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Abstract— Early disease detection using gene expression has
been widely discussed for many diseases including breast
cancer, mainly by the detection of mutations in DNA sequence.
However, aligning long BRCA1 gene is rather time-consuming
for early detection. The implementation of systolic architecture
in FPGA which an accelerator could solve the computation time
drawback. Despite that, all of the BRCA1 DNA NTs are unable
to be fitted in the FPGA. Thus, the BRCA1 gene needs to be
truncated for real-time detection without affecting its accuracy.
The exon 11 of BRCA1 is selected as test sequence where it is
truncated for 80%, 60%, 40% and 20% from 3 different
locations i.e. front, middle and end. Based on the results, exon
11 which is truncated for 60% from the middle part is selected
as the developed profile for early detection of breast cancer
using BRCA1 gene.
Index Terms— BRCA1 Gene; Breast Cancer; DNA
Truncation; Pairwise DNA Sequence Alignment; SSEARCH35.

I. INTRODUCTION
Breast cancer is a well-known disease that causes death
worldwide. In Malaysia, statistics have shown that almost
25% of breast cancer death contributed to all cancer-related
casualties [1]. One of the main causes of breast cancer is
uncontrolled divisions of damaged cells due to the mutation
of Breast Cancer Susceptibility (BRCA) gene. Breast Cancer
Susceptibility Type 1 (BRCA1) and Breast Cancer
Susceptibility Type 2 (BRCA2) are the two types of BRCA.
Based on Figure 1, a person who inherited BRCA1 has higher
chance to diagnose with both breast cancer and also ovarian
cancer. Early detection of these diseases could enhance the
recovery chances by finding the suitable cure. There are
numerous studies on breast cancer early detection using
Deoxyribonucleic Acid (DNA) sequence alignment analysis
[2-4]. This method could detect Nucleotides (NTs) changes
or mutations in BRCA DNA sequence.

Figure 1: Lifetime risk of cancer [5]

DNA sequence alignment involves in aligning biological
sequences such as DNA sequence. The fundamental of DNA
sequence alignment is to search the similar NTs which are

Adenine (A), Cytosine (C), Guanine (G) and Thymine (T)
[6]. Pairwise sequence alignment is a type of DNA sequence
alignment where it aligns a query sequence (unknown
sequence) and a known subject sequence as shown in Figure
2. Mutations such as insertion and deletion could be identified
during aligning DNA sequence.

Figure 2: DNA sequence alignment.

The aforementioned method uses sequence alignment
algorithm to evaluate the homology between the aligned
DNA sequences. Sequence alignment algorithm can be
broken down into two sub-categories; optimal and heuristic
approach. The former approach searches optimal score
between the aligned sequences meanwhile the latter
approaches use the sub-optimal technique during alignment.
The computation time and search sensitivity are the debated
issues for both approaches. The optimal search is a laborious
process due to its highly sensitive search. On the other hand,
the heuristic search is a fast process due to its less sensitive
search. However, both searches are still used until today for a
better understanding of DNA sequence alignment. The Smith
– Waterman (SW) algorithm [7] and the Basic Local
Alignment Search Tool (BLAST) [8] are the examples of
optimal and heuristic search respectively. Equation (1) is an
example of the SW algorithm with affine gap penalty [9]. The
optimal sequence alignment algorithm computations have
been extensively discussed in [10].
Recently, the demand for advanced technology in DNA
sequencing has increased due to the revolution of sequencing
technology [11]. With the hand-held size of MinION [12],
this research aims to develop a small device targeted for early
breast cancer diagnosis that implements DNA sequence
alignment method. However, it is a challenge to develop a
small sequencing tool that involves long DNA sequence such
as BRCA gene due to limited logic resources. In addition to
this, it takes time to get a result which will result in the
inefficiency of the proposed device. For example, systolic
array (SA) – based architecture that implements Equation 1
was used to overcome timing problem as shown in Figure 3
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[13]. With the aid of Field Programmable Gate Arrays
(FPGAs) acts as a computation accelerator, sequencing all the
BRCA NTs (typically 117143 NTs) in an FPGA device
becomes an issue due to limited logic resources. In order to
the overcome this problem, truncation of the mentioned DNA
sequence is one of the best options without affecting the
sequencing accuracy. Therefore, proper selection of DNA
sequence in a lengthy BRCA is required.

develop BRCA1 query profile as it is the largest exon among
the available exons in BRCA1 with 3426 NTs. Furthermore,
most of the mutations occur in exon 11 as shown in Figure 5.
The truncation of exon 11 DNA sequence has been used by
[16-18] for mutation detection in BRCA1 gene.
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Figure 5: Exons of BRCA1 [19].
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The rest of this paper is organized as follow. The following
section describes the methods on developing the profile for
breast cancer early detection. Section III will discuss the
accuracy analysis on the sub-sequence based on truncation
percentage and positions as candidates for the developed
profile. Lastly, the conclusion of this research will be
provided in Section IV.
II. METHODOLOGY

Figure 3: Implementation of SA architecture in DNA sequence alignment
[14].

The truncation idea comes from the BLAST heuristic
search, where it uses local alignment from a list of high
scoring words created from words similar to query sequence
as shown in Figure 4. When there are similar words in the
database from the word list during scanning, it starts hit
extension process to extend the possible match. The words
that are far from the hit extension process are eliminated.

(a)

This section describes the method on developing the profile
for breast cancer early detection by truncating the original
BRCA1 sequence to four parts, i.e. 80%, 60%, 40%, and 20%
for three positions as shown in Table 1 which is taken from
the GenBank database (Accession No. L78833.1). Truncation
locations of NTs in exon 11 DNA sequence are identified
based on both aforementioned truncation percentage and
positions to determine the desired test sequence as shown in
Figure 6 for DNA sequencing computation.
Table 1
Various Sequence Lengths and Positions
Sequence
Truncation
(%)
100 (Test 1)

3426

80 (Test 2)

2741

60 (Test 3)

2055

40 (Test 4)

1370

20 (Test 5)

685

Sequence
Length

(b)

(c)

(d)

(e)

(f)

Truncation
Position
No truncation
Front (F)
Middle (M)
End (E)
Front (F)
Middle (M)
End (E)
Front (F)
Middle (M)
End (E)
Front (F)
Middle (M)
End (E)

Figure 4: BLAST algorithm search technique [15]

In this work, exon 11 of BRCA1 DNA sequence is used to

12

Figure 6: Exons of BRCA1 [19].
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NT Location
1-3426
1-2741
343-3083
686-3426
1-2055
686-2740
1372-3426
1-1370
1029-2398
2057-3426
1-685
1371-2055
2742-3426
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The SSEARCH35, a Fast Alignment (FASTA) package
software that implements the SW algorithm with affine gap
penalty as shown in Equation 1 is used for aligning DNA
sequence. Based on Equation 2, the expected value is the
similarity score obtained from the report that is generated by
the SSEARCH35 software when the query and subject
sequence both uses same test sequence as shown in Figure 7
in the red circle [20]. For example, test 1 sequence is aligned
with test 1 sequence; test 2F is aligned with test 2F until test
5B. The measured value is also the similarity score obtained
from the aforementioned software generated a report by
aligning the test sequence and the mutated exon 11 DNA
sequences as shown in Table 2. The mutated exon 11 DNA
sequences are taken from the original blood sample of 11
patients where the variants were detected by CASAVA
software.
𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 (%) = 1 − (

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 − 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒
) × 100
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒

g36405T>G
g36407A>T
g35854delTC
g36396T>A
g36404T>A
g36405T>G
g36407A>T
g34130delA
g35283C>T
g35512T>C
g35813C>T
g36314A>G
g36396T>A
g36404T>A
g36405T>G
g36407A>T
g36749A>G
g35154delA
g35283C>T
g35512T>C
g35813C>T
g36314A>G
g36749A>G
g36404T>A
g36405T>G
g36407A>T

8

9

10

(1)
11

The accuracy of the results obtained from the experiment
will be discussed in the next section with the purpose of
choosing the best test sequence as the profile for breast cancer
early detection.
III. RESULT AND DISCUSSION

Figure 7: Report generated from the SSEARCH35 software after DNA
sequence alignment analysis.
Table 2
11 Samples of Mutations in Exon 11 BRCA1 Gene [21]
Sample

1

2

3

4

5

6

7

Mutation
g37067del AA
g35589A>G
g35801A>G
g36404T>A
g36407A>T
g36905A>G
g35269delA
g36407A>T
g35283C>T
g36749A>G
g35813C>T
g35512T>C
g36314A>G
g36529delAAGC
g34044delCTCA
g36396T>A
g36404T>A
g36405T>G
g36407A>T
g36388T>C
g36389C>A
g36391A>T
g36396T>A
g36404T>A
g35854delTC
g36396T>A
g36404T>A
g36405T>G
g36407A>T
g36388T>C
g36389C>A
g36391A>T
g36396T>A
g36404T>A

As mentioned in the previous section, the test sequence is
aligned with the mutated exon 11 using SSEARCH35
software for DNA sequencing process. The graph in Figure
8, shows the percentage of accuracy for test 1 (no truncation)
sequence against the mutated exon 11 DNA sequence. The
acceptable accuracy percentage for truncation sequence is
more than 90% [22]. Based on the graph, lower accuracy
shows high mutations occurs in the mutated sequence. This is
because the difference between the expected value and the
measured value is high. In other words, the measured value is
small. The smaller the measured value, the more mutations
occur in the query sequence. Please note that the fundamental
of DNA sequence alignment is to find the similar NTs
between the query sequence and subject sequence.

Figure 8: Graph of accuracy against sequence (mutated exon 11) for no
truncation of exon 11.
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