
Ch 4 – Lesson 2.1 

Alternative splicing regulation 

 



Textbook 



exon           intron            exon 

1st transesterification: the 2’-OH of the 
branching point «A» attacks the phospho-
diester bond betwee exon and intron  

2nd transesterification: the 3’-OH of the 
exon attacks the phosphodiester bond 
betwee intron and exon 

spliceosome 

exon splicing 
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Spliceosome: snRNPs and associated proteins 



This is GT-AG introns (by far the most frequent) 
A secondary type exist (xx-xx), requiring U11 and U12 snRNP  

The cis determinants of splicing 

polypyrimidine tract 

poorly 
conserved 

U2AF= U2 associated factor 

Branching point binding protein 



DNA base code 



splicing news 

When, where ? 

Co-transcriptional or post-transcriptional ? 

let’s see how ENCODE has approached it 



The transcriptome of nuclear subcompartments 
 
(reading Djebali et al, 2012 ENCODE series) 
....... 
For the K562 cell line, we also analysed RNA isolated from three 
subnuclear compartments (chromatin, nucleolus and nucleoplasm).  
 
Almost half (18,330) of the GENCODE (v7) annotated genes detected for all 15 
cell lines (35,494) were identified in the analysis of just these three nuclear 
subcompartments. In addition, there were as many novel unannotated genes 
found in K562 subcompartments as there were in all other data sets combined. 
..........  

nucleoplasm 

nucleolus 

chromatin 

enormous variety of transcripts 



 
 
...we confirm that splicing predominantly occurs during transcription.  
 
 
...introns are already being spliced in chromatin-associated RNA—the fraction that 
includes RNAs in the process of being transcribed 
 
 
....we found strong enrichment specifically of spliceosomal small nuclear RNAs in this 
RNA fraction 
 
 
..... we have observed that exons in the process of being spliced are enriched in a 
number of chromatin marks 

Djebali et al., 2012 

The interrogation of different subcellular RNA fractions provides snapshots of the 
status of the RNA population along the RNA processing pathway.  



coSI = the ratio between junction 
reads and exon-intron reads 

Djebali et al., 2012 

junction reads 

exon-intron reads 



Splice sites can be strong or weak depending on how far their 
sequences diverge from the consensus sequence.  
 
This determines their affinities for cognate splicing factors  
 
In general, strong splice sites lead to constitutive splicing and full 
usage of the site  

Alternative splicing 
 
Sequences at the borders of exon-intron and within the intron are 
similar but can vary.  

Pay attention to this concept, it will ground the 
discussion on PolII elongation rate as determinant of AS 



The first chance to obtain regulation derives from how exons are recognized 

From: McManus & Graveley, COGD, 2011 

acceptor site 
donor site 

Variations of these sequences can give «stronger» and «weaker» splicing sites 

genomic view  



Indeed, in addition to the sequences directly regulating binding of 
spliceosome components,  in both Exons and Introns sequence motifs 
exist that regulate the use of splice sites.  
 
 
Named after their location and effect: 
 

ESE: exonic splicing enhancers 
ESS: exonic splicing silencers 
ISE: intronic splicing enhancers 
ISS: intronic splicing silencers 
 
 
They are therefore  cis-elements   for splicing regulation 



Trans-acting factors of splicing are proteins binding to these 
elements.  
They belong to the general class of RNA Binding Proteins (RBP) 
 
 
Three categories: 
 
1. SR proteins and SR-like 

 
2. hnRNP  

 
3. tissue-specific and context-specific factors 



intron 
nucleotides 

intron 
nucleotides 

Exon: around 
nucleotides 

hnRNP complexes 

Poly-(A) binding 
proteins 



SR proteins = splicing regulators 
 
Domains: 
The most typical domain is an alternating Arginine-Serine-rich domain, 
called “RS domain”: it is a protein-protein interaction domain. 
 
Regulation: 
SR are phosphorylated at Ser by several kinases  regulates interaction 
with each other and with other proteins. 
 
Other interactants: 
SR proteins also interact with the CAP-binding protein and with poly-A 
binding proteins. 
 
Binding sites: 
Mostly at Exons, sometimes also to ISE (intronic splicing enhancers) 
 
Activity: 
Mostly activatory toward the most proximal exon. 
Exon definition. 



Canonical SR proteins 

SR-like 
(other protein 
containing an RS 
domain 



hnRNP proteins  (heterogeneous nuclear Ribo Nucleic Protein) 
 
• Many different families 

 
• Usually bind intronic sites 

 
• Intron definition 

 
• Several other roles have been ascribed to individual members, e.g. 

cytoplasmic localization. 
 

 





The effect of SR and hnRNP binding is either to stabilize or destabilize the 
interaction of basal splicing factors (snRNPs) with the splicing sites 
This action can be direct protein-protein contact, or mediated by splicing 
co-activators.  

SCoA? 

snRNP 



SRs and (some) hnRNPs can be regulated by signalling pathways (e.g. by 
phosphorylation); 
 
most SRs and most hnRNPs have ubiquitous expression  
 
tissue-specific AS (very frequent) requires additional tissue-specific 
factors 
 
Hence, additional cis-elements sould be present in regulated pre-mRNAs. 
 
 
 
One way to answer this question is to compare sequences around 
alternative exons to those of constitutive exons.  



comparative genomics  
 
 
Human and mouse transcriptomes are quite well characterized, making 
it possible to classify exons as constitutive or alternative based on real 
expression data (microarrays, RNA-seq).   
 
Exons were normalized in lenght and flanking introns explored within 
200 bp. 
 

From Kim et al., BioEssays 30:38–47 



Constitutive - strong 

Alternative - weak 



More conserved 
A-Exons in both human and mouse are more conserved than C-Exons 
 
Conservation higher toward exon edges and extends farther in introns 
 
Weak splice sites 
A-Exons have weak splice sites (especially Cassette Exons) 
 
Shorter 
A-Exons (esp. cassette exons) are shorter and flanked by longer introns. 
 
Symmetric 
The percentage of symmetrical exon is definitely higher in A-Exons 
 
 
Cassette exon: a symmetric exon that may undergo exon skipping 

From Kim et al., 2007, BioEssays 30:38–47 

2.1 Features of Alternative versus Constitutive Exons 


