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Abstract

Incorporation of variant histone sequences, in addition to post-translational modification of 

histones, serves to modulate the chromatin environment. Different histone chaperone proteins 

mediate the storage and chromatin deposition of variant histones. Although the two non-

centromeric histone H3 variants, H3.1 and H3.3, differ by only five amino acids, replacement of 

histone H3.1 with H3.3 can modulate transcription for highly expressed and developmentally 

required genes, lead to the formation of repressive heterochromatin, or aid in DNA and chromatin 

repair. The human HIRA complex composed of HIRA, UBN1, CABIN1 and transiently ASF1a, 

forms one of two complexes that binds and deposit H3.3/H4 into chromatin. A number of recent 

biochemical and structural studies have revealed important details underlying how these proteins 

assemble and function together as a multi-protein H3.3-specific histone chaperone complex. Here 

we present a review of existing data and present a new model for assembly of the HIRA complex 

and for HIRA-mediated incorporation of H3.3/H4 into chromatin.

Graphical Abstract

Introduction

About 3 billion base pairs of DNA are packaged into the nucleus of every cell in the human 

body1. To allow for the storage and regulation of this great length of genetic material the 

negatively charged DNA is compacted through binding to positively charged histone 
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proteins for the formation of nucleosomes, the basic repeating units of chromatin2,3. The 

nucleosome core particle is built from 147 base pairs of DNA wrapped around an octamer of 

core histone proteins composed of two copies each of H2A, H2B, H3, and H44–6. While the 

majority of nucleosomes are composed of canonical histones, there are also histones with 

variant amino acid sequences that are incorporated at specific regions of chromatin7. 

Targeted incorporation of these variant histones7 and post-translation modification to a 

variety of histone residues8 are the two major ways that histones contribute to modulation 

and regulation of the chromatin environment to mediate distinct DNA-templated activities 

such as DNA repair, transcriptional regulation or DNA replication.

Nucleosome assembly is coordinated by histone chaperone proteins, which bind specific 

histones to mediate their storage, eviction, or deposition from/or into chromatin9–11. Histone 

chaperones are generally dedicated to binding and deposition of either the H3/H4 unit or the 

H2A/H2B unit although there are examples of proteins capable of chaperoning both H3/H4 

and H2A/H2B12,13. Some histone chaperons are able to bind several different variants of a 

particular histone, while others are dedicated to specifically binding just one variant 

sequence11. The histone chaperone ASF1a binds to either H3.1/H4 and H3.3/H4 and 

associates with the CAF-1 complex for H3.1/H4 deposition or the HIRA complex for 

H3.3/H4 deposition14,15. Although H3.1 and H3.3 differ by only 5 amino acids, the HIRA 

complex specifically mediates replication-independent H3.3/H4 deposition, while the CAF-1 

histone chaperone carries out H3.1/H4 deposition coupled to DNA replication and damage 

repair14,16.

The HIRA complex is composed of the proteins HIRA, Ubinuclein-1 (UBN1), and 

CABIN114,17,18. These three proteins function with ASF1a to mediate deposition of 

H3.3/H4 primarily at the bodies of actively transcribed genes19,20, gene regulatory 

regions17,18,21, developmentally regulated genes22,23, and areas of DNA and chromatin 

damage and repair24–27. The ATRX/DAXX histone chaperone complex also binds 

specifically to H3.3/H4 but functions independently of ASF1a and the HIRA complex to 

deposit H3.3/H4 mainly into areas of heterochromatin at telomeres, pericentromeres, and 

endogenous retroviral elements19,28–31. While the HIRA and ATRX/DAXX complexes have 

largely separate functions, they employ similar structural features to bind H3.3/H432, both 

complexes may have some overlapping function in H3.3/H4 deposition during cellular 

senescence17,18,31,33,34, and ATRX/DAXX has been reported to deposit H3.3/H4 to activate 

gene transcription in neuronal cells 35.

In recent years, a number of biochemical and structural studies have contributed to a greatly 

increased understanding of the molecular assembly and function of the HIRA histone 

chaperone complex. In this review, we focus on detailing these developments in order to 

present an updated model of HIRA complex assembly for H3.3-specific binding and 

deposition functions.

HIRA Complex Subunits

The HIRA complex is assembled from HIRA, UBN1 and CABIN1 and coordinates with 

ASF1a to carry out H3.3-specific deposition. All three subunits and ASF1 were identified 
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and characterized individually before it was discovered that they work in concert to mediate 

deposition of H3.3/H414. In this section we will review the known biological functions of 

the individual proteins that comprise the HIRA complex.

ASF1a

ASF1 (anti-silencing function 1) was originally identified in S. cerevisiae and named for the 

observed de-repression of silent mating type loci when overexpressed36. ASF1 was later 

characterized as a novel H3/H4 binding protein involved in histone deposition during DNA 

replication and repair37. In human cells, ASF1 has two isoforms, ASF1a and ASF1b14,15. 

ASF1a/b bind to both H3.1/H4 and H3.3/H4 with similar affinity14. The CAF-1 complex 

cooperates with both ASF1a/b for H3.1/H4 deposition, while only ASF1a serves to deliver 

H3.3/H4 to the HIRA complex14,15,34. Both HIRA and CAF-1 associate with the ASF1 N-

terminal core using a small but conserved B-domain15,34. ASF1a/b have also been shown to 

cooperate with MCM2 to coordinate H3/H4 deposition. While ASF1a and ASF1b are highly 

conserved in their N-terminal core domains, they are divergent in their C-terminal tails; it 

has been shown that the C-terminal tail of ASF1b in combination with some region of HIRA 

outside the B-domain work together to inhibit HIRA binding, leading to a preferential 

association of HIRA with ASF1a15.

HIRA

Human HIRA was identified within a genomic region lost in chromosome 22q11 deletion 

syndrome (DiGeorge syndrome)38. Depletion of HIRA was initially thought to be a possible 

contributing factor to the symptoms observed in patients with DiGeroge syndrome38, 

although deletion of the Tbx1 gene was later identified as responsible for the symptoms of 

DiGeorge syndrome 39. Previous to the identification of HIRA within the 22q11 deletion, 

two S. cerevisiae proteins were identified as transcriptional regulators of the histone genes 

and named Hir1 and Hir2 for their histone regulatory function40,41. When the open reading 

frame in the 22q11 deletion was analyzed it was discovered that it was homologous to Hir1 

and Hir2 and the protein was named HIRA. The histone chaperone function of HIRA was 

not discovered until later when the HIRA complex was purified from HeLa cells using a 

tagged H3.3 to pull down a complex containing ASF1a, HIRA, UBN1, and CABIN114. The 

transcriptional regulation of histone genes observed for S. cerevisiae Hir1/Hir2 has not been 

observed for human HIRA, although histone deposition by the HIRA complex has been 

linked to transcriptional activation for a number of highly expressed and developmentally 

regulated genes19,22,42,43. After the histone chaperone function of the human HIRA complex 

was characterized, S. cerevisiae Hir1/Hir2 were shown to form a complex with Hpc2 and 

Hir3, the S. cerevisiae orthologs of UBN1 and CABIN1, respectively, to carry out 

replication independent H3/H4 deposition44,45.

UBN1

UBN1 was originally identified as a ubiquitously expressed protein in the nuclei of human 

cells and shown to associate with endogenous and viral transcription factors to compete with 

binding to their DNA target sites46,47. Although this transcription factor binding activity of 

human UBN1 is not well characterized at the biochemical level, the HIRA complex member 

CABIN1 has also been reported to bind a number of transcription factors48–52 so it is 
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possible that the original observation was mediated through CABIN1. Similarly to HIRA, 

UBN1 was identified as a member of the HIRA complex when pulled down with H3.3. 

HIRA and UBN1 together appear to form a functional core of the HIRA complex as knock 

down, mutation, and depletion experiments suggest that both ASF1a and CABIN1 are 

dispensable for proper H3.3 deposition activity of the complex26,53–55. Although the two 

proteins are weakly conserved, UBN1 was identified as an ortholog of the S. cerevisiae Hir 

complex subunit Hpc2 through alignment of the most conserved domain between the two 

proteins referred to as the Hpc2-related domain (HRD)17, or less commonly as the Hpc2-

Ubinuclein-1 domain (HUN)56. Recently UBN1 was shown to have H3.3-specific binding 

activity and likely mediates the specific deposition of H3.3/H4 over H3.1/H4 by the HIRA 

complex32.

CABIN1

The largest member of the HIRA complex at 2220 amino acids, CABIN1, is predicted to 

have around thirty tetratricopeptide repeats (TPR)56,57. TPR domains are built from repeats 

of bi-helical pairs and often serve to mediate protein-protein interactions in large 

complexes58. Outside of binding to the C-terminal domain of HIRA18, the role of this TPR 

containing protein in the H3.3 deposition process remains unknown. Several functions of 

CABIN1 independent of the HIRA complex have been well studied. CABIN1 was identified 

as a binding partner of calcineurin and acts as a regulator of the calcineurin mediated 

signaling pathway55. CABIN1 has also been shown to physically associate with 

transcription factors p5351 and MEF248,50,52,59 to modulate their transcriptional regulatory 

activity. Further, modulation of MEF2 activity by CABIN1 is also dependent on HIRA and 

ASF1a histone chaperone activity60; so it is possible that the role of CABIN1 is to bind to 

these, and potentially other, transcription factors and recruit the HIRA complex to deposit 

H3.3/H4 at targeted areas of chromatin. This HIRA mediated H3.3/H4 deposition may serve 

to modulate the local chromatin architecture and alter levels of transcription. Similar to 

CABIN1, the Hir3 S. cerevisiae ortholog of CABIN1 forms a complex with Hir1, Hir2, and 

Hpc2 to regulate transcription of histone genes and carry out replication independent histone 

deposition41,44,45.

HIRA Complex Assembly and Structure

In recent years, several studies have focused on determining many of the key protein-protein 

contacts involved in assembly of the HIRA complex and its specific association with 

H3.3/H4 over H3.1/H4. Here we present a summary of current biochemical and structural 

data in an effort to describe the most accurate model of HIRA complex assembly and 

function as an H3.3-specific histone chaperone.

HIRA as a molecular scaffold

From several early studies, it became clear that the protein HIRA was the central member of 

this H3.3-specific histone chaperone complex. The histone chaperone activity of HIRA was 

described independently of ASF161,62, and its direct interaction and cooperation with ASF1a 

was identified shortly thereafter14,15,34. The obvious functional significance of the HIRA 

protein in H3.3 deposition led to the current nomenclature of referring to the entire HIRA/
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UBN1/CABIN1 complex, and transiently ASF1a, as the HIRA complex. The undefined C-

terminal domain of HIRA has been reported to bind H3/H4 with phosphorylation at 

H4S4763, although this data has not been expanded upon and several other studies suggest 

that UBN1 may be responsible for the H3.3-specific binding and deposition by the HIRA 

complex17,26,32,55. Most of the existing data suggests that HIRA likely serves as a molecular 

scaffold for assembly of the complex, as it is known to directly associate with every other 

member of the HIRA complex (Fig. 1). Interestingly the stability of the core HIRA/UBN1/

CABIN1 complex is dependent on the presence of all three proteins, as knockdown or 

removal of any individual subunit results in severely decreased protein expression levels for 

the remaining subunits17,18,55.

ASF1a/H3/H4

Binding and deposition of H3/H4 by the ASF1 core domain has been extensively studied 

using biochemical and structural techniques35,42,58–60 (Fig. 1). While there is less structural 

information for the ASF1a/H3/H4 complex64, the ASF1 core domain is so conserved that 

information from the S. cerevisiae structure is likely applicable to the human ASF1a 

system37,45,65–67. It is clear that ASF1 binds to one H3/H4 dimer and has extensive contacts 

with H3/H4 along the (H3/H4)2 tetramer interface5,66–68 (Fig 2a) thus inhibiting the 

formation of the (H3/H4)2 tetramer, which in the absence of ASF1 exists in dynamic 

equilibrium with the H3/H4 dimer12,69. ASF1a does not make any contacts to or near H3 

residues 87–90, which are the major differentiating amino acids between H3.3 and H3.1, and 

is capable of supplying H3.1/H4 to the CAF-1 complex or H3.3/H4 to the HIRA 

complex14,15,34.

HIRA/ASF1a

The interaction between ASF1a and HIRA was discovered upon the initial pull-down of the 

HIRA complex form HeLa cells with tagged H3.314 and the HIRA B-domain spanning 

residues 439–475 was identified as the region responsible for contacting the ASF1a N-

terminal core34 (Fig. 1). The specific amino acid contacts between HIRA and ASF1a were 

then identified through determination of a 2.7 Å crystal structure of HIRA B-domain 

residues 446–466 bound to the ASF1a core domain15 (Fig. 2b). Importantly the structure 

reveals that HIRA associates with the ASF1a core domain on the ASF1 surface opposite to 

where ASF1 binds the H3/H4 dimer, indicating that another domain of HIRA or member of 

the complex is likely capable of binding to H3.3/H4 on the outer surface, where the differing 

residues between H3.3 and H3.1 reside, to potentiate H3.3/H4 specific binding and 

chromatin deposition (Fig. 2a,b).

HIRA/UBN1

The interaction between HIRA and UBN1 is essential for the stability of the HIRA complex 

as endogenous knockdown of UBN1 results in decreased HIRA expression, and the same is 

observed for UBN1 expression when HIRA is knocked down17. Additionally UBN1 is 

essential for H3.3-specific deposition as depletion of UBN1 leads to decreased H3.3/H4 

incorporation into chromatin26. As the interaction between HIRA and UBN1 is essential for 

the stability and H3.3/H4 deposition function of the HIRA complex17,26, understanding the 

molecular basis the HIRA/UBN1 interaction is of great interest. It was initially reported that 
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the N-terminal WD40 repeat domain in HIRA interacted with the HRD in UBN117. As the 

HRD is the most evolutionarily conserved domain in UBN1 this result initially made 

biological sense17,56. Although upon further biochemical dissection of the HIRA/UBN1 

complex it was discovered that a weakly conserved domain slightly N-terminal to the HRD 

was essential for HIRA binding activity by UBN1, while the HRD was dispensable, this new 

UBN1 domain N-terminal to the HRD was called the NHRD70 (Fig. 1).

HIRA/CABIN1

CABIN1 was shown to be dispensable for H3.3/H4 deposition by the HIRA complex26, 

although similarly to UBN1, it appears to be important for the structural integrity of the 

HIRA complex. Depletion of endogenous CABIN1 levels in cells results in decreased 

expression of endogenous HIRA, and depletion of HIRA has the same effect on CABIN1 

expression18. Additionally, in the yeast Hir complex, removal of Hir1, Hir2 or Hpc2 results 

in decreased expression of Hir355. Together these data suggest an important role for 

CABIN1 in the stability of the HIRA complex. While the entire 2220 amino acids of 

CABIN1 are spanned by about 30 TPR repeats57, deletion experiments have mapped the N-

terminal TPR segment of CABIN1, encompassing residues 1–941, as the minimal region 

required for HIRA binding18 (Fig. 1). Deletions probing HIRA have identified the 

structurally undefined C-terminal domain of HIRA composed from residues 736–963 as 

responsible for contacting CABIN118 (Fig 1).

UBN1/H3.3/H4

After the NHRD of UBN1 was identified as required for complex formation with the HIRA 

WD40 repeats, two studies implicated the more strongly conserved UBN1 HRD in H3.3-

specific binding and chromatin deposition32,55. Experiments probing function of the yeast 

Hir complex in H3.3-specific deposition in a human cell system showed that deletion of the 

HRD in Hpc2 abrogates H3.3/H4 deposition specificity55. Following this, a 2.3 Å crystal 

structure of UBN1 HRD residues 122–142 bound to H3.3/H4/Asf1 was determined and 

together with biochemical studies revealed that the highly conserved UBN1 HRD binds to 

H3.3 in the proximity of residues 87–90 to mediate specificity for binding to H3.3/H4 over 

H3.1/H432 (Fig. 2c). The crucial H3.3 residue for UBN1 binding specificity appears to be 

G90, as swapping M90 from H3.1 into H3.3 strongly decreases binding affinity32.

Structural model for the HIRA complex

Based on the existing structural data for the HIRA sub-complexes of HIRA/ASF1a and 

UBN1/H3.3/H4/Asf1 we can infer a structural model where ASF1a associates with histones 

H3.3/H4 and delivers them to the HIRA complex for deposition through association of 

ASF1a with the HIRA B-domain, and H3.3/H4 with the UBN1 HRD (Fig. 2d). As the order 

of assembly for the HIRA complex is not known, we propose that the UBN1 HRD binds to 

H3.3/H4 in complex with ASF1a at some point during ASF1a/HIRA complex formation. As 

the UBN1 HRD has greatly reduced binding affinity for H3.1/H4 in comparison with 

H3.3/H432, UBN1 likely functions to reject any ASF1a/H3.1/H4 complexes and ensure that 

only ASF1a bound to H3.3/H4 will be fully accepted for chromatin deposition by the HIRA 

complex.
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Model for histone deposition by the HIRA complex

A compilation of recent findings on HIRA complex assembly and H3.3-specific binding and 

deposition has led to our proposed structural model for the HIRA complex represented by a 

HIRA/UBN1/ASF1a/H3.3/H4 sub-complex (Fig. 2d). While all existing data currently point 

to our proposed molecular assembly, this complex may represent an intermediate in the 

formation of the (H3/H4)2 tetramer to be deposited into nucleosomes. ASF1a binds to a 

dimer of H3/H4 along the tetramerization interface and prevents the formation of the 

(H3/H4)2 tetramer67. In the absence of ASF1, H3/H4 dimers exist in equilibrium with 

(H3/H4)2 tetramers12,69,71 (Fig 3a). Stable isotope labeling with amino acids in cell culture 

(SILAC) mass spectrometry data indicates that the majority of H3/H4 is deposited into 

nucleosomes in the (H3/H4)2 tetramer form and tetramer splitting between nucleosomes is 

relatively rare72 (Fig 3a).

Many histone chaperones (CAF-112, MCM273,74, SPT275, Rtt10676, Vps7577, Nap177, and 

SPT1613) have been shown to stably bind an H3/H4 tetramer. MCM2 has been shown to 

associate with H3/H4/ASF1 or an (H3/H4)2 tetramer during DNA replication12,73, and 

similarly to the UBN1 HRD, a loop of MCM2 interacts with the histone surface between the 

α1 and α2 helices of H332,73. One molecule of MCM2 is capable of binding to an H3/H4 

dimer associated with ASF1 while two MCM2 molecules can also bind to an (H3/H4)2 

tetramer; indicating that MCM2 may act as an intermediate in the formation of (H3.1/H4)2 

tetramers for deposition and stabilization of (H3.1/H4)2 tetramers for recycling during DNA 

replication73. Additionally, several studies indicate that the HIRA complex may be able to 

still deposit H3.3/H4 even in the absence of ASF1a26,53,54. These data indicate that the 

ASF1a is likely not a permanent member of the complex and may serve to bind and protect 

H3.3/H4 before delivering them to the HIRA complex for tetramer formation and chromatin 

deposition. Based on these observations we propose a model for H3.3/H4 deposition by the 

HIRA complex where H3.3/H4/ASF1a associates with HIRA/UBN1/CABIN1 complex 

followed by eviction of ASF1a and UBN1-mediated formation of an (H3.3/H4)2 tetramer 

prior to deposition onto DNA (Fig 3b).

Although crystallographic evidence shows that residues 122–148 of the UBN1 HRD bound 

to an H3.3/H4 dimer in complex with ASF132, in solution ITC data in the absence of ASF1 

indicates that fragments of UBN1 as large as 92–175 can bind an (H3.3/H4)2 tetramer with a 

stoichiometry of 2 molecules or UBN1 to one (H3.3/H4)2 tetramer32. As the UBN1 ITC 

experiments were conducted with H3/H4 concentrations where the histones should exist 

almost entirely in the tetramer form12,32, it can be concluded that the data represents two 

molecules of UBN1 associating with identical binding sites on one (H3.3/H4)2 tetramer. 

Considering both the ITC and crystallographic evidence, it seems possible that UBN1 may 

function, similarly to MCM2, to bind H3/H4 dimers associated with ASF1 and mediate 

tetramer formation (Fig 3b).

The molecular mechanism of how two UBN1 molecules cooperate to form the (H3.3/H4)2 

tetramer is not known. Although there is no existing evidence for oligomerization of the 

human HIRA complex, the S. cerevisiae Hir complex has been reported to form an assembly 

of one copy each of Hir1 and Hir3 and two copies each of Hir2 and Hpc244. With two copies 
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of the UBN1 ortholog Hpc2 found in the S. cerevisiae complex, it is possible that two HIRA 

complex molecules may come together for the formation of the (H3/H4)2 tetramer (Fig 3b).

Additionally, it is unclear if the HIRA complex cooperates with ATP-dependent chromatin 

remodelers to mediate deposition of H3.3/H4 onto DNA similarly to the complex formed by 

the histone chaperone DAXX and chromatin remodeler ATRX. It has been reported that S. 
cerevisiae Hir complex likely functions to recruit the SWI/SNF complex to histone 

promoters 78 but a direct interaction between the Hir and SWI/SNF complexes has not been 

conclusively shown. In mammalian cells the HIRA and CAF-1 complexes have been shown 

to work in concert with the chromatin remodeler INO80 during DNA double-strand break 

repair, although there is no evidence for complex formation as INO80 is essential for histone 

eviction during non-homologous end joining prior to nucleosome reassembly mediated by 

the HIRA or CAF-1 complexes independent of INO80 79. While the possibility remains 

open, more comprehensive studies are needed to identify how the HIRA complex functions, 

whether alone or in complex with an ATP-dependent chromatin remodeler.

Conclusion

The HIRA complex is an evolutionarily conserved histone chaperone complex that operates 

to mediate H3.3-specific deposition in a wide variety of chromatin environments. While this 

review is not meant to be an exhaustive summary of HIRA complex biological function, a 

more comprehensive review is available57 that features detailed analysis of the biological 

functions of the S. cerevisiae Hir complex and the HIRA complex in a number of species. 

Through summarizing the existing biochemical and structural data, this review has aimed to 

improve the current understanding of the architecture of the HIRA complex and to provide a 

testable model for H3.3-specific histone deposition by the complex. Nonetheless, it is clear 

that our model would benefit from more structural information, and significant work still 

needs to be done to uncover the detailed molecular mechanism for the H3.3-specific histone 

chaperone function of the human HIRA complex.
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Research Highlights

• Molecular basis for assembly of the H3.3-specific HIRA histone chaperone 

complex

• Structural analysis of the mechanism underlying H3.3-specific binding by the 

HIRA complex

• Proposed model for (H3.3/H4)2 tetramer formation by the HIRA complex
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Figure 1. Domain structures and interactions of HIRA complex members and H3.3/H4
(A) Domain structures of HIRA, UBN1, CABIN1 and ASF1a with arrows depicting all 

reported interactions between the complex members and H3.3/H4. (B) Proposed model for 

assembly of the HIRA complex based on the reported interacting domains.
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Figure 2. Structural basis for HIRA complex assembly and function
(A) 1.7 Å crystal structure of S. cerevisiae Asf1 bound to X. laevis H3.1/H4 depicting the 

interaction of Asf1 with one H3/H4 dimer. (B) 2.7 Å crystal structure of the human HIRA/

ASF1a complex showing association of the HIRA B-domain with the ASF1a core on the 

surface opposite to where ASF1a binds H3/H4. (C) 2.3 Å crystal structure of the UBN1/

H3.3/H4/Asf1 complex revealing the molecular contacts between the UBN1 HRD and 

histone H3.3. (D) Structural model of the HIRA B-domain superimposed onto the UBN1/

H3.3/H4/Asf1 complex depicting a hypothetical intermediate in the pathway of HIRA-

mediated H3.3/H4 deposition.
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Figure 3. Model for incorporation of H3.3/H4 into nucleosomes by the HIRA complex
(A) In solution, histones H3/H4 exist in equilibrium between dimer and tetramer 

populations, although strong evidence suggests that they are deposited into the nucleosome 

in the tetramer form. (B) Model for HIRA complex mediated formation of an (H3.3/H4)2 

tetramer prior to nucleosome deposition based on existing structural and biochemical data. 

The dotted lines represent presumed contacts lacking structural insight.

Ricketts and Marmorstein Page 16

J Mol Biol. Author manuscript; available in PMC 2018 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Graphical Abstract
	Introduction
	HIRA Complex Subunits
	ASF1a
	HIRA
	UBN1
	CABIN1

	HIRA Complex Assembly and Structure
	HIRA as a molecular scaffold
	ASF1a/H3/H4
	HIRA/ASF1a
	HIRA/UBN1
	HIRA/CABIN1
	UBN1/H3.3/H4
	Structural model for the HIRA complex

	Model for histone deposition by the HIRA complex
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3

