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Identify	causal	variants	and	estimate	their	
effects	on	splicing	in	a	Massively	Parallel	
Splicing	Assay
(MaPSy)
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Summary	of	mutation	types	in	Human	Gene	Mutation	Database
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One	in	three	mutations	predicted	to	have	some	effect	on	splicing



D'Souza,	I.	&	Schellenberg,	G.D.	J	Biol Chem 277,	26587-99	(2002)	
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SEQUENCE VARIANTS OFTEN ALTER SPLICING

scn2a



NONSENSE AND SPLICING MUTATIONS LIKELY
SHARE LOSS-OF-FUNCTION DISEASE MECHANISM

Soemedi, R. et al. Nat Genet 49, 848-855 (2017) 
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Disease Target gene Therapeutic Stage

Familial dysautonomia IKBKAP SM Patients

Fanconi anemia FANCC U1 snRNA Patient cells

Ataxia telangiectasia ATM ASO Patient cells

Hutchinson-Gilford progeria LMNA ASO Mouse model

Methylmalonic aciduria MUT ASO Patient cells

Neurofibromatosis NF1 ASO Patient cells

Niemann-Pick type C NPC1 ASO Patient cells

Alzheimer’s disease/FTDP-17 MAPT ASO, SM Cell lines

Spinal muscular atrophy SMN2 ASO,SM Clinical trials

Atherosclerosis (FHBL) APOB ASO Cell lines

Immune-response CD40 ASO Cell lines

Influenza virus TMPRSS2 ASO Cell lines

Havens, M.A., Duelli, D.M. & Hastings, M.L. Wiley Interdiscip Rev RNA 4, 247-66 (2013) 

SM, small molecule; ASO, antisense oligonucleotide.

SPLICING THERAPIES UNDER DEVELOPMENT



Computational	Prediction	of	Splicing	Mutation

Functional	Assay	(splicing	assay)	to	screen	SNV	

Which	Variants	Disrupt	Splicing?
No	pathogenic	variant	detected	-What	next?



CLARITY Challenge Winner

Cygan et	al	2017	Bioinformatics
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MaPSy:	A	novel	technology	to	find	splicing	
mutants

Dr.	Rachel	Soemedi Kamil Cygan



Soemedi, R. et al. Nat Genet 49, 848-855 (2017) 

Massively Parallel Splicing Assay (MaPSy)
for Exonic Splicing Mutations (ESM) detection

CHALLENGE

significant	at	5%	FDR	;	1.5	fold
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Soemedi, R. et al. Nat Genet 49, 848-855 (2017) 

Massively Parallel Splicing Assay (MaPSy)
for Exonic Splicing Mutations (ESM) detection
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10%	of	coding	mutations	disrupt	splicing	in	vivo	AND	in	vitro

significant	at	5%	FDR	;	1.5	fold



Mutation	re-occur	in	small	clusters	that	appear	to	define	ESEs

significant	at	5%	FDR	;	1.5	fold

Red	=	loss	of	splicing
Blue		=	gain	of	splicing

xxx



Dataset	of	5K	mutations	was	used	to	train	a	classifier	and	identify	features

• most	predictive	features	are	features	of	the	EXON	not	the	mutation
• some	features	describe	the	strength	of	the	splicing	substrate
• some	features	measure	the	likelihood	of	disease	

X
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Splicing mutations are not distributed uniformly 
across diseases
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In vitro splicing assay as a platform for drug discovery 

significant	at	5%	FDR	;	1.5	fold



Isolation of spliceosomal intermediates of ESV

Soemedi, R. et al. Nat Genet 49, 848-855 (2017) 



Soemedi, R. et al. Nat Genet 49, 848-855 (2017) 

Mutations in the same exon cluster together (P=0.008)

ESV MECHANISTIC DIVERSITY



Soemedi, R. et al. Nat Genet 49, 848-855 (2017), Soemedi, R. et al. Methods (2017)  

ESV MECHANISTIC DIVERSITY



http://fairbrother.biomed.brown.edu/ESM_browser/search



RNA Binding Protein (RBP) motif loss/gain correlates 
with loss/gain of splicing in MaPSy

Soemedi, R. et al. Nat Genet 49, 848-855 (2017) 
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Visualization tool of the 5K panel:


