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Active DNA demethylation promotes cell fate specification and the DNA
damage response

Wei Wu

Neurons harbor high levels of single-strand DNA breaks (SSBs) that are targeted to neuronal
enhancers, but the source of this endogenous damage remains unclear. Using two systems of postmitotic
lineage specification—induced pluripotent stem cell-derived neurons and transdifferentiated
macrophages— we show that thymidine DNA glycosylase (TDG)—driven excision of methylcytosines
oxidized with ten-eleven translocation enzymes (TET) is a source of SSBs. Although macrophage
differentiation favors short-patch base excision repair to fill in single-nucleotide gaps, neurons also
frequently use the long patch subpathway. Disrupting this gap-filling process using anti-neoplastic
cytosine analogs triggers a DNA damage response and neuronal cell death, which is dependent on TDG.
Thus, TET-mediated active DNA demethylation promotes endogenous DNA damage, a process that
normally safeguards cell identity but can also provoke neurotoxicity after anticancer treatments.

Outward-oriented sites within clustered CTCF boundaries are key for
intraTAD chromatin interactions and gene regulation

Qiang Wu
Center for Comparative Biomedicine, Institute of Systems Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China
E-mail: qiangwu@sjtu.edu.cn

CTCEF plays an important role in adjusting insulation at TAD boundaries, where clustered CBS
(CTCF-binding site) elements are often arranged in a somewhat tandem array with a complex divergent
or convergent orientation. Here using cPcdh and HOXD loci as a paradigm, we look into the clustered
CTCF TAD boundaries and find that, counterintuitively, outward-oriented CBS elements are crucial for
inward enhancer-promoter interactions as well as for gene regulation. Specifically, by combinatorial
deletions of a series of putative enhancer elements in vivo or CBS elements in vitro, in conjunction
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with chromosome conformation capture and RNA-seq analyses, we show that deletions of outward-
oriented CBS elements weaken the strength of intraTAD promoter-enhancer interactions and enhancer
activation of target genes. Our data highlight the crucial role of outward-oriented CBS elements within
the clustered CTCF TAD boundaries and have interesting implications on the organization principles of
clustered CTCEF sites within TAD boundaries.

Keywords: CBS orientation, cohesin, CTCF, enhancer, gene regulation, HOXD, Protocadherin,
TAD boundary

Mechanistic Insights into Chromosome Folding by Cohesin

Zhubing Shi

School of Life Sciences, Westlake University; Westlake Laboratory of Life Sciences and Biomedicine, Hangzhou, Zhejiang 310024

In the interphase nuclei of mammalian cells, chromosomes are folded into topologically
associating domains (TADs) and loops at the sub-megabase scale, thereby regulating various essential
cellular processes, including gene expression, DNA recombination and DNA damage repair. The
structure maintenance of chromosome (SMC) complex cohesin and the architectural protein CCCTC-
binding factor (CTCF) play a fundamental role in the organization of TADs and loops. Using single-
molecule imaging, we demonstrate that cohesin, typically functioning as a dimer, compacts DNA by
bidirectional loop extrusion at an average rate of 0.5 kilobases per second, which depends on NIPBL
and ATP hydrolysis. Biochemical and structural analysis showed that DNA is trapped by cohesin and
NIPBL in the folded state, and NIPBL together with trapped DNA promotes ATP-mediated engagement
of cohesin’s ATPase head domains, thereby stimulating its ATPase activity. CTCF acts as a polar barrier
of cohesin, which contributes to the formation of TAD boundaries. CTCF blocks cohesin-mediated
DNA compaction when its N terminus encounters cohesin, while it accelerates cohesin translocation
when its C terminus faces cohesin. The YDF motif and the basic linker ahead of the zinc fingers in
CTCEF are vital for cohesin arrest. Cohesin can traverse nucleosomes but not dCas9 and dCasl12a
ribonucleoproteins during DNA compaction. Like CTCF, dCas9 and dCasl12a ribonucleoproteins
are also polar roadblocks to cohesin. They arrest cohesin only when the proto-spacer adjacent motif
(PAM) is oriented towards translocated cohesin. Furthermore, R-loops, which can bind to cohesin and
CTCEF, attenuate DNA compaction by cohesin, suggesting a barrier role of R-loops in hindering cohesin
translocation. Collectively, these findings provide mechanistic insights into how cohesin, in concert
with CTCF and R-loops, shape interphase chromosomes.
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CRISPR tools for studying chromatin organization in living cells

Haifeng Wang

School of Life Sciences, Tsinghua University

The CRISPR techniques provide powerful toolkits for us to probe chromatin structure, function
and dynamics. We developed the CRISPR-Genome Organization (CRISPR-GO) platform for
programmable control of spatial genome organization, and the CRISPR live-cell fluorescence in situ
hybridization (LiveFISH) platform for DNA and RNA live-cell imaging.

The CRISPR LiveFISH provides a method using synthesized fluorescent oligonucleotide probes
to visualize the real-time dynamics of DNA and RNA in diverse cell types, including primary patient
cells. In addition, LiveFISH tracks the real-time movement of DNA double-strand breaks induced
by gene editing and endogenous chromosome translocations. Finally, combining Cas9 and Cas13
systems, LiveFISH allows for simultaneous visualization of genomic DNA and RNA transcripts in
living cells. Thus, the CRISPR LiveFISH enables real-time live imaging of DNA and RNA dynamics
during genome editing, transcription, and rearrangements in single cells. The CRISPR-GO system
allows one to efficiently manipulate the spatial positioning of desired genomic locus relative to specific
nuclear compartments in the nucleus, including the nuclear periphery, Cajal bodies, and promyelocytic
leukemia (PML) bodies. Genomic positioning via CRISPR-GO is inducible and reversible, and can
be programmed to target different genomic sequences. Targeting some genomic loci to the nuclear
periphery or to Cajal bodies repressed gene expression.

Centromere Weakening Drives Efficient Chromosome Fusion in S. pombe

Jing Zhang, Siwen Ding, Wenzhu L1, Jingbo Liu, Xiangwei He*

Lite Sciences Institute, Zhejiang University, Hangzhou, Zhejiang 310058, China

Each eukaryotic species has a stable karyotype, which is faithfully maintained through
generations. Recent breakthrough in synthetic biology has achieved drastic chromosome fusions
in multiple organisms, suggesting that species can tolerate massive changes in karyotype. How
chromosome fusion occurs under natural conditions and how it affects species evolution remain to be
explored.

Here, we report the finding of a novel function of centromere in maintaining karyotype stability in
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the fission yeast S. pombe. Genetically compromised centromere(s), via reducing the level of CENP-A/
Cnpl incorporation, efficiently induces telomere-telomere fusion, resulting in a stable new karyotype-
-reducing the haploid chromosome number from three to two. Consequentially, the need in the number
of functional centromeres reduces from three to two, compensating for the reduction in CENP-A
incorporation. Analysis of the chromosome fusion sites showed that telomere-telomere fusions are
carried out by homologous recombination at the sub-telomeric homologous modules. Surprisingly, the
patterns of chromosome fusion in cells within a single colony may vary, indicating that chromosome
fusion occurs independently and efficiently the daughter cells derived from the same parental cell.

Together, these results support a model that the stability of chromosomal architectures is directly
affected by centromere structure/function, and that a possible functional crosstalk exists between
centromere and telomere.

The nucleosome-independent role of histones

Wengi Sun', Qianhua Dong’, Xianwen Ye', Jinxin Gao’, Chunyi Hu', Xueqing Lil Fei Li”, Yong
Chen'

'State Key Laboratory of Molecular Biology, Shanghai Institute of Biochemistry and Cell Biology, Center for Excellence in Molecular
Cell Science, Chinese Academy of Sciences, Shanghai, 200031, China.
’Department of Biology, New York University, New York, NY 10003, USA.

Histones are the most abundant nuclear proteins and act as the constitutive components of
chromatin. The majority of previous studies have focused on their nucleosome-dependent functions.
Whether nuclear histones have nucleosome-independent roles remains elusive. Here, we reveal a
nucleosome-independent function of H2A-H2B. H2A-H2B interacts with a nuclear envelope protein
Sadl1 in fission yeast. Although Sadl binds H2A-H2B in a manner structurally similar to the canonical
H2A-H2B chaperones, the Sadl-histone interaction does not directly affect nucleosome assembly
and H2A.Z distribution. Instead, H2A-H2B functions as a modulator for Sadl to enhance Sadl's
functionality. Histone binding boosts the interaction between Sadl and HDACs, and promotes the
LLPS ability of Sadl. Our results and some recent studies highlight the intriguing notion that the H2A-
H2B dimer could have broader nucleosome-independent functions than previously thought.

e 12 o
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Functions of protein phosphatases in transcriptional control
Fei Chen

Eukaryotic transcription requires orchestrated phosphorylation and dephosphorylation of the
C-terminal repeat domain (CTD) of RPBI, the largest subunit of RNA polymerase II (Pol II), and
several key transcription regulators including DSIF. In mammals, phosphorylation of 52 heptad
repeats of Pol II CTD at Ser5 and Ser2 have been well known regulations of transcription initiation
and elongation, respectively. Unlike the extensive studies of phosphorylation, understanding the
dephosphorylation of Pol II and other transcription regulators is limited. PP2A and PP1 are the most
abundant phosphatases in cells. We previous reported the roles of PP2A, within the context of INTAC,
in dephosphorylating Pol II and DSIF and transcriptional control. In this talk, I will present our recent
progress in elucidating functions of PP1 in transcription.

LINE-1 5°’UTRs function as enhancers to regulate naive pluripotency
Siyan Meng', Xiaoxu Liu', Shiqi Zhu', Peng Xie?, Wei Xie', Chengqi Lin',*, Zhuojuan Luo',*

'Key Laboratory of Developmental Genes and Human Disease, School of Life Science and Technology, Southeast University, Nanjing
210096, China
’School of Biological Science and Medical Engineering, Southeast University, Nanjing 210096, China.

* Correspondence: zjluo@seu.edu.cn

LINE-1s are the major clade of retrotransposons with autonomous retrotransposition activity.
Despite the potential genotoxicity, LINE-1s are highly activated in early embryos. Here we show
that a subset of young LINE-1s, L1Md_Ts, are marked by the RNA polymerase II elongation
factor ELL3, and function as enhancers in mouse ESCs. ELL3 depletion dislodges the DNA
hydroxymethylases TET1 and the corepressor SIN3A from L1Md_Ts, but increases the enrichment
of the Bromodomain protein BRD4, leading to loss of ShmC, gain of H3K27ac, and up-regulation of
the LIMd T nearby genes. Specifically, ELL3 occupies and represses the LIMd T-based enhancer
located within Akt3, which encodes a key regulator of AKT pathway. ELL3 is required for proper ERK
activation and efficient shutdown of naive pluripotency through inhibiting Akt3 during naive-primed
transition. Our study reveals the enhancer function of subset of young LINE-1s controlled by ELL3 in
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transcription regulation and mouse early embryo development.

Key words: ELL3, LINE-1, enhancer, Akt3, early development

H3.3 Ser31 phosphorylation consolidates heterochromatin for retrotransposon
silencing and X chromosome inactivation

Jun Chen"***, Zhouliang Yu™”*, Juan Yu™", Liwei Zhang™", Yanchao Liu***,Xuan Ouyang’, Jiyu Chen™’,
Menghan Wang',Shangqiang Xie’, Zhaohui jin’, Bin Wu’, Lin Chen5 Ping Chen™, Jicheng Zhao’,Sheng
Ye’, Aiwu Dong”’, Yang Yu™'"", Ying Huang™", Guohong Li"*>'""

Affiliations
1. Frontier Science Center for Immunology and Metabolism, Hubei Key Laboratory of Cell Homeostasis, College of Life Sciences,
Taikang Center for Life and Medical Sciences, Wuhan University, Wuhan 430072, China
2. National Laboratory of Biomacromolecules, CAS Center for Excellence in Biomacromolecules, Institute of Biophysics, Chinese
Academy of Sciences, Beijing 100101, China
3. University of Chinese Academy of Sciences, Beijing 100049, China
4. CAS Center for Excellence in Molecular Cell Science, Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of
Sciences, Shanghai 200031, China
5. Shanghai Key Laboratory of Biliary Tract Disease Research, Shanghai Research Center of Biliary Tract Disease, Department of
General Surgery, Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China
6. Tianjin Key Laboratory of Function and Application of Biological Macromolecular Structures, School of Life Sciences, Tianjin
University, Tianjin, China
7. National Facility for Protein Science in Shanghai, ZhangJiang Laboratory, Shanghai Advanced Research Institute, Chinese Academy
of Sciences, Shanghai 201203, China
8. Department of Immunology, School of Basic Medical Sciences, Beijing Key Laboratory for Tumor Invasion and Metastasis, Capital
Medical University, Beijing, 100069, China.
9. State Key Laboratory of Genetic Engineering, Collaborative Innovation Center of Genetics and Development, Department of
Biochemistry, Institute of Plant Biology, School of Life Sciences, Fudan University, Shanghai 200438, China.
10. Guangzhou Women and Children's Medical Center, Guangzhou Medical University, Guangzhou 510623, China.
11. Lead contact
# Equal contribution
* Correspondence: liguohong@whu.edu.cn or liguohong@sun5.ibp.ac.cn (G.L.); huangy@shsmu.edu.cn (Y.H.); yuyang@sun5.ibp.ac.cn
(Y.Y.); aiwudong@tudan.edu.cn (A.D.)

Heterochromatin is crucial for silencing repetitive elements and restraining gene expression
during development. Dysfunctions of heterochromatic state closely associate with the pathogenesis of
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various human diseases. Increasing evidences show that the histone variant H3.3 plays key important
roles in heterochromatin formation and retrotransposon silencing. However, the molecular mechanism
underlying H3.3-primed heterochromatin formation remains elusive. Here, we demonstrate that the
phosphorylation of H3.3 unique residue Ser31, which is absent from canonical histones H3.1/H3.2,
is essential to the instatement of H3K9me2/3-associated heterochromatin during both retrotransposon
silencing and X chromosome inactivation. Mechanistically, Ser31-phosphorylated H3.3 facilitates
H3.3K27me3 recognition by the Polycomb protein CBX2/7, which further recruits KAP1-SetDB1,
enabling the formation of H3K9me2/3-associated heterochromatin across the genome. Expression
of the nonphosphorylatable H3.3 (H3.3S31A) or the CBX7 mutant that is defective in H3.3 pSer31
recognition (CBX7R22A) leads to global reduction of H3K9me3, along with the derepression of
multiple types of retrotransposons. Importantly, these mutants also lead to defective assembly of
H3K9me2/3 heterochromatin at the inactivated X chromosome in differentiated female mouse
cells, implying the significance of H3.3 Ser31 phosphorylation in the transition from facultative
to constitutive heterochromatin during X chromosome inactivation. Taken together, our results
reveal a mechanism of heterochromatin consolidation regulated by the histone variant H3.3 and its
phosphorylation.

RNA poly(A) RBFME &
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fllu@genetics.ac.cn
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Mechanism of the allosteric activation of deacetylase SIRT1

Fei Liu', Ge Song’, Rui Wang', Wensi Yang’, Shunshun Du', Quan Zhang', Rui-Ming Xu® and Na Yang'

! State Key Laboratory of Medicinal Chemical Biology, College of Pharmacy and Key Laboratory of Medical Data Analysis and
Statistical Research of Tianjin, Nankai University, 300353 Tianjin, China
* National Laboratory of Biomacromolecules, CAS Center for Excellence in Biomacromolecules, Institute of Biophysics, Chinese
Academy of Sciences, 100101 Beijing, China

#These authors contributed equally to this work
* Email: yangnanku@nankai.edu.cn

Increasing the activity of the NAD-dependent mammalian deacetylase sirtuin 1 (SIRT1) has
proved to be an effective therapeutic strategy for conditions such as aging, metabolic disorders, and
inflammation. Many sirtuin-activating compounds (STACs) have been reported for SIRT1, such as the
natural STAC resveratrol and the synthetic STACs SRT1720 and acl. However, whether the mechanism
of STAC-mediated SIRT1 activation involves direct interactions between STACs and the substrate, or
whether this interaction cause SIRT1 to undergo allosteric activation remains controversial. Here, we
used all-atom molecular dynamics (AAMD), steered molecular dynamics (SMD), and replica exchange
molecular dynamics (REMD) simulations to explore the conformational space involved in the allosteric
regulations of SIRT1 concerning various substrates and STACs. We report on the global dynamic and
thermodynamic landscapes of SIRT1 allosteric activation, which were consistent with the experimental
data. We found that there are more than one mechanism governing the allosteric activation of SIRT1,
depending on the interacting mode between STACs and the substrates. Based on the two criteria for
the high efficiency activation mechanism of SIRT1 revealed by our simulations and experimental
data, a high-throughput molecular docking strategy was developed and several compounds activating
the SIRT1-catalyzed deacetylation were identified. In vitro and in cell activities of these newfound
STACs were examined and the possible regulating mechanisms were analyzed. Recently, we solved
the structure of SIRT1 in complex with its negative regulator, which provide more insights into the
regulatory mechanism of SIRT1 activity. In summary, our results provide sound evidence regarding the
allosteric activation of SIRT1 and should facilitate the development of authentic STACs of SIRT1 for
the benefit of human health.
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Evolutionarily conserved function of polycomb in suppressing mobile genetic
elements through licensing Hisone expression

Lu Wang'

1State Key Laboratory of Molecular Biology, Shanghai Institute of Biochemistry and Cell Biology, Center for Excellence in Molecular
Cell Science, Chinese Academy of Sciences, Shanghai 200031, China

E-mail: lu.wang@sibcb.ac.cn

As the most abundant elements in the genome, retrotransposons have thrived in almost all
animals throughout evolution and comprise more than 37% of the human genome. The mobilizations
of retrotransposons cause DNA breaks, gene mutations and genomic instability, thereby being largely
considered detrimental. Remarkably, despite the correlation between retrotransposon activation and
disease (sterility, cancer and other pathological conditions) being identified, little is known about how
the mobilizations of retrotransposons are controlled during somatic development in host. Here, we
determined a highly conserved mechanism that prevent transposon activation and mobilization. By
tracking transposition events, we identified one of Polycomb proteins, playing a pivotal role in silencing
transposon mobility during both Drosophila and mouse development. Polycomb was characterized as a
major hallmark that specifically binds to the DNA sequences of histone gene cluster and initiate histone
expression. Upon polycomb depletion, the decreased Histone production will subsequently cause less
deposition of both H3K9me3 and H3K36me?2 in transposon sequences, resulting in their activation and
mobilization. Without the protection of Polycomb, uncontrolled transposon will cause DNA breaks
and defects in both fly hindgut and mouse liver, leading to shorter life span and embryonic lethality of
Drosophila and mouse, respectively. Our finding highlights that with the endless arms race between
hosts and transposons happening during evolution, the key factors will also be evolved to suppress
transposon activity during somatic development.
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Multiple functions of one long noncoding RNA

Ke Wu”, Nan Zhang’, Qiangian Wang, Fei Wang, Xiaoyuan Song"

University of Science and Technology of China

Our previous study showed that Synage, a long noncoding RNA (IncRNA), is highly expressed
in the cytoplasm of cerebellar neurons and is involved in the regulation of synaptic stability in the
cerebellum. However, the role of IncRNA Synage in Purkinje neurons and granule neurons and its
molecular mechanism remain unclear. Here we used Cre-loxP system to generate Synage conditional
knockout mice in cerebellar Purkinje neurons or granule neurons. Both conditional knockout mice
resulted in cerebellar atrophy, loss of Purkinje neurons and granule neurons, decreased synaptic stability
of cerebellar cortex, and motor function injury. We are currently dissecting the underlying mechanism
of the multiple functions of Synage in cerebellar neurons and synapsis. The study of IncRNA Synage
in cerebellar Purkinje neurons and granule neurons enriches our understanding of the function and
mechanism of IncRNAs in cerebellum and contributes to understanding the important role of IncRNAs
in cerebellum.
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Lysine 2-hydroxyisobutyrylation of NAT10 promotes cancer metastasis in an
ac4C-dependent manner

Bin Li

Posttranslational modifications add tremendous complexity to proteomes, however, gaps remain
in knowledge regarding the function and regulatory mechanism of newly discovered lysine acylation
modifications. A panel of non-histone lysine acylation patterns was compared in metastasis models
and clinical samples, and 2-hydroxyisobutyrylation (Khib) was focused on due to its significant
upregulation in cancer metastases. By the integration of systemic Khib proteome profiling in 20 paired
primary esophageal tumors and metastatic tumors with CRISPR/Cas9 functional screening, lysine 823
in NAT10 (NAT10 K823) was identified as a substrate for Khib and found to functionally contribute to
metastasis. Mechanistically, NAT10 is posttranslationally modified by Khib and that this PTM increases
NATI10’s stability. NAT10 promotes metastasis by increasing NOTCH3 mRNA stability in an N4-
acetylcytidine (ac4C)-dependent manner. Furthermore, the lead compound #7586-3507 inhibited the
function of NAT10 and showed efficacy in tumor models in vivo at low concentration. Together, our
findings bridge newly identified lysine acylation modifications with RNA modifications, which provides
novel insights into epigenetic regulation in human cancer. Pharmacological inhibition of NAT10 K823
Khib modification constitutes a potential antimetastasis strategy.

Unannotated microprotein EMBOW regulates the interactome and chromatin
and mitotic functions of WDRS

1,2 . 1,2 . . 1,2 . . 1,2
Yanran Chen"**"’, Haomiao Su'** J 1aning Zhao®, Zhenkun Na'?, Kevin J iang , Antonella

Bacchiocchi’, Ken H. Loh™’, Ruth Halaban®, Zhentian Wangg, Xiongwen Cao'***"", Sarah A.Slavoff'**"

1Department of Chemistry, Yale University, New Haven, CT 06520, USA
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4Department of Dermatology, Yale University School of Medicine, New Haven, CT 06520-8059, USA
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6Shanghai Key Laboratory of Regulatory Biology, Institute of Biomedical Sciences, School of Life Sciences, East China Normal
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The conserved WD40-repeat protein WDRS interacts with multiple proteins both inside and
outside the nucleus. However, it is currently unclear whether, and how, the distribution of WDRS5
between complexes is regulated. Here, we show that an unannotated microprotein EMBOW dually
encoded in the human SCRIB gene interacts with WDRS5 and regulates its binding to multiple
interaction partners, including KMT2A and KIF2A. EMBOW is cell-cycle regulated, with two
expression maxima at late G1 phase and G2/M phase. Loss of EMBOW decreases WDRS interaction
with KIF2A, aberrantly shortens the spindle length, prolongs G2/M phase and delays cell proliferation.
On the other hand, loss of EMBOW increases WDRS interaction with KMT2A, leading to WDRS5
binding to off-target genes, erroneously increasing H3K4me3 levels and activating transcription of
these genes. Together, these results implicate EMBOW as a regulator of WDRS5 that regulates its
interactions and prevents its off-target binding in multiple contexts.

Key words: WDRS, chromatin, spindle assembly, unannotated microprotein

mo6A regulates pericentric heterochromatin

Ke Zhang, Jiadong Liu, Jiang ping He, Jiekai Chen

Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Science, 510530, Guangzhou

Constitutive heterochromatin, formed in compact and transcriptionally inert chromatin state,
comprises the significant portions of eukaryotic genomes and plays vital roles in chromosome dynamics
and genome integrity. The majority of constitutive heterochromatin is concentrated at pericentromeric
and telomeric regions. Gene-poor and repeat-rich pericentromeric heterochromatin (PCH) is not
evolutionally conserved in different species, which is also greatly variable among individuals. In
mice, it consists of tandem noncoding major satellite repeats (MSR). Aberrant expression of PCH
provokes genome instability and defective heterochromatin establishment in mouse early embryos.
However, the regulation of these highly repetitive sequences remains poorly understood. Our previous
data showed that RNA m6A reader YTHDCI silences retrotransposons especially for IAP, ERVK and
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LINE1 elements. Mechanistically, m6A modification of chromatin-associated transposable elements
RNAs targets YTHDCI to chromatin, followed by the recruitment of SETDB1-mediated H3K9me3 on
retrotransposons. The depletion of YTHDC1 in mouse embryonic stem cells triggers ectopic expression
of these repressed retrotransposons and initiates the transition to 2cell-like state. Recently, we find that
the removal of YTHDCI also activates the expression of major satellite repeats, which suggests that
RNA m6A modification may also participate in the modulation of pericentromeric heterochromatin.

Reorganization of chromatin during fertilization and blastocyst formation in
mice

Chenfei Wang, Gao Rui, Wan Wang, Chuan Chen, Xiaoyu Liu, Dongxu Yang, Chong Li, Mingli Ma,
Ruge Zang, Wenqiang Liu, Xiaochen Kou, Yanhong Zhao, Hong Wang, Yong Zhang*, Shaorong Gao*,
Yawei Gao*

Chromatin remodeling is essential for epigenome reprogramming after fertilization, as well as the
cell fate determination in early embryo. However, the underlying mechanisms of chromatin remodeling
remain to be explored. Here, we investigated the dynamic changes in nucleosome occupancy and
positioning in pronucleus-stage zygotes using ultra low-input MNase-seq. We observed distinct features
of inheritance and reconstruction of nucleosome position in both paternal and maternal genomes and
predicted potential pioneer functions in ZGA based on the NDR establishment dynamics of their
binding sites. Interestingly, we found establishment of nucleosome profiles around the CTCF motif sites
shortly after fertilization, we therefore utilized CUT&RUN technology to investigate CTCF occupancy
in mouse pre-implantation development. Our found CTCF begins binding to the genome prior to
zygotic genome activation (ZGA), with a preference for CTCF anchored chromatin loops. Although the
majority of CTCF occupancy is consistently maintained, a specific set of binding sites, which enriched
in the mouse-specific short-interspersed element (SINE) family B2, are restricted to the cleavage stages.
Our analysis explored an ADNP-dependent restriction of CTCF-binding during cell differentiation in
pre-implantation embryos, which provided new insights into the regulation of transcription factor (TF)
binding kinetics on exapted sites arising from transposable element (TE) expansions in early embryos.
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Fluorogenic CRISPR for genomic DNA imaging in living human cells
g
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*Email: lix@biols.ac.cn

NZEFLKH DNA 8@ AR RE S HANMA AR E MRHDS, SER BB AIZH DNA HYEIAS
FUEALA B TN B CURE V)22 TR, AR RO A &2 A=A L

AT CRISPR(Clustered Regularly Interspaced Short Palindromic Repeats)/dCas9 ) DNA
NGRS Z L) RS DNA FRic TE, Z TEHMA dCas9- #OtEHF IR, @
it sgRNA PRICHI G EAFIELRIZH DNA, (H2, dCas9- %OGEHIEANLGE & DNA I
A5, FECRISPR/ACas9 mRERYAF L mE st S AR, AAT LR H DNA JBEF,

N7 P CRISPR/dCas9 /R A TN HY 1 =M A, FATTMEE TARE J. LN M /Y
CRISPR (fluorogenic CRISPR, fCRISPR) f&{A%R, 7E fCRISPR AR, AT “SOrER”
BOERK DO EH” . fCRISPR VA TES & E DNA BEbRIN, “DOLMN &R A4 2% HIOK,
TEARGEEFFEARNT “TOEMIN EH” XWAMIEE AR RN L TG, Kt fCRISPR #ef
RHE s SIS & R BORIEER L4 ALK DNA f7 55,

F:T fCRISPR BBk &R, ATEERFIAE NIRIGAMAIREIR, DU RERFE DAY £ R
2H DNA {755, IteAh, fCRISPR M T 25 R EOIAIERZ UE, LN IBERREUREN 1%, I
FON PR AR KR, e, FRATIRAWISS 7R EADGERT (DSBs) MBEITHE, M
KEROANESYIRISBE, REEHBEERMF, WER 7R E/R DNA #if K HEE
JE A AR Bl

2% L&, fCRISPR NiGHgHiiEL K20 DNA MR RS BUGIRBE T — St =R
BRI RE T A,

K. DNA FRid; 2NN &EH; CRISPR-Cas9; ih4IAuS AR B

Sk
Zhang, Z.#; Rong, X#; Xie, T; Li, Z; Song, H; Zhen, S; Wang, H; Wu, J; Jaffrey, S; Li,
X* Fluorogenic CRISPR for genomic DNA imaging. Nature Communications. 2023, In

press.
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Systematic characterization of the CHD4 enhancers reveals cooperative
functions among the homotypic ZNF410 clustered motifs

Siyuan Xu', Ren Ren’, Lana C. Ly’, Chuxuan Peng', Fengjie Wang', Merlin Crossley’, Xiaodong
Cheng’, Gerd A. Blobel**" and Xianjiang Lan® "

Alffiliations:
1Department of Systems Biology for Medicine, School of Basic Medical Sciences, Fudan University, Shanghai 200032, China
2Department of Epigenetics and Molecular Carcinogenesis, The University of Texas MD Anderson Cancer Center, Houston, TX 77030,
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Liver Cancer Institute, Zhongshan Hospital, Fudan University, Shanghai 200032, China.
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*Correspondence: xianjiang_lan@fudan.edu.cn (X.L.)

Transcription factors often regulate numerous target genes. However, ZNF410
controls only a single gene CHD4 in human erythroid cells by its highly restricted
chromatin occupancy to the CHD4 locus via two clusters of ZNF410 binding motifs.
Here, we uncover that ZNF410 controls chromatin accessibility and activity of the two
CHD4 enhancer regions. Combining CRISPR/Cas9 genomic deletion with CRISPRi
approaches, we demonstrate that both enhancer regions contribute to CHD4 gene
expression in an additive manner. Mutations of the di-adenine nucleotides within
the ZNF410 binding motif fully disrupt ZNF410-DNA interaction. In vitro luciferase
assays, ChIP-seq and ATAC-seq studies reveal that the homotypic clustered motifs
are recognized by ZNF410 in a collaborative fashion. Together, our findings expose a
complex functional hierarchy of motifs, where clustered motifs bound by the same
transcription factor cooperate to fine-tune the expression of target gene.
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JMJID2/KDM4 Is the Epigenetic Stabilizer of the Phase Separation at
Enhancer-Promoter Loops for Pluripotency and Totipotency

Junjun Ding*

Center for Stem Cell Biology and Tissue Engineering, Key Laboratory for Stem Cells and Tissue Engineering, Ministry of Education,
Zhongshan School of Medicine, Sun Yat-Sen University, Guangzhou, Guangdong, China.

*e-mail: dingjunj@mail.sysu.edu.cn

Enhancer-promoter (E-P) loops regulate gene transcription for cell fate determination. The
E-P loops are modulated by phase separation, although the regulatory mechanisms remain elusive.
We developed a chromatin structure-based proteomics approach, LoopID, to identify the proteins of
phase separation at specific E-P loop, which we termed as looposome. The JMID2/KDM4 family of
histone demethylases can stabilize the looposome dependent on the form of biomolecular condensates.
Additionally, IMJD2/KDM4 condensates induce E-P loops of totipotency and enhance the totipotent-
like molecular features of 2-cell-like cells. Furthermore, we developed a system to engineer totipotency-
specific E-P loops by establishing JMJD2/KDM4 condensates at the specific genomic loci, which
further promote the transition from pluri-to-totipotent-like stem cells. Our findings provide insights into
the mechanisms underlying the regulation of chromatin structures through the non-canonical role of
biomolecular condensates of histone demethylase, and present a novel strategy for regulating cell fate
determinations.

Key words: Enhancer-Promoter loop, phase separation, JIMJD2/KDM4, totipotency, epigenetic
regulators.

Epigenetic regulation of lymphocyte differentiation and function

Xi Wang

Beijing Institute of Infectious Diseases, National Center for Infectious Diseases, Beijing Ditan Hospital, Beijing, Department of

Oncology, Capital Medical University, 100015, China.

Regulation of the chromatin state is critical to cell fate determination and functioning. Our
research focus on how chromatin regulators, including Histone modifying enzymes and chromatin
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remodelers, play essential roles in lineage commitment, differentiation, and proper functioning of T
and NK cells. For example, we found that specific deletion of histone demethylase Lsdl in thymocytes
caused significant thymic atrophy and reduced peripheral T cell populations with impaired proliferation
capacity. Single-cell RNA sequencing combined with strand-specific total RNA-seq and ChIP-seq
analysis revealed that ablation of Lsd1 led to the aberrant derepression of endogenous retrovirus (ERV)
elements, which resulted in a viral mimicry state and activated the interferon pathway. Furthermore,
the deletion of Lsd1 blocked the programmed sequential down-regulation of CD8 expression at the
DP—CD4+ CD8lo stage and induced an innate memory phenotype in both thymic and peripheral
T cells. Single cell TCR sequencing revealed the kinetics of TCR recombination in the mouse
thymus. However, the preactivation state after Lsd1 deletion neither disturbed the timeline of TCR
rearrangement nor reshaped the TCR repertoire of SP cells. Overall, our study provides new insight into
the function of Lsd1 as an important maintainer of endogenous retroelement homeostasis in early T-cell
development.

Nuclear Condensation of KDM2B promotes transcription elongation for Treg
activation

Xudong Wu

Regulatory T cells (Treg) are activated in response to environmental cues for its
immunosuppressive functions. We sought to elucidate the connections between Treg activation and
adaptive mechanisms of stimulation-induced transcription elongation. Here we found that KDM2B,
which is widely present at CpG island (CGI) promoters, is crucial for transcription activation of genes
associated with active Treg and consequently Treg activation and immunosuppressive functions.
Through its N-terminal intrinsically disorder region, KDM2B facilitates formation of transcriptional
condensates, in which KAPI is phosphorylated at serine 824 (KAP1S824ph) and therefore promotes
signal-dependent transcription elongation. Consistently, either KDM2B or KAP1S824 phosphorylation
is indispensable for the transcription elongation of genes associated with in vitro Treg activation. Using
a mouse melanoma model, we demonstrate that Treg-specific inactivation of KDM2B enhances anti-
tumor immune responses and increases anti-PD-L1 therapeutic efficacy. Therefore, our study has
provided novel mechanistic insights into transcription elongation from CGI-promoters and highlighted
its functional significance in Treg activation and controlling context-dependent immunosuppression.
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R-loop-dependent promoter-proximal termination ensures genome stability
TRMF
EHRZEMEMRERE , FIEHERERIRE A

The proper regulation of transcription is essential for maintaining genome integrity and executing
other downstream cellular functions. Here we identify a stable association between the genome-stability
regulator sensor of single-stranded DNA (SOSS) and the transcription regulator integrator-PP2A
(INTAC). Through SSB1-mediated recognition of single-stranded DNA, SOSS—-INTAC stimulates
promoter-proximal termination of transcription and attenuates R-loops associated with paused RNA
polymerase II to prevent R-loop-induced genome instability. SOSSINTAC-dependent attenuation
of R-loops is enhanced by the ability of SSB1 to form liquid-like condensates. Deletion of NABP2
(encoding SSB1), or introduction of cancer-associated mutations into its intrinsically disordered region,
leads to a pervasive accumulation of R-loops, highlighting a genome surveillance function of SOSS—
INTAC that enables timely termination of transcription at promoters to constrain R-loop accumulation
to ensure genome stability.

Molecular mechanism of human Trmt13 in tRNA modification and
translational regulation

Hao Li, Pei-Yu Tian, Hui-Min Zhao, Di-Jun Du* & Ru-Juan Liu*
School of Life Science and Technology, ShanghaiTech University, Shanghai 201210, China

*liurj@shanghaitech.edu.cn

Modification at the acceptor stem of tRNAs is rare, but 2'-O-methylation at the 4th position (Nm4)
is conserved in eukaryotes. In yeast, a special RNA methyltransferase Trm13p, which has no sequence
similarity with other known methyltransferases, was identified as the modifying enzyme for Nm4 of
tRNA (Wilkinson et al, 2007). Recently, we identified Trmt13 as the human homolog of Trm13p that
catalyzes Nm4 formation on tRNAGly and tRNAPro and regulates protein translation (Li et al, 2022).
On the other hand, Trmt13 directly binds DNA as a transcriptional co-activator of key epithelial-
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mesenchymal transition factors, thereby promoting cell migration independent of tRNA-modification
activity (Li et al, 2022). So far, the molecular basis of the Trm13/Trmt13 as a tRNA methyltransferase
or a transcriptional co-activator remains elusive. Here, we used Cryo-Electron Microscopy to determine
a high-resolution structure of human Trmt13 in complex with SAM and tRNA substrates, providing
insights into the molecular mechanisms of Trmt13 binding and catalyzing tRNA. Human Trmt13

contains a main methyltransferase domain, two zinc fingers that are involved in tRNA binding, and
a coil-coiled domain that links them. Although Trmt13 has no sequence similarity to other known
methyltransferases, its methyltransferase domain presents as a classical Rossman fold, as seen in other
RNA methyltransferases. Combining with more biochemical assays, we revealed how Trmt13 binds
with tRNA or DNA using the specific Zinc-finger domain. Our work provides a molecular basis to
understand the dual function of Trmt13 in tRNA methylation and transcriptional regulation.
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2'-O-methyltransferase responsible for modification of yeast tRNA at position 4. RNA 13: 404-413
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Multilevel regulation of NF-kB signaling by NSD2 suppresses Kras-driven
pancreatic tumorigenesis

gl,2#
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*Correspondence: lil@sjtu.edu.cn

Pancreatic ductal adenocarcinoma (PDAC) is a clinically challenging cancer with a dismal
overall prognosis. NSD2 is an H3K36-specific di-methyltransferase which has been reported to play
a crucial role in promoting tumorigenesis. Here, we demonstrate that NSD2 acts as a putative tumor
suppressor in Kras-driven pancreatic tumorigenesis. Low level of NSD2 indicates aggressive feature of
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PDAC. NSD2 restrains the mice from inflammation and Kras-induced ductal metaplasia, while NSD2
loss facilitates pancreatic tumorigenesis. Mechanistically, NSD2-mediated H3K36me2 promotes the
expression of IkBa, which inhibits the phosphorylation of p65 and NF-kB nuclear translocation. More
importantly, NSD2 interacts with the DNA binding domain of p65, attenuating NF-kB transcriptional
activity. Furthermore, inhibition of NF-«xB signaling relieves the symptoms of Nsd2-deficient mice.
Together, our study reveals the important tumor suppressor role of NSD2 and multiple mechanisms
by which NSD2 suppresses both p65 phosphorylation and downstream transcriptional activity during
pancreatic tumorigenesis. This study contributes to understanding the pathogenesis of pancreatic
tumorigenesis and identifies a novel negative regulator of NF-«xB signaling.

Key words: multilevel regulation; NSD2; NF-kB signaling; p65; PDAC; H3K36me2; Kras

Loss-of-function Variants in Human C120rf40 Cause Male Infertility by
Destabilizing mRNAs Required for Meiotic Progression

Lantao Gou

Non-obstructive azoospermia (NOA) stands for a major cause of male infertility. In clinics, the
connections between various gene mutations/variants and sterility have been widely observed in NOA
patients. However, it remains poorly understood which are authentic disease-causing genes and how
these gene mutations lead to male infertility. Here, we report the homozygous mutations of a previously
uncharacterized gene C120rf40 identified in NOA patients, and further establish the causal role of such
loss-of-function mutations in male infertility by demonstrating the requirement of the orthologous
protein CN725425 for mouse spermatogenesis. Interestingly, in accordance with the patients we
identified, the germ cell development of CN725425-null mice is arrested at meiosis, deficient XY
chromosome pairing and crossover formation failures are found in the resulted spermatocytes.
Remarkably, transcriptome analysis suggests that CN725425 orchestrate meiotic progression by
protecting essential mRNAs from the programmed degradation during zygotene-to-pachytene transition
in meiosis. Collectively, our findings establish C120rf40 as a factor in human infertility and unveil its
crucial role in stabilizing abundant mRNAs during meiosis.
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Understanding the RNA dysregulation in Rett syndrome

Yan Jiang and Jingyi Hui

Shanghai Institute of Biochemistry and Cell Biology, Center for Excellence in Molecular Cell Science, Chinese Academy of Sciences

Rett syndrome (RTT) is a severe neurological disorder in young females, which is mainly caused
by mutations found in the X-linked MeCP2 gene. Despite extensive studies, the mechanisms of MeCP2
dysfunction in RTT are still poorly understood. We have reported MeCP2 as a new subunit of a higher-
order multiunit protein complex Rbfox/LASR, which is composed of several splicing regulators.
Defective MeCP2 in RTT mouse models disrupts the assembly of the MeCP2/Rbfox/LASR complex,
leading to aberrant splicing of Nrxns and Nlgnl critical for synaptic plasticity. These results thus have
linked RTT to an impaired function of MeCP2 in splicing control through its role in nucleating Rbfox/
LASR macromolecule assembly. In my talk, I will present our recent studies on understanding the
mechanisms and functions of MeCP2 in maintaining R-loop homeostasis and discuss the roles of its
aberrant regulation underlying RTT pathogenesis.

KEOPS—tRNA B &L KL G b genLi]
B
LIRS AR, ZMNRZEE MR

#b LR KEOPS B &2 — 1 H Kael, Bud32, Cgil2l, Pccl #1 Gon7 ARk %
TIRET THLER, 25 tRNA toA ¥t o B, ki il #RIH1E & DNA BE %2 MYl s,
KEOPS & H i YRZEMBLR = F AN & A B EEEL, ™ B mAi i A an il MAH g &
IZE. ImRMF ER Galloway-Mowat 2R &1 #H & H K& KEOPS & & 1A% AL K 5842,
B3 Z HRR R R E A, 7HRAREZ HiiH A2 2iEE KEOPS 8 &840 Filds
A TAENLHFT AL, FATTIREH KR EN7T KEOPS E &1K5 Sua5/YRDC & H i ff ki
L tRNA t6A AP & Ay 7> FALHI, FEHBHEMIIRE, =4Eg5 Mo FHLHIE T HEE 7 — &
FITFFR AR, BIAEARRIR SR RANH KEOPS B ARG SIREXR R, HEIRE S
BafFe st KEOPS & S{AM 528 = 4E4E#) LUK KEOPS-tRNA t6A BN FE&HAE KL B HIE
BRI Es R, MIRERER S 2L AV AR A TR AR
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Determination of RNA Three-Dimensional Structures by Cryo-Electron
Microscopy

Kaiming Zhang

Division of Life Sciences and Medicine, University of Science and Technology of China, Hetei 230027, China

RNAs play different functional roles in human biology and disease dysfunction. For the vast
majority of RNA molecules, a complex high-level structure is a prerequisite for their function.
Obtaining the three-dimensional (3D) structures of non-coding RNAs is essential for the discovery of
their functions, pathogenic mechanisms, and targeted drugs. However, due to their inherent flexibilities,
few RNA 3D structures have been determined experimentally. Cryo-electron microscopy (cryo-EM)
has stood out among other structural analysis methods in recent years thanks to the rapid development
of detector technology and software algorithms and is not constrained by the requirements of NMR for
small molecular weights and X-ray crystallography for crystallization. Here we provide an overview of
the latest advancements made in the field of analyzing 3D structures of RNAs, primarily utilizing cryo-
electron microscopy as the core technique, with the Tetrahymena ribozyme at near-atomic resolution
serving as an exemplified example.

Molecular mechanism and regulation of RNA N6-methylasdenosine
modification

Jinbiao Ma

State Key Laboratory of Genetic Engineering, Department of Biochemistry and Biophysics, School of Life Sciences, Fudan University
N6-methyladenosine (m6A) is the most abundant ribonucleotide modification among eukaryotic
messenger and non-coding RNAs. The m6A “writer” consists of the catalytic subunit m6 A-METTL
complex (MAC) and the regulatory subunit m6 A-METTL associated complex (MACOM), the latter
being essential for enzymatic activity. Recently, we reported the cryo-electron microscopy (cryo-
EM) structures of MACOM at a 3.0-A resolution, uncovering that WTAP and VIRMA form the core
structure of MACOM and that ZC3H13 stretches the conformation by binding VIRMA. Furthermore,
based on the 4.4-A resolution cryo-EM map of the MACOM-MAC complex, in combination with
crosslinking mass spectrometry and GST pull-down analysis, we proposed a plausible model of the
m6A writer complex, in which MACOM and MAC assemble mainly through interactions between
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WTAP and METTL3 and bind RNA substrate simultaneously. In addition, we solved the crystal
structure of METTL4 which also belong to MT-A70 family as METTL3 and METTL14, in complex
with RNA substrate, illuminating the conserved catalytic mechanism of N6-methyladenosine
modification. Finally, our efforts at the structural and biochemical studies of RBM15, a key component
of MACOM, would shed light on its molecular mechanism of the role in the regulation of RNA m6A
modification.

Structure-based investigations of the working mechanisms underlying some
specific non-coding RNA molecules

Aiming Ren

Email: aimingren@zju.edu.cn

Riboswitches are conserved non-coding RNA domains that play a crucial role in gene regulation.
These regulatory elements are primarily found in the 5' untranslated region of bacterial genes.
Riboswitches consist of two main components: a sensing domain and an expression platform. Through
the specific recognition of corresponding ligands, riboswitches undergo conformational changes,
thereby modulating gene expression at the transcription or translation level.

Our research focuses on riboswitches that specifically sense enzyme co-factors such as
S-adenosyl-L-methionine (SAM) and Nicotinamide adenine dinucleotide (NAD+)[1-3]. Through
the determination of the tertiary structure of these riboswitches and employing techniques such
as isothermal titration calorimetry and fluorescence spectroscopy, we investigate the binding
thermodynamics and kinetics involved in the ligand recognition process. These experiments allow us to
elucidate the structural basis for the specific recognition of co-factor ligands by riboswitches.

By analyzing the recognition modules of the ligands and conducting related biochemical
experiments, we have established a comprehensive model for the regulation of gene expression by these
riboswitches. This model integrates our findings on the structural features of the riboswitches, their
ligand binding properties, and the downstream effects on gene expression. Through this research, we
aim to deepen our understanding of riboswitch-mediated gene regulation and contribute to the broader
field of RNA-based regulatory mechanisms.

References:
1. Sun A, Gasser C, Li F, Chen H, Mair S, Krasheninina O, et al. SAM-VI riboswitch structure
and signature for ligand discrimination. Nat Commun 2019; 10(1):5728.
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2. Chen H, Egger M, Xu X, Flemmich L, Krasheninina O, Sun A, et al. Structural distinctions
between NAD+ riboswitch domains 1 and 2 determine differential folding and ligand binding. Nucleic
acids research 2020; 48(21):12394-12406.

3. Xu X, Egger M, Li C, Chen H, Micura R, Ren A. Structure-based investigations of the NAD+-
II riboswitch. Nucleic acids research 2023; 51(1):54-67.

C-to-G editing generates double-strand breaks causing deletion, transversion,
and translocation

Fei-Long Meng

Key Laboratory of RNA Science and Engineering, Shanghai Institute of Biochemistry and Cell Biology, Center for Excellence in
Molecular Cell Science, Chinese Academy of Sciences, University of Chinese Academy of Sciences; Shanghai 200031, China.

Email: feilong.meng@sibcb.ac.cn

Base editors (BEs) introduce base substitutions without double-strand DNA cleavage. Besides the
precise substitutions, BEs generate low-frequency “stochastic” byproducts through unclear mechanisms.
Here, we applied in-depth outcome profiling and genetic screening to show that C-to-G BEs (CGBE:)
generate substantial amounts of intermediate double-strand breaks (DSBs), which are at the center
of several byproducts. Imperfect end-joining leads to small deletions via end-resection, templated
insertions or aberrant transversions during end fill-in. Chromosomal translocations between the CGBE
editing target and off-targets of Cas9/deaminase-origin were also detected. Outcome-screening of DNA
repair factors revealed a central role of abasic site processing in DSB formation, and the shielding of
abasic sites by the suicide-enzyme HMCES reduced CGBE-initiated DSBs, providing an effective way
to minimize DSB-triggered events without affecting substitutions. This work demonstrates that CGBEs
can initiate deleterious intermediate DSBs and therefore require careful consideration for therapeutic
applications, and that the HMCES-aided CGBEs are potentially safer tools.
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DisP-seq reveals the genome-wide functional organization of DNA-associated
disordered proteins

Yu-Hang Xing

Division of Life Sciences and Medicine, University of Science and Technology of China

Intrinsically disordered regions (IDRs) in DNA-associated proteins are known to influence
gene regulation, but their distribution and cooperative functions in genome-wide regulatory programs
remain poorly understood. Here we describe DisP-seq (disordered protein precipitation followed by
DNA sequencing), an antibody-independent chemical precipitation assay that can simultaneously map
endogenous DNA-associated disordered proteins genome-wide through a combination of biotinylated
isoxazole precipitation and next-generation sequencing. DisP-seq profiles are composed of thousands
of peaks that are associated with diverse chromatin states, are enriched for disordered transcription
factors (TFs) and are often arranged in large lineage-specific clusters with high local concentrations of
disordered proteins and different combinations of histone modifications linked to regulatory potential.
We use DisP-seq to analyze cancer cells and reveal how disordered protein-associated islands enable
IDR-dependent mechanisms that control the binding and function of disordered TFs, including
oncogene-dependent sequestration of TFs through long-range interactions and the reactivation of
differentiation pathways upon loss of oncogenic stimuli in Ewing sarcoma.

The epigenetic reader ENL controls oncogenic transcription driven by super-
enhancer and represents a synergistic vulnerability for BET inhibition

Yongheng Chen"” Ying Ying', Hongchao Ma', Liang Shi', Min Jia', Meiqi Li', Xiaoman Song',
Weixiao Kong', Wei Chen', Xiangyi Zheng', Tobias Achu Muluh', Wenlong Ma', Maolin Wang', Xing-
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'Department of Physiology, Shenzhen University Medical School, Shenzhen 518055, China;

*Marshall Laboratory of Biomedical Engineering, Shenzhen University Medical School, Shenzhen 518055, China
*Correspondence: Dr. Xing-sheng Shu (shu@szu.edu.cn), Shenzhen University Medical School, 3688 Nanhai Avenue, Shenzhen 518055,
China.

The accurate interpretation of epigenetic codes at cis-regulatory elements (CREs) fine-tunes
proper transcriptional output under various biological contexts. However, how epigenetic reader
interacts with oncogenic CREs and cooperates with other chromatin regulators to drive oncogene
transcription largely remain elusive. Here, we reported that the YEATS domain-containing histone
acetylation reader ENL (eleven-nineteen leukemia) acted as a key regulator of super-enhancers (SEs),
which are highly active distal CREs. ENL occupied the majority of SEs with much higher preference
over typical-enhancers across different cancer types, and the enrichment of ENL at SEs depended on its
ability to bind acetylated histone. Rapid depletion of ENL protein by auxin-inducible degron tagging
severely repressed the transcription of SE-controlled oncogenes such as MYC through inducing the
decommissioning of their SEs. Importantly, restoring ENL protein expression mostly reversed these
effects. In addition, ENL was indispensable for the rapid activation of SE-regulated immediate early
genes in response to growth factor stimulation. Furthermore, ENL interacted with the histone chaperone
FACT complex and was indispensable for the proper deposition of FACT over CREs for nucleosome
reorganization required in transcription initiation and elongation. ENL was overexpressed in colorectal
cancer (CRC) and functionally contributed to CRC growth and metastasis. Remarkably, ENL
degradation or inhibition synergized with BET inhibitors that target BRD histone readers in restraining
CRC progression. These findings established the essential role of epigenetic reader ENL in governing
SE-driven oncogenic transcription and uncovered a synergistic vulnerability for BET inhibition.

Key words: ENL; super-enhancer; epigenetic reader; BET inhibition; colorectal cancer
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Structural Insights into H2B Ubiquitination-Dependent H3K4 Methylation by
the human SET1B Complex

Tingting Li', Muchun Li*, Yong Chenl1*

""Center for Excellence in Molecular Cell Science, Chinese Academy of Sciences, Shanghai 200031, China;
’ShanghaiTech University, Shanghai 201210, China

The methylation of histone H3K4 is mediated by H3K4 methyltransferases, which play pivotal
roles in the epigenetic regulation of gene expression and regulate many cellular processes. In mammals,
there are six MLL (Mixed-Lineage Leukemia) family H3K4 methyltransferase complexes (MLLI,
MLL2, MLL3, MLL4, SET1A, and SET1B). In contrast to other histone methyltransferase, the intrinsic
catalytic activities of MLL SET domains are relatively low. The highly conserved C-terminal catalytic
SET domains need to bind four conserved regulatory subunits, WDRS, RBBP5, ASH2L, and DPY?30,
to form the pentameric complex MLL-WDRS5-RBBP5-ASH2L-DPY30 (referred to as MWRAD) and
achieve the optimal methyltransferase activity on nucleosome substrate. However, current studies have
predominantly focused on the more conserved carboxyl-termini of MLL. The roles of other regions of
MLL and specific binding subunits (such as CFP1 and WDRS2) in activity regulation remain poorly
understood. Furthermore, the methyltransferase activity of MLL family proteins can be modulated
by the trans-histone ubiquitin mark on H2B (H2Bub). Although structural insights have elucidated
the molecular mechanism through which H2Bub activates the methylation activity of MLL1/MLL3
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complexes, how SET1A/B complexes respond to H2B ubiquitination modifications still warrants
further investigation. Here, we elucidated the structures of the SET1B complex bound to nucleosomes
with different modification states. It has shed light on the roles of multiple regulatory subunits in
complex assembly and activity regulation. Furthermore, it has unveiled the molecular mechanism by
which H2B ubiquitination regulates SET1B methylation activity. These findings provide a foundation
for a deeper understanding of the precise regulation of H3K4 methyltransferase activity in mammals.
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The epigenetic reader ENL controls oncogenic transcription driven by super-
enhancer and represents a synergistic vulnerability for BET inhibition

Yongheng Chen'?, Ying Yingl, Hongchao Ma', Liang Shi', Min Jia', Meiqi Li', Xiaoman Songl,
Weixiao Kongl, Wei Chen', Xiangyi Zhengl, Tobias Achu Muluh', Wenlong Ma', Maolin Wangl, Xing-
sheng Shul,”

'Department of Physiology, Shenzhen University Medical School, Shenzhen 518055, China;
*Marshall Laboratory of Biomedical Engineering, Shenzhen University Medical School, Shenzhen 518055, China
*Correspondence: Dr. Xing-sheng Shu (shu@szu.edu.cn), Shenzhen University Medical School, 3688 Nanhai Avenue, Shenzhen 518055,
China.

The accurate interpretation of epigenetic codes at cis-regulatory elements (CREs) fine-tunes
proper transcriptional output under various biological contexts. However, how epigenetic reader
interacts with oncogenic CREs and cooperates with other chromatin regulators to drive oncogene
transcription largely remain elusive. Here, we reported that the YEATS domain-containing histone
acetylation reader ENL (eleven-nineteen leukemia) acted as a key regulator of super-enhancers (SEs),
which are highly active distal CREs. ENL occupied the majority of SEs with much higher preference
over typical-enhancers across different cancer types, and the enrichment of ENL at SEs depended on its
ability to bind acetylated histone. Rapid depletion of ENL protein by auxin-inducible degron tagging
severely repressed the transcription of SE-controlled oncogenes such as MYC through inducing the
decommissioning of their SEs. Importantly, restoring ENL protein expression mostly reversed these
effects. In addition, ENL was indispensable for the rapid activation of SE-regulated immediate early
genes in response to growth factor stimulation. Furthermore, ENL interacted with the histone chaperone
FACT complex and was indispensable for the proper deposition of FACT over CREs for nucleosome
reorganization required in transcription initiation and elongation. ENL was overexpressed in colorectal
cancer (CRC) and functionally contributed to CRC growth and metastasis. Remarkably, ENL
degradation or inhibition synergized with BET inhibitors that target BRD histone readers in restraining
CRC progression. These findings established the essential role of epigenetic reader ENL in governing
SE-driven oncogenic transcription and uncovered a synergistic vulnerability for BET inhibition.

Key words: ENL; super-enhancer; epigenetic reader; BET inhibition; colorectal cancer
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Structures and function of the yeast SIN3 histone deacetylase complexes
Chengcheng Wang, Zhouyan Guo, Chen Chu, and Xiechao Zhan (Westlake University)

SIN3 histone deacetylase (HDAC) complexes have important roles in facilitating local histone
deacetylation to regulate chromatin accessibility and gene expression. Two major types of SIN3-
HDAC complexes (named SIN3L and SIN3S) are wildly existing in eukaryotes and targeting different
chromatin regions. We recently determined the atomic structures of the SIN3L and SIN3S complexes
from budding yeast Saccharomyces cerevisiae and fission yeast Schizosaccharomyces pombe, revealing
two distinct representative organization mechanisms of the SIN3-HDAC family. Furthermore, we
successfully assembled the budding yeast SIN3S complex with endogenous nucleosomes and resolved
the cryo-EM structures in three distinct mononucleosome-bound states. The rigid core of SIN3S
exhibits three distinct orientations relative to the nucleosome, assisting the deacetylase to locate above
the SHL5-6, SHLO-1, or SHL2-3, respectively. The potential deacetylation sites in each state have been
scrutinized through elaborate structural analysis. This work provides a structural framework that reveals
a dynamic working model for the SIN3S complex to engage diverse deacetylation sites.

Post abstract
Siyuan Xu

Transcription factors often regulate numerous target genes. However, ZNF410 controls only a
single gene CHD4 in human erythroid cells by its highly restricted chromatin occupancy to the CHD4
locus via two clusters of ZNF410 binding motifs. Here, we uncover that ZNF410 controls chromatin
accessibility and activity of the two CHD4 enhancer regions. Combining CRISPR/Cas9 genomic
deletion with CRISPRi approaches, we demonstrate that both enhancer regions additively contribute to
CHD4 gene expression. Moreover, mutations of the di-adenine nucleotides within the ZNF410 binding
motif fully disrupt ZNF410-DNA interaction. In vitro luciferase assays, ChIP-seq and ATAC-seq
studies reveal that the homotypic clustered motifs are recognized by ZNF410 in a collaborative fashion.
Together, our findings expose a complex functional hierarchy of motifs, where clustered motifs bound
by the same transcription factor cooperate to fine-tune the expression of target gene.
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The multi-faceted roles of ATRX in chromatin remodeling

Xiaoman Wang"", Shukun Yan"", Yaoguang Huang"", Yong Chen'

'State Key Laboratory of Molecular Biology, Shanghai Institute of Biochemistry and Cell Biology, Center for Excellence in Molecular
Cell Science, Chinese Academy of Sciences, Shanghai 200031, China.
" These authors contribute equally.

Alpha Thalassemia/Mental developmental retardation, X-linked (ATRX) protein is an SNF2-like
ATP-dependent enzyme that regulates chromatin remodeling process. ATRX can interact with DAXX
(Death domain-associated protein 6) to form a stable complex, promoting the deposition of H3.3 at
heterochromatin. ATRX is a major etiological factor for ATRX syndrome, and somatic mutations are
also frequently found in various ALT (alternative lengthening of telomeres) pathway positive cancers.
However, the structure of ATRX and the mechanism by which ATRX remodels chromatin remain
elusive. Here we report the crystal structure of human ATRX ATPase domain (ATRXATPase) in the
resting state and the cryo-EM structure of ATRXATPase bound with NCP (nucleosome core particle).
ATRXATPase detaches one turn of DNA from histone octamer and mainly binds to the detached SHL+7
DNA, in a way distinct from other chromatin remodelers. A loop in ATRX, which is unstructured and
invisible in the apo ATRXATPase crystal structure, becomes partial ordered and latches on the H3
and H2A core regions exposed by DNA detaching. ATRX binding with histone core regions causes
the deformation of the histone octamer, suggesting a potential role of ATRX in disrupting nucleosome
integrity. Biochemical assays confirm that ATRXATPase can disassemble NCPs in an ATP-dependent
manner and this NCP-disassembly activity is not coupled with nucleosome sliding activity. Our findings
reveal a new chromatin remodeling activity of ATRX and suggest the multi-faceted roles of ATRX in
heterochromatin maintenance.

N’-methylation on the spliceosome catalytic center of U6 snRNA regulates
pre-mRNA splicing and retina degeneration

Wen-Qing Yang'", Jian-Yang Ge'", Xiaofeng Zhang’, Lin Lin', Wen-Yu Zhu', Yigong Shi’, Beisi Xu**
and Ru-Juan Liu"

" School of Life Science and Technology, ShanghaiTech University, Shanghai 201210, China.
? Division of Reproduction and Genetics, The First Affiliated Hospital of USTC, MOE Key Laboratory for Membraneless Organelles and
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Laboratory of Anhui Province, Division of Life Sciences and Medicine, University of Science and Technology of China, 230027, Hefei,
China.
* Institute of Biology, Westlake Institute for Advanced Study, Westlake University, Hangzhou 310064, Zhejiang Province, China.
* Center for Applied Bioinformatics, St. Jude Children’s Research Hospital, Memphis, TN, USA
* Co-first authors
# Corresponding authors

How the relatively conserved spliceosome enables to manage the enormously expanded
number of splicing events that occur in humans (~200,000 vs. ~400 reported for yeast) is not well
understood. Here, we show deposition of one RNA modification-N2-methylguanosine (m2G)-on the
G72 nucleoside of U6 snRNA (known to function as the catalytic center of the spliceosome) results in
profoundly increased pre-mRNA splicing activity in human cells. We find this U6 m2G72 is conserved
among vertebrates. Further, we demonstrate that THUMPD2 (THUMP domain-containing protein 2)
is the methyltransferase responsible for U6 m2G72 by specifically recognizing U6-specific sequences
and structural elements. THUMPD2 KO eliminates U6 m2G72 and impairs the pre-mRNA splicing
efficiency of the major spliceosome, yielding thousands of changed alternative splicing events of
endogenous pre-mRNAs. Notably, the aberrantly spliced pre-mRNA population elicits the nonsense-
mediated mRNA decay (NMD) pathway. We also show that THUMPD?2 is associated with age-related
macular degeneration (AMD) and retinal function. Our study thus demonstrates how an RNA epigenetic
modification of the major spliceosome regulates global pre-mRNA splicing and impacts physiology and
disease.

Molecular mechanism of human Trmt13 in tRNA modification and
translational regulation

Hao Li, Pei-Yu, Tian Hui-Min Zhao Di-Jun Du & Ru-Juan Liu*
School of Life Science and Technology, ShanghaiTech University, Shanghai 201210, China
*liurj@shanghaitech.edu.cn

Modification at the acceptor stem of tRNAs is rare, but 2'-O-methylation at the 4th position (Nm4)
is conserved in eukaryotes. In yeast, a special RNA methyltransferase Trm13p, which has no sequence
similarity with other known methyltransferases, was identified as the modifying enzyme for Nm4 of
tRNA (Wilkinson et al, 2007). Recently, we identified Trmt13 as the human homolog of Trm13p that
catalyzes Nm4 formation on tRNAGly and tRNAPro and regulates protein translation (Li et al, 2022).
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On the other hand, Trmt13 directly binds DNA as a transcriptional co- activator of key epithelial-
mesenchymal transition factors, thereby promoting cell migration independent of tRNA-modification
activity (Li et al, 2022). So far, the molecular basis of the Trm13/Trmt13 as a tRNA methyltransferase
or a transcriptional co-activator remains elusive. Here, we used Cryo-Electron Microscopy to
determine a high-resolution structure of human Trmt13 in complex with SAM and tRNA substrates,
providing insights into the molecular mechanisms of Trmt13 binding and catalyzing tRNA. Human
Trmt13 contains a main methyltransferase domain, two zinc fingers that are involved in tRNA binding,
and a coil-coiled domain that links them. Although Trmt13 has no sequence similarity to other known
methyltransferases, its methyltransferase domain presents as a classical Rossman fold, as seen in other
RNA methyltransferases. Combining with more biochemical assays, we revealed how Trmt13 binds
with tRNA or DNA using the specific Zinc-finger domain. Our work provides a molecular basis to
understand the dual function of Trmt13 in tRNA methylation and transcriptional regulation.

References

Wilkinson ML, Crary SM, Jackman JE, Grayhack EJ, Phizicky EM (2007) The
2'-O-methyltransferase responsible for modification of yeast tRNA at position 4. RNA 13: 404-413

Li H, Dong H, Xu BS, Xiong QP, Li CT, Yang WQ, Li j, Huang ZX, Wang ED, Liu RJ (2022) A
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Molecular mechanism of human Trmt13 in tRNA modification and
translational regulation
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Modification at the acceptor stem of tRNAs is rare, but 2'-O-methylation at the 4th position
(Nm4) is conserved in eukaryotes. In yeast, a special RNA methyltransferase Trm13p, which has
no sequence similarity with other known methyltransferases, was identified as the modifying enzyme
for Nm4 of tRNA (Wilkinson et al, 2007). Recently, we identified Trmt13 as the human homolog of
Trm13p that catalyzes Nm4 formation on tRNAGIly and tRNAPro and regulates protein translation
(Li et al, 2022). On the other hand, Trmt13 directly binds DNA as a transcriptional co- activator of key
epithelial-mesenchymal transition factors, thereby promoting cell migration independent of tRNA-
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modification activity (Li et al, 2022). So far, the molecular basis of the Trm13/Trmt13 as a tRNA
methyltransferase or a transcriptional co-activator remains elusive. Here, we used Cryo-Electron
Microscopy to determine a high-resolution structure of human Trmt13 in complex with SAM and tRNA
substrates, providing insights into the molecular mechanisms of Trmt13 binding and catalyzing tRNA.
Human Trmt13 contains a main methyltransferase domain, two zinc fingers that are involved in tRNA
binding, and a coil-coiled domain that links them. Although Trmt13 has no sequence similarity to other
known methyltransferases, its methyltransferase domain presents as a classical Rossman fold, as seen
in other RNA methyltransferases. Combining with more biochemical assays, we revealed how Trmt13
binds with tRNA or DNA using the specific Zinc-finger domain. Our work provides a molecular basis
to understand the dual function of Trmt13 in tRNA methylation and transcriptional regulation.

References

1.Wilkinson ML, Crary SM, Jackman JE, Grayhack EJ, Phizicky EM (2007) The
2'-O-methyltransferase responsible for modification of yeast tRNA at position 4. RNA 13: 404-413

2.Li H, Dong H, Xu BS, Xiong QP, Li CT, Yang WQ, Li j, Huang ZX, Wang ED, Liu RJ (2022) A
dual role of human tRNA methyltransferase hTrmt13 in regulating translation and transcription. EMBO
J41(6):¢108544

Multilevel regulation of NF-kB signaling by NSD2 suppresses Kras-driven
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Pancreatic ductal adenocarcinoma (PDAC) is a clinically challenging cancer with a dismal
overall prognosis. NSD2 is an H3K36-specific di-methyltransferase which has been reported to play
a crucial role in promoting tumorigenesis. Here, we demonstrate that NSD2 acts as a putative tumor
suppressor in Kras-driven pancreatic tumorigenesis. Low level of NSD2 indicates aggressive feature of
PDAC. NSD2 restrains the mice from inflammation and Kras-induced ductal metaplasia, while NSD2
loss facilitates pancreatic tumorigenesis. Mechanistically, NSD2-mediated H3K36me2 promotes the
expression of IxBa, which inhibits the phosphorylation of p65 and NF-xB nuclear translocation. More
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importantly, NSD2 interacts with the DNA binding domain of p65, attenuating NF-xB transcriptional
activity. Furthermore, inhibition of NF-kB signaling relieves the symptoms of Nsd2-deficient mice.
Together, our study reveals the important tumor suppressor role of NSD2 and multiple mechanisms
by which NSD2 suppresses both p65 phosphorylation and downstream transcriptional activity during
pancreatic tumorigenesis. This study contributes to understanding the pathogenesis of pancreatic
tumorigenesis and identifies a novel negative regulator of NF-«xB signaling.

Highlights

NSD2 overexpression restrains and NSD2 loss facilitates the Kras-induced ductal metaplasia in
mice.

NSD2-mediated H3K36me?2 promotes the expression of IkBa, which inhibits the phosphorylation
of p65 and NF-kB nuclear translocation.

NSD2 interacts with the DNA binding domain of p65 and inhibits NF-kB transcriptional activity
in the nucleus.

Inhibition of NF-kB signaling relieves the symptom of Nsd2-deficient mice.

Wenxin Feng:E-mail:fengwx@sjtu.edu.cn

Li Li:E-mail:lil@sjtu.edu.cn

o 44 o









10A15H

=

10:00-20:00 EM, BB AR BA A
15:00-17:30 BE. LEEHABED

B 1]
iy Sz

;A (40P K)

10H16H
H1

10920 |DNAY RACHAE 5
0:26.9:42 F i (EAusm e pr)
Active DNA demethylation promotes cell fate specification and the DNA damage response
2% (E#HERXK)
9:42-9:58 Outward-oriented sites within clustered CI'CF boundaties ate key for intraTAD chromatin interactions and
gene regulation
A FTENCEEED
Mechanistic insights into chromosome folding by cohesin
10:14-10:30 Tk (A5 . . T
CRISPR tools for studying chromatin organization in living cells
10:30-10:50 Rk
10:50-11:06 w5 (IR
RINA exporting factor Yral connecting DNA replication and histone deposition
oedta  |TEth GiEX)
Centromere Weakening Drives Efficient Chromosome Fusion in S. pombe
11:22-11:38 3 (iﬂ'ﬁé\ﬂﬂ@.ﬁﬁ‘) .
The nucleosome-independent role of histones
12:00-13:30 A

¥ (L2 XP)

13:30-13:46
Heterochromatin senses nuclear mechanical force
HE (LEXRF)
13:46-14:02
How does Pol2 decide whetre to stop ?
oaiats A GRbKF)
' ' LINE-1 5" UTRs function as enhancets to regulate naive plutipotency
tstass  |[FTE CEAEAD)
' ' Pcf11 condensates facilitate piRNA-guided transposon cotranscriptional silencing via inducing Pol II pausing
A AR BN ~s
laaiaso |k (URAE) :
H3.388 B RS R R & 5 B 4L
14:50-15:20 P
N a2 N
1520-1536 | e (AT .
Epigenetic regulation through poly(A) tails
+ &
15365z |0 (RAARE)
Mechanism of the allostetic activation of deacetylase SIRT'1
EE (ELmierr)
15:52-16:08 Evolutionarily conserved function of polycomb in suppressing mobile genetic elements through licensing
Histone expression
16081624 | R (AAK)
' ' Dinoflagellate: extraordinary chromatin features and gene expression regulation
tean  |REA (PEAFHALET)

A—AK4&FRBRNAK $ &5t




e R UTHEAES)
' ' Lysine 2-hydroxyisobutytylation of NAT10 promotes cancer metastasis in an ac4C-dependent manner
rsory | HAEE AU X
' ' Unannotated microprotein EMBOW regulates the interactome and chromatin and mitotic functions of WDR5
17:30-19:00 B Bt
1000-10:40 |2 IE (LX)
' ‘ A IR 5 FEA R Epigenetic regulation of four-stranded DNA secondaty structure I-'MOTIF
1R 5 A a x4
1002020 |FPHFCAERE)
Visualization of Transctiption Initiation
20:20-21:30 AR AR

10817H
E Sy}
9:00-9:16 HEA (FIFRS)
Reorganization of chromatin during fertilization and blastocyst formation in mice
0-16.9:3 MRl (- N AW E 25 54 A RIR)
mO6A regulates pericentric heterochromatin
9:30.0:48 FHE (L2XF)
FERENR FCHDTEE FHAB FHELF RHF O TR
B (BeXs)
9:48-10:04 Systematic characterization of the CHD4 enhancets teveals cooperative functions among the homotypic
ZNF410 clustered motifs
10:04-10:20 TRE (CPLL’k?) . .
Non-enzymatic KDM control promoter-enhance interaction
10:20-10:40 R B
10:40-10:56 A GEERE) .
ES44% ¥ dual TF &9 A B E A
ot |EE CEHEAXE)
S Bk RSREE AR I EARELRE
11:12-11:28 RICH (/{/?Eﬂ'k”%")
B AR R NEEE &S RE
11:28-11:40 BRI (FIFXF)
R-loop-dependent promoter-proximal termination ensures genome stability
Haonsz |G (L2 R
BB P AR P R X
11:52-12:04 i (REA# RS
Molecular mechanism of human Trmtl13 in tRNA modification and translational regulation
oaazg | 2RS (EEER)
Multilevel regulation of NF-»B signaling by NSD2 suppresses Kras-driven pancreatic tumotigenesis
FEENKFES S TFEDFLER LSS
12:30-13:00
2 206 %k
12:30-14:00 TR
14:30-16:30 s DER] , 1430 B)E RE BB H A
17:00-18:00 3R SR
18:00-20:30 B,




10A 18H

e

H 2% (Atewmierr)
9:00-9:16 Loss-of-function Variants in Human C120rf40 Cause Male Infertility by Destabilizing mRNAs Required for
Meiotic Progression
916.9:32 BH B (At Be T
Understanding the RNA dysregulation in Rett syndrome
0:30.0:48 R (20 XF)
KEOPS—tRNA § &4k £ &£ K X 7 342 & #9 o #b pu 4]
0.48.10:04 Koss (F BAF AT
Determination of RNA Three-Dimensional Structures by Cryo-Electron Microscopy
10:04-10:20 R R (2K F)
Molecular mechanism and regulation of RNA N6-methylasdenosine modification
10:20-10:40 Z 8k
10:40-10:56 | oL (I R
Structure-based investigations of the working mechanisms undetlying some specific non-coding RNA molecules
10:56-11:12 ﬁr&j& ( 254020 B FF)
I %4 T L5 DNA 4 5l
iatios  |EE (PARERLTESHETLR)
RNA imaging with fluotogenic RNA aptamer and small fluorophotes
T REVIN ol (at?k#) .
A Ik B ARNAR & X E 6 T X Ao A
11:44-12:00 ARFA (FEAFFHARARF)
DisP-seq reveals the genome-wide functional organization of DNA-associated disordered proteins
12:00-12:15 P K& £
12:15-14:00 s




	10.12 会议手册 摘要 制作
	Epi Retreat日程安排

