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Abstract: Easy availability of Low-priced hardware and software, biological data storages are growing rapidly
in size and complexity. Bioinformatics plays an important role in development of applications using data mining
techniques to solve biological problems by using these data storages. The proposed work provides new
technique for analysis of DNA sequences stored in databases. In this analysis we have used statistical pattern
mining technique. By using this technique we predict probability of occurrence of breast cancer (BRCAL gene)
in a given DNA sequence.
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. Introduction

In recent years Biological related data are growing speedily in size and complexity. A huge amount of data is
available for extracting high level of information in the form of finding interested pattern from the database.[1]
Finding information from these data requires strong computational analysis in terms of both the speed and the
sophistication of data analysis. Biological data contains DNA sequences and protein sequences which represent
some spectrum that have some explicit features. To identify these biological functional sites or features in a
genomic sequence is an important research application [4]. In last few years research in related field is advanced
due to innovated biological technology and low cost computer hardware and software. This facilitates high
volume and better quality of biological data to be collected and stored automatically. Using better analytical
methods these huge amount of data is processed effectively and optimally.[5]

A. Bioinformatics:-

Bioinformatics or Computational biology is new interdisciplinary branch of science which is combination of
biological science, information technology and computer science that are mainly used to discover, select and
prioritize targets [3]. Biological science provides complex domain whereas computer science is used for efficient
storage and analysis of large volumes of complex data. Combining these two fields provides the usefulness in
understanding biological systems and increasing the effectiveness of biological research.

Bioinformatics is the science of storing, extracting, organizing, analyzing, interpreting and utilizing information
from biological sequences. Some of the important research area in bioinformatics are Sequence analysis,
Genome annotation, Analysis of gene expression, Analysis of protein expression, Analysis of mutations in
cancer, Protein structure prediction, etc.[2]Research in bioinformatics includes development of applications using
data mining techniques to solve biological problems. Therefore, there is a great potential to increase the
interaction between data mining and bioinformatics.

B. Knowledge discovery in databases and data mining:-

Generally most of data stored in databases are sequential in manner. Some example of sequence data are DNA
sequence, Science and Engineering data, medical data, telephone calling patterns, web logs clicks etc. [6].1t is
very tedious and time consuming task to find all patterns from such large database. In last two decade large
numbers of algorithms are developed to retrieve patterns form large datasets.

The prediction of any diseases is one of the challenging problems for many researchers. Breast cancer is a one of
major disease in world today. Cancer in general and breast cancer in specific is still a major cause of concern in
the world. Predicting the occurrence of a disease is one of the most interesting and challenging tasks in data
mining applications. This paper deals with prediction of breast cancer by using pattern mining technique.

1. Related Work

Identification of relevant genes whose expression is closely related to the outcome using support vector machine
has been proposed by [8].

D-Miner algorithm is used for mining concepts under user defined monotonic constraints which increase the
applicability of concept. This D-Miner can be used dense Boolean matrices. Here the analyst can provide
monotonic constraints on both set components of desired concepts and which can be pushed into the extraction
process. [9].
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Artificial intelligence technique can also be used to classify cancer samples with a top—down approach. But
this technique is time consuming and possible suboptimal feature selection is difficult. Also it requires
validation on extended database for more cancer and control samples. [10]

CARPENTER algorithm is used for finding frequent closed patterns in long biological sequences datasets. It can
perform different operations on row not on columns. This can remove drawback of high dimensionality of many
biological datasets. [11]

Artificial neural networks and decision trees are most commonly used statistical method to develop the
prediction models using a large dataset [5] have shown that the decision tree (C5) is the best predictor with
93.6% accuracy on the holdout sample whereas artificial neural networks have 91.2% accuracy and the logistic
regression models have 89.2% accuracy.

Sequential pattern mining using DNA microarray for predicating grade of breast cancer has been proposed by
[13].

I11. Proposed Pattern Mining technique

Many researchers have focused on the comparison of one gene with another gene. As t only single gene can not
cause any disease, but combination of many genes causes a disease. There is need to study interaction and
relationship between them. This study is useful to find interesting pattern form the proteins or group of genes.
Generally, laboratory studies, observational studies and clinical trials are used for investigating Breast cancer. In
laboratory studies, we have to test a hypothesis under controlled conditions and then find results. It operates in
controlled condition which is drawback of this test. Medical studies of humans are involved in clinical trials,
which can show the cause-and-effect relationship between the variables and the outcomes [7].
The purpose of this research is to develop predictive model for the survivability in the field of breast cancer.
Here a Prefix Tree Acceptor (PTA) has been developed which contains four elements A, C, G & T which are
elements of DNA called as nucleotides. To translate nucleotides to amino acids, it has group of three nucleotides
called as codons i.e. code for one amino acid. Here in the PTA each state represent unique sequence pattern. At
final states we get unique codons. At each state we can calculate frequency of each pattern. At final execution
we get regular expression of different patterns and their frequencies.
This algorithm contains five steps described as follows
DNA sequence is read from file until end of file.
Count occurrences of each character (A, C, G and T) in DNA sequence.
From given Prefix Tree Acceptor (PTA) which is Deterministic Finite Automata (DFA). Apply transactions on
this PTA. At beginning value of start state is 0 i.e. state=0.
Now read first character from file and apply on PTA, move to next state say state 1. Similarly apply all
transaction according to the current state and scanned character. Here it checks cases as mentioned in PTA.
Before moving to next state, state count will be incremented.
At each state it represent separate pattern. From step four get state count, which is nothing but pattern count. By
adding related state count get pattern count of specific pattern.
Algorithm
Input:-DNA sequence
Output:-Different patterns with their counts.
Step 1:-start reading DNA sequence file from start.

while(FilelnputStream.available()>0)
Step 2:-count occurrences of A, C, Gand T.

CountA++, CountC++, CountG++

,CountT++
Step 3:-According to the Prefix Tree Acceptor
(PTA), scanned letter and current state it can move to next state.

If(state==0 and ch="A’ or ch="a")

State=1

/Nt can check such 20 states and 4 characters.
Step 4: Before move to next state we can increase state count by one.

Stcount[i]++;
Step 5: in this step algorithm count frequencies of all patterns such as AA,ACA,AA[ACGT] by adding different
state counts.

stcount[15]+= stcount[31]+stcount[47]+stcount[63]+stcount[79]
/I this is for gg pattern. At each state PTA represent different pattern. So adding relatedpattern calculates
frequencies of patterns.
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A. Datasets used

All experiments are carried out on Computer with Intel Core i3, 3.3 GHz processer with 2 GB RAM and
Windows XP operating system. Program is written in Java 1.6. DNA sequence is stored in a file and program
reads this file to find frequencies of DNA patterns.
Data sets used for this application are real life DNA sequences downloaded from the web site of National Center
for Biotechnology Information [12]. DNA data set for Normal gene was extracted by using advanced search
technique provided by NCBI website with
(1) search category ="Nucleotide”, (2) sequence length =[1000:10000], (3) Organism = “human”] and All
Field=“normal Breast gene sequence”. By using above search technique we have Downloaded 12 sequences of
each with average 4800 character or base pair. These sequences are in the form of FASTA.

Similarly DNA data set for Breast Cancer-1 (BRCAL) gene was extracted by using advanced search technique
provided by NCBI website with (1) search category =\Nucleotide", (2) sequence length =[10000:15000], (3)
Organism = “human”] ,(4) All Field="Breast Cancer” and (5) Gene="BRCA1”.

Number of sequences Avg Length Min Length Max Length
Normal 12 4827 1372 7287
BRCAl 12 11919 11066 12750

Table-1: data sets details
From this site we have downloaded 12 sequence of each with average 12000 characters or base pair. These
sequences are in the form of FASTA. These sequences are stored in file. The program gives results as patterns
and their frequencies. Results are recorded in Microsoft excel for analysis purpose.
Following table summarizes result of Normal Breast gene. This table shows percentage value of each pattern.
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AA[ACGT] | 3.65 4.35 3.79 4.16 4.29 4.54 4.61 4.65 4.74 2.61 3.99 4.55 49.92 4.16

AC[ACGT] | 1.30 1.72 1.48 1.79 1.45 1.66 1.98 1.99 1.02 2.22 171 1.65 19.97 1.66

AG[ACGT] | 2.89 3.15 3.17 2.66 3.31 3.22 291 2.93 2.99 2.80 3.50 3.00 36.55 3.05

AT[ACGT] | 1.65 3.15 1.63 2.42 1.60 | 3.36 191 190 | 474 1.89 1.59 341 29.26 2.44

CA[ACGT] | 2.68 241 2.57 2.37 2.50 2.59 2.61 2.55 2.33 2.80 2.49 2.46 30.36 2.53

CC[ACGT] | 1.95 1.40 1.52 1.76 1.50 131 1.72 1.68 1.02 1.83 0.93 1.33 17.96 1.50

CG[ACGT] | 030 | 024 [ 034 |026 [028 |O021 032 033 |029 |033 |0.20 023 | 333 0.28

CT[ACGT] | 2.03 3.06 1.65 3.00 1.63 3.27 1.57 1.57 3.21 2.54 1.01 3.25 27.79 2.32

GA[ACGT] | 1.87 1.58 1.88 1.89 1.84 1.21 5.06 5.07 0.80 3.00 2.02 1.44 27.67 2.31

GC[ACGT] | 1.62 1.51 1.39 1.32 1.37 1.35 1.50 1.50 131 1.70 1.10 1.30 16.97 141

GG[ACGT] | 2.38 1.05 2.14 1.74 2.12 1.03 1.56 1.61 1.31 2.41 1.74 1.04 20.12 1.68

GT[ACGT] | 1.38 2.06 1.22 1.95 1.19 2.19 1.81 1.81 2.19 241 0.95 2.21 21.37 1.78

TA[ACGT] | 1.84 1.78 2.72 1.66 2.81 1.82 0.55 0.51 2.55 1.30 4.66 1.72 23.92 1.99

TC[ACGT] | 1.78 1.39 1.88 1.55 1.89 1.26 2.13 2.15 0.73 1.50 2.08 1.19 19.55 1.63

TG[ACGT] | 3.78 2.16 3.90 2.53 3.93 2.12 0.98 0.96 131 1.89 4.22 2.16 29.94 2.50

TT[ACGT] | 2.24 2.30 2.06 2.26 2.05 217 2.09 2.10 1.53 2.09 2.00 2.20 25.09 2.09

A 31.20 | 3348 | 33.43 | 30.84 | 33.49 | 34.25 | 3451 | 3458 | 37.03 | 28.25 | 36.44 | 34.24 | 401.72 | 33.48
C 20.84 | 1942 | 19.43 | 21.13 | 19.35 | 19.24 | 19.03 | 18.77 | 20.19 | 22.11 | 17.44 | 19.09 | 236.05 | 19.67
G 22.76 | 2241 | 22.37 | 23.08 | 22.46 | 22.31 | 22.19 | 22.30 | 20.41 | 25.44 | 21.49 | 22.52 | 269.73 | 22.48
T 25.20 | 24.69 | 24.77 | 2495 | 24.71 | 24.20 | 24.27 | 24.35 | 22.38 | 24.20 | 24.64 | 24.15 | 292.49 | 24.37

Table-2- Percentage value of each pattern of Normal Breast gene

- ____________________________________________________________
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Following table summarizes result of BRCA1 gene which causes Breast cancer.
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AA[ACGT] | 2.86 2.59 2.78 2.74 2.88 2.78 4.03 3.50 2.82 3.36 2.86 2.47 35.68 2.97

AC[ACGT] | 149 | 165 | 147 |165 |186 | 173 |164 |184 | 170 | 155 | 165 | 151 | 1974 | 1.65

AG[ACGT] | 2.67 2.58 2.78 2.82 2.52 2.51 1.83 2.11 2.55 2.26 2.45 2.45 29.53 2.46

AT[ACGT] | 218 | 198 |213 | 190 | 180 | 232 |262 |260 |197 |244 |234 |19 |2617 | 218

CA[ACGT] | 2.22 2.43 2.16 2.15 2.38 2.53 2.32 2.36 2.35 2.31 2.17 2.60 27.98 2.33

CC[ACGT] | 177 | 190 |183 |188 |173 |186 |175 |184 |173 |184 | 163 |213 | 2190 | 1.82

CG[ACGT] | 042 | 042 | 052 | 054 | 032 |031 |015 | 021 | 045 | 055 | 049 | 048 | 486 0.41

CT[ACGT] | 2.44 2.75 2.30 2.29 2.43 2.68 2.33 2.28 2.38 2.19 2.28 2.76 29.11 2.43

GA[ACGT] | 211 | 218 216 | 2.27 2.01 187 | 241 199 | 2.04 1.70 189 | 211 | 2474 | 2.06

GC[ACGT] | 1.52 1.78 1.62 1.65 1.77 1.66 1.33 1.24 1.84 1.53 1.53 1.92 19.39 1.62

GG[ACGT] | 191 | 2.03 206 | 221 205 | 204 | 116 132 | 212 1.82 1.70 191 | 22.32 1.86

GT[ACGT] | 1.90 1.92 1.85 1.73 1.68 1.88 1.70 1.75 1.87 1.73 2.03 1.62 21.68 1.81

TAJACGT] | 1.93 1.79 1.89 1.76 191 2.03 231 2.25 1.63 2.23 1.93 1.48 23.16 1.93

TC[ACGT] | 1.88 | 1.68 188 | 195 | 1.93 171 | 2.04 174 | 2.01 1.68 1.97 | 202 | 22.50 1.87

TG[ACGT] | 2.55 2.70 2.52 2.41 2.68 2.62 2.16 2.44 2.78 2.22 242 2.59 30.07 2.51

TT[ACGT] | 3.00 | 246 | 291 |291 |297 |266 |354 |339 |262 |343 |352 |292 |36.32 | 3.03

A 27.73 | 27.38 | 27.36 | 27.24 | 27.71 | 27.57 | 31.38 | 30.98 | 27.23 | 29.49 | 27.70 | 25.67 | 337.43 | 28.12

21.34 | 21,55 | 21.52 | 21.66 | 21.31 | 21.44 | 19.67 | 20.12 | 21.64 | 20.80 | 20.34 | 23.51 | 254.89 | 21.24

C
G 22.80 | 23.67 | 23.74 | 23.76 | 22.87 | 22.98 | 18.13 | 18.47 | 23.82 | 20.53 | 21.47 | 22.88 | 265.11 | 22.09
T 28.14 | 2741 | 27.38 | 27.34 | 28.11 | 28.02 | 30.82 | 30.42 | 27.31 | 29.17 | 30.50 | 27.94 | 342.56 | 28.55

Table-3 result of BRCAL gene which causes Breast cancer

Following table shows average frequencies of each pattern for Normal and BRCAL gene. This table also shown

mutation calculated by using Mulation=BRCAZ1-Normal.

Pattern Normal | BRCA1 | Mutation

AA[ACGT] | 2.97 4.16 1.19 5.00

AC[ACGT] | 1.65 1.66 0.02 4.00

AG[ACGT] | 246 3.05 0.58 3.00

AT[ACGT] | 2.18 244 0.26 i'gg ® Normal
CA[ACGT] | 233 253 0.20 0.00 = BRCAL
CCIACGT] | 1.82 1.50 -0.33 DA DD DD DD

CG[ACGT] | 041 0.28 -0.13 e A A e A A S

CT[ACGT] | 243 2.32 -0.11 V\V ¥ V\V ¥ V\V ¥ v\‘? s

GA[ACGT] | 206 | 231 0.24 ¥y OO oo A

GC[ACGT] | 162 1.41 -0.20

GG[ACGT] | 1.86 1.68 -0.18 Graph-1: Comparison between different patterns of Normal
GT[ACGT] | 1.81 1.78 -0.03

TA[ACGT] | 1.93 1.99 0.06 and BRCALI gene

TC[ACGT] | 1.87 1.63 -0.25

TG[ACGT] | 251 250 -0.01

TT[ACGT] | 3.03 2.09 -0.94

A 28.12 | 33.48 5.36

c 21.24 | 19.67 -1.57

G 22.09 22.48 0.39

T 2855 | 24.37 -4.17

Table-4: pattern for Normal and BRCAL gene
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Graph-2: Comparison between nucleotides of Normal and BRCAL gene

From above table and graphsit is observed that in normal DNA sequences, frequencies of Adenine (A) and
Thymine (T) and frequencies of Cytosine (C) and Guanine (G) are nearly similar. But this is not the case of
BRCAL gene. In BRCA1 gene Adenine (A) level is increased and Thymine (T) is decreased. In BRCA1
sequences frequencies of Adenine (A) grows abnormally as compared to Thymine (T). Also in BRCAL,
AA[ACGT] pattern have much positive difference i.e. mutation in this pattern increases. Also we observe that,
there is much difference in the pattern AA[ACGT],AG[ACGT], AT[ACGT], CA[ACGT]. From this we can say
that, difference between normal and BRCA1 gene for above said pattern increases; there is chance that the
person may have breast cancer.

1V. Conclusion

It is very tedious and time consuming task to find all patterns in large DNA sequences and their analysis.
Analyses of DNA patterns are useful to predict dieses. Here we have compared BRCAL gene and normal gene
by using pattern mining technique. From this study we may say that if Adenine (A) level is increased and
Thymine (T) level is decreased and at same time some pattern related to Adenine are increased then that DNA
may be affecting by BRCA1 gene i.e. there may be possibility that the person have breast cancer.
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