
1

Rabat 2013

VEIL

©2013 Sami Khuri

©2010 Sami Khuri©

Bioinformatics

Sami Khuri

Department of Computer Science

San José State University

San José, California, USA

khuri@cs.sjsu.edu

www.cs.sjsu.edu/faculty/khuri

@2002-09 Sami Khuri@2002-08 Sami Khuri

VEIL

• VEIL: the Viterbi Exon-Intron Locator was 

developed by Henderson, et al. at Johns 

Hopkins University. 

• VEIL has a modular structure:

– It uses a HMM made up of sub-HMMs to describe  

different parts of the sequence:

• exon, intron, start, stop, splice, upstream, etc..

• VEIL assumes test data starts and ends with 

noncoding DNA and contains exactly one gene.
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VEIL: The Combined Model

The start codon model is very simple:

Upstream Exona t g
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VEIL: Exon Model

* * * *

* State can emit any base

The 4 states are needed to allow the 

model align itself to the proper reading frame.

@2002-09 Sami Khuri@2002-08 Sami Khuri

VEIL: Intron Model
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VEIL: Donor Model

The 5’ splice site model

The donor model (5’ splice site) has 9 stages because

it is based on the length of the consensus sequence for

donors which is of length 9. 

Stages 1 to 3 are part of the exon and 4 to 9 of the intron.
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VEIL: Acceptor Model

The 3’ splice site model

The acceptor model (3’ splice site) has 15 stages 

because it is based on the length of the consensus 

sequence for acceptors which is of length 15. 

Stages 1 to 14 are part of the intron and 15 of the exon.

Intron Exon

15 Stages
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VEIL: Transitions and States

The VEIL hidden Markov model has 

1003 edges and 241 states
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VEIL: Preparing the Training Data

• They used a set of 570 vertebrate sequences 
from different species each containing exactly 
one gene.

• Quality control step: filter the data by 
removing pseudogenes, entries with no introns 
(from cDNA), entries with non-standard splice 
junctions (introns that do not begin with GT 
and end with AG). 

• The 570 vertebrate sequences contain a total of 
2649 exons and 2079 introns.
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VEIL: Five-Fold Cross Validation

• A five-fold cross validation experiment was 

performed to estimate how well the system 

would perform when tested on data that was 

not in the training set.

– The 570 sequences were randomly partitioned into 

five sets of 114 sequences each.

– For each partition, the system is trained on 4 sets 

and tested on the fifth.

– Combine the results from the five test sets.
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Training and testing VEIL

The testing involved calculating sensitivity and 

specificity of both nucleotide labelling (coding/ 

noncoding) and exons exactly found. 
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