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ABSTRACT: Digital Signal Processing (DSP) applications have gained great popularity in the study of genomics
in recent time. DSP can be used as a tool in the area of DNA sequence analysis, gene expression detection,
identification of coding and non coding regions and also finding out abnormalities present in the coding
region. DSP solves this task with great accuracy and less complexity. According to available medical
research reports it has been given to understand that cancer is often caused due to genetic abnormality. In
the present article, we present a DFT based approach to analyze the spectral characteristics of cancer cell
and non- cancer cell and design a digital IIR low pass filter with Butterworth approximation for better
prediction and identification of anomalies in cancer cells. The algorithm is tested for several databases of
Homo Sapiens chromosomes available in Gene Bank which gives satisfactory results.

KEYWORDS: Genomic Signal Processing; DSP in Cancer prediction; DFT power spectrum; DNA sequence
analysis; coding region

«+ INTRODUCTION

Genomic signal processing (GSP) is the engineering discipline that studies the processing of
genomic signals, which are measurable events originating from DNA sequence, mRNA sequence and
protein. Based upon current technology, GSP primarily deals with extracting information from gene
expression measurements. The analysis, processing and use of genomic signals for gaining biological
knowledge constitute the domain of GSP. Cells are the fundamental working units of every living
system. All the instructions needed to direct their activity are contained within the chemical bases of a
DNA chain. When a particular instruction becomes active the corresponding gene is said to be turned
on or be expressed. Two major goals of functional genomics are 1) to use genomic signals to classify
disease on a molecular level and 2) to screen for genes that determine specific disease and model their
activity in such a way that normal and abnormal behavior can be differentiated. Over the past decade,
significant discoveries have been made that provide a better understanding of genetic basis of cancer
disease. It has been understood that DNA plays an important role in the study of cancer disease.

Now a days Cancer is the most common and dreaded disease that plays a leading role causing
death all over the world. Almost in every family there is at least one victim of this disease. Cancer
causes a significant financial burden on the health care system. Despite many advances derived from
important innovations in technology during the last decades, in the field of cancer medicine, successes
are still overshadowed by the tremendous morbidity and mortality incurred by this devastating disease.
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 or are inherited and thus
present in all cells from birth. The heritability of cancer is usually affected by complex interactions
between carcinogens and the host's genome. There is a diverse classification scheme for the various
genomic changes which may contribute to the generation of cancer cells. Most of these changes are
mutations, or changes in the nucleotide sequence of genomic DNA. Small-scale mutations include point
mutations, deletions, and insertions, which may occur in the promoter region of a gene and affect its
expression or may occur in the gene's coding sequence and alter the function or stability of its protein
product [10]. Most cancers come from random mutations that develop in body cells during one's
lifetime - either as a mistake when cells are going through cell division or in response to injuries from
environmental agents such as exposure to radiation or chemicals. Many researchers are using gene
microarray and mass spectrography technology to analyze gene expression data for prediction and
classification of cancer [5]. Nanotechnology is also used to develop accurate and sensitive biomedical
devices for cancer genome study [3].
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Since abnormality of the DNA and coding regions are related to cancer, we focus our attention to
study the spectral characteristic of coding regions using digital signal processing for cancer cell and
non-cancer cells. In this paper the authors have presented DFT power spectrum methods to predict
abnormality present in the nucleotide levels of a coding region in the cancer cells and also design an
IIR Low Pass digital filter with Butterworth Approximation for better prediction of cancer cells.

< BRIEF OVERVIEW OF DNA

DNA is the important chemical present in the nucleus of all cells. It makes up chromosomes
which is responsible for passing on the genetic information from parent cell to offspring during
reproduction. The major function of DNA is to provide instructions for protein synthesis [1]. After the
sensational discovery of double helix structure of DNA by Watson & Crick, researchers from all fields
have focused their attention in this particular field of biology keeping in view the vast information
content and functional importance of DNA. A DNA is a double helix structure consisting of two
complementary strands of sugar-phosphate group with bases attached to it. The sequence of
nucleotide bases A, T, G and C (respectively, adenine, thymine, guanine and cytosine) provide all
genetic information needed to carry out cell’s activities. Nucleotides are made up of three components
nitrogen base, pentode sugar and phosphate group. Two types of nitrogen bases purines and
pyrimidines are present in DNA. A and G are purine bases whereas C and G are pyrimidine bases. Two
strands of DNA are always complementary to each other. A always pairs with T and C always pairs with
G. The DNA strands are held together mainly by hydrogen bonds between purine and pyrimidine. There
are two Hydrogen bonds between A & T and three bonds between C & G. Therefore GC bond is stronger
than AT bond as shown in Figure 1.

Guanine (G)

Figure 1. DNA structure and hydrogen bonding between neucleotides

Exons of a DNA sequence are the most information bearing part because only exons involve in
protein synthesis [2,6,7,14]. Hence Power Spectrum of exons has been used in the study of Cancer cells
in this paper. A mutation is a permanent change in the DNA. A mutation can arise spontaneously
without apparent cause, or in response to radiation from UV light, exposure to certain chemicals or
viruses. Some mutations involve the substitution of one base pair for another, for example inserting a
G-C where there should have been a T-A pair. In other cases one or more base pairs can be added to or
removed from the chain. Sometimes huge segments are altered, rearranged or misaligned. Mutations
can lead to cell death, to alterations in the way a cell functions or in some cases to cancer. In this
paper spectral analysis of cancer cell is studied based on abnormality present in the nucleotide level of
a DNA sequence.

«¢» DSP TECHNIQUE FOR CANCER PREDICTION

A key concept in DSP is the possibility of representing the signals in the frequency domain
making use of the Discrete Fourier Transform [9]. 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 [4,11,12]. Several mapping techniques are used by
researchers for their applications. A new mapping technique of conversion based on weak and strong
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hydrogen bonding between nucleotides bases has been used in this paper. Here instead of taking four
independent indicator sequences for each nucleotide one binary sequence is generated based on weak
& strong hydrogen bonding. For conversion we have taken ‘A’s & ‘T’s to be binary ‘0’ and ‘C’& ‘G’ as
binary ‘1’ .

For a DNA string defined as x[n] with alphabets A,T, C & G of length N . Let us define a single
binary indicator sequence xs[n].

If xIn]=ATTGCAGCT, then xs[n]=000110110

The DFT Xs[k] of the corresponding binary sequence is

X [k]=) x [n]e /2™~ (1)

k=0,1,2,........N-1 and n=0,1,2,....... N-1.
Then the Power Spectral content of the sequence is given by

P k1= X, K] )
The plot of Ps[k] of coding region is investigated as indicator of cancer cell or non cancer cell.

Spectral characteristics of coding region is further improved by using a recursive filer with the
following system function

boz™ +biz¥ 7 +boz VN2 4. +bn
H(Z) = ON N-1 N-2 (3)
Z% +aiz” T +aqz +orreenns +an

A digital IIR filter of Butterworth approximation have been designed to suppress the noise from
the power spectrum providing better prediction of cancer cell.

+»  ALGORITHM

For a coding sequence of length N, find the Power Spectral Density.
Step 1: Scan the sequence and map the four letter alphabet into one binary sequence based on weak
and strong hydrogen bonding between nucleotides.
Step 2: Obtained the Discrete Fourier Transform of the binary sequence using Eq.1.
Step 3: Estimate the PSD of the sequence obtained using Eq. 2.
Step 4: Design an IIR Low Pass filter with Butterworth approximation with following specification:
Filter order N: 10;

gain freq response of butterworth filter

Pass band edge frequency: 0 ‘ ‘ ‘ ‘

Wp =0.3142 rad/sec; 5 |
Stop band edge frequency: ol |
Ws =0.4147 rad/sec; ampliude

Cutoff frequency: Wc =0.3607 rad/sec; T 1
Pass band ripple: Rp =0.5 db; 20 | 8

Stop band ripple: Rs =40 db;
The filter response is shown in Figure 2.
Step 5: Filter the PSD of the sequence o 1

25 | -

using the above designed filter. 35 1
Step: 6: Find out mean amplitude, mean w0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
frequency for Var]OUS SequenCGS. 0 0.05 0.1 0.15 0.2 e in(:].:gz 0.3 0.35 04 0.45 05
Step 7: Compare the PSD for cancer cell Figure 2. IIR filter Response

and non cancer cell
The algorithm is tested for various Homo sapiens cancer and non-cancer data bases available in
Gene bank shown in Table 1 & Table 2 and giving satisfactory result.
Table 1. Cancer Cells
Mean

SL. Ratio of Mean Amplitude

Accession . Mean
o Normalized h and Mean
) No. Frequency | AmPlitude | o rmalized Frequency
1] AF008216.1 3./86 1.976 0.52
2| AF348525.1 3.874 1.189 0.30
3] NM_016346.2 2.548 1.369 0.53
41 NM_005732.3 2.491 2.007 0.80
5| AF348515.1 3.895 0.9737 0.24
6 | NM_012403.1 3.786 1.976 0.52
Table 2. Normal Cells
. Ratio of
Sl. : Mean Normalized Mean :
Accession No. h Mean Amplitude and
No. Frequency Amplitude| w2 NorPFrequency
1 AF083883 3.4381 5.02 1.43
2 AF186607.1 2.984 10.52 3.52
3 AF186613.1 2.984 9.565 3.2
4 AF007546 3.481 5.02 1.43
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o

¢ RESULTS & INFERENCES

Here we have observed the DFT power spectrum plot of nucleotide bases of coding regions for
various DNA sequences to identify some features for easy diagnosis of cancer disease. DFT power
spectrum plot can be used as an effective and simple method for cancer prediction if DNA nucleotide
sequences are available.

Several databases of the breast, ovarian, prostate cancer with different accession numbers have
been taken for our sample test. Some of these data bases are shown in the Table 1.& Table 2 . From
the DFT power spectrum plot depicted in Figures 4, 5, 6 & 7 of coding region, it has been observed that
there is a clear distinction between cancer cell and normal cell. In most of the cases of cancer cells,
spikes are generated in the power spectrum plot which is absent in normal cells. The IIR filter output
gives a clear distinction of Cancer cell and normal cells. The filtered output of coding region for normal
cell is more smooth, whereas cancer cells are either peaky in nature or vary randomly. It has been also
observed that the filtered Power Spectrum plots for Cancer cells starts from non-zero value whereas
non-cancer cell starts always from zero value of the amplitude. Table (1 & 2) summarizes the
experimental results of mean amplitude, mean normalized frequency obtained in cancer cells and non
cancer cells. From the bar plot shown in Figure 3. , it has been observed that ratio of mean amplitude
to mean frequency is less than 1.0 for cancer cells and more than 1.0 for normal cell.

NORM AMP. / MEAN NORM.FREQ 1 AF008IT6 T
3.5 2 AF348525.1
] 3 NM_016346.2
3.07] 4 CéSLCLER NM_005732.3
2.57] 5 AF348515.1
2.0 6 NM_012403.1
] 7 AF083883
1.57 8 NON- AF186607.1
1.0 9 | CANCER CELLS | AF186613.1
0 5_' 10 AF007546
T Figure 3. Bar Plot for Cancer
0.0 1 5 3 4 5 5 7 8 9 10 cell and normal cell
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Figure 4. DFT Power Spectrum Plot For Cancer Cell of accession no. AF008216
and length of EXON 4453-5157 bp
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Figure 5. DFT Power Spectrum Plot For Cancer Cell of accession no. NM_012403.1
and length of EXON 1-705bp
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Figure 6. DFT Power Spectrum Plot For Non-Cancer Cell of accession no. AF18660.1
and length of EXON (1210-1301) bp
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Figure 7. DFT Power Spectrum Plot For Non-Cancer Cell of accession no. AF083883
and length of EXON (1210-1301) bp

«  CONCLUSIONS

DSP nowadays 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. Here we surveyed DFT power spectrum as a method to predict CANCER
disease for various databases available in Gene bank. The result shows this method can be used as an
easy tool to predict cancer disease. The filtered power spectrum plots yield high accuracy. The bar
plots show prominent results for prediction of cancer. The authors 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. And the next step in our research would be to
generalize this analysis for a number of other oncogene databases.
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