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Abstract

role of histone crotonylation in gene regulation.

Histone crotonylation is a recently described post-translational modification that occurs at multiple identified histone
lysine crotonylation sites. An increasing number of studies have demonstrated that histone crotonylation at DNA
regulatory elements plays an important role in the activation of gene transcription. However, among others, we have
shown that elevated cellular crotonylation levels result in the inhibition of endocytosis-related gene expression and
pro-growth gene expression, implicating the complexity of histone crotonylation in gene regulation. Therefore, it is
important to understand how histone crotonylation is regulated and how it, in turn, regulates the expression of its tar-
get genes. In this review, we summarize the regulatory factors that control histone crotonylation and discuss the role
of different histone crotonylation sites in regulating gene expression, while providing novel insights into the central
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Background

Lysine crotonylation is a histone modification first
described in 2011 [1]. To date, multiple histone and non-
histone lysine crotonylation (Kcr) sites have been identi-
fied in various organisms [2—-7]. The majority of histone
Kcr is enriched in transcriptional start sites (TSSs) and
enhancer regions, suggesting a potential role for histone
Kcr in gene regulation [1]. Most studies have reported
that histone Kcr at the gene promoter facilitates the tran-
scription of genes. However, we, as well as others, have
shown that increased cellular crotonylation levels inhibit
endocytosis-related and pro-growth gene expression [8,
9].

Increasing evidence has demonstrated that histone Kcr
is associated with physiological and pathological pro-
cesses, such as differentiation [1, 10], tissue injury [11],
virus infection [12, 13], tumorigenesis [14], and neuro-
degenerative disease [8]. The first histone Kcr-related
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biological process to be discovered was germ cell dif-
ferentiation. During spermatogenesis, histone Kcr is
enriched in promoters of highly expressed testes genes,
including a number of X-linked genes that function to
maintain sex chromosome activation in haploid cells.
This results in the differentiation of male germinal cells
immediately following meiosis [1]. Histone Kcr was next
found to be related to nephropathy, including acute kid-
ney injury (AKI). Researchers found that increased his-
tone crotonylation prevented AKI and a decrease in renal
function via increasing PGC-1a and sirtuin-3 levels and
decreasing CCL2 expression [11].

In addition, histone Kcr functions as an inducer for the
reactivation of latent human immunodeficiency virus
(HIV) by promoting viral gene transcription via the HIV
long-terminal repeat (LTR) [12]. Moreover, histone Kcr
expression is altered in a number of cancers, including
liver, stomach, kidney, thyroid, esophagus, colon, pan-
creas and lung carcinomas. In hepatocellular carcinoma
(HCC), the induction of Kcr through siRNAs target-
ing histone deacetylases (HDACs) or HDAC inhibitors
inhibits hepatoma cell motility and proliferation [14].
Our recent study showed that induction of histone
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crotonylation inhibits the expression of endocytosis-
related genes, which are important for Ap uptake during
the development of Alzheimer’s disease (AD), through
decreasing levels of histone acetylation in the promoters
of these genes, suggesting that histone crotonylation is a
potential therapeutic target against AD [8].

In this review, we summarize and discuss the molecules
and regulatory patterns that modulate histone crotonyla-
tion. These molecules mainly function as crotonyltrans-
ferases, decrotonyltransferases, and readers. We also
summarize and discuss the different roles of specific his-
tone crotonylation in gene regulation.

Factors regulating histone crotonylation

Several factors are associated with histone crotonyla-
tion-mediated gene regulation. They function as writers,
erasers, readers, or regulators for histone crotonylation
(Table 1).

Writers

P300 was the first histone crotonyltransferase identi-
fied. Researchers found that only p300 showed measur-
able histone crotonyltransferase (HCT) activity relative
to other histone acetyltransferases (HATs) including
GCNS5, TIP60, and MOEF. Additionally, in vitro experi-
ments showed that knockdown of p300 or its paralog
CBP via siRNAs reduced the global levels of H3K18Cr
[15]. However, compared to its acetyltransferase activity,
the crotonyltransferase activity of p300 showed a nearly
62-fold decrease due to the restricted size of an aliphatic
back pocket of p300 [16], suggesting other co-factors are
required to enhance the catalytic efficiency of p300.

Table 1 The regulatory factors for histone crotonylation
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In addition, other reports have demonstrated that
MOFs can also catalyze histone H3 crotonylation at
lysine residues 4, 9, 18, and 23 and histone H4 at lysine 8
and 12 in HeLa cells [17], as well as that GCN5 can target
lysine residues at positions 9, 14, 18, 23, and 27 in histone
H3 for crotonylation in budding yeast [18]. In addition,
Esal, the homolog of human MOF, has been shown to
catalyze crotonylation at lysine residues 5, 8, 12, and 16 in
histone H4 [18].

Erasers

The first discovered histone decrotonylases were mem-
bers of the sirtuin family of class III histone deacety-
lases: Sirt1, Sirt2, and Sirt3. Using a chemical proteomics
approach, these three deacetylases were found to recog-
nize the histone H3K4Cr mark by directly binding to the
crotonylated histone peptide via a m— interaction, indi-
cating that they functioned as “erasers” of crotonylation,
removing Kcr marks from histone proteins [19].

HDAC1, HDAC2, and HDAC3, members of the class I
histone deacetylases, also mediate histone decrotonyla-
tion. Compared to class III histone deacetylases, class I
histone deacetylases possess a greater regulatory effect
on histone decrotonylation. HDAC1 is active at multi-
ple crotonylated sites, including H3K4, H3K9, H3K23,
H4K8, and H4K12, whereas HDAC2 and 3 are active at
H3K23Cr; however, SIRT1 is the only eraser responsible
for removing Kcr at H3K9Cr and H4K8Cr [20].

Readers

Recognition of histone modifications by “reader” mod-
ules constitutes a major mechanism of epigenetic regu-
lation. The first discovered effective reader of histone

Factor Regulatory pattern Crotonylation site References
P300 Writer H3K18 [15]
MOF H3K4, H3K9, H3K18, H3K23, H4K8, and H4K12 [17]
GCN5 H3K9, H3K14, H3K18, H3K23, and H3K27 (18]
Esal H4K5, H4K8, H4K12, and H4K16 [18]
SIRT1,2,3 Eraser H3K4 [19]
HDAC1,2,3 H3K4, H3K9, H3K23, H4K8, H4K12 (HDACT), and H3K23 [20]
(HDAC2, 3)
Taf14 Reader H3K9 [26]
YEATS2 H3K27 [27]
AF9 H3K9, H3K18 and H3K27 (28]
MOZ and DPF2 H3K14 [29]
NEAT1 Regulator with unknown mechanism  H3K27 (8]
CcDYL H2BK12, H3K9, H3K27, and H4K8 [10]
ACSS2 H3K4 and H3K18 [12,15]
RNF8 / (33]
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crotonylation was the YEATS domain, which is an evolu-
tionarily conserved gene regulatory factor found in spe-
cies from human to yeast. YEATS family members can
form a variety of important complexes that participate in
transcriptional regulation, histone modification, histone
deposition, and chromatin remodeling [21]. To date, sev-
eral proteins have been reported to contain the YEATS
domain, such as the transcription factor complexes
TFIID and TFIIF, chromatin-remodeling complexes
INO80, SWI/SNF and RSC, and the histone acetyltrans-
ferase complex NuA3 [22-25]. The Taf14 YEATS domain
was found to recognize H3K9Cr by adopting an immuno-
globin-like B sandwich fold containing eight anti-parallel
B strands linked by short loops that form a binding site
for H3K9Cr [26]. The YEATS domain of YEATS2 has the
strongest affinity for H3K27Cr with lower binding effi-
ciencies for H4K4Cr, H3K12Cr, H3K23Cr, and H3K9Cr
via an end-open aromatic sandwich pocket for Kcr bind-
ing [27]. The AF9 YEATS binds strongly to H3K9Cr,
H3K18Cr, and H3K27Cr via a pocket formed by the L1,
L4, and L6 loops of AF9 [28].

The second discovered histone crotonylation reader
was the double PHD finger (DPF) domain. The DPF
domains of human MOZ (also known as KAT6A) and
DPF2 (also known as BAF45d), two histone acetylation-
binding proteins, recognize H3K14Cr via a hydrophobic
“dead-end” pocket [29].

Other regulators
In our study on the role of the long non-coding RNAs in
AD, we found that NEAT1 is associated with the acetyl-
transferase P300/CBP complex and that knockdown of
NEAT1 increases histone Kcr and decreases acetyla-
tion at H3K27, suggesting that NEAT1 mediates histone
acetylation and inhibits histone crotonylation at the same
lysine sites [8].

Ring finger protein 8 (RNF8), a ubiquitin ligase (E3),
has roles in the DNA damage response [30, 31] and cell
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cycle progression [32]. A study to determine the role of
RNF8 in the development of spermatids found that RNF8
epigenetically regulates a set of sex-linked genes that tend
to escape post-meiotic silencing and is activated in round
spermatids through increased lysine crotonylated histone
around TSSs of these genes, and thereby, an alteration of
chromatin conformation. This suggests RNF8 acts as an
important regulator of spermatogenesis through epige-
netic programming in sex chromosomes [33].

In addition, acyl-CoA synthetase short-chain family
member 2 (ACSS2) was found to promote the crotonyla-
tion at H3K4 and H3K18 by increasing the cellular levels
of crotonyl-CoA [12, 15]. Chromodomain Y-like (CDYL),
the chromodomain Y-like transcription corepressor, acts
as a crotonyl-CoA hydratase and inhibits histone croto-
nylation at H2BK12, H3K9, H3K27, and H4K8 through
its chromodomain and CoAP domains [10].

The regulatory role of histone crotonylation

in gene expression

Like other histone modifications, the main function of
histone crotonylation is to regulate gene expression. In
this section, we summarized and discussed the regulatory
role of histone crotonylation in gene expression (Table 2).

Transcriptional promotion

The first evidence of histone Kcr regulating gene expres-
sion was found in male germinal cells immediately fol-
lowing meiosis. Kcr is enriched on sex chromosomes
and specifically marks testis-specific genes, including a
significant proportion of X-linked genes that escape sex
chromosome inactivation in haploid cells [1, 34]. Then,
an investigation to identify “erasers” of histone Kcr found
that Sirt3 decreased the expression levels of Ptk2, Tshz3,
and Wapal, as well as the enrichment of crotonylated his-
tone at the transcription stat sites of these target genes,
suggesting that histone crotonylation might function as a
positive regulator of the expression of these genes [19].

Table 2 The regulatory role of histone crotonylation in gene expression

Histone crotonylation Target Regulatory role References
Histone Kcr PGC-1a and sirtuin-3 Promoting transcription (11
Ptk2, Tshz3, Wapal Promoting transcription [19]
H2BK12Cr Pin4, Ccdc160, Tceal, Rnf138rt1, and 4933436101Rik  Promoting transcription [10]
H3K4Cr HIVLTR Promoting transcription [35]
H3K9Cr Pro-growth genes Inhibiting transcription [9]
H3K18Cr 116, Gbp2, Ifit1, and Rsad2 Promoting transcription [15]
RANDP3L, AOX1, GRPR, and NCAM1 Promoting transcription [20]
HIV long-terminal repeat (LTR) Promoting transcription [35]
H3K27Cr Endocytosis-related genes Inhibiting transcription [8]
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Fig. 1 Histone crotonylation and its regulating factors. Schematic model shows the principal lysine crotonylation sites on histones H3 and H4 and
the reported writers (crotonyltransferase), erasers (decrotonylase), readers, and other regulators for each lysine crotonylation

In addition, during AKI, histone crotonylation in kidney
tissue increases, which protects the kidney from AKI by
increasing the expression of the mitochondrial biogen-
esis regulator PGC-1a and the sirtuin-3 decrotonylase by
increasing the enrichment of histone crotonylation at
these genes [11].

Specifically, several histone Kcr sites have been asso-
ciated with gene activation, including H3K18Cr for “de
novo-activated” genes such as 116, Gbp2, Ifitl, and Rsad2
[15]; H3K18Cr for RANDP3L, AOX1, GRPR, and
NCAM1 [20]; H2BK12Cr for post-meiotic genes that
play an important role in spermatogenesis [10]; and
H3K4Cr and H3K18Cr for the HIV LTR, a key regulator
for the establishment of latent reservoirs [35] for the pro-
motion of LTR transcription and the reactivation of HIV
from latency [12].

Transcriptional repression

Our previous study investigated the role of NEAT1, a
long non-coding RNA that functions as an important
regulator of gene expression [36, 37], in the develop-
ment of AD. We found that NEAT1 knockdown increases
global H3K27Cr and decreases global H3K27Ac levels.
Further, exogenous addition of crotonic acid decreased
the expression levels of endocytosis-related genes,
including CAV2, TGFB2, and TGFBR1 through increas-
ing H3K27Cr and decreasing H3K27Ac at these gene

promoters [8]. This suggests that H3K27Cr functions as
a marker of transcriptional repression of endocytosis-
related genes.

In addition, a recent study illustrating the links between
metabolic state and gene expression found that H3K9
crotonylation, which peaks at pro-growth genes, results
in gene repression, indicating that H3K9 crotonylation is
associated with transcriptional repression of pro-growth
genes [9].

Conclusion and perspective

Histone crotonylation is a novel histone modification that
participates in multiple biological and pathological pro-
cesses. In this review, we summarized the factors, along
with their regulatory patterns, which regulate histone
crotonylation and are involved in histone crotonylation-
mediated gene regulation. Moreover, crotonyltrans-
ferases, decrotonyltransferases, transcription factors, and
regulators with unknown mechanisms participate in his-
tone Kcr (Fig. 1). In addition, we discussed the role of his-
tone crotonylation in gene regulation, highlighting that
histone crotonylation functions as both an activator and
repressor of gene transcription.

Overall, this review provides novel insights into his-
tone crotonylation-centric gene regulation and high-
lights its potential therapeutic targets for the treatment
of human diseases, although the underlying molecular
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mechanisms still require further clarification. Specifi-
cally, to date, no single active or repressive TSS has been
evidenced marked only with crotonylation and different
histone acylations, such as crotonylation, acetylation,
propionylation and butyrylation, seem to coordinate to
regulate gene transcription [1, 38, 39]. Therefore, more
approaches are needed in the future to characterize the
role of histone crotonylation in gene regulation. Since a
number of writers, readers and erasers for crotonylation
were identified, there is a high chance that more specific
regulators will have a major impact on understanding the
interplay between crotonylation and other acylations,
and the role of specific histone crotonylation sites in gene
transcription.

Abbreviations

Kcr: Lysine crotonylation; TSSs: Transcriptional start sites; AKI: Acute kidney
injury; HIV: Human immunodeficiency virus; LTR: Long-terminal repeat; HCC:
Hepatocellular carcinoma; HDACs: Histone deacetylases; AD: Alzheimer’s dis-
ease; HCT: Histone crotonyltransferase; HATs: Histone acetyltransferases; DPF:
Double PHD finger; RNF8: Ring finger protein 8; ACSS2: Acyl-CoA synthetase
short-chain family member 2; CDYL: Chromodomain Y-like.

Acknowledgements
Not applicable.

Author contributions
K.L. prepared the manuscript. ZW. reviewed and edited the manuscript. Both
authors read and approved the final manuscript.

Funding

This work was supported by the National Natural Science Foundation of
China (32000878) and the Natural Science Foundation of Shandong Province
(ZR2020LZL008).

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Both authors consent to publication.

Competing interests
There are no competing interests.

Author details

! Department of Nuclear Medicine, The First Affiliated Hospital of Shandong
First Medical University, Jinan 250014, China. 2 Medical Research Center, The
First Affiliated Hospital of Shandong First Medical University, Jinan 250014,
China. * Biomedical Sciences College & Shandong Medicinal Biotechnology
Centre, Shandong First Medical University & Shandong Academy of Medical
Sciences, Jinan 250062, China.

Received: 13 December 2020 Accepted: 28 January 2021
Published online: 06 February 2021

References

1. TanM, Luo H, Lee S, Jin F, Yang JS, Montellier E, et al. Identification of 67
histone marks and histone lysine crotonylation as a new type of histone
modification. Cell. 2011;146(6):1016-28.

20.

AR

22.

23.

24,

Page 5 of 6

WeiW, Mao A, Tang B, Zeng Q, Gao S, Liu X, et al. Large-Scale Identifica-
tion of Protein Crotonylation Reveals Its Role in Multiple Cellular Func-
tions. J Proteome Res. 2017;16(4):1743-52.

XuW, Wan J, Zhan J, Li X, He H, Shi Z, et al. Global profiling of crotonyla-
tion on non-histone proteins. Cell Res. 2017;27(7):.946-9.

Sun H, Liu X, Li F, LiW, Zhang J, Xiao Z, et al. First comprehensive pro-
teome analysis of lysine crotonylation in seedling leaves of Nicotiana
tabacum. Sci Rep. 2017;7(1):3013.

Kwon OK, Kim SJ, Lee S. First profiling of lysine crotonylation of myofila-
ment proteins and ribosomal proteins in zebrafish embryos. Sci Rep.
2018;8(1):3652.

Liu K, Yuan C, Li H, Chen K, Lu L, Shen C, et al. A qualitative proteome-
wide lysine crotonylation profiling of papaya (Carica papaya L.). Sci Rep.
2018;8(1):8230.

LuY, Xu Q LiuY,YuY, Cheng ZY, Zhao Y, et al. Dynamics and functional
interplay of histone lysine butyrylation, crotonylation, and acetylation in
rice under starvation and submergence. Genome Biol. 2018;19(1):144.
Wang Z, Zhao Y, Xu N, Zhang S, Wang S, Mao Y, et al. NEAT1 regu-

lates neuroglial cell mediating AR clearance via the epigenetic
regulation of endocytosis-related genes expression. Cell Mol Life Sci.
2019;76(15):3005-18.

Gowans GJ, Bridgers JB, Zhang J, Dronamraju R, Burnetti A, King DA, et al.
Recognition of Histone Crotonylation by Taf14 Links Metabolic State to
Gene Expression. Mol Cell. 2019;76(6):909-921.e3.

Liu S, Yu H, LiuY, Liu X, Zhang Y, Bu C, et al. Chromodomain Protein CDYL
Acts as a Crotonyl-CoA Hydratase to Regulate Histone Crotonylation and
Spermatogenesis. Mol Cell. 2017,67(5):853-866.e5.

. Ruiz-Andres O, Sanchez-Nifio MD, Cannata-Ortiz P, Ruiz-Ortega M, Egido

J, Ortiz A, et al. Histone lysine crotonylation during acute kidney injury in
mice. Dis Model Mech. 2016;9(6):633-45.

Jiang G, Nguyen D, Archin NM, Yukl SA, Méndez-Lagares G, Tang Y, et al.
HIV latency is reversed by ACSS2-driven histone crotonylation. J Clin
Invest. 2018;128(3):1190-8.

Wang Z, Li K, Wang X, Huang W. MiR-155-5p modulates HSV-1 replication
via the epigenetic regulation of SRSF2 gene expression. Epigenetics.
2019;14(5):494-503.

Wan J, Liu H, Ming L. Lysine crotonylation is involved in hepatocellular
carcinoma progression. Biomed Pharmacother. 2019;111:976-82.

Sabari BR, Tang Z, Huang H, Yong-Gonzalez V, Molina H, Kong HE, et al.
Intracellular crotonyl-CoA stimulates transcription through p300-cata-
lyzed histone crotonylation. Mol Cell. 2015;58(2):203-15.

Kaczmarska Z, Ortega E, Goudarzi A, Huang H, Kim S, Marquez JA, et al.
Structure of p300 in complex with acyl-CoA variants. Nat Chem Biol.
2017;13(1):21-9.

Liu X, Wei W, Liu Y, Yang X, Wu J, Zhang Y, et al. MOF as an evolutionarily
conserved histone crotonyltransferase and transcriptional activation by
histone acetyltransferase-deficient and crotonyltransferase-competent
CBP/p300. Cell Discov. 2017;3:17016.

Kollenstart L, de Groot AL, Janssen GMC, Cheng X, Vreeken K, Mar-

tino F, et al. Gen5 and Esal function as histone crotonyltransferases

to regulate crotonylation-dependent transcription. J Biol Chem.
2019,294(52):20122-34.

Bao X, Wang Y, Li X, Li XM, Liu Z, Yang T, et al. Identification of “erasers” for
lysine crotonylated histone marks using a chemical proteomics approach.
Elife. 2014;3:202999.

Wei W, Liu X, Chen J, Gao S, Lu L, Zhang H, et al. Class | histone
deacetylases are major histone decrotonylases: evidence for critical

and broad function of histone crotonylation in transcription. Cell Res.
2017;27(7):898-915.

Zhao D, LiY, Xiong X, Chen Z, Li H. YEATS Domain-A Histone Acylation
Reader in Health and Disease. J Mol Biol. 2017;429(13):1994-2002.
Kabani M, Michot K, Boschiero C, Werner M. Anc1 interacts with the
catalytic subunits of the general transcription factors TFIID and TFIIF,

the chromatin remodeling complexes RSC and INO80, and the histone
acetyltransferase complex NuA3. Biochem Biophys Res Commun.
2005;332:398-403.

Shen X. Preparation and analysis of the INO80 complex. Methods Enzy-
mol. 2004;377:401-12.

Cairns BR, Henry NL, Kornberg RD. TFG/TAF30/ANCT1, a component of the
yeast SWI/SNF complex that is similar to the leukemogenic proteins ENL
and AF-9. Mol Cell Biol. 1996;16:3308-16.



Li and Wang Epigenetics & Chromatin (2021) 14:10

25.

26.

27.

28.

29.

30.

31

32.

33.

John S, Howe L, Tafrov ST, Grant PA, Sternglanz R, Workman JL. The
something about silencing protein, Sas3, is the catalytic subunit of
NUuA3, a yTAF(Il)30-containing HAT complex that interacts with the

Spt16 subunit of the yeast CP (Cdc68/Pob3)-FACT complex. Genes Dev.
2000;14(10):1196-208.

Andrews FH, Shinsky SA, Shanle EK, Bridgers JB, Gest A, Tsun IK, et al. The
Taf14 YEATS domain is a reader of histone crotonylation. Nat Chem Biol.
2016;12(6):396-8.

Zhao D, Guan H, Zhao S, Mi W, Wen H, LiY, et al. YEATS2 is a selective
histone crotonylation reader. Cell Res. 2016;26(5):629-32.

Li'Y, Sabari BR, Panchenko T, Wen H, Zhao D, Guan H, et al. Molecular
Coupling of Histone Crotonylation and Active Transcription by AF9 YEATS
Domain. Mol Cell. 2016;62(2):181-93.

Xiong X, Panchenko T, Yang S, Zhao S, Yan P, Zhang W, et al. Selective
recognition of histone crotonylation by double PHD fingers of MOZ and
DPF2. Nat Chem Biol. 2016;12(12):1111-8.

Mattiroli F, Vissers JH, van Dijk WJ, Ikpa P, Citterio E, Vermeulen W, et al.
RNF168 ubiquitinates K13-15 on H2A/H2AX to drive DNA damage signal-
ing. Cell. 2012;150(6):1182-95.

Mailand N, Bekker-Jensen S, Faustrup H, Melander F, Bartek J, Lukas C,

et al. RNF8 ubiquitylates histones at DNA double-strand breaks and
promotes assembly of repair proteins. Cell. 2007;131(5):887-900.

Plans V, Guerra-Rebollo M, Thomson TM. Regulation of mitotic exit by the
RNF8 ubiquitin ligase. Oncogene. 2008;27(10):1355-65.

Sin HS, Barski A, Zhang F, Kartashov AV, Nussenzweig A, Chen J, et al.
RNF8 regulates active epigenetic modifications and escape gene

Page 6 of 6

activation from inactive sex chromosomes in post-meiotic spermatids.
Genes Dev. 2012,26(24):2737-48.

34. Montellier E, Rousseaux S, Zhao Y, Khochbin S. Histone crotonylation
specifically marks the haploid male germ cell gene expression program:
post-meiotic male-specific gene expression. BioEssays. 2012;34(3):187-93.

35. Hakre S, Chavez L, Shirakawa K, Verdin E. Epigenetic regulation of HIV
latency. Curr Opin HIV AIDS. 2011;6(1):19-24.

36. Wang Z, Fan P, ZhaoY, Zhang S, Lu J, Xie W, et al. NEATT modulates herpes
simplex virus-1 replication by regulating viral gene transcription. Cell Mol
Life Sci. 2017;74(6):1117-31.

37. Wang Z, Li K, Huang W. Long non-coding RNA NEAT 1-centric gene regu-
lation. Cell Mol Life Sci. 2020;77(19):3769-79.

38. Kebede AF, Nieborak A, Shahidian LZ, Le Gras S, Richter F, Gomez DA,
et al. Histone propionylation is a mark of active chromatin. Nat Struct Mol
Biol. 2017;24(12):1048-56.

39. Goudarzi A, Zhang D, Huang H, Barral S, Kwon OK, Qi S, et al. Dynamic
Competing Histone H4 K5K8 Acetylation and Butyrylation Are Hallmarks
of Highly Active Gene Promoters. Mol Cell. 2016;62(2):169-80.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Histone crotonylation-centric gene regulation
	Abstract 
	Background
	Factors regulating histone crotonylation
	Writers
	Erasers
	Readers
	Other regulators

	The regulatory role of histone crotonylation in gene expression
	Transcriptional promotion
	Transcriptional repression

	Conclusion and perspective
	Acknowledgements
	References




