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Today’s	menu	

•  General	introducCon	on	chromaCn/chromosome	

	
	
•  How	chromosomes	are	spaCally	organized?	

•  How	3D	organizaCon	impact	genome	funcCons?	

•  How	chromosome	and	factors	efficiently	move?	

	



DNA	&	genes	&	chromosomes		

Watson	&	Crick,	1953	

1	genome	=	many	ways	of	transla;ng	it	

•  Where	does	species	complexity	arise	from?	

Ø  Complexity	of	gene	expression	paUerns,	
Ø  	Complexity	of	regulatory	mechanisms.	



Beyond	the	central	dogma:		
mul;plicity	of	regulatory	mechanisms	

A	cell	as	a	interacCon	network	
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Beyond	the	central	dogma:		
mul;plicity	of	regulatory	mechanisms	

A	cell	as	a	interacCon	network	

Role	of	3D	organiza/on	of	chromosomes?	
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•  How	3D	organizaCon	impact	genome	funcCons?	

•  How	chromosome	and	factors	efficiently	move?	
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Basics	on	chroma;n/chromosome:	a	hierarchical	folding	
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Electron	microscopy	of	a	nucleus	

heterochromaCn:	
inacCve	genes	

euchromaCn:	
acCve	genes	
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Basics	on	chroma;n/chromosome:	a	hierarchical	folding	

Hi-C	map	of	drosophila	
from	Sexton	et	al,	2012	

TAD=topologically-
associated	domain	

3D	interacCon	compartments:	TADs	

A	conserved	feature:	nuclear	organiza;on	is	not	random	
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Func/onal	role	of	3D	organiza/on	?	

Coupling	between	1D	and	3D	

1D	=	genome	&	gene	acCvity	 3D	=	chromosome	organizaCon	

•  How	1D	control	the	3D	?	
	
•  How	the	3D	parCcipates	to	1D	regulaCon	



Coupling	between	1D	and	3D	

1D	=	genome	&	gene	acCvity	 3D	=	chromosome	organizaCon	

•  How	1D	control	the	3D	?	
	
•  How	the	3D	parCcipates	to	1D	regulaCon	

Three	main	independent	mechanisms	driving	
chromosome	folding	

1)	Intrinsic	physics	of	long	polymers	
	
	
	
	
2)	Gene-acCvity-dependent	phase-separaCon	
	
	
	
	
3)	Local	domains	formaCon	by	loop	extrusion	



Three	main	independent	mechanisms	driving	
chromosome	folding	

1)	Intrinsic	physics	of	confined	–	unknoUed-	long	polymers	

Rosa	&	Everaers,	PLoS	CB	2008	

Three	main	independent	mechanisms	driving	
chromosome	folding	

2)	Gene-acCvity-dependent	phase-separaCon	
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Jost	et	al,	NAR	2014	
Ghosh	&	Jost,	2017	



Three	main	independent	mechanisms	driving	
chromosome	folding	

3)	Local	domains	formaCon	by	loop	extrusion	

loop extrusion factor
oriented boundary site

TAD 2TAD 1

(i)

(ii)

(iii)

(iv)

Rao	et	al	,	Cell	2014	

Jost	et	al,	COCB,	2017	
Fudenberg	et	al,	Cell	Report,	2016	

Coupling	between	1D	and	3D	

1D	=	genome	&	gene	acCvity	 3D	=	chromosome	organizaCon	

•  How	1D	control	the	3D	?	
	
•  How	the	3D	par/cipates	to	1D	regula/on	



Func;onal	role	of	3D	organiza;on	

1)	Control	promoter-enhancer	interacCons	
	
	
	
2)	Efficient	co-regulaCon	
	
	
	
	
3)	Facilitate	the	maintenance	of	acCve/inacCve	states	
	

Func;onal	role	of	3D	organiza;on	

1)  Control	promoter-enhancer	interacCons	

+	onset	of	cancer	
Hnisz	et	al	,	Science	2016	

Lupianez	et	al,	Cell	2015	



Func;onal	role	of	3D	organiza;on	
	
2)	&	3)	Efficient	co-regulaCon	and	maintenance	of	gene	acCvity:		
Sharing	resources:	efficiency,	robustness,	stability	

No	knots	:	easy	access	or	colocalizaCon	

One	gene	

promoter	

TranscripCon	factor	
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Chromosome	organiza;on	is	dynamical	and	stochas;c	

Random	(Brownian)	moCon	
	
Subdiffusive	movement,	but	no	knots	«	accelerate	»	dynamics	

How	to	move	in	a	crowded,	confined	environment	for	a	polymer?	

R(t)	~	t1/4	 ~1	micron	in	10	hours	

Chromosome	organiza;on	is	dynamical	and	stochas;c	
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Target	finding:	1D/3D	travelling	problem	

How	to	find	a	target	in	a	crowded,	confined	environment	for	a	TF	?	

Specific	binding	

Non-specific	binding:	1D	diffusion	

3D	diffusion	
Facilitated	diffusion:	T1D=T3D	

Leonid	Mirny’s	work	

Facilitated	diffusion:	T1D=T3D	

Target	finding:	1D/3D	travelling	problem	
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