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Genomics Facility

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

i) bringing expertise to facility’s personnel to use new 10 X Genomics platform (purchased by 

Chamilos/Talianidis)

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

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

 Leverage for recruiting one newly trained scientist.

Current HIBU (since 2021)
(Horizontal BioInformatics Unit) 

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-seq…)
WITH NO CHARGE of technician cost or overheads

Illumina NextSeq 500 + 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-
seq and scATAC-seq cluster identities 

sc
AT

A
C

-s
e

q

scRNA-seq

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

• S2b give rise to the emerging S2d, S4b and S4a 
SF states in disease

• 107 core genes control the transition to 
pathological states
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scVelo

Armaka et al, 2022
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intermediate and disease lining states are controlled by master regulators including 
Runx1, and Junb/d, Rel and 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 research to find out novel molecular mechanisms essential for healthy gene expression

WHY is it IMPORTANT:  The idea to alter activity of chromatin (e.g histone 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

Directions of research
How nRNA interactions interactions occur and what link it to human diseases such as cancer or neurodegenration

i) Describe how nascent RNA influence gene transcription regulation and genomic DNA sequences integrity

ii) Characterise role of nascent RNA in histone H2B ubiquitination (H2Bub) / turn-over rates during transcription

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), RNA expression levels and patterns (mature/nascent RNA-seq, FISH), or
chromatin accessibility (ATAC-seq) and modification/conformation status (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 enhancer–gene 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?

a

: nRNA

TLs

+Ub- Ub

nRNA

b
?

?

: nucleosome

Figure 1: Projected interplay between nRNA and RNF20/40 for H2Bub spatio-temporal patterning. a- Representation of the structure of
nascent (nRNAs) within TADs and 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 is determined by H2Bub residence time (Fanourgakis et al., in revision)

First intron-exon junction

Lavigne unpublished and Fanourgakis et al, 2022



nuclear RNA depletion using RNase A disrupts nuclear 
morphology and causes rapid “collapse” of chromatin into 
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:
 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

 Suicide enzyme (Single action)
 Irreversible covalent binding
 SNAP-tagged dCas9 
 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



Establish patterns of RNF20/40 on chromatin

V. Theodosiou

anti-RNF20
+

antiRNF40

Map RNF20/40 vs H2Bub in genome or or nRNA

H2Bub

RNF20/40



Objective : TWO birds with one stone!!!
Produce inducible degradation of RNF20/40 HA tagged proteins for efficient ChIP/RIP-seq and functional studies



5’ ACCGG-TGTCAACCGATACTGGAGTC        3’           
3’       C-ACAGTTGGCTATGACCTCAG-CAAA  5’      

5’ ACCGG-TCGGTTGACAATCAATAGTG       3’           
3’       C-AGCCAACTGTTAGTTATCAC-CAAA  5’      

Puro

BbsI BsaI

gRNAs  directed to RNF20/40

DSB repair by NHEJ disrupts RNF20 frame --> KO

a b

POI CDS

+

Accute degradation by dTAG KI

Design left and right homology arms 
(LHA and RHA) for homology
directed repair (HDR)

or

dTAG V -1
/VHL-E3

Figure 4: Strategies to generate modified cell lines. a- KO by CRISPR-Cas9(D10A) and b- acute depletion of POI by dTAG KI. POI: Protein of 
Interest, DSB: Double Strand Break.

Study RNF20/40 loss-of-functions in cancer cell lines

Objective: generate and analyse RNA-seq, ChIP-seq, GRID-seq, Promoter-HiC and ATAC-seq in the dTAG cell lines

(Vaios Theodosiou et al)



dTAG very efficient to study chromatin processes

approach used to rapidly deplete SET1A 



Objective: Understanding how nascent RNA participates in global genome/chromosome conformation dynamics
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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 TADs and 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 is determined by H2Bub residence time (Fanourgakis et al., in revision)

Modified from Leidedscher, NCB, 2022

Objective: study nascent RNA shape/interactions and determine effect of splicing on nascent RNA volumes

Study RNA-DNA 3D contacts
 Infos on RNPs structure at given genomic loci

 nRNA role in chromatin contacts
 Perturbations in stress cancer???



Role of nascent RNA in stabilizing chromatin loops and transcriptional hubs?

We USE IT FOR: Study RNA-DNA 3d contacts
 Infos on RNA structure at given genomic loci

--> nRNA role in chromatin contacts

GRID-seq (NB, 2017)

analsyse GRID-seq data to understand nRNA interactome

(Kostis Kydonakis et al.)

RNA

DNA

GRID

Check the DNA vs RNA around intron-exon juntion



Objective :
Understanding transcription regulatory networks by Machine learning mathematical modeling and simulation



Simulating in-silico regulatory steps of transcription initiation, 
pausing, elongation, termination

PPP=
Promoter-
Proximal 
Pausing 

Signal-
dependent 

transition into 
elongation

Initiatio
n

Elongatio
n

PIC

Hypo
RNAPII

C-Terminal 
Domain 

(CTD)
status

ser5P ser2P

TSS PPPSvejstrup lab



Mathematical modeling:
identify the principles of how the different parameters of the distinct steps of the transcription process can predict the 
occurrence of the others and determine actionable targets for cancer therapy

Collaboration with Talianidis lab (IMBB)

ML to infer mechanisms of regulation
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Fortelny et al, GB, 2020



M. Stagaki

Preparing annotation of gene structures for Simulator

AIM: to be able select genes to analyse based on:

gene legth
intron length

Differential expression patterns,
Alternative splicing patterns

Virtual Genome

Python script to filter genes based on features 



PROJECT: Design Simulators (Python, C) of TRANSCRIPTION /CO-SPLICING PROCESSES 

Simulation of:
RNAPII dynamics
co-transcriptional processes
nascent RNA volume change at intron-exon-junctions 

Nascent RNA role in transcription regulation and chromatin conformation

32Collaboration with Dr Katsaounis (applied mathematics)

C. Botos, C. Zadmirah  and M. Stagaki
Virtual Genome: genes with 1st intron > 10kb
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RT primer for cDNA generation

For transposed DNA attachment

Nuclei/cell isolation 

Permeabilization

NGS

Integrative single-cell (sc) analysis of chromatin and transcriptome dynamics to investigate 
gene regulatory bases of Disease

Gene regulatory networks
 TF regulons

scATAC

DNA Motif accessibility

scRNA

Differentiation 
trajectories

Cell clustering

Health v disease

Open-chromatin/ 
gene link

Integration

scRNA - scATAC

correlation
TF expression 

vs 
accessibility scores

Marker peaks

10x sc multiome ATAC+ GEX workflow 

L t

34Methodolgy applied in i) Armaka et al, 2022, ii) Peraki and Botskaris, ms in preparation  (in collaboration with Talianidis lab)

PIP-seq (Fluent Biosciences with ENZYQUEST)



Objective 3: Investigating the MOLecular SPEcificity of chromatin CONDensates
MOLSPECOND (FORTH Synergy grant)



Fig. 3 | RNAPII depletion selectively affects 
enhancer–promoter and enhancer–enhancer loops.

Could Pol II and active transcriptional processes be key drivers mediating finescale functional chromatin structures?

Skalska, NRMCB, 2017

Hsieh, Mol Cell, 2020



Inducible RNF20 depletion via the dTAG
system

Cresser-Brown et al. 2021



In vitro transcription of single-guide RNAs for 
CRISPR/Cas9 mediated knock-in of the dTAG cassette

In vitro

V. Theodosiou and N. Vouzounerakis



In vitro transcription of single-guide RNAs for 
CRISPR/Cas9 mediated knock-in of the dTAG cassette

V. Theodosiou and N. Vouzounerakis



In vivo

+ Plasmid for Homologous 
Recombination

Created with Biorender

V. Theodosiou and N. Vouzounerakis



Gibson Assembly

Single tube reaction:
5’ exonuclease
DNA polymerase
DNA ligase

Adapted from NEB





Key Steps in RNAPII Transcription Cycle for modulating gene expression: CTD code

PPP=
Promoter-Proximal 

Pausing 
Signal-dependent 

transition into elongation

Initiation ElongationPIC

Hypo
RNAPII

C-Terminal Domain 
(CTD)
status

ser5P ser2P

TSS PPP





EXTEND analysis TO ALL TRANSCRIBED UNITS regardless of transcription level and transcript stability
CAGE-seq data from dermal fibroblast pinpoint accurately to TSS of genes, antisense RNAs (PROMPTs) and 
eRNAs
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UV decreases pre-initiating pol II dwell time at ALL active TSSs
BUT continuous initiation of Pol 2 maintains high levels of start RNAs
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Fast transition into elongation 
and NOT inhibition of initiation

Liakos et al., 2020



2 hours

10 mins in High Salt (~500mM NaCl)

Pretreatment + Recovery in Trp

3’ 6’Wash

15 mins

NO UV/+UV

Liakos et al., in revision
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TC-NER	

MAX 0 

Reads density Gene 

PROMPT 
eRNA 

interCAGE distance 

RNAPII

5’

5’3’

Excised DNA

5’

nRNA

Non-coding / Template strand

Coding / Non-template strand

CPD

TC-NER detected at ALL active genes, PROMPTS and enhancers

Liakos et al., 2020



Environmental and endogenous genotoxic stress

Uncontrolled
Proliferation

NER 
Functional

Cancer

Tissue
homeostasis

A Adult stem cell

Differential

Progenitor Cell

Adult stem cell

Differential

Progenitor Cell
Cancer

stem cell

Cell Cycling

Accumulated
Mutation

Cancer
Stem Cell

quiescence

Impaired
NER

Degeneration

Adult stem cell

Apoptosis
Telomere erosion

Senescence

Ageing

Transcription-replication problems
“one-hit“ cell death

Stem Cell
Exhaustion

Differentiated Cell

Suicide

B C

Consequences of impaired/overwhelmed NER on balance between Cancer and programmed cell death
depend on endogenous and exogenous parameters

Liakos et al., 2017



C > T

Reference Genome

Cancer Genome

C:G

T:A

G:C

A:T

Mutation name

(substitution)

Gene orientation +     - +       -

Mutation strand
NTS    TS TS    NTS

Select from annotated 

substitutions

on Watson strand: 

G > T

C:G

A:T

G:C

T:A

- +

NTS   TS TS    NTS

- +

G > T on – genes

C > A on + genes

MelanomaMaximum frequency in Lung Adenocarcinoma

T(C)C > T(T)CTrinucleotide context T(G)G > T(T)G

C > T on – genes

G > A on + genes

TS=Template

NTS=Non-template

TS

NT

S

G > T on + genes

C > A on - genes

C > T on + genes

G > A on - genes

Make BED files for each group (x4) 

In each cancer type (x2) : 8 groups

Map on annotated genes

ranked by

expression levels 

nRNA expression levels

from healthy cells (GEO)

Curating Alexandrov et al. data for NER-specific substitutions
Filter C>T and G>T mutations on the TS and on the NTS

Pipeline construction process 



Conclusions
Widespread RNAPII de novo wave escape and continuous initiation
promotes efficient genome surveillance and minimizes mutation rate uniformly in ALL transcribed regions

‘SAFE’ MODE’ + STRESSSTEADY-STATE
FAST/EFFICIENT 

LESION EXCISION
UNIFORM RNAPII
WAVE SCANNING

DIFFERENTIAL 
TRANSCRIPTION ACTIVITY

RNAPII
STATUS

Pre-initiating

Promoter-proximal 
paused (PPP)

Elongating

DNA adduct

Gene

NO

M
U
TA

T
IO

N
 

TSS TTS

TSS
TES

Transcription: 
Strart Site
Termination Site Facilitating 

Repair

NER

N
E
R

NER-failure à  mutation

OUTCOME 

Hi

Med

Lo

Lavigne et al., 2017 and Liakos et al., 2020



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3849550/


