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ABSTRACT

Protein coding regions in DNA sequences is
a fundamental step in computational
recognition of genes. An important emerging
research area is the study and development
of signal processing techniques for rapid
real time nucleic acid detection. Signal
Processing deals with life  forms,
particularly the DNA sequences. Such
techniques become extremely important in
obtaining useful information from the large
sets of data in the form of the human
genome. This papers deals with the protein-
coding regions of the DNA sequence .
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. INTRODUCTION

Signal processing is the art of representing,
transforming, analyzing, and manipulating
signals. Genomic engineering is a quickly
evolving interdisciplinary field that blends
bioscience, medicine, and engineering. DNA
sequence analysis technology has been
developing for decades to unravel the
structure-related information. Signal
processing techniques have been found
useful in truly diverse applications, such as
signal enhancement, speech recognition
audio and image compression , radar signal

processing , and digital communications ,
just to name a few. More recently, signal
processing techniques have been also
applied to the analysis of biological data
with considerable success. A key concept in
DSP is the possibility of representing the
signals in the frequency domain making use
of the Discrete Fourier Transform . This
representation leads to some important
signal properties which are associated to
their frequency spectrum that are not
revealed in the time domain. In case of the
genomic sequences the nucleotide bases are
represented mathematically by character
strings of size 4 alphabet consisting of the
letters A,T,G and C. The possibility of
finding wide applications of DSP techniques
to the analysis of genomic sequences occur
only when these are appropriately converted
into numerical sequences. Now a days
Cancer is the most common and dreaded
disease that plays a leading role causing
death all over the world. Cancer is caused by
abnormalities in the genetic material of the
transformed cell. Cancer-promoting genetic
abnormalities may randomly occur through
errors in DNA replication. Nanotechnology
is also used to develop accurate and
sensitive biomedical devices for cancer
genome study. Abnormality of the DNA and
coding regions are related to cancer.
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Figure 1. Paralleling an engineered system
to a biological system.

1. DNA

A single strand of Deoxyribo nucleic acid
(DNA) consists of many linked, smaller
components called nucleotides. Each
nucleotide is one of four possible
aminoacids namely Adenine (A), Thyamine
(T), Cytosine (C) and Guanine (G). These
are represented by the alphabets A, T, C,
and G. DNA has two distinct ends, the 5’end
and the 3’ end. The 5’end of a nucleotide is
linked to the 3’end of another nucleotide by
a strong chemical bond, thus forming a long,
one dimensional chain of a specific
directionality. Single DNA strands tend to
form double helices with other single DNA
strands. A DNA double strand contains two
single strands that are complementary to
each other i. e A is linked to T and vice
versa, and C is linked to G and vice versa.
Each such bond is weak but together all
these bonds create a stable, double helical
structure . The two strands run in opposite
direction. The diagram is a simplified,
straightened out depiction of the two linked

strands. For example, the part of the DNA
double strand shown in Fig. is

5'- C-A-T-T-G-C-C-A-G-T - 3’
3'- G-T-A-A-C-G-G-T-C-A - 5'

Because each of the strands of a DNA
double strand uniquely determines the other
strand, a double-stranded DNA molecule is
represented by either of the two character
strings read in its 5 to 3’ direction.

sq¥
a0 L w070 00w

Y UROUR
Laie

nuckotide DNA strand

Figure 2: Illustration of a nucleotide and a
DNA strand.
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Figure 3: Illustration of a DNA double helix.
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1. GENETIC CODE

A protein is a complex molecule consisting
of many linked, smaller components called
amino acids. Protein synthesis is governed
by the genetic code which maps each of the
64 possible triplets (codons) of DNA
characters into one of the 20 possible amino
acids. The genetic code in which the 20
amino acids are designated by both their
one-letter and three-letter symbols. A
particular triplet, ATG, serves as the START
codon and it also codes for the M amino
acid (methionine); thus, methionine appears
as the first amino acid of proteins, but it may
also appear in other locations. We also see
that there are three STOP codons indicating
termination of amino acid chain synthesis,
and the last amino acid is the one generated
by the codon preceding the STOP codon.
Coding of nucleotide triplets into amino
acids can happen in either the forward or the
reverse  direction based on the
complementary DNA strand. Therefore,
there are six possible reading frames for
protein coding DNA regions.

SECOND POSITION OF CODON
T C A G

TTTPhe(F) | TCT Se(3) |TAT Tyr(Ty | TGT Cysic)
TTC PhetF) | TCC SercS) | TAC Tar(¥) | TGC Cysic)
TTaLen(Ly | TCA Ser(S) [TAA (STOR) | TGA (STOR)
TTG Lex (L) | TCG Sercs) | TAG (STOR) | TGG Trp (W)

CTTLeniLy | CCTPra(Py | CCT Pro(?) | CGT arg(R)
CTCLea(Ly | COUProcF) | COCPro (B | COC drg (E)
CTaLeniLy | CCaFro(H) | CCAR (R | COAkAmg ()
CTG Les (L) | CCG Fro(F) | COG Bro(Fy | COG drg ()

ATTIe(D | ACT The(T) | AST A ()| 80T Ser(
ATCIe(D | ACC The(T) | AAC Aen(HD| AGC Sx(g)
Al STALE(T | ACATH(T) | ASALys(E) | AGA Arg(R)
ATG Met (M| ACG ThriTh | ASG Lys () | AGE Arg (R
(START)

GTTVal(V) | GCT &k () | GAT Asp (D3| GGT GG
GTCVal(Vy | GOC Ala () | GAC AspiDh| GGCGHIG)
GTAVal(V) | GCA &R () | Gk Gl (B | GOAGI(D
GTG Val(Vi | GCG &R (4) | CAG Glo(E) | GGG Gl
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Figure 4. Genetic code

The total number of nucleotides in the
protein coding area of a gene will be a
multiple of three, that the area will be
bounded by a START codon and a STOP
codon, and that there will be no other STOP
codon in the coding reading frame in
between. However, given a long nucleotide
sequence, it is very difficult to accurately
designate where the genes are. Accurate
gene prediction becomes further
complicated by the fact that, in advanced
organisms, protein coding regions in DNA
are typically separated into several isolated
sub regions called exons. When DNA is
copied into mRNA during transcription, the
introns are eliminated by a process called
splicing. The same gene can code for
different proteins. This happens by joining
the exons of a gene in different ways.

V. SIGNAL PROCESSING IN
DNA SEQUENCE

The DNA sequence contains the instructions
that control nearly everything about how an
organism lives, such as its development,
metabolism, and sensitivity to infection. Its
analysis is an important research project in
genomic  signal  processing.  Signal
processing will play an important role in
reaching this goal, and indeed many
computational techniques have already been
applied, including the artificial neural
network , nonlinear model , spectrogram
and statistical techniques . The analysis of
DNA sequences using DSP can be useful in
the detection of protein coding regions in
genomic sequences. In a eukaryotic genome,
the introns and exons, start codon and stop
codon, donor splice sites (transition from an
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exon to an intron or vice versa), and a CpG
island (a region rich in CG pairs that may
promote gene function) can be detected
using DSP techniques.

DNA Spectrum detector of Protein
Coding

A. Discrete Fourier transform (DFT)

The signals represented in time domain, at
times is unable to infer the hidden
information and patterns in the signal.
Therefore, it is necessary to represent the
signal in some alternate domains where the
internal characteristics of the signal can be
reflected in a better way. The Fourier
transform  (FT)  provides such a
representation by transforming a signal from
time domain into frequency domain. The
Fourier transform is an invertible integral
transform that expresses a function in terms
of sinusoidal basis functions, i.e. as a sum or
integral of sinusoidal functions of different
frequencies .

The Fourier transform X(f) of a signal x(t) is
defined as

X(H) = [ xemre

and its inverse relgtionship is given by

@ = [ X

The discrete version of the Fourier transform
is called the discrete Fourier transform
(DFT). This is used when both the time and
the frequency variables are discrete. The
DFT of a discrete time signal x(n) of length
N can be viewed as a uniformly sampled
version of X(f) at frequencies

fk Z%fol’k:O,]-, """""" ’N_l

The period of the signal is % The DFT of the
signal x(n) is defined as

K 1 —j2nnk
— ) = — N
(E) =53 s
n=
Hence the inverse DFT (IDFT) is defined as

N-1
51
xn —]e
k=0 N

The discrete Fourier transform is one of the
most common spectral analysis technique
and has been used in various fields such as
image analysis, filtering, pattern analysis,
feature extraction in various areas in
engineering.
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Figure 5: DFTs of periodic signals. (Top) Magnitude
plot of the DFT of a signal with a period T = 3.
(Bottom)

B. Digital Filters
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The filter itself has a very simple impulse
response

w(n) ={

efwon Osn=N-1 }
0 otherwise

This is a band pass filter with pass band
centered at w0 = 2z/3 and minimum stop
band attenuation of about 13 dB.

|W[E o :|| COnesponds
o 13 dB

|
27/ 3 22
Figure 6. The filtering effect of DFT computation.

A narrow band band pass digital filter H(z)
with pass band centered at w0 = 27/3. With
the indicator sequence xG(n) taken as input,
let yG(n) denote its output. The narrow band
filter H(z) can be regarded as an antinotch
filter (i.e., complement of a notch). A digital
filter is a discrete system capable of
realizing some transformation to an input
discrete numerical sequence. [IR antinotch
Filter is a 2nd order all pass filter defined as
R? — 2Rcosfz ! + 772

1 — 2RcosOz~1 + R2Z—2

A(z) =
A filter bank with 2filter G(Z) and H(Z)
GZ)_ 11 19 1
[H(Z) ‘5[1 —1] [A(Z)]

1-2coswoZ 1 +272
1-2Rcos 6 ,—1 +R27-2

Then G(Z2) = K[

2Rcos6 1+R?
Where coswy = ——,K =
1+R

2
R is less then and closed to unity G(Z) is a
notch filter with a 0 at frequency w,. Also

H(z) and G(z) are power complementary.
Hence H(z) can be a good anti-notch filter

HZ) = 1] (1-R>»(1-27?)
~ 2|1 —2Rcos8,-1 + R2Z2

Magnitude responsa
e e
e

]
=

e
i

1

Figure 7. Antinotch filter responses for two
values of R.

V. RESULT

In order to demonstrate the proposed idea,
first took a segment of DNA sequence in
chromosome 1l and computed the four
indicator sequences xA(n), xC(n), xG(n),
and XT (n). This DNA segment contains the
protein-coding gene that consists of five
exons. Firstly, used the DFT-based method
to compute S[N/3]. Figure 8 (Top) shows
the plot of S[N/3] as function of relative
base location (n = 0). As shows in Figure 8
(Top), the last four exons have clearly
visible peaks. However, the peak that arises
from the first exon is somewhat buried in the
noisy background and it is not -easily
distinguishable from the spurious peaks. The
plot in Figure 8 (Bottom) shows the output
Y (n) obtained by the allpass-based
antinotch filter with a pole radius R = 0.992.
In this plot, the first peak is also larger than
the spurious peaks in the background,
showing the location of the first exon more
clearly. This result shows that the antinotch
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filter approach works very well, while
providing  additional  advantages in
implementation.
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Figure 8 Exon prediction results for chromosome llI.
(Top) Plot of S[N/3] computed using the DFT.
(Bottom) Plot of Y (n) that is computed using the
antinotch

VI. CONCLUSION

DSP now-a-days plays an important role in
DNA  sequence analysis, CANCER
diagnosis and gene expression analysis etc.
Researchers are using DFT power spectrum
plot to predict protein coding regions of a

DNA sequence. DFT power spectrum as a
method to predict CANCER disease for
various databases available in Gene bank.
The filtered power spectrum plots yield high
accuracy. The paper have conducted some
preliminary studies about the prediction of
CANCER cells . Further efforts will be
made to improve the accuracy of prediction
by using other types of digital filters. Signal
processing-based computational and visual
tools are meant to synergistically
complement character-string-domain tools
that have successfully been used for many
years by computer scientists. In this paper,
some of several possible ways that signal
processing can be used to directly address
biomolecular sequences are illustrated. An
important advantage of DSP-based tools is
their flexibility. parameters in ways that will
enhance the appearance of these patterns,
thus clarifying their significance.
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