CHAPTER 3

BACKGROUND KNOWLEDGE

3.1 Wavelet Analysis

The wavelet transfori [9] Wa: 0ed to solve the resolution problem, found
in Fourier transform. ThE™wawelet transforni=w a good time resolution and poor
frequency resolution.a €5 ,,, cie -m juency resolution and poor time
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resolution at low fre

multiplied with a tig outed separately for different

segments of the times@0

Let x(t) be thefSiggal nd e mother wavelet function. The continuous
wavelet transform is defiflecbyé & \ '
(3-1)
The =.;‘-‘-' transform is the function of two g fameters, a and b, which are

scaling and trafsla
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transforming functios For the work in this thesis, we Will use complex Morlet function
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The complex Morlet function is also the function of two parameters, f, called

other wavelet @(t) i

[10].

(3-2)

bandwidth frequency and f. called center frequency. Figure 3.1 shows the Morlet

function between -10 and 10.
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Applying the complex Morlet function into wavelet transform, we obtain

(""JI /
Y ab, [, f,)= e Pl / dr (3-3)
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There will be totally four varying parameters. The frequency k in Fourier

g parameter a in wavelet transform. The benefit

transform will be related to with a scali

s(t) =

The signalys(t) ¢ 5 etween t=0 and t=1000 and a

small discontinui ; 10 t=61 Quéncies occurs at t=300.
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Figure 3.2 Plot of s(t)
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Later, s(t) is applied with the wavelet transform using complex Morlet function
with bandwidth frequency (f,) of 1.5 and center frequency (f.) of 1. The result is

presented in Figure3.3.

Wavelet Transform

Position (b)

Figure 3.3 Wa
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Fourier Transform
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From the Figure8.3th etet Jentifyiihe location of frequencies change
at position b=300 (cdrr 'ora;-—e-,d: ad the location of discontinuity at position

b=600 (corresponds to t=60 so indicates what frequencies the signal
F AL S

contains. Figure 31 re ts the sam ' ,, ansform of s(t) as Figure 3.3

represents, but 't,e’ Con sider the first exponent term

under integration i 'fl quatio Lesvalae of f/a resents what frequencies the
signal s(t) contains. Ag'we,cam see in thegfigure 3.5, the two peaks locate at a=40 and

80. The freﬂ u g’g wk&lﬂtﬁ %E}Qﬂ % 0.0125 hertz and 0.025

hertz respecti ely
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Fourler transform cannot specific the location of the sudden change of frequencies and

the location of discontinuity.

In addition, the Fourier transform in Figure 3.4 gives information about the
frequencies that contained in signal s(t) contains. This signal contains two frequencies,

0.012 hertz and 0.025 hertz. Figure 3.5 Wavelet transform of s(t).
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Wavelet Transform
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Beyond, the way@leg ysis camidéntify the position of frequency in the time

e Fourier analysis cannot do. From the
;]3.." - b | J

b=0 to b=300 while the second peak
Y -

(a=40) exists frorr:f—SOO to’b'—’TfJUO'I In j econd peak is not continue

around b=600. THIS Show e din. This value of b in frequency

domain correspondgto-"_\'/a ain. T& is outstanding advantage of

wavelet transform versys égurler transform
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3.2 Basic Knowledge about DNA

All matters including living things are made of the same common structural unit,
which is atom. Atom is not a living unit, but the interconnection between being and non-

being is biomolecule. Thousand atoms combine altogether to form a biomolecule [11].

Living organisms are classified into two groups: Prokaryotes and Eukaryotes.

omes inside a nucleus.
Mitotic division.

= O —
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Study 'of'nucleic' acid y /ea €10 development of

technology. The nucleic acid is made up of three chemical entities, which are

1. five-carbon sugar
2. ring-shape nitrogen base

3. phosphate group
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The nucleic acid can be divided into 2 groups according to the five-carbon
sugar: Deoxyribonucleic acid (DNA) following deoxyribose sugar and Ribonucleic acid
(RNA) following Ribose sugar (Figure 3.7). There are four types of the ring-shape
nitrogen base found on DNA: Adenine (A), Thymine (T), Cytosine (C) and Guanine (G).
While, RNA also contain four types of bases (T on DNA is substituted by Uracil (U) on
RNA)

RNA (single strande \ ' NA (double stranded)
Riboge sugar  Base : , ﬁnd Base  Decxyribose sugar
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(http://ntri.tamuk.edu/cell/chapter7/dna-rna.gif)

These bases can be grouped into two main groups by their molecular structures.
They are purines and pyrimidines. Purines are two-ring molecular structure whereas
pyrimidines are single-ring molecular structure. Adenine and guanine are purines.

Cytosine and thymine are pyrimidines. When a base binds to phosphate groups, this is

called nucleotide [12].
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Nucleotides are covalently linked together to form the polynucleotide chain. In
this reaction, the oxygen of the 3' hydroxyl group on the chain attacks the phosphate of
another nucleotide at 5" hydroxy!l group. Notice that the protein chain is synthesized from

DNA in a 5' to 3' direction.

DNA is double-stranded in shape of double helix. DNA is made up of two

polynucleotide chains. These two strands are held together by hydrogen bonds forming

quqn ne cylosine
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Figure 8 Bases and thelr bonding
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When a cell divides itself into new two cells, nucleus will be separated in order to
conserve genetic properties for growing cells. DNA in nucleus will be replicated. Double
helix DNA will be denaturized, the process of disruption the hydrogen bonds between
bases on different strands by a certain enzymes. Then, two new DNAs will be replicated
by means of the two templates. Each cell will be made up of double-stranded DNA, one

of the old DNA and one of the new generated DNA.
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Genome presents the total information content in DNA in each cell of an
organism. Genomes are made up of very long DNA molecules housed on
chromosomes. For example, the genome of the bacteria Escherichia coli consists of a
single chromosome which is a single molecule of 4x10° base pairs. The human genome
is made up of 3.5x10° base pairs of DNA distributed over 23 chromosomes.
Chromosomes included many genes. A gene is a section of chromosomal DNA that

contains the information to make,_&

pcific polypeptide through the production of a
specific RNA, which is usually'si gle-str: _ln order to be decoded by the cell, DNA
process of synthesizing a specific

mRNA is called transcripii
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A gene consists of many sub-regions. These sub-regions are distinguished into
two types: exon and intron. Exons will be spliced together and then translated to amino

acids. Introns will be left in a process of splicing (Figure 3.10).
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gene/chromosomal DNA
— exon 1 JEYIRT exon 2 LTI

exon 3 BRI
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s, called a codon. A sequence of
\ 10 acid to a growing polypeptide

ncountered.

owrLbelow. T e Gan be used to predict the amino acid

queng own.
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Table 3.1 Codon P7E ,L'\"
First Position !]l . r" Third Position
G

Pﬁﬁa. SER CYS U

U ﬂuﬂfwmmwmn ;

| U STOP A

4 LEU _SER STOP TRP G

- LEU ~TpR S| , U

WA SR shas | ¢

R TURAN Y A

q LEU PRO GLN ARG G

ILE THR ASN SER U

A ILE THR ASN SER c

ILE THR LYS ARG A

MET THR I¥s ARG G

VAL ALA ASP GLY U

G VAL ALA ASP GLY G

VAL ALA GLU GLY A

VAL ALA GLU GLY G
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From the Table 3.1, there are 64 possible codons because one codon
comprises of 3 bases whereas each base is possible 4 kinds. In fact, there are merely
20 kinds of amino acids. This shows that one amino acid is decoded from more than one

pattern of codon.

From the codon table, AUG is always used to begin translation of an mRNA. The

AUG, used to start protein synthesis, is called an initiation codon. On the other hands,

certain codon results in the termingt -’/ growing chain. These stop or termination

codons are UAA, UAG and UG,

Sequence of agii# -and of MRNA can be different
depends on where the*rea@ingsstait. there ssible starting positions, which are
called reading fram different result of amino acid

translation, as shown i
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