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ABSTRACT

Identification of coding regions in DNA sequences is an important and challenging optimization problem 
in bioinformatics. Several approaches have been proposed but none is currently satisfactory.

Here, the authors propose an optimization methodology to identify protein coding regions in Eukaryotes. 
Noise reduction in DNA signal indirectly overcomes spectral leakage phenomenon. The proposed meth-
odology fragments this optimization in two classes as opposed to the usual optimization methods that 
rely on statistical and digital signal processing. Compact DNA signal with minimal spectral leakage is 
obtained in class one by using a new indicator sequence while class two addresses the 1/f background 
noise reduction employing wavelet transforms.

Significant improvement in coding regions identification was observed over many real datasets, which 
were obtained from the national center for bioinformatics. Quantitatively, the authors monitored a gain 
of 80.5% in coding identification with the Complex method, 42.5% with the Binary method, and 15% 
with the EIIP indicator sequence method over Mus Musculus Domesticus (House rat), NCBI Accession 
number: NC_006914, Length of gene: 7700 bp with number of coding regions: 4. Continuous improve-
ment in significance with dyadic wavelet transforms will be observed as a future expectation.
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INTRODUCTION

In genetic sequences, exonic and intronic regions 
are identified by discrimination measure that 
calculates the degree of significance in the form 
of distinguished boundaries of genic regions in 
1/f noise (Shuo & Yi-Sheng, 2009; Roy, Biswas, 
& Barman, 2009). Higher value of this measure 
relates to the peaks heights in power spectral 
estimation. Period three property greatly helps 
in identification of exons from introns.

DFT (Akhtar, Ambikairajah, & Epps, 2008; 
Hota & Srivastava, 2008), STFT (George & 
Thomas, 2010), convolution, windowing, splic-
ing, and wavelet (Datta & Asif, 2005) transforms 
provide a foundation for DNA signal processing, 
denoising and optimal framework provision to-
wards the accurate prediction of genic regions in 
intron-exon mix molecules.

The transformation of a complex valued func-
tion into another complex valued function (Hota 
& Srivastava, 2008) defined over a real variable 
or simply the transformation of time domain 
function / signal to a frequency domain function 
/ signal. Fourier transform is normally used to 
visualize the frequency components of a signal. 
It helps in better understanding of a time domain 
signal as timed information at many instances may 
provide information into the nature, behavior and 
function of signal; it can be better approximated 
using frequency domain analysis.
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where x (t) is a continuous signal sampled over 
discrete time intervals (nucleotide samples in a 
specified gene) and X (f) is a vector representing 
the frequency components of DNA signal.
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The above expression is the Discrete Fourier 
Transform of DNA signals (Akhtar, Epps, & 
Ambikairajah, 2008), xn is a DNA signal sampled 
over N points and exponential e serves as cube root 
of unity and also provides sinusoidal components 
of signal. Xk stores the coefficients of this trans-
formation which later can be used for frequency, 
magnitude and power depiction of signal.

Another important expression / transform 
for DNA signal analysis is Short Time Fourier 
Transform STFT which involves the concept of 
windowing the DFT of a signal.

The gene data is expressed in the form of 
nucleotides A, T, G, C (Hamdani & Shukri, 2008; 
Kakumani, Devabhaktuni, & Ahmad, 2008; Mena-
Chalco, Carrer, Zana, & Cesar, 2008). Binary 
indicator sequence method help us in translation 
of this data into numeric format that later can be 
used for spectral analysis of DNA signal. This 
method prices 1 and 0 for the existence or non 
existence of a specific nucleotide in strand.

In EIIP method, one indicator sequence is pro-
posed as against four binary indicator sequences 
which computationally reduce the overhead by 
75%.

YEIIP = WAXA + WTXT + WCXC + WGXG

Where numerical values are:

A = 0.1260
T = 0. 1335
G= 0. 0806
C = 0.1340

As a replacement of binary indicator sequence, 
complex indicator sequence uses one sequence of 
values namely:
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