
Prediction of Exonic and Intronic Regions with

Variants of Coding Measures Based on Kasiski
Method

Laura Cruz, Héctor Fraire, Yolanda González, Javier González, Manuel
Aguilar*, and Alejandro Macías

Departamento de Posgrado e Investigación

Instituto Tecnológico de Ciudad Madero

Juventino Rosas y Jesús Urueta, Colonia los Mangos
Ciudad Madero, Tamaulipas, México

Tel-Fax:(833) 215-85-44
lauracruzreyes@yahoo.com

Abstract. Prediction of exonic and intronic regions is an important

problem of bioinformatics, which has been solved with a set of medium

accuracy coding measures. This paper presents a novel methodology to
increase the prediction accuracy. We propose to adapt the cryptanalytic
Kasiski Method to the analysis of a DNA sequence Cr. The result of
this process is incorporated into coding measures, to predict regions of
DNA sequence C, such as C E Cr. To validate our approach we ob-

tained variants of three classical coding measures: codon usage, amino
acid usage, and codon preference. The new measures were applied to the

B-globin gene. We obtained an increase of 30% in the prediction.

a

1 Introduction

Eukaryote gene structure mainly contains protein-coding regions called exons

and non-protein-coding regions called introns [1]. The use of coding measures is
one of the most useful approaches to characterize a DNA sequence. There are

applications which predict protein-coding regions, those use coding measures,

dynamic programming, neural networks[2], Fourier analysis [3] or combinations
of them. Some examples of those applications are GeneMark [4], Genie [5],and
GenScan [6].

In the context of information security, cryptanalysis methods are used to
decode a ciphertext without the necessary information, one of them is the Kasiski
Method (KM). In this paper we propose a methodology that combines coding
measures with KM to improve the prediction accuracy of exons and introns of

a sequence C. That can be possible by replacing in each coding measure the
random model of coding DNA with the codons distribution of a sequence Cr,

such as C e Cr, based on the assumption that non-coding DNA is not completly

random. We improve the prediction of exons and introns with a variant of codon
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7 Conclusions

In this article, we propose a new approach to solve the problem of predicting
exonic and intronic regions from a DNA sequence. The main contribution is a

methodology to obtain variants of existent coding measures. The new variants

incorporate the result of applying the kasiski method to the exhaustive search

of triplets on a sequence data. With this approach it is possible to code a DNA

sequence with a Gaussian model of Cr, and get a better characterization of the

introns than the original measures, which use a random model. We consider

that a good characterization of introns is directly related to a high accuracy in

prediction. For test purposes the B-globin gene was analyzed. The prediction was

made using three new measures obtained with our methodology. The experiments

of this paper showed an improved accuracy of 30% using the VCPKM coding
measure, which is a codon preference variant. VCPKM predicted three exons

and one intron. To process a whole chromosome, the exhaustive kasiski method

can be scalable by using a high-performance computer. We consider that the

principles followed in this research can be applied for obtaining other variants

of coding measures.

References

[1] Griffiths, A., Gelbart W., Lewontin R., Miller J.: Modern Genetic Analysis. Second

Edition. (2002).

[2] Snyder, E., Stormo, G.: Identification of coding regions in genomic DNA sequences:

an application of dynamic programming and neural networks. Nucleic Acids Research

21. (1993) 607-613.
Hall R., Stern L.: A rapid method of whole genome visualization[3} illustrating fea-

tures in both coding and non-coding regions. The Second Asia-Pacific Bioinformatics

Conference. (2004).

[4] Lukashin, A., Borodovsky, M.: GeneMark.hmm: new solutions for gene finding.
Nucleic Acids Research 26. (1998). 1107-1115.

[5] Reese, M., Kulp, D., Tammana, H., Haussier D.:
melanogaster. Genome Research 10. (2000). 529-538.

Gene Finding in Drosophila

[6] Burge, C., Karlin, S.: Prediction of Complete Gene Structure in Human Genomic

DNA. Journal of Molecular Biology 268. (1997). 78-94.

[7) Guigó, R.: DNA Composition, Codon Usage and Exon Prediction. In Genetic

Databases, M.J. Bishop Edition, Academic Press. (1999).

[8] McCaldon, P., Argos, P.: Proteins: Structure, Function and Genetics 4. (1988) 99-
122.

[9] Fickett, J.W., Tung,C.S.: Assessment of protein coding measures. Nucleic Acids

Research 20. (1992) 6441-6450.

[10] Gribskov, M., Devereux, J., Burgess, R.
B: The codon preference plot: graphic

analysis of protein coding sequences and prediction of gene expression. Nucleic Acids

Research 12. (1984) 539-549.

[11] Gebbie, S.: A survey of the Mathematics of Cryptology. Masther's Thesis. Uni-
versity of the Witwatersrand, Johanesburg. (2003).

[12] Human beta globin region on chromosome 11. http://www.ncbi.nlm.nih.gov /en-
trez/viewer.fcgi?db=nucleotide&val=455025. Entrez Molecular Database.


