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Alternative splicing	


Biosciences 741: Genomics	

Fall, 2013	

Week 6	


Function(s) of RNA splicing	

•  Splicing of introns must be completed before nuclear RNAs can be 

exported to the cytoplasm.  This led to early speculation that intron 
splicing may be required for gene function.	


•  However, genetically-engineered transgenes without introns worked 
perfectly well in a variety of species.  Moreover, some normal genes 
lack introns and again work perfectly well.  So introns are dispensable.	


•  The results of in vitro mutagenesis and gene fusion experiments led to 
the “first come, first served” model of RNA splicing, according to 
which any 5’ splice donor will work with any 3’ splice acceptor.	


•  The “first come, first served” model implies that RNA splicing is likely 
to be somewhat error-prone, and indeed the first splice variants to be 
specifically tested turned out to be dispensable (this is one type of a 
“non-functional” splice variant).	


•  Conserved splice variants are much more likely to be functional, but 
only about 20% of splice variants are conserved even between humans 
vs. mice!  (how, specifically is conservation identified?)	
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Keren et al. (2010) 	

Nat. Rev. Genet. 	

11, 345-355.	


•  Highly used exons are more occupied by nucleosomes than rarely used 
exons, which are more occupied by nucleosomes than introns.  	


•  This difference in nucleosome placement, density, and stability is 
believed to affect the rate of RNA polymerase transit through exons vs. 
introns, which in turn would affect the time available for splicing 
complexes to form.  Slowing RNA polymerase transit through exons 
may facilitate the accuracy of splicing, as well as the differential 
splicing of specific exons.	


•  Exons are marked by characteristic histone modifications, including 
H3K36me3, H3K79me1, H4K20me1, and H2BK5me1.  These marks 
are conserved, for example in humans and fish.	


•  The modulation of these histone modifications has been shown, in some 
cases, to result in splice site switching.	


•  Thus it is likely that RNA splicing is regulated, at least partially, at the 
epigenetic level.	
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•  More recently, genomic studies of the transcriptome expressed in different 
tissues and life stages have shown that approximately 30% to 60% of splice 
variants are developmentally regulated in Drosophila and Caenorhabditis.  	


•  Regulated splice variants are far more likely to be conserved.  In most cases, 
regulated splice variants are regulated by specific RNA binding proteins that 
either enhance or inhibit the splicing of weak (non-canonical) splicing 
signals.	


•  Algorithms are available both to recognize splicing signals, and to recognize 
binding sites for splicing regulators.  However, these algorithms are not 
particularly accurate, and the majority of the predicted binding sites for 
splicing regulators are not functional.  Why?	


•  Because some functional splice variants (as shown by knockout studies) are 
not conserved, another implication of these results is that new splice variants 
evolve moderately rapidly, particularly following the insertion or deletion of 
new exons or introns.	


•  How (by what process) are introns deleted in evolutionary time?	


Keren et al. (2010) 	

Nat. Rev. Genet. 11, 345-355.	
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Keren et al. (2010) Nat. Rev. Genet. 11, 345-355.	
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Keren et al. (2010) Nat. Rev. Genet. 11, 345-355.	
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Keren et al. (2010) Nat. Rev. Genet. 11, 345-355.	


Alternative splicing vs. transcriptional regulation	
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Patterns of regulated RNA splicing	

•  Genes regulated by RNA splicing generally fall in similar (not always 

identical) functional categories, in comparison to genes regulated at the 
transcriptional level at the same developmental time and tissue.  In 
other words, alternative splicing is functionally integrated with 
transcriptional regulation.	


•  In most cases, a gene regulated by RNA splicing is not regulated by 
transcriptional activation, or vice versa.	


•  RNA splicing can be used to turn a gene on or off, or to modulate its 
specificity (interactions with other proteins), or to modulate its targets 
(transcription factors), or to alter its protein-level regulation (protein 
regulatory cassettes).	


•  RNA splicing “cascades” are used to regulate all-or-nothing biological 
responses, such as sexual identity in Drosophila, or apoptosis.	
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Finding targets of splicing regulators by CLIP and gene knockouts	


Alternate promoter use	

•  Alternate promoter use is quite common.  It is typically used to 

provide a mechanism for gene expression in different developmental 
times, or tissues, through entirely separate promoters that drive the 
same gene.	


•  Another use of alternate promoters is to provide multiple 
transcriptional mechanisms of physiological regulation of gene 
expression.  These mechanisms may exist in parallel with each other 
(all expressed in the same cell type) or may be tissue-specific (i.e., 
calcium regulated in some tissues but not others).	


•  Another use of alternate promoters is to provide multiple N-terminal 
regulatory domains, all linked to the same C-terminal catalytic domain.  
This is useful for protein transport to different cytological or 
cytoskeletal portions of the cell, together with different regulation by 
protein kinases etc., and yet all having the same catalytic domain.	
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Discussion Questions	

•  How, specifically, are conserved introns and conserved splice variants 

identified?  When you find a conserved splice variant, what is the 
significance of your discovery (how is it interpreted)?	


•  Why are “non-functional” splice variants usually constitutively spliced?  
What is meant by “non-functional” in this context?  What is “constitutive 
splicing” in this context?  Do these non-functional splice variants produce a 
protein?  Why or why not?	


•  The majority of the predicted RNA binding sites for splicing regulators are 
not functional.  What specific experiments lead us to this conclusion?  Why 
(biochemically) are these sites non-functional?  Why has evolution allowed 
this to happen?	


•  Describe the seven main types of alternative splicing, including an outline 
of the mechanism(s) by which each type is regulated.  What is the biological 
significance of each type, in terms of specific change(s) in gene function 
caused by the splice variant?	


Discussion Questions (continued)	

•  Discuss the “speed bump” model of RNA splicing.  What is the evidence in 

favor of this model?	


•  Discuss the regulation of meiosis in yeast by RNA splicing.	


•  Discuss the regulation of the EMT transition at the level of alternative RNA 
splicing.	


	


•  Discuss the biological significance of alternative promoter usage.  Is this 
regulated by RNA binding proteins, transcription factors, both, or neither?  
Why?	



