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Splicing removes introns  



Eukaryote transcription, splicing, and 
translation 



Prokaryote transcription, 
translation 
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Splicing: variations &result 

  Isoforms can differ in 
 Function (e.g. 

opposing) 
 Structure  
 Localization 

  Difficult for 
microarrays 

  Splicing regulated by 
 RNA-binding factors 
 cis RNA elements 



Transcriptional regulation 



Reviewed by Chen & Manley Nature Reviews Mol Cell Biol 10, 741 (2009)  

Splicing is regulated 



RNA binding proteins 



Typical sequences  



125.000 human 5’splice sites 

Weight matrix 
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Selection of the 1% lower score 
5’ splice sites 

5’splice signal 





Overview 

  Solexa sequencing 
  10 human tissues 5 cell lines 

 12-29 M 32 bp reads 
 Tissue from both sexes 
 Cerebellar cortex from 6 unrelated men 

  60% reads mapped uniquely to genome, 4% 
junction 



“Method” 

  The genome-wide extent of alternative splicing 
was assessed by searching against known 
and putative splicing junctions using stringent 
criteria that required each alternative isoform 
to be supported by multiple independent splice 
junction reads with different alignment start 
positions. 

  That is  
 Database where exon pairs have been 

concatenated 
 Blast against this database 
 Multiple supporting spliced reads with different 

start 



From supplementary information (175 
pages) 

  A comprehensive list of known exons was 
compiled from UCSC knowngenes, Refseq and 
Ensembl transcripts, together with predicted 
exons from GENSCAN3, and EXONIPHY4 . 

  All possible splice junctions between any two 
known or predicted exons located within Ensembl 
gene boundaries or within the full intergenic 
region flanking those gene boundaries were 
considered.  

  Each generated splice junction sequence was 56 
bp in length, containing the last 28 bases of the 
upstream exon and the first 28 bp of the 
downstream exon, yielding 13.8 million junctions 
in total.  



Questions 

  How frequent is alternative splicing? 

  What is the relative frequency of different 
isoforms? 



ET Wang et al. Nature 000, 1-7 (2008) doi:10.1038/nature07509 

Frequency and relative abundance of 
alternative splicing isoforms  

  SLC25A3 - mitochondrial phosphate 
transporter  



Questions 

  How common are the splicing types? 

  How large is the variation across tissues? 

  How large is the variation across individuals? 



 Percent spliced in 

  Inclusion ratio – 
Percent spliced in 
(Ψ) 
 Ratio of red to sum 

of red and blue 
  Different = 

“minimum of 10% 
absolute change in 
inclusion ratio” 



ET Wang et al. Nature 000, 1-7 (2008) doi:10.1038/nature07509 

Pervasive tissue-specific regulation of  
alternative mRNA isoforms. 



Variation across: tissue vs 
individuals 



ET Wang et al. Nature 000, 1-7 (2008) doi:10.1038/nature07509 

Differences in alternative isoform 
expression (skipped exons) 



Questions 

  What is achieved by splice regulation? 
 Different functions 
 Regulation of expression (nonsense-mediated 

mRNA decay etc) 
  How is splicing regulated? 
  Are there tissue specific isoforms? 



ET Wang et al. Nature 000, 1-7 (2008) doi:10.1038/nature07509 

Conservation and function of switch-like 
alternative splicing exons. 



ET Wang et al. Nature 000, 1-7 (2008) doi:10.1038/nature07509 

Conservation and function of switch-like 
alternative splicing exons. 

‘switch score’, defined as the maximum pairwise Ψ 
difference between tissues. 



Sequence conservation 



ET Wang et al. Nature 000, 1-7 (2008) doi:10.1038/nature07509 

. 

Evidence for coordination between splicing 
and polyadenylation 



For each splice junction, search the splice 
reads 



Tophat pipeline  

  Maps all reads to the reference genome.  
  Reads that do not map to the genome are set aside as ‘initially 

unmapped reads’ (IUM).  
  Assembles the mapped reads using the assembly module in Maq  
  ‘Pseudoconsensus’: for any low-coverage or low-quality positions, 

use the reference genome 
  Include a small amount of flanking sequence from the reference on 

both sides of each island (default = 45 bp). 
  Enumerates all canonical donor and acceptor sites within the island 

sequences 
  For each splice junction searche the IUM reads in order to find 

reads that span junctions using a seed-and-extend strategy.  



A lot of parameters 

  By default, TopHat only examines potential 
introns longer than 70 bp and shorter than 20 
000 bp 

  … 



Half of each splice read can be mapped to the 
genome 



Goal: novel splice forms & for 
novel exons 
  Novel isoforms most interesting 
  One approach: map the reads onto the known 

transcript sequences from the currently 
annotated exon library.  

  Since the exon library is incomplete: this 
method cannot find the junctions that involve 
novel splicing events  
 Partially true 



SpliceMap steps 
  Taking advantage of the reasonably long reads (50nt) offered 

today 
   A subsequence of length 25 can be aligned to the reference 

genomic  
  Half-read hits, ‘seedings’, used to narrow the search regions 

of the junction. 
  Tries to find the partner splicing point that provides perfect 

match of the corresponding residual sequence of the original 
read, within a user-specified distance of seeding 

  The splicing point must be next to the canonical dinucleotides 
splicing signal GT and AG for donor and acceptor sites 

  The mapping of the residual sequence is achieved by 
searching 10-nt seeding in a pre-computed chromosome-
wide hash table and then extending to complete the full 
alignment 
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Mapped reads 

Wang et al. Mortazavi et al. 


