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Biological Foundations: Transcription
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More Terminology: Splice Sites

▪ Canonical Splice Site Consensus: GT---AG

▪ GT Occurs about 1 billion times in the 3 Billion 

nucleotide long human DNA

▪ Acceptor Consensus

▪ A64G73G100T100A62A68G84T63

▪ Donor Consensus

▪ C65A100G100
3

Donor Splice Site (5’ Site)
Acceptor Splice Site (3’Site)
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RNA-Seq

▪ The mRNA is converted to cDNA for sequencing

▪ A small part of the cDNA is sequenced and is 

called an Expressed Sequence Tag (EST)

▪ NGS gives a large number of very small reads 

which can then be aligned to the genome
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Two types of reads

▪ Unspliced Read (Black)

▪ Read lies within exactly one exon

▪ Spliced Read (Blue)

▪ Read overlaps between two or more exons
5
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Tools for Spliced Alignment

▪ QPALMA

▪ PALMAPPER

▪ Map Splice

6



CIS529: Bioinformatics

Pakistan Institute of Engineering & Applied Sciences

PALMapper

▪ Tool for Performing Spliced Alignments of RNA-

Seq Reads

▪ GenomeMapper identies unspliced alignments and seed 

regions for spliced reads

▪ QPALMA infers spliced alignments from seed regions
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QPALMA: Optimal Spliced Alignments of Reads

▪ Q = Quality 

▪ Uses a read’s quality information
▪ Raw Illumina Genome Analyzer data comes with per-base intensities for 

each position

▪ PALMA

▪ Uses Computational Splice Site Prediction

▪ Information Used in QPALMA
▪ Quality Information

▪ Splice Site Predictions

▪ Intron Length Models
8
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Splice Site Prediction

▪ Two SVMs
▪ Donor Splice Site vs. Not

▪ Acceptor Splice Site vs. Not

▪ Training

▪ Known Acceptor &  Donor Sites

▪ Obtained by aligning EST and cDNA sequences using BLAT 

(or any program for spliced alignments for long sequences)

▪ High quality alignments can be used as positive examples

▪ Other decoy sites used as negative examples

▪ Window of length 141 nt around the splice site

▪ Weighted degree kernel
9
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Relationship between PALMapper & Smith 

Waterman Algorithm

▪ PALMapper is an “Intelligent” variant of SW that 

changes the scoring matrix in certain ways to 

incorporate

▪ Sequence Quality Scores

▪ Donor & Acceptor Splice Site Prediction 

Scores

▪ Intron Length Model

▪ To perform spliced alignments of short read 

sequences against a genome
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Smith Waterman Algorithm
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score of alignment between 

SE(1:i) and SD(1:j) based upon 

a 6x6 substitution matrix
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Smith Waterman Algorithm
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Smith Waterman Algorithm Output
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Extended Smith Waterman Algorithm

▪ Extension-1 (Quality Scores)
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Extended Smith Waterman Algorithm

▪ Extension-1 (Quality scores)

15Regularized linear spline!
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Extended Smith Waterman Algorithm

▪ Extension-2 (SVM Scores)
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Penalizes the scoring if the SVM does not think 

that there is a plausible intron. The actual scoring 

functions are learnt as linear splines.
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Extended Smith Waterman Algorithm

▪ Extension-3 (Intron length model)
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Penalizes the scoring if the intron

length is not “expected”
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Max-Margin Optimization

▪ The parameters θ of the functions are optimized  

during training

▪ Training

▪ Given
▪ N true alignments Ai

+, i=1…N

▪ Wrong alignments Ai
-

▪ Learning problem
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Exponential number of constraints!

(Working set type solution!)

Regularization term for the linear 

splines
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Training
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Learnt  Match/Mismatch/IndelScoring
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Learnt Functions for Scoring SVM Probabilities
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Comparison with SW Extensions

▪ (% of correct alignments)
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More Results

▪ Data

▪ A. Thaliana

▪ Chromosomes I-V

▪ 2.98 M Reads

▪ 10% spliced (excluding the ones used in 

training) = 285,530

▪ Spliced Reads

▪ With significant overlap (>4nt) into the exon
▪ 0.5 %

▪ With 1-2nt into the next or previous exon
▪ 12%
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Summary

▪ As read length becomes larger more reads 

require spliced alignment

▪ There are many tools for this task:

❖ TopHat (uses Bowtie for ungapped mapping)

❖ MapSplice (uses Bowtie)

❖ RUM (uses Bowtie and BLAT)

❖ PASS
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Comparison
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Figure from:

Systematic evaluation of spliced alignment programs for RNA-seq data

Nature Methods (2013) 

http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.2722.html
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