Studying the impact of nascent RNA synthesis

on genesregtiation
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Matthieu Lavigne Figure 5: Processed Samples

FACILITY MEMBERS goo 2t IMBB Genomics Facility SCENTINEL: Building integrative single cell omics capacities

Research assistants: 600 using invertebrate tumor models relevant to human cancer
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Installation and plan for development of High Performance Cluster (HPC)

Elevate IMBB science and innovation capacities and Genomics Facility technological capacity by
) bringing expertise to facilitydos personnel t
Chamilos/Talianidis)
i) bring the PIP-seq technology (with A. Pavlopoulos and Enzyquest)
A offer single -cell sequencing services to other users towards the midway of this twinning project (2025)
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sc multromic profiling of Synovial Fibloblasts (SFs)
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A defined trajectory yields pathogenic SFs in diseased joints
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DNA motif analyses to determine which TF might control the gagfle or diseasespecific
regulatory regions and associated genes
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intermediate and disease lining states are controlled by master regulators including
Runxl, andJunldd, Reland Nfkb the later known prainflammatory effectors



GENE CONTOL MECHANISM LAB AT IMBB

Established 2021

Hypothesisdriven basic researcto find out novelmolecularmechanisms essential fdrealthy gene expression

WHY is it IMPORTANT: Tdhea to dter activity of chromatin €.ghistone deacetylase(HDAC) inhibitors) to control
cancerdn the clinic(eg, vorinostat)has resultedrom prior clear understanding of their mode of actioin

transcriptional regulation

How nRNAinteractionsinteractionsoccurandwhat link it to humandiseasesuchascanceror neurodegenration
1) Describenow nascentRNAinfluencegenetranscriptionregulationand genomicDNAsequencesntegrity
i) Characteriseole of nascentRNAIn histone H2B ubiquitination (H2Bub) / turn-over ratesduringtranscription

We apply both molecular and computational/mathematical biology methods to integrate data from multi-omics
approacles to interrogate proteinrDNARNA interactions and learn from data (ML) to model/predict molecular

mechanisms

CURRENT/PREVIOUS LAB MEMBESS: Theodosiou (PhD student), Marianna Stagaki (MSc Bioinformatics, Thesis), Electra Tsaglioti (RA Bioinforma
Chris Botos (BSc Students), Angeliki Loukopoulou (Msc rotator;
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NET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOSOME THAT
IS 50,000% SHORTER THAN ITS EXTENDED LENGTH
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Multi-level 4D genome organisation controls gene expression
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Pipeline to find enhancergene links

ChIP/ATACseq RNAseq

Technigue overview

Technique overview

PreprocessingQc + Trim

Differential Expression Analys

Alignment

Read quantification

Differential Expression Analy

From peaks to genes

Correlation analysis

M Mitleton



PROJECTBNTEGRATION OF Ri¢4 and ATAGeq (BULK or sc) data to discover novel GENE REGULATORY NE[TV

Enhancer RNAs predict enhanceri gene regulatory links

and are critical for enhancer function sc-omics (R Python):
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Myrto Mittleton and Johnny Petrosian Marianna Stagaki (Collaboration with Talianidis I



H2Bub and nascent RNA interplay




H2Bub and transcription elongation

H2Bub1-induced chromatin remodeling
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H2Bub Distribution showingnteresting topological specificitiymechanism of writing/erasing?
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Nascent RNA is an integrative component of chromatin

Molecular Cell 5454 o

CellPress

Volume 81, Issue 17, 2 September 2021, Pages 3509-3525.e5

Article

Nascent RNA scaffolds contribute to
chromosome territory architecture and
counter chromatin compaction

Kevin Michael Creamer !, Heather Jill Kolpa !, Jeanne Bentley Lawrence '? 9 =
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nuclear RNA depletion usiftNaseA disrupts nuclear
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PERSPECTIVES

modification. Transcription elongation
factors bind to sequences at the 5’ end of
cellular pre-mRNAs (FIC. 1a), and splice

Reg u I ato ry fe ed b a C k fro m n a Sce nt sites influence the Pol II elongation rate

. . . and chromatin modification across the
RNA to chromatin and transcription — gnebodsc 1. Aubesendof genes
Pol II pausing occurs after recognition of
the polyadenylation site (PAS) by cleavage
Lenka Skalska, Manuel Beltran-Nebot, Jernej Ule and Richard G. Jenner and polyadenylation factors'* and owing to

OPINION
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\
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Figure 2 | Nascent RNA modulates the association of regulatory factors with chromatin to
maintain gene activity. a | Nascent RNA can compete with chromatin for binding of repressive chro-
matin modifiers, such as Polycomb repressive complex 2 (PRC2), which methylates histone H3 at Lys27,
and DNA (cytosine-5)-methyltransferase 1 (DNMT1) and DNMT3A, which primarily methylate the
DNA at CpG dinucleotides. b | Interaction of the transcription factor yin and yang 1 (YY1) with nascent
RNA facilitates its transfer to chromatin. Similarly, the interaction of WD repeat-containing 5 (WDR5),
which is a component of the histone Lys methyltransferase complexes SET1 and myeloid/lymphoid or
mixed-lineage leukaemia (MLL), with nascent RNA facilitates their transfer to chromatin and trimethyl-
ation of histone H3 at Lys4 (H3K4me3), thereby forming a positive-feedback loop that promotes

gene expression. Skalska, NRMCB. 2017
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https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/ribonuclease

Nascent RNA is modified céranscriptionaly

Splicing-related processes

[ Alternative splicing | ~ | Backsplicing |

Constitutive splicing

mPA deposition

Canonical histone pre-mRNA 3' end processing

0----5E

sLow
RNA pol Il speed

©EMBO

Termination-related processes

; Read-through
ommmn L

ommmm———
oI )
oNEMEN A

Muniz et al, 2022

Figure 2. Co-transcriptional processes regulated by RNA Pol Il speed.



Emerging intriguing role of nuclear RNAs (including nascentmieNAS)
In shaping largescale chromatin structure and regulating genome function

Capturing the interactome of newly transcribed RNA

Xichen Baol-224® , Xiangpeng Guol-»2, Menghui Yin324, Mugddas Tarig?24, Yiwei Lail>4, Shahzina Kanwall-2,
Jiajian Zhou®, Na Lil»26, Yuan Lvl:24, Carlos Pulido-Quetglas?, Xiwei Wang!:2, Lu Ji®, Muhammad ] Khan!:28,
Xihua Zhu'2, Zhiwei Luo!24, Changwei Shao®® , Do-Hwan Lim?, Xiao Liu'?, Nan Li!!, Wei Wang!2,

Minghui He!3, Yu-Lin Liu!4, Carl Ward!2, Tong Wang!>®, Gong Zhang!®, Dongye Wang!-%16, Jianhua Yang!7®,
Yiwen Chen'®, Chaolin Zhang!®, Ralf Jauch'®® , Yun-Gui Yang?®® , Yangming Wang?!® , Baoming Qin',
Minna-Liisa Anko?2, Andrew P Hutchins?*© , Hao Sun®*©, Huating Wang?®, Xiang-Dong Fu®®, Biliang Zhang3®
& Miguel A Esteban!20

RECEIVED 19 JULY 2017; ACCEPTED 11 DECEMBER 2017; PUBLISHED ONLINE 12 FERRUARY 2018; D01:10.1038/NMETH.4505
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Figure 1 | Establishment of a new technigque to capture the newly
transcribed RNA interactome. Schematic representation of the
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RNF20 -0.26 -0.22 -1.26 -0.17 -0.14
RNF40 -1.11 0.53 -0.61 0.06

Reanalysis ofkalska et al., 2021



Hypothesis:H2Bub writing depends on nRNA concentration/shape and is highly impacted by splicing

RNA Length
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Objective:Determine ceranscriptional features distance RNAPII from Splice site
and check differential splicing patterns and impact on h2bub/RNF20 levels




Does splicing activity decrease the access of RNF20/40 in the following intron

A CRISPRCas9 tqull-down target locibefore or after splicing sites
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DNA analysis
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Schematic of enChlP. Image from Fujita and Fujii, 2013.

Objective :Define the structure of nRNA complexes tethered to Pol2 and the impact of splicing on H2Bub writing



Crispr pull down system (In vitro) to avoid
transcription arrest in vivo

Targetsite | sgRNA
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CRISPR sgR
2. Synthesis of CRISPR F
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pla Benzylguanine ——p- {i:g T J:jjgoq—(suanine
Y U Suicide enzyme (Single action)
B+ U Irreversible covalent binding
LA X U SNARagged dCas9
U Elution by Proteinase K

CRISPR/Cas9 mediated genome engineering in Drosophila 10.1016/j.ymeth.2014.02.019



CRISPR PULL DOWN

R pPr2site

Viewpoint 1

PP2 site
not produced
yet

Primer pair 1

Viewpoint 2

PP1 site
spliced out

Primer pair 2

K. Kydonakis



