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iPS cells

C/EBPa

Transcription factors dictate cell fate 
Graf & Enver (2009) Nature

Transcription factors (TFs) determine cell identity through gene regulation 
Normal ‘forward’ differentiation 

Cell fates can be converted by enforced TF expression  
Transdifferentiation or reprogramming



Interplay: topology, gene expression & chromatin 
Stadhouders, R., Vidal, E. et al. (2018) Nature Genetics



Reprogramming from B to PSC 
Stadhouders, R., Vidal, E. et al. (2018) Nature Genetics
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Hi-C maps of reprogramming from B to PSC 
The SOX2 locus

Bα PSCD2B cell D4 D6 D8
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Hi-C maps of reprogramming from B to PSC 
The SOX2 locus

How does these structural rearrangements interplay with the 
transcription activity? 

What are the main drivers of structural transitions? 

Bα PSCD2B cell D4 D6 D8



TADbit modeling of SOX2 from B cells Hi-C

Optimal IMP parameters 
lowfreq=0 , upfreq=1 , maxdist=200nm, dcutoff=125nm, particle size=50nm (5kb)

SOX2
SE



Models of reprogramming from B to PSC 
The SOX2 locus

Bα PSCD2B cell D4 D6 D8
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Chain-connectivity interaction
Bending

Lennard-Jones  Potential

TADdyn. Dynamics of chromatin

Missatge	dels	de	la	casa	de	com	artibar-hi	desde	l'aeroport.	
Good	morning	Montse,	
thank	you	for	the	address;	
for	arriving	at	our	house	(all	in	all	about	one	hour):	
on	foot	(400m)	to	the	train	station	in	front	of	the	airport		
(here	can	you	buy	in	the	underground	the	tickets	for	the	train;	you	will	find	a	ticket	
machine	-	the	cheapest	solution	is	to	buy	one	"4	Fahrten-Karte	ABC"	for	13,20	for	the	
four	adults	and	one	"4	Fahrten-Karte	ermäßigt	ABC"	for	9,60	for	the	four	children;	
attention:	these	8	tickets	you	have	to	stamp	in	the	little	machines	before	you	are	
taking	the	train):	
S45,	direction	"Südkreuz",	you	have	to	go	out	at	Südkreuz	(11	stops)	
and	take	here	the	bus	in	front	of	the	station:	
M46,	direction	"Zoologischer	Garten",	you	have	to	go	out	at	Barbarossa	Straße	(7	
stops).	
You	have	to	make	120m	on	foot	in	direction	where	the	bus	runs(you	will	across	the	
Barbarossa	Straße);	here	you	will	find	at	the	right	side	our	house	"Martin-Luther-
Str.45".	
Zurbuch/Taccini	on	the	first	floor.	
Let	me	know	if	you	need	further	informations.	
See	you	soon	
Oliver	
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TADdyn: from time-series Hi-C maps to dynamic restraints 
The SOX2 locus

Bα PSCD2B cell D4 D6 D8



Bα PSCD2B cell D4 D6 D8

Harmonic HarmonicLowerBound

TADdyn: from time-series Hi-C maps to dynamic restraints 
The SOX2 locus



Bα PSCD2B cell D4 D6 D8

Harmonic HarmonicLowerBound

Transition Stable Vanishing Raising
B -> B𝛼 18,612 6,984 7,290
B𝛼 -> D2 18,512 7,390 6,687
D2 -> D4 18,369 6,830 6,893
D4 -> D6 18,971 6,291 7,289
D6 -> D8 20,167 6,093 6,250
D8 -> ES 20,679 5,738 6,173

TADdyn: from time-series Hi-C maps to dynamic restraints 
The SOX2 locus



SOX2 locus structural changes from B to PSC 
Contacts

SOX2
SE



SOX2 locus structural changes from B to PSC 
Contacts

SOX2
SE
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SOX2 locus structural changes from B to PSC 
TAD borders

CTCF
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SOX2 locus structural changes from B to PSC 
Distance to regulatory elements

ATAC-Seq
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SOX2 locus dynamics changes from B to PSC 
SOX2 displacement



SOX2 locus dynamics changes from B to PSC 
SOX2 displacement



SOX2 locus dynamics changes from B to PSC 
SOX2 displacement

FIGURE 1 Real-time visualization of a single Cyclin D1 gene locus in human cells. (a) Schematic representation of a stably inserted construct (ANCH3-
CCND1-MS2) comprising the Cyclin D1 (CCND1) gene under its endogenous promoter, adjacent to a unique ANCH3 sequence, 24 ! MS2 repeats within
the 30UTR, and a hygromycin selection gene (HYG). The construct is flanked by FRT sites for integration into MCF-7 FRT cells. Transient transfection with
OR3 and MCP-tagged fluorescent proteins results in their accumulation at the ANCH3 and MS2 sequences (after estradiol (E2) stimulation), respectively
(raw 3D images in Movie S1). (b) Fluorescent spots are easily detectable in transfected cells. A representative cell with an OR3-EGFP spot is shown. Region
imaged during fluorescence recovery after photobleaching (FRAP) is indicated in orange. At time t ¼ 0 s, a circular region enclosing the ANCHOR spot
was bleached and fluorescence recovery of the spot was followed over time. Relative fluorescence intensity (RFI) was calculated as described in the Materials
and Methods and Fig. S1 (right panel; solid line: mean, shadowed region: lower and upper quartile; n ¼ 44 cells, four experiments with n R 6 cells per
experiment). Data were fitted to a single exponential. The 95% confidence interval is indicated in brackets. Scale bars, 2 mm. (c) Representative images
of transiently transfected ANCH3-CCND1-MS2 cells expressing OR3-Santaka and MCP-EGFP (raw images in Movies S1 and S2). CCND1 DNA (red
spot) colocalizes with transcribed mRNA (green spot) as MCP-EGFP associates with MS2 stem loops 45 min after adding 100 nM estradiol (E2). The
same cell is shown before and after addition of E2. Scale bars, 5 and 2 mm (for cropped images). (d) Example of two-dimensional trajectories and area
explored over 50 s (250 ms acquisition, 200 steps) of the OR3-Santaka-labeled CCND1 locus recorded before (#E2) and after (þE2) transcription activation.
To see this figure in color, go online.

Real-Time Single Gene Tracking

Biophysical Journal 113, 1383–1394, October 3, 2017 1385

Two dimensional trajectories and area 
explored over 50s of the CCND1 
locus recored before -E2 and after +E2 
activation.  

Germier ,T., et al,  (2017) BIophys J.
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Transcription affects the 3D topology of 
the enhancer-promoted enhancing its  
temporal stability and is associated 
with further spatial compaction. 
  
Chen ,T., et al, (2018) Nat. Genetics
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ABSTRACT 16	
Enhancers are important regulatory elements that can control gene activity across vast genetic 17	
distances. However, the underlying nature of this regulation remains obscured because it has 18	
been difficult to observe in living cells. Here, we visualize the spatial organization and 19	
transcriptional output of the key pluripotency regulator Sox2 and its essential enhancer Sox2 20	
Control Region (SCR) in living embryonic stem cells (ESCs). We find that Sox2 and SCR show 21	
no evidence of enhanced spatial proximity and that spatial dynamics of this pair is limited over 22	
tens of minutes. Sox2 transcription occurs in short, intermittent bursts in ESCs and, intriguingly, 23	
we find this activity demonstrates no association with enhancer proximity, suggesting that direct 24	
enhancer-promoter contacts do not drive contemporaneous Sox2 transcription. Our study 25	
establishes a framework for interrogation of enhancer function in living cells and supports an 26	
unexpected mechanism for enhancer control of Sox2 expression that uncouples transcription 27	
from enhancer proximity. 28	
 29	
INTRODUCTION 30	
 Chromosomes are packaged and organized non-randomly within the mammalian 31	
nucleus. Emerging evidence suggests that 3D genome topology plays a fundamental role in 32	
genome control, including the regulation of gene expression programs (Bickmore, 2013; Krijger 33	
and de Laat, 2016; Schwarzer and Spitz, 2014). Within the nucleus, each chromosome 34	
occupies discrete chromosomal territories (Cremer et al., 2006). These territories are further 35	
structured into distinct compartments that separate active and repressive chromatin (Lieberman-36	
Aiden et al., 2009; Sexton et al., 2012). At finer scales, chromosomes are partitioned into 37	
largely-invariant, sub-megabase sized topologically-associated domains (TADs), which break up 38	
the linear genome into interactive neighborhoods (Dixon et al., 2012; Nora et al., 2012). 39	
Chromosomal contacts are disfavored across TAD boundaries. Thus, most cell-type specific 40	
contacts occur within TAD boundaries, and disruption of TAD architecture leads to dysregulation 41	
of gene expression (Dowen et al., 2014; Gröschel et al., 2014; Guo et al., 2015; Lupiáñez et al., 42	
2015; Narendra et al., 2015; Nora et al., 2017). 43	
 Within this 3D framework, gene expression programs are established by non-coding 44	
regulatory enhancer elements. First discovered within a metazoan genome over three decades 45	
ago (Banerji et al., 1983), it is now predicted that greater than 300,000 enhancers are encoded 46	
in the human genome (The ENCODE Project Consortium, 2012; Zhu et al., 2013). Enhancers 47	
demonstrate unique epigenetic markings, enriched for H3K4me1 and H3K27ac (Creyghton et 48	
al., 2010; Heintzman et al., 2007; Rada-Iglesias et al., 2010), and are highly accessible, as 49	
demonstrated by elevated DNase sensitivity and transposition susceptibility (Boyle et al., 2008; 50	
Buenrostro et al., 2013; Thurman et al., 2012). These features facilitate transcription factor 51	
occupancy, enrichment of co-activators such as p300 and Mediator, and transcription of non-52	
coding enhancer RNAs (eRNAs), all of which play important roles in modulation of target gene 53	
expression (Kim et al., 2015; Long et al., 2016). Importantly, enhancer activity is highly specific 54	
across cell types (Heintzman et al., 2009; The ENCODE Project Consortium, 2012; Zhu et al., 55	
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A “cage” model for transcriptional activation


