CHAPTER 4

EXPERIMENTAL RESULTS

4.1 DNA Spectra

We start taking Fou the peak exists at frequency

k=N/3 in its spectrum plof: a melanogaster (GENBANK,
accession number NCZ v & converse this exon into 4
numerical sequences by 2L The spectrum plot by using
Fourier transform of this exomls
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Figure 4.1 Fourier transform of exon of Drosophila melanogaster
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It was shown that two peaks at k=N/3 is clearly noticed. This corresponds to a
period three, refers to the length of each codon which composed of three nucleotides. Then
we use wavelet transform with Morlet function instead of Fourier transform and plot its
spectrum. The result is shown in Figure 4.2.
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Then, we consider th nof i alled introns. All nucleotides in non-

coding regions do not produg herefore, we assume there are

perlod]cities Of three ‘ ‘-;imina51-lum-n_Jelimi;---i-.u---w--:;;;—r_,‘ e penod'C'tles II"l cod|ng
- A I

regions. To prove this fae

i 0 ontnuous wavelet transform are

applied to any intron of D. melanogaster GENBANK acces on number NC206698). The
result of the Fo ult of the continuous
wavelet analysrs@ u:ﬂ Eﬂﬂ/ﬂi w;ﬂ:!lfli that there is no peak
at k=N/3 for Fourier transform.an Z—ﬁ inu ? a’f fact matches
to the Iaﬁ ﬁiﬂaﬁ ﬁﬁ l[;“p] ﬁ\g’}l Ej correlation in
any intron, whlle the long-range correlation is found in the exon [13] [14] [15]). For the work

in this thesis, we will use a=3 for wavelet analysis to distinguish between exon and intron.
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4.2 Wavelet Analysis

This section is explained the results of the analysis. The analysis is mainly applied

into two DNA sequences.

4.2.1 Result of Caeno

Afterward, we test a_samplc f ucleotilesseguence, Caenorthabditis eegans

(GENBANK, accession nugae®t Ag0o¢ .- @:\"' gth of 8000 base pairs. The

mapping of this sequence,

0 r Io lied by using the same method
] ’ \ \; "m sform
Consider the contin wive ot a | . th rle function described in the

N

C \ two exponential terms. The

mentioned in Chapter 2 befgf€ 2

chapter 3. Under the intégration ,,.., ot

1-b i
first term e'z'"fr(T) is an 0s .jtn,m RO di

t-b
orm 6_7,(7) is an envelope

over the oscillator. We vary the # of 1 e second term to limit the range of

computation each time.4lt Wi 7 10vdS, along the time axis with

parameter b whereas th ::WWWW ':'l ol
M

can move and let the tinuous wavelet transform perfor: n'~ only in the range of this

g the value of b, this term

window function.
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optimized by meaﬂg of Anastassiou's mgthod to max1 e the dlscrlmlr@n between exon
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Figure 4.7%1evel of color shows the magnitude of spectrum. The light color represents the

high magnitude while the dark color represents the low magnitude.
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As we can see from the two figures above, the spectrum plot shows the location of

the exon in DNA of C. elegans. The actual locations of the exons are displayed in Table 4.1.

Table 4.1 Locations of the five exons on the Caenorthabditis Elegans

Position Exon Length

207

929-1135

The value of f, whigifbe / §the actual, the exons for C. elegans is
about 2000 to 2250. \

Bandwidth of Moffet 1@ 'second exponent term in Morlet

1

function, which correspond" 0 tAls e ' about'340-360 base pairs.

As we can see from tht f| *--{-- A tly affects the frequency analysis. The

bigger f, will produce the bigget-Bardwidit 4.8, 4.9, 4.10 and 4.11 show the

ASIONS o @ e 1 -L0-anc = )
N X D respectively.

frequency analysis in o
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Figure 4.9 Frequency analysis of Caenorthabditis elegans at h f, =560
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Bandwidth in Figure 4.8 is roundly at 72 base pairs. The result has lost some
information in the exons, which length greater than 72 base pairs. The Figure 4.9 has the
bandwidth about 180 base pairs. The result becomes clearer because the first and forth
exons have their length about 180 base pairs, actually 207 and 180 base pairs respectively.

Figure 4.10 shows the best matched result with f, =2130, corresponding to the bandwidth of

work well if the bandwidth is longe any & Of > difference between Figure 4.10 and
4.11 is amplitude of the specirim=Not ) of the spectrum in Figure 4.10

> 4.10 is about 351, which can

is bigger than that in Figu
exactly cover the longest* sult becomes improved. The

Figure 4.11 uses bana ult, the outcome becomes

coarse.

At this point, we noli o ‘ avelet analysis of the C. elegans look
better than that produced by -t Tor >\obtained by wavelet transform is
smoother and noise is suppre L _,;-'i sis, the peaks of locations of exons are
higher than those of introns. This bétierd ,;d_-_.\f_.' ation of exons.

4.2.2 Resull of 0

.II Ipil
.'L ‘ i¥ |

We try to apply thv‘s‘{ethod to ano@g nucleotide sequence, Saccharomyces

cerevisiae ( GEﬂMaﬁes’s}%ﬂeﬂﬁWMﬂ tide sequence has its

length of 12000 e pairs, composed ‘pf SiX exons. The actual Iocat|ons of exons on that
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Table 4.2 Locations of the six exons on the Saccharomyces cerevisiae

Position Exon Length
761-1429 669
1687-3135 1449
3387-4931 1545

5066-6757 4 ", ‘ j 1692

— ‘ . 2772
| S

7147-9918

1014 :--«-i:__,_.-
We apply the same_ie r‘*,r 7 Jeleotide sequence with various 8

Three dimensional spectrugulot
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Figure 4.12 also shows cdlbrmap of" tné:&:‘éctrum plot. The light color represents

the high magnitude of S. Two dsmens@nal platsfofﬁwe spectrum are shown Figure 4.14 for

,=44180 and Figure 5.1% for £,2135310 —
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Noticeably from the two figures above, the Figure 4.14 better matches the real
locations of the exons on S. cereviside, while the Figure 4.15 does not match well although
the Figure 4.15 uses bigger window which can cover all exons. We found that in Figure 4.14
the first three peaks locate at the positions of the exons on the sequence, but the last three

peaks are not exactly matched. This fact can be explained. The reason is that the two DNA

| /

strands are complements of each other egthe Saccharomyces Cereviside is a very

}ry simple organism, one gene is

. The first three e ):‘;A/ ces Cereviside are translated from 5' to 3'

undeveloped and simple «

exactly one exon.

while the last three exons®of thefgede ‘. 5 on'the complementary strand from 3’ to
5 relatively to the firg " \x _ Welative to direction on the
complementary strand). Tii€ saltit] 3\’ \ ige of this method.

Then we try to translate ;g' "~. ase pair and process the DNA
sequence from 3' to 5'. The jf€ \\ \‘-._ ocess are shown in Figure 4.16

and 4.17.
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Figure 4.17 Color plot of frequ ng:y rESpONse; oqubmpiement strand of Saccharomyces cerevisiae
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Two dimensional represerﬂa‘tlons of the* ﬁ‘eqﬂency resp‘?nse are displayed in Figure

4.18 with £,=44180 an&%gﬁf&*’-‘t&wrﬂﬁ-f—-i%%}e—

r
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Figure 4.19 Frequency response of complement strand of Saccharomyces cerevisiae with

£,=135310
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From the two figures above, reverse mapping is useful if the exon is decoded on a
complementary strand. This technique can successfully represent the location of the last
three exons of S. cereviside.

However, the result is possible to predict location of exons on the DNA, but it cannot

precisely specify that location. By this method, the peak of frequency response foretells
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