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NGS 

• Cheaper and massively parallel sequencing 



Gene Structure 

 



Isoforms 

• Alternative mRNAs 
for the same gene 

– alternative 5’ (or 3’) 
splice sites 

– exon skipping 

– intron retention 

– mutually exclusive 
exons 



RNASeq 
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IsoLasso 

• Given reads (single or paired-end reads) from an 
RNASeq experiment and a reference genome 
– Map reads to the genome 

– Infer isoforms 

– Infer their expression levels 

• The predicted expression levels should be as 
close as to the number of reads (accuracy) 

• The observed reads should be explainable by as 
few isoforms as possible (minimal interpretation) 

• All the observed reads should be part of a 
predicted isoform (completeness)   
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Isoform Enumeration 

 



Least Squares Regression 

 



LASSO 

• Is a regularization technique if there are 
multiple solutions possible which yield a small 
squared error. 

• LASSO constrains the L1 norm of the inferred 
coefficient vector to be less then a defined 
threshold. 



Mathematical Model of RNASeq 

• The “segment” model 

– A gene is divided into a set of M segments where 
a segment  is a continuous  region uninterrupted 
by exon-intron boundaries 

– An isoform can be represented by a subset of 
segments 

– Hence given N isoforms, we can construct an NxM 
binary matrix to represent the isoform.  



Mathematics Model of RNASeq 

• The expected number of reads falling into the 
ith segment is proportional to the length of the 
segment and the sum of all expression levels 
of all isoforms containing the ith segment. 



Least squares formulation 

 



LASSO approach 

 



QP Instance 

 



How much to constrain? 

 



Completeness constraint 
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Diversity of Predicted Isoforms 

 



Next week 

• SPINE: a framework for signaling-regulatory 
pathway inference from cause-effect 
experiments by Ourfali et al. ISMB/ECCB 2007 


