-length complex in vitro, suggesting that 

other domains are likely involved in targeting of this complex 

in vivo (Lee et al., 2009).

	 Recent studies have revealed that co-transcriptional meth-

ylations on histone tails recruit and/or activate multiple HATs 

and HDACs to regulate transcription by RNA Pol II (Carrozza 

et al., 2005; Ha et al., 2019; Keogh et al., 2005; Kim et al., 

2012; 2016; Martin et al., 2006; Woo et al., 2017). However, 

Hda1C lacks domains recognizing co-transcriptional histone 

methylations, suggesting that this complex is likely recruited 

to target genes via distinct mechanisms (Ha et al., 2019; Lee 

et al., 2009). Although the function of the Arb2 domain of 

Hda1 in vivo remains elusive, this domain is known to inter-

act with histone octamers in vitro (Shen et al., 2016). Hda2 

and Hda3 may also contribute to targeting of this complex as 

N-terminal regions of both proteins act as binding modules to 
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Fig. 1. Composition of Hda1C and its role in transcription. (A) 

Hda1C is a class II HDAC identified in yeast and is composed of a 

Hda1 homodimer and Hda2-3 heterodimer. Hda1 is the catalytic 

subunit and both Hda2 and Hda3 are essential for the HDAC 

activity of Hda1C. (B) Hda1 has a HDAC domain and an Arb2 

domain at its N-terminus and C-terminus, respectively. Although 

the Arb2 domain directly interacts with histone octamers in vitro, 

its function in vivo remains unknown. Both Hda2 and Hda3 

show sequence similarity and have a potential DNA binding 

domain and a coiled-coil domain at their N- and C-terminal 

regions, respectively. The HDAC domain of Hda1 and coiled-

coil domains of Hda2 and Hda3 directly interact to form a stable 

complex. (C) Hda1C deacetylates histone H3 and H2B to repress 

transcription. Hda1C is recruited to stress response genes via 

gene-specific repressors and a general corepressor, Tup1, and 

selectively deacetylates histone H3 and H2B to repress RNA Pol II 

transcription.
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single-stranded or double-stranded DNA, with no sequence 

specificity (Fig. 1B) (Lee et al., 2009).

CONTROL OF GENE INDUCTION VIA HISTONE H3-
SPECIFIC DEACETYLATION BY Hda1C

Tup1 is a general corepressor in yeast regulating many physio-

logical responses, and has sequence similarity to other mam-

malian transcriptional repressors (Malave and Dent, 2006). 

This protein is recruited to target genes by sequence-specific 

DNA binding repressors, but how Tup1 represses target gene 

was not well understood. A previous study has shown that 

Hda1C functionally and physically interacts with Tup1 to re-

press transcription of stress response genes (Fig. 1C) (Wu et 

al., 2001b). Loss of Hda1C or Tup1 resulted in hyperacetyl-

ation of histone H3 and H2B tails at an inactive promoter. 

However, no increase in acetylation of histone H2A and H4 

tails was seen in mutants for Hda1C, indicating that Hda1C 

preferentially deacetylates histone H3 and H2B to repress 

transcription (Wu et al., 2001b). Consistent with these find-

ings, we also observed increased H3 acetylation upon loss 

of Hda1C at inactive genes. At inducible GAL genes, hyper-

acetylation of histone H3 was seen in mutants for Hda1C 

when these genes were repressed in media containing glu-

cose (Ha et al., 2019). However, this pattern was no longer 

observed upon activation of GAL genes by transferring the 

cells to media containing galactose (Ha et al., 2019). Ge-

nome-wide ChIP-seq analyses for histone acetylation further 

revealed that Hda1C preferentially deacetylates histone H3 

at inactive genes but not at highly transcribed regions (Ha et 

al., 2019). Interestingly, a mutant for Tup1 showed slightly 

different patterns of histone acetylation. Whereas histone 

H3 acetylation at inactive genes was increased in mutants for 

both Hda1 and Tup1, only TUP1 deleting cells showed hy-

peracetylation of histone H4 at inactive promoters, suggest-

ing that Tup1 might functionally interact with an additional 

HDAC for histone H4 deacetylation (Ha et al., 2019).

	 Although Hda1C plays important roles in deacetylation 

of histone H3 at inactive genes, mutants for this complex 

had no obvious effects on genome-wide transcript levels in 

a steady-state condition or under optimal laboratory culture 

conditions (Lenstra et al., 2011). Many chromatin regulators 

also have little effect on global gene expression in a steady-

state condition. Instead, they play essential roles in regulating 

transcriptional responses to support cellular adaptation and 

survival upon environmental changes (Lenstra et al., 2011; 

Woo et al., 2017). For example, the Set2-Rpd3S HDAC 

pathway and Set3 HDAC reduced the kinetics of gene in-

duction upon carbon source shifts (Kim et al., 2012; 2016). 

Furthermore, Rpd3L HDAC mainly functions at actively tran-

scribed genes to enhance gene repression and transcriptional 

repression memory upon environmental changes (Kim et 

al., 2019b; Lee et al., 2018). Hda1C is also likely involved in 

regulation of the kinetics of transcriptional responses upon 

environmental changes, because mutants for Hda1C had in-

creased expression of genes during diamide stress (Weiner et 

al., 2012).

	 We previously identified approximately 1,000 genes that 

differentially respond during carbon source shifts and most of 

them were induced or repressed by galactose exposure (Kim 

et al., 2012). RNA-seq analyses of wild type and mutant cells 

for Hda1C under the same conditions revealed that although 

global gene expression was not affected in media containing 

raffinose, the induction of 331 genes was significantly de-

layed by Hda1C during galactose incubation (Fig. 2A) (Ha et 

al., 2019). Analysis of histone acetylation patterns revealed 

that mutants for Hda1C had increased histone H3 acetylation 

at the promoters and within coding regions of Hda1C-regu-

lated genes. In contrast, no change in histone H4 acetylation 

Pol II

Ac

Pol II

AcAcAc

Me

Pol II

AcAc

Ac Me

AcAc

Rpd3S

AcAc

Ac H4ac H3acAc

GENE

GENE

Tup1 

Hda1C

Hda1C

slows RNA Pol II elongation

delays gene induction

Pol II

Hda1C
AcAc

GENE

Hda1C

A

B

Ac MeH4ac H3K36me3 H3acAc

Ac
tiv

e
ge

ne
s

In
ac

tiv
e

ge
ne

s

Fig. 2. Hda1C differentially deacetylates histone H4 and H3, 

depending on transcription frequency. (A) Hda1C is recruited 

to hyperactive genes via its interaction with elongating RNA 

Pol II, RNA transcripts, and histones. This complex selectively 

deacetylates histone H4 at coding regions of hyperactive genes 

to negatively regulate RNA Pol II elongation. In contrast, Hda1C 

functionally and physically interacts with Tup1 corepressor to 

preferentially deacetylate histone H3 and repress transcription of 

stress response genes. (B) Hda1C and the Set2-Rpd3S pathway 

collaborate to maintain optimal histone acetylation within coding 

regions and may function at different times on the same genes. 

Hda1C deacetylates histone H4 at actively transcribing genes 

through the interaction with elongating RNA Pol II. In contrast, 

Rpd3S HDAC may deacetylate histones via recognition of H3K36 

methylation when the genes are not currently transcribing by 

RNA Pol II.
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was observed (Ha et al., 2019). Therefore, Hda1C preferen-

tially deacetylates histone H3 to delay the rate and kinetics of 

gene induction upon environmental shifts.

LONG NONCODING RNA-DEPENDENT REGULATION 
OF TRANSCRIPTION BY Hda1C

Long noncoding RNA (lncRNA) transcription and lncRNA 

itself play important roles in the regulation of chromatin 

structure and transcription (Pelechano and Steinmetz, 2013). 

In yeast, approximately 12% of genes are overlapped with 

lncRNA transcription and a majority of them are inactive or 

inducible genes, suggesting the importance of overlapping 

lncRNA transcription in the regulation of RNA Pol II transcrip-

tion (Xu et al., 2011). We and other groups have shown that 

lncRNA transcription places specific histone methylation at 

core promoter regions to target histone deacetylation by Set3 

HDAC or Rpd3S HDAC resulting in gene repression (Kim et 

al., 2012; 2016; Venkatesh et al., 2016).

	 Previous works on Hda1C also suggested the functional 

interplay between a lncRNA and Hda1C (Camblong et al., 

2007; 2009). Hda1C bound to the PHO84 locus to deacetyl-

ate histone H3. Interestingly, this binding was stimulated by 

PHO84 antisense RNA. In wild type cells, Hda1C binding was 

not seen but this binding was significantly increased when 

PHO84 antisense RNA was stabilized by loss of Rrp6, a com-

ponent of nuclear exosome. In addition, Hda1C specifically 

deacetylates histone H3 to enhance repression of the PHO84 

gene (Camblong et al., 2007; 2009). Our recent work has 

shown that Hda1C delays the induction of 331 genes during 

carbon source shifts by deacetylating histone H3 (Ha et al., 

2019). Most of these genes are overlapped by lncRNA tran-

scription, suggesting that Hda1C may interact with lncRNAs 

to modulate the kinetics of gene induction.

RECRUITMENT OF Hda1C TO ACTIVE GENES BY 
ELONGATING RNA Pol II

Whereas Hda1C is known to be targeted to inactive promot-

ers via a gene-specific repressor and Tup1 corepressor, we 

and other groups have shown that this complex preferentially 

binds to active coding regions (Govind et al., 2010; Ha et al., 

2019). Hda1C strongly bound to highly transcribed genes, 

YEF3 and PMA1, when compared to an inactive gene, TKL2. 

At inducible GAL genes, Hda1C binding was only slightly 

higher than the background signal when these genes were 

inactive in media containing glucose. However, this binding 

was significantly increased when RNA Pol II actively tran-

scribed these genes during galactose incubation. Further-

more, genome-wide ChIP-seq analyses further confirmed 

that Hda1C strongly associated with highly transcribed cod-

ing regions (Fig. 2A) (Ha et al., 2019). In higher eukaryotes, 

HDAC6 but not other HDACs is enriched at coding regions of 

actively transcribed genes (Wang et al., 2009).

	 An important question is how Hda1C is recruited to active 

coding regions. Multiple factors likely contribute to Hda1C 

binding to actively transcribed regions. Both Hda2 and Hda3 

enhance Hda1 chromatin binding, as loss of these proteins 

partially reduced the interaction between Hda1 and active 

coding regions (Ha et al., 2019). These proteins have a po-

tential nucleic acid binding domain at their N-terminus (Fig. 

1B) (Lee et al., 2009). Interestingly, when the RNA was re-

moved by RNaseA and T1 treatment, the Hda1 binding pat-

tern was similar to that of cells lacking both Hda2 and Hda3. 

In addition, the effect of RNA removal was not seen in the 

absence of Hda2 and Hda3 indicating that these two proteins 

may enhance Hda1 chromatin binding via the interaction 

with RNAs being transcribed by RNA Pol II (Ha et al., 2019). 

In addition, the Arb2 domain of Hda1 was essential for its 

chromatin binding. This domain only partially affected Hda1 

stability, but Hda1 binding to actively transcribed regions was 

completely absent in mutants lacking the Arb2 domain. Inter-

estingly, we found that Hda1C directly interacted with RNA 

Pol II and this interaction required the Arb2 domain of Hda1 

(Figs. 1B and 2A). Consistent with this finding, a previous 

study suggested that Hda1C associated with phosphorylated 

C-terminal domain of Rpb1, the largest subunit of RNA Pol II 

(Govind et al., 2010). Taken together, our findings suggested 

that elongating RNA Pol II initially recruits Hda1C to active 

coding regions, and then multiple interactions including the 

RNA Pol II-Arb2 domain of Hda1, nucleic acids-Hda2 and 

-Hda3, and Arb2 domain-histones, stabilize Hda1C binding 

to actively transcribed regions.

DEACETYLATION OF HISTONE H4 AT HYPERACTIVE 
GENES BY Hda1C

Since Hda1C deacetylates only histone H3 and H2B at inac-

tive genes, it has been suggested that this complex is a H3- 

and H2B-specific HDAC (Wu et al., 2001b). However, loss 

of this complex showed a global increase in acetylation of 

both histone H4 and H3 (Rundlett et al., 1996). Furthermore, 

purified Hda1C exhibited a HDAC activity toward histone H4 

further indicating that this complex likely contributes to H4 

deacetylation (Carmen et al., 1996). Mutants for Hda1C had 

increased acetylation of histone H3 but not H4 at inactive 

GAL genes, but this pattern was reversed when GAL genes 

are active, indicating that Hda1C also strongly associates with 

active GAL genes to preferentially deacetylate histone H4 (Ha 

et al., 2019). Increased acetylation of H4 but not H3 was also 

observed at two highly active genes, YEF3 and PMA1. Factors 

that recruit Hda1C to active genes are required for deacetyl-

ation of histone H4. Loss of Hda2 or Hda3, and of the Arb2 

domain of Hda1 resulted in hyperacetylation of histone H4 

at actively transcribed genes. Genome-wide ChIP-seq anal-

yses for H4 acetylation showed that approximately 47% of 

yeast genes were deacetylated by Hda1C (Fig. 2A) (Ha et 

al., 2019). Analyses of the relationships between changes in 

H4 acetylation and transcription frequency or gene length 

indicated that this complex is mainly targeted to actively 

transcribed long genes. Interestingly, Tup1 had no effect on 

histone H4 acetylation patterns, indicating that Hda1C and 

Tup1 are functionally separated at actively transcribed regions 

(Ha et al., 2019).

	 Histone deacetylation within coding regions is also mediat-

ed by the Set2-Rpd3S HDAC pathway (Carrozza et al., 2005; 

Joshi and Struhl, 2005; Keogh et al., 2005). Set2 associated 

with elongating RNA Pol II methylates K36 of histone H3 
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(Krogan et al., 2003; Schaft et al., 2003; Strahl et al., 2002). 

The Eaf3 chromodomain recognizing H3K36 methylation 

and the Rco1 PHD finger enhance histone deacetylation and 

chromatin binding of Rpd3S HDAC (Carrozza et al., 2005; 

Joshi and Struhl, 2005; Keogh et al., 2005; Li et al., 2007b). 

Although both Hda1C and Rpd3S HDAC deacetylate his-

tones within coding regions, they appear to be functionally 

distinct. An obvious difference is that whereas Hda1C targets 

hyperactive genes, Rpd3S HDAC preferentially deacetylates 

histones at infrequently transcribed genes (Ha et al., 2019; Li 

et al., 2007c). Furthermore, Rpd3S HDAC deacetylates both 

histone H3 and H4 but Hda1C is active at only histone H4 

within coding regions (Fig. 2B).

	 Although Hda1C and the Set2-Rpd3S pathway act inde-

pendently, approximately 1,800 genes were deacetylated by 

both HDACs. This raises an interesting possibility that they 

function at different times on the same genes. Whereas 

Hda1C may deacetylate histone H4 at actively transcribing 

genes through the interaction with elongating RNA Pol II, 

Rpd3S HDAC may deacetylate histones when the genes are 

not currently transcribing by RNA Pol II by recognizing H3K36 

methylation deposited by Set2 (Fig. 2B). It is also possible that 

Hda1C acts as a major HDAC when a gene is hyperactive, but 

is replaced by Rpd3S if it is less active upon environmental 

changes. It will be of interest to determine how these two 

HDACs collaborate each other to maintain optimal histone 

acetylation within coding regions.

THE ROLES OF H4-SPECIFIC DEACETYLATION BY 
Hda1C IN TRANSCRIPTION

What is the role of Hda1C-mediated H4 deacetylation in 

transcription? The Set2-Rpd3S HDAC pathway is known to 

repress transcription initiation from cryptic promoters within 

open reading frames, and this inhibits RNA Pol II elongation 

by deacetylating histones (Carrozza et al., 2005; Keogh et 

al., 2005). In addition, targeting of H3K36 methylation and 

histone deacetylation by Rpd3S HDAC to mRNA promoters 

via overlapping lncRNA transcription fine-tunes the kinetics of 

transcriptional responses upon environmental changes (Kim 

et al., 2016; Venkatesh et al., 2016). We recently showed 

that loss of Hda1C partially bypassed the requirement for 

Bur1, a positive elongation factor for RNA Pol II (Ha et al., 

2019). Consistent with this finding, mutants for Hda1C 

showed hyperacetylation of histone H4 within active coding 

regions. These findings suggest that Hda1C may negatively 

regulate RNA Pol II elongation by deacetylating histone H4 

(Fig. 2A).

POTENTIAL MECHANISMS FOR SUBSTRATE  
SWITCHING BY Hda1C

Hda1C apparently deacetylates distinct histones on the same 

gene or at different loci depending on the transcription fre-

quency. This complex preferentially deacetylates histone H3 

at inactive genes, but histone H4 at actively transcribed genes 

(Ha et al., 2019). An obvious question is how does Hda1C 

identify distinct histone substrates depending on transcription 

levels. One possibility is that covalent modifications of Hda1C 

subunits contribute to its specificity. Both Hda1 and Hda3 

are sumoylated upon stresses and are phosphorylated by 

unknown kinases (Fig. 3) (Lewicki et al., 2015; Swaney et al., 

2013). Whether these modifications affect the specificity of 

Hda1C needs to be addressed. Alternatively, it is also possible 

that the local concentration of Hda1C at target genes might 

contribute to substrate switching. Hda1C is more highly en-

riched at actively transcribed genes than at inactive genes. 

Accumulation of Hda1C might switch its main target from 

histone H3 to H4. Finally, Hda1C specificity can be modulated 

via its interaction with RNAs (Fig. 3). Our recent work and 

previous studies suggested that Hda1C functionally interact-

ed with RNA transcripts (Camblong et al., 2007; 2009; Ha et 

al., 2019). In yeast, most inactive or inducible genes are over-

lapped with lncRNA transcription (Xu et al., 2011). As Hda1C 

preferentially deacetylates histone H3 at these genes, these 

noncoding RNAs might function to stimulate the histone 

H3-specific deacetylase activity of Hda1C. In contrast, the 

interaction between Hda1C and mRNAs from actively tran-

scribed genes may enhance the histone H4-speicific deacetyl-

ase activity of this complex (Fig. 3). Determining whether the 

interaction of Hda1C with coding or noncoding RNAs affects 

the substrate switching will be of future interest.

PERSPECTIVES

Most chromatin regulators are known to have specific sub-

strates, and none of the known HDACs or HATs has been 

shown to change their substrate specificity, depending on 

transcription frequency. Hda1C is the first example of such a 

Ac
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Molecular switch
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Fig. 3. Potential mechanisms for the substrate switching by 

Hda1C. Hda1C specifically deacetylates histone H4 and H3 at 

hyperactive and inactive genes, respectively. The specificity of 

this complex may be regulated by posttranslational modifications 

of Hda1 and Hda3 including sumoylation and phosphorylation. 

In addition, Hda1C is highly enriched at hyperactive genes but 

not at inactive genes. This difference in local concentrations 

of this complex may also affect the substrate switching of 

Hda1C. Finally, both Hda2 and Hda3 have the ability to bind to 

RNAs. At hyperactive genes, Hda1C may interact with mRNAs, 

resulting in H4-specific deacetylation. As most inactive genes are 

associated with lncRNA transcription from either an upstream 

or an antisense promoter, Hda1C may directly bind to lncRNAs 

transcribed from inactive genes to enhance deacetylation of 

histone H3.
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regulator that differentially deacetylates histone H3 and H4 

at inactive and at highly transcribed genes, respectively. This 

finding suggests that other chromatin regulators may also 

switch their substrate specificity depending on local environ-

ments. This should be considered in future studies on the 

function of chromatin regulators.

	 A previous study has shown that Hda1C strongly associates 

with RNA Pol III genes including tRNA genes (Venters et al., 

2011). It will be important to understand whether Hda1C dif-

ferentially deacetylates histones at RNA Pol II versus RNA Pol 

III genes. Recruitment of Hda1C to actively transcribed RNA 

Pol II genes requires multiple interactions between Hda1C 

and histones, RNA transcripts, and RNA Pol II (Fig. 2A). De-

termining whether Hda1C also binds to RNA Pol III genes via 

similar or distinct mechanisms will be important in under-

standing a general mechanism for Hda1C targeting to highly 

transcribed genes, including both RNA Pol II and RNA Pol III 

genes.
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