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Day five 

Alternative splicing 

Assembly 

RNA edits 



Alternative splicing 

For true de novo 
discovery of 

novel transcripts, 
RNA-Seq is 
currently the 
best method. 



RNA-Seq Blog Poll 

“What is your favorite tool for analyzing 
RNA-Seq expression data at the 

transcript-level?” 



Detecting Alternative Splicing 

Align to transcriptome 

 Differential expression 

Collect exon-level read count data 

 Differential expression 

 

Assemble aligned reads into isoforms 

 Discovery and differential expression 

Find reads spanning exon-exon junctions 

 Discovery and differential expression 



Align to transcriptome 

RSEM (RNA-Seq by Expectation-Maximization) 

 

RSEM aligns reads to transcripts using Bowtie 
(works for samples without a genome sequence) 

 

Outputs isoform-level expression values 

 

Accurately models multi-mapping reads 



Collect exon-level read count data 

DEXSeq (R package) 

 

Like DESeq, DEXSeq uses the  

negative binomial distribution  

to model count based data 

 

Instead of using gene-level count data, 
DEXSeq uses exon-level count data 



Alternative splicing through 
assembly of aligned reads 

Cufflinks (cufflinks.cbcb.umd.edu) 

 

Assembles aligned reads into a 
parsimonious set of transcripts 

 

Creates the minimum path between reads 
necessary to explain the alignments (gives 

you the most likely isoforms present) 



Find reads spanning  
exon-exon junctions 

MATS (Multivariate Analysis  

of Transcript Splicing) 

 

Uses a Bayesian approach to model 
between-sample correlation in splicing 

 

Uses a simulation-based approach to 
generate p-values and FDR 



Short read 
assembly 

Find regions where 
your reads overlap,  
turn them into longer 
reads 
 
Repeat the process 
until no more reads 
can be confidently 
assembled 
 
Necessary to 
assemble if you have 
no reference genome 
to align to 



The assembly problem 

Short reads have smaller regions of 
overlap, increasing uncertainty 



The assembly solution 

de Bruijn Graphs to find the  

most likely paths between reads 



The problem with the solution 

de Bruijn graphs are resolved into the 
simplest paths after all reads are taken 

into account 

 

Since these reads are stored in memory, 
more reads requires much larger amounts 

of RAM 

 

High RAM node on the cluster? 



RNA editing 
A-to-G: Adenosine deamination to inosine 

(interpreted as guanine) 

C-to-T: cytidine deamination into a uridine 

 

 

 

 

 

 

Align RNA-Seq reads to genome,  

look for mismatches 



RNA editing is widespread? 

Li, M., et.al. (2011). Widespread RNA and 
DNA Sequence Differences in the Human 

Transcriptome. Science. 

 

Big deal Science paper showing that every 
nucleotide in RNA could be edited into 

every other type of nucleotide 



Not so much… 

Four technical comments on the Li, et. al. 
paper showed that over 90% of the RNA 

edits were false positives. 

 

http://www.genomesunzipped.org/2011/0
5/notes-on-the-evidence-for-extensive-

rna-editing-in-humans.php 
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What was the problem? 

Paralagous genes can have closely related 
sequences and misalignments can have 

false mismatches 

 

Misalignments around splice junctions 

 

Changes in the sequence caused by 
random hexamer binding (essentially site-

directed mutagenesis) 



Position bias 

RNA edits were in Li, 
et.al. were 

predominantly found at 
the beginning (random 

hexamer) and end (lower 
quality) of a read 



What is the solution? 

Filtering! (The main goal of bioinformatics) 
1. Obtain biological replicates 
2. Remove the first few bases of all reads 
3. Align to transcriptome 
4. Remove potential duplicates 
5. Ensure there is no strand bias 
6. Control for read end bias 
7. Ensure the edit isn’t coming from the same 

position in all the reads 
8. Depth can’t be too low or too high 
9. Pay careful attention to gene families 
 
 



Alternative splicing exercises 
(Using IGV or R) 

 
Assembly exercises 

(Using Trinity) 



Alternative splicing with R 

To develop your skills in R, you need to learn 
how to get a package and develop a workflow 
with it. 

To practice this, go to Bioconductor and get 
the DEXSeq package. 

Under Documentation, get this PDF: 

Analyzing RNA-seq data for differential 
exon usage with the "DEXSeq" package 

Follow along with the examples! 


