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Abstract 
 

The proposed algorithm for gene prediction compares the N/3 spectral components of 

DNA signal with the corresponding spectrum of period-3 suppressed DNA signal. In the DNA 

N/3 spectrum, for the bases for which the difference between these two spectrums is within a 

predefined threshold level, the signal values are replaced by the difference signal of the two 

spectrums. This substitution suppresses the noise in the non-coding regions of N/3 spectrum, 

while the coding region signal values are not affected, resulting in an improved detection. 

Performance of this algorithm when evaluated on HMR 195 dataset, in terms of area under 

the ROC curve, exhibits a 5% improvement on the DFT-based spectral content measure. 
 

Key Words: Genomic Signal Processing, DNA, Protein coding regions, DFT, IIR Digital 

Filters. 
 

1. Introduction 
 

Deoxyribonucleic Acid (DNA) sequences are symbolically represented by a character 

string consisting of four alphabets, A, T, C and G, representing four nucleotide bases, 

adenine, thymine, cytosine and guanine respectively. A DNA sequence is separated into genic 

and intergenic regions, and in eukaryotic cells (cells with nuclei) genes are further divided 

into alternating sub-regions called introns and exons. One of the present challenges of 

analyzing the DNA sequences is to determine the protein coding regions (exons) in 

eukaryotic gene structures [1, 2].             

Base sequence in the protein-coding region has a strong period-3 component due to codon 

structure involved in the translation of the base sequence into amino acids [3]. Based on the 

period-3 property a number of algorithms have been developed to identify the protein coding 

regions. In the period-3 based methods like anti-notch and multistage filtering [4], quadratic 

windowing [5], and boosting method [6], emphasis has been on suppressing the signal in the 

non-coding regions and boosting the coding regions [9]. In this work a simple algorithm to 

achieve better discrimination between coding and non-coding regions is proposed. Noise 

present in the non-coding regions has been captured using a notch filter. This noise has been 



International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol. 4, No. 2, June, 2011 

 

 

2 

 

used to reduce the noise level in non-coding regions without affecting the signal in the coding 

regions.  
 

2. DNA Numerical Representation and Period-3 Spectrum 
 

Processing of DNA sequences using DSP methods require their conversion from a 

character string comprising of four characters, A, T, C, G, into numerical sequences as a first 

step. The binary or Voss representation scheme for DNA mapping used in [6] is known for 

high computational requirements [1]. Therefore EIIP (electron-ion-interaction-potential) 

values associated with each nucleotide are used in this paper to map DNA character strings 

into numerical sequences for computational work [2]. In the EIIP method [2], the EIIP values 

associated with four nucleotides are used to map DNA character string into a single numerical 

sequence, x(n). The EIIP values for the nucleotides are as follows- A = 0.1260, G = 0.0806, T 

= 0.1335, and C = 0.1340. 

After this mapping, Discrete Fourier Transform (DFT) is used for spectrum analysis of 

finite-length windowed DNA numerical sequences. The DFT of a length-N block of x(n) is 

defined as- 
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where, w(n) is a window function. Because of the period-3 property, the DFT coefficients 

corresponding to k=N/3 are large in coding regions. The N/3 coefficients are obtained using 

(1) and are then used to obtain the spectral content (SC) measure [3], as follows- 
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The window is then slided by one or more bases and S[N/3] is recalculated. The plot 

between S[N/3] and nucleotide position gives a clear identification between coding and non-

coding regions.  

 

3. Gene prediction algorithm (GPA)   
 

Proposed algorithm captures the noise present in the non-coding regions by comparing 

the N/3 spectral components of DNA signal with the corresponding spectrum of period-3  

suppressed DNA signal. In regions having 3-base repeat magnitude of two spectrums differ 

significantly, whereas they follow each other closely in other regions. If the difference 

between the two N/3 spectrum magnitudes is within a predefined threshold level the codon is 

assumed in the non-coding region. The threshold value for optimum detection is determined 

by plotting Receiver Operating Characteristic Curves (ROC) [1], for different thresholds, for 

a small set of sequences selected from the dataset. In the DNA N/3 spectrum, for the bases for 

which the difference between these two spectrums is within this threshold level, the signal 

values are replaced by the difference signal of the two spectrums. This substitution suppresses 

the noise in the non-coding regions of N/3 spectrum, while the coding region signal values are 

not affected, resulting in an improved detection.  Detection of protein coding regions by GPA 

comprises of following steps- 
 

Step 1 –  Calculate the period-3 components for DNA signal using (1) at all base 

locations. 
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Step 2 –    Filter the DNA signal by passing it through a notch filter with filter notch 

centered at 2/3. 

Step 3 –    Calculate the period-3 components for the filtered signal obtained in Step-

       2 using (1) at all base locations. 

Step 4 –   Compute difference signal by subtracting signal obtained in Step-3 from 

the corresponding signal of Step1. 

Step 5 –   Identify the base locations for which the difference signal is less than the 

predefined threshold level. For these base locations modify the signal at 

Step-1 by substituting difference signal for their initial values.  

Step6  –   Calculate the power spectrum of the modified Step1 signal obtained in 

Step-using (2).  
 

4. Experimental Results  
 

The performance of this algorithm has been evaluated on HMR195 data set [7]. Bartlett 

window of length 351 has been used in (1), as it provides the optimal window shape for 

processing genomic sequences in the HMR195 data set [8]. For notch filtering a second order 

all pass IIR filter [4] has been used. The transfer function of the filter with poles at jRe  is 

given by (3). The filter notch is centered at frequency 2/3 and the value of R is selected as 

0.992.  
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Notch filtering process removes the period-3 component of genomic sequence. The 

filtered signal is subjected to a sliding window based DFT operation to obtain the period-3 

spectrum. This spectral output approximates the noisy component present in the coding and 

non-coding regions. The threshold level used is 0.2 and is obtained using 24 single and multi-

exon sequences selected arbitrarily from the HMR195 data set. This threshold level has been 

decided by plotting ROC curves for different threshold levels, using Steps 1 to 6 of GPA. 

These curves are shown in Fig.1, with curve corresponding to a threshold of 0.2 providing 

maximum area under the ROC curve (AUC). To illustrate the quality of the GPA results, 

F56F11.4 DNA sequence from 7021 to 15080 has been taken as a sample sequence. Noise 

capturing by GPA and its comparative gene detection performance with respect to DFT-based 

SC measure [6] for this sample sequence, is illustrated in Fig.2 and Fig.3 respectively. 

0 0.05 0.1 0.15 0.2 0.25 0.3
0

0.1

0.2

0.3

0.4

0.5

0.6

False Positive Rate (FPR)

T
ru

e
 P

o
s
it

iv
e
 R

a
te

 (
T

P
R

)

TH=0.1

TH=0.2

TH=0.3

TH=0.4

 
Figure 1.  Comparative Threshold Levels  
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Figure 2.  Capturing Noise for Gene F56F11.4 
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Figure 3. Comparative Results for F56F11.4 
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Figure 4. ROC Curves for Period-3 Detection 
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5. Comparative Performance Analysis  
 

To compare the performance of GPA with DFT-based SC measure ROC curves for HMR 

195 data set are plotted in Fig 4. False positives inevitably occur in computational methods 

due to the fact that intronic and intergenic nucleotides make up more than 95% of the 

eukaryotic genome. Owing to high likelihood of false positives resulting from the low exonic 

fraction in eukaryotic genomes, results at low false positive rates are more significant. The 

proposed GPA provides a larger true positive rate in this region. In Fig.4, AUC in this region, 

for DFT-based SC measure and GPA are 0.715 and 0.751 respectively. Thus GPA exhibits 

relatively more accurate gene and exon prediction improving on the well known DFT-based 

SC measure by 5%. 
 

6. Conclusion  
 

A simple algorithm based on direct capturing of noise in period-3 power spectrum has 

been developed for better detection of protein coding regions. Performance of the algorithm 

has been evaluated on HMR195 data set. It provides 5% improvement in terms of AUC over 

DFT-based SC measure. Existing approaches are heavily dependent on the compositional 

statistics of the training set sequences. Recently reported boosting technique [6] uses 60% of 

the HMR 195 dataset as training set sequences. The proposed algorithm does not require a 

large training set for the empirical determination of threshold. Also the threshold value is 

model independent and can be used for any other data which is not a part of HMR195 data 

set. The threshold is observed to be dependent only on the mapping scheme and window 

function. This algorithm can also be used for the detection of other periodicities present in the 

DNA sequences.  
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