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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

Graf & Enver (2009) Nature 


Stadhouders, R., Vidal, E. et al. (2018) Nature Genetics



Reprogramming from B to PSC

Stadhouders, R., Vidal, E. et al. (2018) Nature Genetics

Bα

18h

PSC

C/EBPα

D2 D4 D6 D8B cell

OSKM

GFP

OSKM

rtTARosa26

TetO

Oct4 +β-est. +Doxy.

ex
pr

es
sio

n 
(lo

g2
)

somatic

D2 D4 D6 D8 PSCBαB D2 D4 D6 D8 PSCBαB

Oct4

Nanog

Sox2

0

4

8

0

4

8
Ebf1

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

D2 D4 D6 D8 PSCBαB

ex
pr

es
sio

n 
(P

SC
=1

)

Oct4 Nanog Sox2 B                             iPS

G
en

e 
ex

pr
es

sio
n 

(lo
g2

)



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



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

Distance to regulatory elements

ATAC-Seq
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SOX2 locus structural changes from B to PSC

Chromatin Activity

B Ba D2 D4 D6 D8 PSC
A 9 6 7 13 13 22 48
AP 4 1 4 4 4 13 23

APD 3 1 1 1 4 10 15

B Bα D2 D4 D6 D8 ES

Cell stage
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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



Structural changes from B to PSC

Other 21 loci

Bα PSCD2B cell D4 D6 D8 Bα PSCD2B cell D4 D6 D8
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Dynamics of gene activation

Trends in 21 loci
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