CHAPTER 2

LITERATURE REVIEW

There are many attempts to study the hidden information in biological

In early 1970 : “Elsaer and P.A. Tsonis [3] found the
periodicities of thre i \'* eriodicities of variable length in

non-coding sequen

3.dot matrix analysis. When they

applied wavelet tran \ e DNA sequences, they found

that there are two con \\o sating coding sequences and non-

coding sequences. pal fterns ome nism cannot be found by using the
' WAL
Fourier analysis. However, 7.;.‘:. ot'n analysis, this evidence sometimes can be

found. These periodicities are= 7"DNA sequences of Escherichia coli by
using the Fourier tiansfomy BY A. Fukdst ouchir Y. Kudo, S. Kanaya, H. Mori
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efdberger, S. Havlen, C K. Peng,

; rical string by helps of
random walk. They found that trﬁ codﬁ 5nces are Iessléorrelated than non-
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In 1998, A. Arnedo, Y. D'Aubenton-Carafa, B. Audit, E. Bacry, J.F. Muzy and C.

In 1998, SAﬂuldyrev N.V. Dokholyan, A.L.

Thermes [6] clearly identified the long-range correlation in non-coding sequences by
using wavelet transform. Complex gaussian function was chosen as a mother waveiet in
order to blind linear trends of the sequences. Their results are strongly visualized

corresponding to the slopes of the trends.



In 2001 based on their previous work [8], R.P. Costa and D. Anastassiou (7]
applied digital signal processing technique to the field of biology in order to implement a
set of functions, to analyze interesting frequency properties of DNA. His goal is to

predict location of coding regions within a portion of DNA sequences.

Their work can be separated into two main procedures. They first mapped

nucleotide sequences into numerical sequences, and then performed the digital signal

processing with the numerical s¢ : /
Mapping Bio-moléi ular-Se ; éal Sequence

Because the gie Cletigital Bignakproce: on the bio-molecular sequence,

the nucleotide seq merical sequence in order to

mathematically pro al possible mapping methods
available, but an easyfmappint

The numbef a gfind ¢ 8 : assigne 1apping the character A, T, G, and
C respectively. Then, a DNAEeguerice. offene can be presented as

(2-1)

where

U, (nrep 2 -l;“-, nction for the corresponding

nucleotide. It takes e value 1 at index n if the corresndmg nucleotide is present at

N ¢ .7 . o
that DOSIUOFTTIETﬁe?Tﬂ%LSWﬁﬁlﬂnﬁleonde is absent at that
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For the reason that at one position, there is only one type of nucleotide presents.

The expression becomes

U, (n) + Up(n) + Ue(n) + Ue(n) =1, (2-3)

where

n=0,7,2,3, .. N=1,



After mapping these bio-molecular sequence into numerical sequence, digital

signal processing can be applied with that sequence.

Digital Signal Processing of Numerical Sequence

Taking the Fourier transform to Equation 2-1. X(k) is defined as

Xky=alJ ,()+1{J,()+g{J k) +cJ k), (2-4)

where

By combining all four >otides.an _ng its spectrum properties, the

spectrum is defined. & \\
\a, $ [ "“n g Uc(k)| (2-5)
The Equation 25 | ement ofithestotal spectral information of the DNA

sequence at frequencylk. ffhen, this reqys analysis method was applied into an

exon. He set a=1, t=1, g5fifapgre=1 | piAG. The result is shown in Figure 2.1.
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Figure 2.1 Fourier transform of an exon



Because of its symmetrical structure, the first half of Figure 2.1 is shown in

Figure 2.2.
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This result indica a}, thehid nation located at the frequency k=N/3

corresponds to the tripletfwhicifueacs amino acid synthesis. Therefore, the
frequency response at the v‘-‘f_r{;i-:t—- =N ed for the following steps.

Then, the frequency’4e5B0nsg | on will be normalized by 1/N. He

substitutes the nor ;"ﬁ:ﬁvn-u' A, T, G and C by alphabets
A, T,GandC respe ely
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And from Equation 2-4, he got

X =aA+tT + gG +cC (2-7)



By means of random number generator, a random sequence with uniform
distribution of each nucleotide was created.

On this assumption, the pure exon is resembled to the random sequence. In
other words, if DNA sequence can give the zero, or in fact the minimum of discriminatory
compatibility between pure random sequence and DNA itself, that DNA sequence is
considered as an exon. However if DNA sequence gives the maximum difference

between pure random sequence and IDNA itself, that DNA sequence is considered as

an intron.

The next step is-iowi n between protein coding regions
with respective randogs eotide. He synthesized a random
DNA sequence o ple. Afterward the generated
sequence will be apg

From Equatiog

(2-8)
If any constant val ; fiand c then the value of X in Equation 2-4
and S in Equation 2-5 _@:‘ﬁ;‘:; JE-4 sequences of each nucleotide represent a
redundant set; theréfore one of the ___7 Nts ; e set to be zero. In this case,
he set the coefficu 7 ;Y
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The maX|mlzat|on problem‘s to find the %qi( numbersﬂd‘ the coefficients a, t

o beh GV b Aok 1 E)T 6 ES

EﬂaA+tT+gG| E{aAR+tTR+gGR|}

/(a18)= stdﬂaA+tT+gG| +Sfd{ AR+tTR+gGR|}

(2-10)

Where E{x} represents the statistical mean of {x} and std{x} represents the
statistical standard deviation of {x}. A, T, and G, are transformed sequences of random

sequences.



Because X is also invariant to rotation and scaling, the maximization undergoes

with two constraints in Equation 2-11 and 2-12.

Efarg(ad +T + gG)} = 0 (2-11)

lal +11] +]g] =1 (2-12)

The problem of maximization is readily solved by helps of Matlab with
optimization toolbox. The result of thésefcgefficients (a, t and g) affects the comparison
of random sequence and the \ Sec discrimination will be magnified with
these coefficients. The di -‘ once. f éexon and intron will be overstated
to distinguish by far. off S k). atsth ~n- lar frequency k=N/3, defined in
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cleotide sequence.
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Figure 2.4 Spectrum plot of Caenorhabditis elegans by Fourier transform



10

The actual location of five exons on gene C. elegans is shown in Table 2.1.

Table 2.1 Locations of the five exons on the Caenorthabditis elegans

Position Exon Length
929-1135 207
2528-2857 330
4114-4377 264
5465-56 180
72554 \ll -' | 351
Locations of thevfiwespeaks of pe MOWN in Figure 2.4 match locations on
exons in Table 2.1. Thgspred lv"f; of bea f'exens and introns on gene C. elegans

by this method is preei€e]webiést

AuLINENIneng
ARIAIATAUNING 1A Y



	Chapter 2 Literature Review

