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Abstract 
 

A very challenging and important task in the field of bioinformatics is being 
able to differentiate coding regions from noncoding regions in newly 
sequenced genomes. Fourier analysis can be used to differentiate these regions 
by using the periodic organization of three bases in coding regions. This 
method however has limitations because of the imperfect manifestation of the 
period three periodicity in many cases. It has also been proven that when 
wavelet is used for analyses it gives better results and is less tedious. Most 
other work that has been done looks majorly at the coding regions without 
saying much about the noncoding regions. In this work we will be using the 
values of wavelet coefficients to analyze these regions so that trends that are 
common to both coding and noncoding regions can be observed. The three 
types of wavelets that are employed for this analysis are coiflets, Daubechies 
and biorthogonal. Denoising will be done using four different threshold 
selection methods (Rigorous SURE, Heuristic SURE, Minimax and sqtwolog). 
The signal to noise ratio (SNR) and the percentage root mean square 
difference (PRD) will be used to evaluate the denoising methods. Finally 
compression of the signals will be carried out. 
 
Keywords: Wavelets, Coding region, Non-coding region, DNA sequence, 
threshold, SNR, PRD. 

 
 
Introduction 
Every Species carries a genetic code which plays a vital role in its replication and thus 
each species possesses its own distinct biological features. There have been several 
studies on DNA sequences because of its relevance and importance to the genetic 
makeup of different species. A DNA sequence is a finite string from the alphabet N = 
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{A, C, G, T} of nucleotides. [1] Knowledge of DNA sequences has become very 
important for basic biological research, other research areas that use DNA sequencing 
are fields such as diagnosis, biotechnology, forensic biology and biological 
systematics. The DNA material in chromosomes is composed of coding and 
noncoding regions. The coding regions are known as genes and contain the 
information necessary for a cell to make proteins. [2] 

 Different methods have been used to identify protein coding regions over the 
years which include Genscan algorithm [3] and MZFF method. [4] Exploring the 
measure of spectral content in DNA sequences based on the fact that coding regions 
show a periodic organization of three bases, which is not found in noncoding regions. 
A method based on a modified Gabor-Wavelet transform (MGWT) has also been 
used. This novel transform is tuned to analyze periodic signal components. [5] 
 Another method computes the 3-base periodicity and the background noise of the 
stepwise DNA segments of the target DNA sequences using nucleotide distributions 
in the three codon positions of the DNA sequences. [6] Vaidyanathan, P.P and Byang-
Jun Yoon used the digital filters to extract the period-3 component to predict gene 
locations. [7] 
 This periodicity shown in coding regions is observed to be imperfect since it is 
absent and non-uniform in some coding regions. [5] It has been observed that wavelet 
transforms are less tedious and can be used to probe localized structure of DNA 
sequences. [8] Wavelets can be used to analyze coding and noncoding regions since 
the wavelet coefficients of both the coding and non-coding regions exhibit different 
traits hence we can take the wavelet transforms and be able to differentiate both the 
coding and noncoding regions. 
 It has been established in literature that wavelets are localized in both time and 
frequency while Fourier transform is only localized in time. Wavelets thus give better 
results when used in multiresolution analysis. Its properties results in some useful 
applications like compression and denoising which cannot be done by using Fourier 
transforms. [13] The objectives of this paper include doing wavelet analysis and 
carrying out denoising and compression. The continuous wavelet transform is taken 
and the behaviors of both the coding and noncoding regions are studied and then 
compared using the three dimensional plot (3Dplot), scalograms, the distribution of its 
means and standard deviations. It is observed that that there is a consistent pattern for 
the coding regions and also for the noncoding regions. 
 
 
Materials and Method 
Tools and Materials 
Wavelet coefficients of coding and noncoding regions are distributed differently. 
DNA data of three different Eukaryotic organisms; Ateles geoffroy, Bos Taurus and 
Anolis Carolinensis with NCBI accession numbers U04852, L09603 and L31503 
respectively are analyzed. The DNA sequences that are used for analysis in this paper 
were used by Jishnu S. and Deepa P. Gopinath in their paper. [9] Three types of 
wavelets will be used for analysis (coiflets, Daubechies and biorthogonal) and their 
performances will be compared. This work will be using integer representations for 



Wavelet Analysis of Coding and Noncoding Regions of DNA Sequences 151 
 

 

the DNA sequences in order to carry out analysis using wavelets. The choice of 
representation is based on the fact that both the coding and noncoding regions will be 
differentiated. The DNA sequence used here is downloaded from the NCBI website. 
The work is done using MATLAB. 
 
Method 
The DNA sequence is downloaded from the NCBI website and it is in character form. 
It is converted into numerical form using the integer representation. [10] The scheme 
used here is as follows: A=1, G=2, T=3, C= 4. Once the DNA sequence has been 
converted using the integer mapping scheme, wavelet transform is applied for 
analysis.  
 There are different types of wavelets; however for the purpose of this work three 
different types of wavelets are applied. They are coiflets, Daubechies and 
biorthogonal. The results from this analysis are compared for the three wavelets. 
Furthermore denoising and compression are carried out for these sequences. 
 The continuous wavelet transform is defined as: 
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 Where the symbol * represents the complex conjugate, x(t) is the given signal 
(DNA sequence) and ψ is a wavelet. 
 The discrete wavelet transform is defined as: 
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 Where g’s are the coefficients of the wavelet equation associated with ψ. [13] 

 Denoising is carried out using four different threshold selection methods which 
are Rigorous SURE, Heuristic SURE, Minimax and Sqtwolog. The signal to noise 
ratio (SNR) and the percentage root mean square difference (PRD) are used to 
evaluate the denoising methods. Analysis is carried out separately for the wavelet 
transforms of the coding and noncoding regions and comparisons are made. Global 
comparisons are made by normalizing since the coding and noncoding regions have 
different lengths. This is done by dividing the wavelet coefficients by the maximum 
values. 
 
 
Results and Discussion 
Coding and Noncoding Regions 
The DNA sequences taken for analysis are in character form; hence they are 
converted by using the integer representation. First, the coding and noncoding regions 
of the Anolis Carolinensis genomic sequence are analyzed. The wavelet transform of 
coding and noncoding regions are similar when the coiflets and biorthogonal wavelets 
are used, while it looks slightly different for Daubechies. See figures 1 and 2 
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respectively for scalograms of a coding region and a non coding region using the three 
different types of wavelets. 

 

 
 

Figure 1: Wavelet transform of a coding region using coiflet, biorthogonal and 
Daubechies wavelets respectively. 

 

 
 

Figure 2: Wavelet transform of a noncoding region using coiflet, biorthogonal and 
Daubechies wavelets respectively. 
 
 
 It is observed from figures 1 and 2 that the coding and noncoding regions have 
different structures using the three different types of wavelets. Next, the distribution 
of the mean and standard deviation for the coding and noncoding regions using the 
coiflet, biorthogonal and Daubechies wavelets respectively are observed. The results 
are shown in figures 3 and 4, which indicate that the distributions of the mean and 
standard deviations for the coding regions are almost symmetrical while for the 
noncoding regions they are far from been normally distributed. We also see here that 
the results for the coiflets and biorthogonal are similar while that of Daubechies looks 
different.  
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Figure 3: The distribution of the mean and standard deviation of a coding region 
using coiflet, biorthogonal and Daubechies  
wavelets respectively. 

 

 
 

Figure 4: The distribution of the mean and standard deviation of a noncoding region 
using coiflet, biorthogonal and Daubechies wavelets respectively.  
 
 
 The 3Dplot was also observed for the coding and noncoding regions using the 
coiflet, biorthogonal and Daubechies wavelets respectively. The results are shown in 
figures 5 and 6 respectively, from which, it is observed that the 3Dplots for both the 
coding and noncoding regions exhibit different and distinct traits. The coding regions 
have a distinct peak while there is more than one distinct peak for the noncoding 
regions. The plots for the coiflets and the biorthogonal wavelets are similar while the 
pattern for the Daubechies wavelets is slightly different. 

 

 
 

Figure 5: The 3Dplot of the wavelet coefficients of a coding region using coiflet, 
biorthogonal and Daubechies wavelets respectively.  
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Figure 6: The 3Dplot of the wavelet coefficients of a noncoding region using coiflet, 
biorthogonal and Daubechies wavelets respectively. 
 
 
 Next a global comparison is done on the wavelet coefficients by normalizing since 
each of the coding and noncoding regions have different lengths. This is done by 
defining the function N(a) as in (3) below: 
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where w(a,b) are the wavelet coefficients is defined in (1) above. A plot of N(a) and 
the results are shown in figures 7 and 8 below. 

 

 
 

Figure 7: Plot of N(a)for all the coding regions of the Anolis Carolinensis. 
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Coding regions: 1: 1341-1701 2: 3898-4066 3: 5207-5372 4: 6003-6242 5: 9361:9482 
Noncoding regions: 6: 1702-3897 7: 4067-5206 8: 5373-6002 9: 6243-9360 10: 9483-
9923 
 
 
Compression 
One of the most important applications of wavelet transforms is the compression of 
the signals. The main objective for signal compression is to compress the data for a 
specified channel bandwidth or storage requirement while maintaining the highest 
possible signal quality. [15] The DNA sequences analyzed in this paper are done by 
representations using integers hence can be represented in form of signals.  
 The original form of these sequences could be huge and voluminous but when the 
resulting signal is compressed, it will be possible to store large sequences in a small 
space and can be decompressed later for future use. The DNA sequences generate a 
growth exponentially daily and hence there is need for storage space. 

 
 

Table 1: Compression of three DNA Sequences 
 

DNA Wavelet Threshold Values Retained Energy(%) Number of zeros(%)
Anolis 

Carolinensis 
coif 0.71 99.91 48.80 
bior 0.71 99.84 45.94 
db 0.71 99.87 46.21 

Ateles 
geoffroy 

coif 0.81 99.60 50.20 
bior 0.81 99.60 47.90 
db 0.82 99.40 46.50 

Bos 
Taurus 

coif 0.79 99.74 49.36 
bior 0.79 99.72 48.35 
db 0.80 99.68 47.60 

 
 
 The compression procedure contains three steps: Decomposition, Thresholding 
detail coefficients and Reconstruction. The higher the retained energy and the number 
of zeros the better performance. Compression is done using discrete wavelet 
transforms for the three different forms of wavelet. Global thresholding is used and 
the thresholding method used is removing values near zero. The threshold values, 
Retained Energy and the Number of Zeros are recorded. The result is given in table 1, 
from which, it is observed that Coiflets performed best with the highest retained 
energy for each sequence and the highest number of zeros. 
 
Denoising 
Denoising is another important application of wavelet transforms. It consists of 
restoring a useful signal from observation corrupted by additive noise. [16] Denoising 
is carried out on the signals from the three DNA sequences by looking at each of the 
coding and noncoding regions as subsignals (using integer representations) and then 
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taking an overall average. The four threshold selection methods that are used are 
Rigorous SURE, Heuristic SURE, minimax and sqtwolog. [11]These methods were 
compared using the three wavelets. The Signal to noise ratio (SNR) and the 
percentage root mean square difference (PRD) were used to evaluate our denoising 
methods. 
 The formula for the SNR and PRD are given as follows: 

 ∑
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where V(n) is original DNA sequences and VR (n) is denoised version of the DNA 
sequence. 
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where SR(n) is the deformation in reconstructed DNA sequence. [12] 
 The result shows that the method that gave the best thresholding method is 
minimax with the highest SNR values and the lowest PRD values for the three 
wavelets. The results for SNR and PRD are shown in tables 2 and 3 respectively. 

 
 

Table 2: SNR values for the three DNA sequences 
 

DNA Wavelet rigrsure sqtwolog heursure minimaxi 
Anolis 

Carolinensis 
 

coif 3.5383 3.5382 3.5382 3.5421 
bior 3.5382 3.5382 3.5382 3.5422 
db 3.5395 3.5388 3.5388 3.5429 

Ateles 
geoffroy 

 

coif 3.2606 3.2606 3.2606 3.2641 
bior 3.2627 3.2611 3.2611 3.2739 
db 3.2638 3.2604 3.2634 3.2735 

Bos 
taurus 

 

coif 3.1881 3.1881 3.1881 3.1967 
bior 3.1886 3.1878 3.1878 3.1939 
db 3.1923 3.1901 3.1913 3.1963 
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Table 3: PRD values for the three DNA sequences 
 

DNA Wavelet rigrsure sqtwolog heursure minimaxi 
Anolis 

Carolinensis 
 

coif 0.2806 0.2813 0.2813 0.2649 
bior 0.2812 0.2813 0.2812 0.2648 
db 0.2764 0.2791 0.2791 0.2622 

Ateles 
geoffroy 

 

coif 0.2965 0.2965 0.2965 0.282 
bior 0.2885 0.2974 0.2974 0.2319 
db 0.278 0.2823 0.2799 0.2312 

Bos 
taurus 

 

coif 0.2949 0.2824 0.2949 0.261 
bior 0.292 0.2951 0.2951 0.2705 
db 0.2789 0.2887 0.2842 0.2617 

 
 
Conclusion 
It has been mentioned in the introduction that the wavelet transform is an 
improvement over the Fourier transform since it can be used to probe localized 
structure of the DNA sequences. Wavelets can be used for signal noise reduction and 
compression. Compression was done using coiflets, biorthogonal and Daubechies; 
coiflets provided the best results. Furthermore, amongst the different thresholding 
methods used, the minimax method provides the best result. The three types of 
wavelets are equally good for visual representations when differentiating coding and 
noncoding regions. However, the coiflets and biorthogonal give very similar results. It 
was also observed when carrying out denoising that lower levels give better results. 
Finally from the global comparison, it indicates that there is a consistent trend for the 
three types of wavelets. More work will be done in the future to determine what 
happens if there are different types of DNA sequences or DNA sequences with 
mutations. 
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