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Genomics Facility

Elevate IMBB science and innovation capacities and Genomics Facility technological capacity by

i) bringing expertise to facilityôs personnel to use new 10 X Genomics platform (purchased by 

Chamilos/Talianidis)

ii) bring the PIP-seq technology (with A. Pavlopoulos and Enzyquest)

Ą offer single -cell sequencing services to other users towards the midway of this twinning project (2025)

Ą Leverage for recruiting one newly trained scientist.

Current HIBU (since 2021)
(Horizontal BioInformaticsUnit) 

TWINNING

Installation and plan for development of High Performance Cluster (HPC) 

-Answers to users needs to look at  
precious and difficult samples
(extremely low input RNA-seq)
-Development of custom workflows
(MSAP-seq, SLAM-ǎŜǉΧύ
WITH NO CHARGE of technician cost or overheads

Illumina NextSeq500 + 2000 (UoC)
Nanopore (ADNA)
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scRNA-seq

scATAC-seq

sc multi-omic profiling of Synovial Fibloblasts (SFs)sc multi-omic profiling of Synovial Fibloblasts (SFs)

canonical correlation analysis (CCA) enabled the matching of scRNA-
seqand scATAC-seqcluster identities 
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Shared patterns at 
transcriptional and 
chromatin levels

Expansion of SFs 
subtypes in Tg

Armaka et al, 2022



A defined trajectory yields pathogenic SFs in diseased jointsA defined trajectory yields pathogenic SFs in diseased joints

ÅS2b give rise to the emerging S2d, S4b and S4a 
SF states in disease

Å107 core genes control the transition to 
pathological states
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scVelo

Armaka et al, 2022



6

intermediate and disease lining states are controlled by master regulators including 
Runx1, and Junb/d, Reland Nfkb the later known pro-inflammatory effectors
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DNA motif analyses to determine which TF might control the cell-type or disease-specific 
regulatory regions and associated genes 

DNA motif analyses to determine which TF might control the cell-type or disease-specific 
regulatory regions and associated genes 

Armaka et al, 2022



Hypothesis-driven basic researchto find out novel molecular mechanisms essential for healthy gene expression

WHY is it IMPORTANT:  The idea to alter activity of chromatin (e.ghistone deacetylase(HDAC) inhibitors) to control 
cancers in the clinic (eg, vorinostat) has resulted from prior clear understanding of their mode of action in 
transcriptional regulation

GENE CONTOL MECHANISM LAB AT IMBB
Established 2021

Directionsof research
HownRNAinteractionsinteractionsoccurandwhat link it to humandiseasessuchascanceror neurodegenration

i) Describehow nascentRNAinfluencegenetranscriptionregulationandgenomicDNAsequencesintegrity

ii) Characteriserole of nascentRNAin histoneH2Bubiquitination(H2Bub) / turn-overratesduringtranscription

We apply both molecular and computational/mathematical biology methods to integrate data from multi-omics
approaches to interrogate protein-DNA-RNA interactions and learn from data (ML) to model/predict molecular
mechanisms(e.g. ChIP-seq, RIP-seq, HiChIP), RNAexpressionlevels and patterns (mature/nascentRNA-seq, FISH), or
chromatin accessibility(ATAC-seq) and modification/conformationstatus (ChIP-seq, HiC, GRID-seq, Machine learning,
Simulation)

CURRENT/PREVIOUS LAB MEMBERS: Vaios Theodosiou (PhD student), Marianna Stagaki (MSc Bioinformatics, Thesis), Electra Tsaglioti (RA Bioinformatics), 
Chris Botos (BSc Students), Angeliki Loukopoulou (Msc rotator)),  Kostis Kydonakis and Myrto Mittleton (MSc MBB, Thesis), Nikos Vouzounerakis, Stergios 
Manakas, Johnny Petrossian, Electra Kontonikou, 



TIMELY REGULATED



Pipeline to find enhancer-gene links 

Find differentially 
expressed genes

Find differentially 
accessible regulatory 

regions

Find Enhancer-Gene links

Correlation analysis

ChIP/ATACseq RNAseq

Technique overview

Pre-processing: QC + Trim

Alignment

Read quantification 

Differential Expression Analysis

Technique overview

Pre-processing: QC + Trim

Alignment

Read quantification Differential Expression Analysis

Peak calling 

Read quantification 

From peaks to genes

M Mitleton



Marianna Stagaki (Collaboration with Talianidis lab)

PROJECTS: INTEGRATION OF RNA-seq and ATAC-seq (BULK or sc) data to discover novel GENE REGULATORY NETWORKS

sc-omics (R, Python):
TF motifs accessibility and RNA expression changes in WT vs KO mice

Myrto Mittleton and Johnny Petrosian

26

ATAC identifies enhancer regions that can be linked to a given gene expression (Peak-to-gene correlation)

Enhancer RNAs predict enhancerïgene regulatory links 

and are critical for enhancer function
Carullo, 2020, NAR

multiomics (R, Python): determine genes regulatory regions



H2Bub and nascent RNA interplay
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H2Bub and transcription elongation



H2Bub Distribution showing interesting topological specificitiy: mechanism of writing/erasing?
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+Ub- Ub
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Figure 1: Projected interplay between nRNA and RNF20/40 for H2Bub spatio-temporal patterning. a- Representation of the structure of
nascent (nRNAs) within TADsand how they could create gene centered Transcriptionnal loops (TLs) and impact underlying chromatin (modified
from Leidescher et al, 2022 and Kishi et al, 2018). e- Proposed model of the interaction of nRNA with E3 Ubiquitin ligase RNF20/40 to regulate

H2Bub levels in chromatin. Deposition of H2Bub occurs on the nucleosome ahead of transcribing Pol2 and ub is removed in its wake. Pol2
elongation rate isdetermined by H2Bub residence time (Fanourgakiset al., in revision)

First intron-exon junction

Lavigne unpublished and Fanourgakis et al, 2022



nuclear RNA depletion using RNaseA disrupts nuclear 
ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ŎŀǳǎŜǎ ǊŀǇƛŘ άŎƻƭƭŀǇǎŜέ ƻŦ ŎƘǊƻƳŀǘƛƴ ƛƴǘƻ 
compact regions

Skalska, NRMCB, 2017

2021

Nascent RNA is an integrative component of chromatin

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/ribonuclease


Nascent RNA is modified co-transcriptionaly
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Emerging intriguing role of nuclear RNAs (including nascent pre-mRNAs) 
in shaping large-scale chromatin structure and regulating genome function 

BONUS HIT: RNF20/40 Reanalysis of Skalska et al., 2021



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

Analysis of LRS nRNA-seq

Objective: Determine co-transcriptional features distance RNAPII from Splice site
and check differential splicing patterns and impact on h2bub/RNF20 levels

H2Bub

Exon start



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

CRISPR-dCas9 to pull-down target loci before or after splicing sites:
Ą analyze pulled-down vs input RNA and protein levels of H2Bub 

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

dCas9+gRNA



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

ü Suicide enzyme (Single action)
ü Irreversible covalent binding
ü SNAP-tagged dCas9 
ü Elution by Proteinase KCRISPR/Cas9 mediated genome engineering in Drosophila 10.1016/j.ymeth.2014.02.019



CRISPR PULL DOWN
Viewpoint 2Viewpoint 1

Primer pair 1 Primer pair 2

PP1 site 
spliced out

PP2 site 
not produced 

yet
PP1 site

PP2 sitePP1 site

PP2 site

PP1 site

PP2 site

PP1 site

PP2 site

exon

exon

K. Kydonakis


