Evaluation of exon prediction tools
using a long DNA sequence data
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Abstract

We have evaluated the ability to locate coding regions of two exon prediction software, GRAIL and FEX,
using a long (about 301k bases) genomic DNA sequence. We performed an experiment to check the correctness
of the exon candidates with high scores. FEX was more sensitive but less specific than GRAIL. The numbers
of the exons predicted by both tools were much less than our simple estimation from the sequence length. To
reduce more unreliable candidates, we proposed guidelines for users. If one uses the guidelines, both tools
would be more practical even for DNA sequences longer than 100,000 bases.

1 Introduction

Locating and identifying genes from a newly sequenced genomic DNA by computing is one of the major chal-
lenges in bioinformatics. To date, several systems to predict protein coding regions or modeling gene structure
have been developed in this decade. Although the performances of these systems have been compared in the
papers which each system was presented in, the objective comparison among different systems has not been
reported.

If a predicted exon was not described in the public databases, it has been defined as a false positive. To
know the real correctness of the prediction, we must perform experimental confirmations about the predicted
exon.

In addition, the relation between the predicted score and the error rate of these systems are not announced
in some systems. A user don’t know how reliable the prediction is. Accordingly we need to know the relation
between the score and the reliability of the prediction.

We evaluated two systems which identify coding regions, GRAIL-2 [1] (hereafter we call GRAIL) and FEX
[2]. GRAIL is a system that uses multiple sensors and neural networks. FEX uses an algorithm based on the
distribution of oligonucleotides and linear discriminant analysis. The reasons why we selected these systems are
that they are the latest systems and available by E-mail.

2 Data

Recently we have determined the complete sequence of amyloid precursor protein (APP) gene. The sequence
is about 301,000 bases in length. We used it as an input for the following reason. In our simple calculation
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from a nucleotide database, GenBank, exons typically arise at most every 2,000 bases on average in long genes.
However in this sequence an exon arises every 16,000 bases on average. The fact possibly cause software to
find false exons. One of our interests is to examine how many false positives these tools will produce for this
sequernce.

3 Methods

As the sequence is too long to input into the tools, we set a 80,000 base long window starting from the first
base, and transferred the sequence in the window. Each time the window shifted half size of itself, we gave the
sequence in the window to the tools. Then we repeated the procedure. Therefore, most bases were analyzed
twice. This way to analyze keeps the both sides of any fragments long enough except for edges of the whole
sequence. The results of each software for the windows were combined later.

4 Results and Discussion

We performed a biochemical experiment about some predicted exons with high scores. The experiments indi-
cated that two exon candidates predicted by GRAIL are certain repetitive sequences. Then we regard these
predictions as true. Based on the fact, FEX is more sensitive than GRAIL, but less specific. As for sensitiv-
ity, GRAIL predicted 80% (15/19) of the known exons and FEX predicted 95% (18/19). With regard to the
specificity, 64% (30/47) of the predicted exons by GRAIL are false, and 82% (81/99) by FEX are false.

The numbers of the predicted exons of both tools in the forward strand are much less than one hundred
fifty, which is the expectation estimated from the length of the sequence and a ratio (0.5 exon/kb). The ratio is
what we grossly calculated from many human genes stored in the GenBank in advance, as a ratio of the number
of exons to the sequence length. The fewness of the candidate exons is praiseworthy but it is still many.

We studied the dependence of specificity on the predicted scores for GRAIL and FEX. We found that the
output scores are very correlated with the accuracy. Then we propose the guidelines of a 60 percent correct
criterion to make biochemical experiments efficiently. They are score 80 for GRAIL, and score 9 for FEX.

5 Summary

In this study, FEX is more sensitive for both exons and splicing sites, but less specific than GRAIL. The numbers
of the predicted exons were much less than our estimations. We propose the guidelines of a 60 percent correct
criterion. They are score 80 for GRAIL, and score 9 for FEX. Although both tools are not complete yet, they
are practical tools for DNA sequences longer than 100,000 bases, or exon-sparse sequences.
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