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Abstract: Gene prediction is a problem of interpreting nucleotide sequences by computer, in order to provide 

information on protein coding genes. The digital filters have been considered here for this purpose. The DNA 

sequence is mapped into digital signals in the form of binary indicator sequences. Digital filtering operations are 

performed for each of the four indicator sequences.     
 
 

1. INTRODUCTION 
Deoxyribonucleic acid (DNA) is a molecule that 
contains the genetic code of all living things. DNA 
molecule consists of two strands that wind around 
one another to forma a shape known as double 
helix. Each strand has a backbone made of 
alternating sugar and phosphate group. These two 
strands run in opposite direction to each other and 
are therefore antiparallel. Attached to each sugar is 
one of four types of molecule is called bases. The 
information in  DNA is stored as a code made up of 
four chemical bases: adenine(A), cytosine(C), 
guanine(G), and thymine(T).In double stranded 
DNA ,base A always pair with T because they make 
two hydrogen bonds and cytosine(C) and 
guanine(G) pair upto make three hydrogen bonds. 
Although the bases are always in fixed pairs, the 
pairs can come in any order.[1] 
DNA sequence can be divided into genes and 
intergenic spaces as shown in Figure 1.1. 

 
 
 
 
 
 
 

Figure 1.1. DNA sequence 
 

   Gene contains the information for generation of 
proteins. A gene is sequence made up from the four 
bases and can be divided into two subregions called 
exons and introns and only exons are involved in 
protein coding. The bases in the exon region can be 
imagined to be divided into group of three adjacent 
bases. Each triplet is called codon. There are 64 
possible codons. Scanning the gene from left to right; 
a codon sequence can be defined by concatenation of 
the codons in all the exons. The codon sequence 
therefore uniquely identifies an amino acid sequence, 
which defines sequence,  
 

which defines a protein. This mapping is called 
genetic code. Table1.1 shows the genetic code in 
which 20 amino acids are designated by both one 
letter and three letter symbols.[2] 

Table 1.1: List of amino acids and codons 

 
 
 
 
 
 
 
 
 
 
 
 

2. MAJOR SECTIONS 
 

 
 
 
 
 

The protein coding regions of DNA sequences 
exhibit period 3 behaviour due to codon structure. 
This period 3 property can be exploited for locating 
exons. This paper deals with the prediction of genes 
using digital filters, as they can be very effective in 
extracting this period 3 information.[3] 

 
2. METHODOLOGY 

The methodology of gene prediction using digital 
filter has been divided into following steps. 
2.1 Collection of Input Data 
Most of the identified genomic data is publicly 
available over the web at various places worldwide. 
The National Institute Of Health (NIH) nucleotide 
sequence database is called 
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GenBank and contains all publicly available DNA 
sequences. The input data used in this paper is taken 
from gene F56F11.4 in C-elegans chromosome III 
having Accession Number: AF099922 from base 
number 7020-15080.[4] 
2.2 Mapping of DNA Strand into Digital 
      Signals 
A single DNA strand is represented as a sequence 
of four bases, namely A, C, T and G. The method of 
mapping DNA sequence to a set of digital signals 
used in this dissertation consists of forming four 
binary indicator sequences xA(n), xC(n), xT(n) and 
xG(n) where a 1 would indicate the presence of a 
base and 0 indicates its absence. For example, the 
signal xA(n) in DNA segment GCCAATGCTGAA 
is 000110000011. The signals xG(n), xC(n) and 
xT(n) can also be obtained in a similar manner. This 
has been achieved with the help of C-programs 
written separately for each indicator sequence. 
2.3 Designing of Filters 
There are different ways of designing filters using 
the Filter Design and Analysis Tool in MATLAB. 
FDATool helps in quickly design digital FIR or IIR 
filters by setting filter performance specifications, 
by importing filters from your MATLAB 
workspace. Several response types are available as 
options namely Lowpass, Highpass, Bandpass, 
Bandstop, Differentiator, Hilbert transformer are 
chosen from the response type region in Digital 
filter panel as shown in Figure 2.1.The filter design 
specifications vary according to response type and 
design method. The filter designed is then computed 
using default filter design method, type, order, along 
with certain frequency or time domain 
specifications such as pass band frequencies and 
stop band frequencies. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2.1 Design Filter Panel 
 

Once the filter has been designed, indicator 

sequences are passed through it. Four digital 
filtering operations are performed for each of the 
four indicator sequences. The indicator sequences 
are individually processed using the same digital 
filter to produce the signals Ya, Yc, Yg and Yt. A 
measure of the spectral content of a DNA sequence 
is given by (1). 

Y=Ya2+ Yc2 + Yg2 + Yt2                                 (1) 

The signal Y produces large values in coding 
regions that exhibit strong period-three behaviour 
and is therefore an indicator of coding region.[5] 

 
3. RESULTS 

Results are in the form of plots giving measure of 
the spectral content of a DNA sequence. Different 
cases are considered one by one. 
3.1 FIR Filters 
Firstly, considering the case of FIR filters. For the 
FIR filter design, the following approaches are 
considered for passband edges chosen as  
 wc1 = 0.6665 and wc2 = 0.6667. 
 a) Windowed Fourier series approach. 
 Figure 3.1 shows the exon prediction plots by 
 Kaiser window.  

Figure 3.1 Kaiser Window 
 
The peaks corresponding to the exons can be 
clearly seen but the presence of background “noise” 
due to 1/f characteristics in DNA sequence can also 
be noticed. Another window function, hamming, is 
also considered here as shown in Figure 3.2. The 
effect of noise is more visible here as compared to 
Kaiser window function even though order of filter 
is higher in this case. 
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Figure 3.2 Hamming Window 
 

b) Least Square and Constraint Least Square  
     Algorithm. 
The plots of Figure 3.3 and 3.4 shows the 
performance of digital filters based on Least-
squares algorithm and Constrained Least-square 
algorithm respectively. 

Figure 3.3 Least Square Algorithm 

    Figure 3.4 Constrained Least-Square 

    c) Equiripple Filters 
    The Figure 3.5 shows the exon prediction plot for 

       Equiripple filters .It has been found that    
Equiripple filter is giving the comparable    
performance for a very high value of filter order. 

Figure 3.5 Equiripple Filter 
 
 

3.2 IIR Filters 
For the IIR filter design, the following approaches 
are considered for passband edges chosen as  
 wc1 = 0.6665 and wc2 = 0.6667. 
a)Butterworth filter 
As it is clear from Figure 3.6, 3.7, and 3.8,      
butterworth filters upto order 14 with above 
mentioned specifications are clearly locating the 
exons. 
 
 

Figure 3.6 Order 10 

Figure 3.7 Order 12 

Figure 3.8 Order 14 
                               

 
Butterworth filters with these passband edges and 
order greater than 14 are found to be unstable. 
 b) Chebyshev Type I Filter 
 As shown in Figure 3.9 and 3.10 Chebyshev  
filters are giving satisfactory performance upto 
filter order 12. 
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Figure 3.9 Order 10 
   

     Figure 3.10 Order 12 
                
 

c) Chebyshev Type II Filter 
This category of filter does not give the desired 
result as it is quite clear from Figure 3.11. 

 

Figure 3.11 Chebyshev Type II Filter 
 

d) Elliptic Filter 
As it is clear from Figure 3.12 and 3.13 that the 
difference in the magnitudes of two most 
dominant peaks is comparatively less in lower 
order filters and it increases as the order 
increases. As the filter order is increased beyond 
12, the filter becomes unstable. 

 
Figure 3.12  Order 10 

                 
 
 

             Figure 3.13 Order 12 
 

 
Table 3.1 Summary of FIR filters order for 
desired performance 

 
Table 3.2 Summary of IIR filters order for desired 
performance 

 
 

4. CONCLUSION AND FUTURE SCOPE 
IIR filters are giving the desired performance at a 
much lower order in comparison to FIR filters. 
And as the order of these filters increases, the 
background  noise is more suppressed. In future 
the use of multirate digital filter in identifying the 
protein coding regions can also be explored. 
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