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ABSTRACT

Characterization of oncogenes which are responsible for
Breast Cancer can help us to understand the molecular
signature of those genes. As it is known that the DNA
molecules are nothing but the combinations of four
nucleotides A, T, C and G which encodes the genetic
instructions, here in this proposed paper firstly it is tried to
make a quantitative understanding of DNAs which are
responsible for breast cancer by comprehending their
structures, characteristics, functions, evolutions etc. which can
help to identify those DNAs among several nucleotide strings.
Secondly, it is tried to recognize a given nucleotide string as a
probable breast cancer DNA, without any conventional
biological experiment. In this case, the nucleotide strings of
DNAs of thirty seven have been taken and are classified and
quantified by adapting some mathematical features.
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1. INTRODUCTION

From last few decades cancer has taken its devastating and
whereas breast cancer seeks our intensive attention as patients
undergo through physical and mental trauma parallel to their
life risks. Although lots of solutions are emerging, but there is
huge gap between those solutions and their applications
[16].When Doctors and Biologists are constantly trying
booms and bursts to find out ways of diagnosis, therapy and
prevention to overcome this curse, there is a talk about
“Quantitative Understanding”. Quantitative understanding of
genes in molecular level refers to apply some Mathematical
parameters to evaluate some data, to derive some values and
to verify some facts. Although gene therapy [15], antisense
therapy are the better ways of treatment, where in antisense
therapy the genetic sequence of a particular gene is known to
be causative of a particular disease, it is possible
to synthesize a strand of nucleic acid that will bind to
the mRNA produced by that gene and inactivate it, but still
now it is in experimental level to make sure that the
application will be safe and effective. So it is worthy to make
a quantitative insight of the genes which are responsible for
breast cancer diseases. This approach will not only work
without any intervention of medicines but also able to detect
the disease at its early stages which will automatically
minimize the life risk. In this paper to build quantitative and
deterministic model firstly it is tried to find out the underlying
geometries of DNA structure and the hidden geometrical
rules, so that a mapping can be made between those

geometrical rules with biological activities of breast cancer
genes.

1.1 Model Representation

Mathematically DNA sequences (nucleotides) are symbolic
sequences and must be interpreted as digital sequences to
make statistical analysis. With this aim the following model
representations is taken place.

1.1.1 Binary Representation

As DNAs are one dimensional sequences, so they can be
represented as binary strings [17]. It can be done so by
mapping T(A)=00, T(T)=11, T(C)=01, and T(G)=10. Some
portions of the DNA sequence CCND1 is shown below:
TGATCTCCTTCTGGCAACATCGCGTCACTGAGCCGGG
GAGCTCACAGAGAAAGAGGCTCCTGCAGG...
Corresponding binary representation of the sequence CCND1
is,
11100011011101011111011110100100000100110110011001
10110100011110001001011010101000010011101000100100
010000000100010100111010111100100101010.......

1.1.2 4-adic Representation

It is possible to make 4-adic representation of the DNA
sequences. To do so, A, T, G, C may be considered as a string
of four wvariables 1,2,3,4 respectively. The 4-adic
representation of CCNDL is as follows:

23124244224233411412434324142313443333134241413131
11313342442341333...

2. METHODS

2.1 Generating Indicator Matrix

The notion of indicator matrix and its characterization through
fractal dimension was proposed by Carlo Cattani [6][13].
DNA sequences have four basic components (A = adenine, C
= cytosine, G = guanine, T = thymine) which is defined as
four alphabets A, C, G, T respectively.

Let us consider D {4, C, G, T} be the set of nucleotides and
X€ D where, X is any alphabet of D. A DNA sequence is the
being xp& (A, x)=x(h) where h=1,2,...,N and x€ Dthe value x
at the position h. According to C.Cattani the Indicator Matrix
can be characterized through fractal dimension as follows,

. def 1 foh = X
f:SxS—-{01}such that f(x, X {0 ifx, # %,
where Xy, X € S

So now it is possible to easily describe a NxN sparse binary
matrix from an indicator matrix of N length, which may be
written as,

th=f(xk)xh‘xk € S, h,k = 1,2,3, WN
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But it is not possible to differentiate between zeros formed by
distinct base pairs. So slight modification is needed into it,
which is [7],

F:SxS - {1,234}

such that
1 ith = X ; XpXRES
2 lth * Xk
f(Xh,Xk et 3 ith * X ; X Xke(G,T}or{A,C}

- ; Xpxke{T,Clor{A,G}
4 ifxp # Xp s xpxe(C.Gor(AT)

So the matrix My, will be decomposed into four binary
matrices namely, Al, A2, A3, A4 and corresponding four
binary images will be made for each DNA sequence. And
then the fractal dimension[11][12][14] will be calculated
using “Box-Counting” method where Box-Counting is a
method of collection of data for analyzing complex pattern
like dataset, images etc. and breaking them into smaller part
or pieces and analyze them individually.

2.2 Fractal Dimension of DNA Walk

DNA Walk is a vector representation of DNA sequences
transformed into a planer trajectory [2]. DNA Walk is defined
as a series XY,n=1,2...N&Y.€ {1,2,3,4}which is the
cumulative sum on the DNA string representation[3]

n-1 n
Oi¥oe ) YD ¥}
m=1 m=1

We can also define
an B XL f(Axy ty B X (T, 9n &
Y1 f(Gxy, ¢ & X f(Cxyy,

It has been resulted by plotting (W, V,) as two functions
W, & sina?_sin g2
and Vysint2_sinc? are defined.
Accordingly the fractal dimensions of all 37 human breast

cancer genes are derived. The DNA walk of gene CCNDL1 is
shown below (see figure 1).

Fig 1: DNA Walk of gene CCND1

The box-counting dimension for the DNA walk of CCND1 is
1.87522. Similarly the box counting dimensions are computed
for all genes.

2.3 Mean and Standard Deviation Ordering
of Gene Sequences

A gene is a string constituting of different permutations of the
base pairs A, C, T and G where repetition of a base pair is

allowed. It is possible to classify the sequences based on the
ordering of poly-string mean of A, C, T, and G in the string

[4][5].
MeanN,, = Z(N””N”Z‘;’:””""N”m) (m+1)

where N; € {4,T,C,G}, i=1,2,3,...,m and m is the length of
longest poly-string over the string.

2.4 Chaos Game Representation

Chaos Theory is the combination of methods, results and
visualization of dynamical system. As the name implies chaos
theory tries to explain how chaos is produced and how it can
be controlled. Chaos Game Representation is a graphical
representation of one dimensional sequence into graphical
form. It considers DNA sequences as strings of four units
(A, T,C,G) and recognizes the pattern using the technique of
fractal structure. The Chaos Game Representation of Breast
cancer gene AIB1 is shown below:

Fig 2: Chaos Game Representation of breast cancer
DNA sequence AIB1

3. RESULTS AND DISCUSSIONS
3.1 Calculating Fractal Dimension of
Indicator Matrix

Fractal dimensions of A1, A2, A3, A4 for each breast cancer
(BC) genes are derived using BENOIT software. Descriptive
Statistical analysis has been done using software named
STATISTICA.

3.1.1 The FD of Indicator Matrix A1 and A2

The FDs for Al and A2 are deducted for all the BC genes
(Supplementary 1), where it is observed that the FDs for Al
are between (1.79264 and 1.95478) and for A2 are between
(1.78874 and 1.89672).So from here it can stated that an
oncogene which is responsible for BC, its fractal dimension
for Al and A2 will be within that specified range.

Table 1. Correlation Coefficient Matrices of Al, A2, A3,
A4.

FD of FD of FD of

Al A2 A3

1 0.91522 | 0.81998 | 0.75850

091522 | 1 0.88650 | 0.81803

0.81998 | 0.88650 | 1 0.88304

0.75850 | 0.81803 | 0.88304 | 1

The descriptive statistical analysis is shown in the
Supplementary |.

3.1.2 The FD of Indicator Matrix A3 and A4

The FDs for A3 and A4 are deducted for all the BC genes
(Supplementary 1), where it is observed that the FDs for A3
are between (1.78882 and 1.93334) and for A4 are between
(1.78882 and 1.93334). So from here it can be stated that an
oncogene which is responsible for BC, its fractal dimension
for A3 and A4 will be within that specified range. The
descriptive statistical analysis is shown in Supplementary I.
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3.2 Fractal Dimension of DNA Walk

Fractal Dimension of DNA Walk has been derived for all 37
cancer genes (Supplementary 1) and it is observed that the FD
of DNA walks are lying between 1.78648 and 1.90967. So
from here it can be concluded that any string of DNA having
the FD of DNA Walk within these rang can be a BC gene.
The descriptive statistical analysis is shown in the
Supplementary | from which it is very cleared that in spite of
the length of the DNA sequences varies but the genes are
having almost same box-counting dimensions.

3.3 Statistical Autocorrelation

The statistical autocorrelation of all 37 breast cancer genes
have been derived and it is found that the statistical
autocorrelation (o) values are lying between 1.1089 and
1.3740.The descriptive statistical analysis is shown in the
Supplementary | from which it is very clear that the sigma
value of all 37 breast cancer genes are equally distributed.As
per following tabular representation the fractal dimensions of
Al, A2, A3, A4 matrices are positively correlated.

3.4 Chaos Game Representation

The Chaos Game Representation (CGR) of the 37 breast
cancer genes are being made (Supplementary I), where it can
be found that the FDs of the CGR are lying between 1.92202
to 1.93455. The descriptive statistical analysis is shown in the
Supplementary | from which it is found that although the
DNA sequences are having differences in length and order but
the fractal pictures which we are getting have approximately
similar fractal deviations of CGR.

3.5 Mean and SD Ordering of Gene
Sequences

All the breast cancer genes are classified based on their poly-
string standard deviation (Psp") and poly-string mean (Py™).
The breast cancer genes can be classified into 11on the basis
of orders poly-string mean and can be classified into 16 on
basis of orders poly-string standard deviation (Supplementary
).

In some cases order of poly-string mean and order of poly-
string SD are same but in some cases they differ. From the
observation it is also cleared that the ordering of nucleotides
in a gene is very important feature to distinguish them from
each other and to make them unique.

3.6 K-Means Clustering of Breast Cancer

genes

K-Mean clustering method is a method of vector quantization
which aims to partition ‘N’ observations into C numbers of
clusters in which each observation belongs to the cluster with
the nearest mean. Using K Mean Clustering method[8]all
thirty Seven breast cancer genes have been clustered into 15
different clusters (Supplementary 1). The mean, SD and
variance are stated in supplementary page.

for Each Custer

Fig 3: Mean of Clusters

4. CONCLUSION AND
ENDEAVOUR

In this paper it is tried to make quantitative understanding of
breast cancer genes by constructing quantitative and
deterministic model which can identify a given string of
nucleotide as breast cancer gene without any intervention of
biological investigations or experiments. Moreover, the model
may be a standard prototype to identify all kinds of genes
which can help the biologists to take an insight before starting
further biological experiments if needed. In near future the
study can be extended by validating the model through
biological experiments and by constructing such models for
rest of the cancer genes which are already there in cancer gene
repository.
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