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Caenorhabdi+s	elegans	 Homo	sapiens	

Organism	type:	Nematode	
Genome:	100,300,000	bp	(100	Mb)	
No.	of	genes:	~19000	

Organism	type:	Mammal	
Genome:	3,289,000,000	bp	(3.3	Gb)	
No.	of	genes:	~20000	



one	gene	=	one	protein	

GENE:	the	basic	physical	unit	of	heredity;	a	linear	
sequence	of	nucleoJdes	along	a	segment	of	DNA	
that	provides	the	coded	instrucJons	for	synthesis	of	
RNA,	which,	when	translated	into	protein,	leads	to	
the	expression	of	hereditary	character.		

h\p://www.dicJonary.com	
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spa5al	genome	organiza5on	

Rajarajan	et	al.	2016	

post-transla5onal	modifica5on	

Dejanovic	et	al.	2017	

post-transcrip5onal	regula5on	

Irmia	and	Blencowe	2012;	Licatalosi	and	Darnell	2010	

phenotypic		
diversity	





Splice	landscape	of	neurexin	Nrxn1α		

Treutlein	et	al.	2014	



post-transcripJonal		
regulaJon	

alternaJve	transcripJon	

alternaJve	splicing	

alternaJve	polyadenylaJon	 RNA	ediJng	
(e.g.	adenosine	to	inosine)	

post-transcripJonal	modificaJon		
(e.g.	pseudouridylaJon)	

maturaJon,	transport,	stability	and		
translaJon	of	coding	and	non-coding	RNAs	

Licatalosi	and	Darnell	2010	



Transcript	abundance	of	RNA	binding	proteins	

Gestberger	et	al.	2014	



Ascano	et	al.	2012	

RNA	binding	proteins	and	their	RNA	binding	domains	

-	 the	 human	 genome	 encodes	 at	 least	 600	 RNA	
binding	 proteins	 based	 on	 the	 presence	 of	 known	
RNA-binding	domains		
	
-	there	are	about	75	annotated	RNA	binding	domains	
and	 those	 that	 have	 been	molecularly	 characterized	
mostly	bind	short	4–6	nt	segments	in	a	sequence	and/
or	structural	specific	manner	



[Konieczny	et	al.	2014	(based	on	Teplova	and	Patel	2008)]	

MBNL	proteins	bind	to	YGCY	moJfs	through	CCCH	domains	



RNA	binding	proteins	in	health	and	disease	

Modic	et	al.	2013	
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Murigneux	et	al.	2013	

(1–5%	crosslinking	efficiency)	

High	throughput	sequencing	(HITS-CLIP)	



Sugimoto	et	al.	2012	

Individual	nucleoJde	resoluJon	CLIP	(iCLIP)	



Koenig	et	al.	2012	

PhotoacJvatable	ribonucleoside-enhanced	CLIP	(PAR-CLIP)		
UV	>	310	nm	-	natural	
nucleoJdes	no	longer	
crosslink	



Primers	carrying	indexes	allow	for	library	pooling	





Haque	and	Hogg	2016	

Zarnegar	et	al.	2016	



Metzker	2010	





Koenig	et	al.	2012	

Crosslink	induced	mutaJon	sites	(CIMS)	



Modic	et	al.	2013	



Sznajder	et	al.	2016;	MBNL	Interactome	Browser	(MIB.amu.edu.pl)	

MBNL	Interactome	Browser	



Murigneux	et	al.	2013	

BioinformaJc	pipeline	for	CLIP-seq	data	analysis	



Bonni	et	al.	2017	
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Castello	et	al.	2012	

Interactome	capture	 Number	of	proteins	of	the	mRNA	
interactome	listed	in	the	OMIM	database	



 Mapping the Human miRNA Interactome by CLASH Reveals Frequent Noncanonical Binding 

null, Volume 153, Issue 3, 2013, 654–665 

http://dx.doi.org/10.1016/j.cell.2013.03.043 

Helwak and Tollervey 2014 

Helwak et al. 2013 

A experimental approach identifies in vivo targets for miRNAs 
 

miRNAs show frequent noncanonical targeting of mRNAs 
 

Nonseed interactions are common and functional 
 

miRNA base pairing shows distinct patterns and overrepresented motifs 
 



Sugimoto et al. 2017 

RNA	hybrid	and	individual-nucleoJde	
resoluJon	ultraviolet	crosslinking	and	
immunoprecipitaJon	(hiCLIP)	
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ParaneoplasJc	opsoclonus-myoclonus-ataxia	(POMA)	

autoimmune	disorder	characterized	by	involuntary,	irregular,	repeJJve,	rapid	conjugated	eye	movements	
that	occur	 in	all	direcJons	and	brief	mulJfocal	myoclonic	muscle	jerks	usually	accompanied	by	cerebellar	
dysfuncJon	with	dysarthria	and	ataxia	
	
rare	syndrome	that	arise	as	a	result	of	an	an5-tumor/an5-neuronal	 immune	response	 in	the	senng	of	a	
tumor	expressing	proteins		
	
associated	with	a	variety	of	tumors	but	most	ooen	with	small	cell	 lung	cancer	and	breast	cancer,	while	in	
children	OMA	is	usually	associated	with	neuroblastoma		
	
high-Jter	 autoan5bodies	 in	 blood	 and/or	 cerebrospinal	 fluid	 (CSF)	 that	 recognize	 two	 closely	 related	
neuronal	RNA-binding	proteins	designated	Nova-1	and	Nova-2		
	

Van Diest et al. 2008 



NOVA	CLIP-seq	

Ule et al. 2003 

Darnell 2010 



CLIP-seq	genome-wide	map	of	Nova–RNA	binding	sites	

Licatalosi et al. 2008 



Licatalosi et al. 2008 

Nova–RNA	interacJon	maps	associated	with	Nova-dependent	splicing	regulaJon	



Nova	CLIP	tags	cluster	near	polyadenylaJon	sites	

Licatalosi et al. 2008 



Myotonic	dystrophy	

Autosomal	dominant	disease	
	
DM1	-	Expansion	of	CTG	triplets	in	3’UTR	of	DMPK		(chrom.	19)		
DM2	-	Expansion	of	CCTG	repeats	in	intron	1	of	ZNF9		(chrom.	3)	
	
Occurrence	1	per	6-10,000	people	

Yum	et	al.	2017	



DM1	–	Myotonic	Dystrophy	type	1	

Normal	gene				...	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	…	
	
	
Mutated	gene		…	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	

	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	
	 	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	CTG	…	

	
	



SequestraJon	of	MBNL	splicing	regulator	in	DM	



MBNL1	binds	preferenJally	UGCU	rich	moJfs	

Wang	et	al.	2012	



MBNL1	associates	with	high	frequency	with	3’UTRs	

Wang	et	al.	2012	



A	Model	for	Nuclear	and	Cytoplasmic	FuncJons	of	Mbnl	

Wang	et	al.	2012	



Sznajder	et	al.	2016;	MBNL	Interactome	Browser	(MIB.amu.edu.pl)	

MBNL	Interactome	Browser	



AutoregulaJon	of	MBNL1	funcJon	by	exon	1	exclusion	from	MBNL1	transcript	

Konieczny	et	al.	2016	

Konieczny	et	al.	submi\ed	



Fragile	X	syndrome	(FXS)	



Darnell	and	Richter	2012		Darnell	et	al.	2011		
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Huelga	et	al.	2012		



Regulatory	networks	–	splicing	regulators	in	synapJc	funcJon	

Vuong	et	al.	2016	



Vuong	et	al.	2016	

Regulatory	networks	-	splicing	regulators	in	corJcal	development	and	funcJon		



DNA	

RNA	

protein	

Cross-talk	between	factors	acJng	at	mulJple	layers	of	gene	regulaJon	

Calarco	et	al.	2011		



Thank	you	!		


