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ABSTRACT
About 50% of the human genome is repetitive or repeat derived. Eukaryotic genomes contain various types of repetitive
sequences, including transposons, retro transposons, interspersed repeats and tandem repeats. Repetitive sequence that is
not well studied in Homo sapiens as well as in other organisms is mirror repeat sequence. DNA mirror repeat is a segment
identified on the basis of center of symmetry on a single strand and has identical terminal nucleotides. This work explores
mirror DNA sequences in the exons of BRCA1 (BReast CAncer genel) using a simple manual bioinformatics method. BRCA1
is an autosomal dominant gene located on chr17q, which codes for TSG (Tumor Suppressor Gene) proteins, there is high
probability of developing breast cancer if this gene is altered or mutated in any way. We have identified 141 mirror repeats
within the exons of BRCA1 gene. These mirror repetitions are not only found in the BRCA1 gene but are also widely spread
in the genomes of Homo sapiens, Mus musculus, Danio rerio, and D.melanogaster. To find the role of these mirror repeats,
additional research will be needed.
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INTRODUCTION

Repetitive sequences are genomic fragments that repeats itself throughout the genome [1]. These
sequences evolve by concerted evolution and results in changes within the genome [11]. Large portion of
the genome of eukaryotes is formed of repetitive DNA sequences. The behavior of repetitive sequences can
result in mutations that cause genetic diseases and more than 30 inherited genetic diseases, including
Huntington disease and myotonic dystrophy, are caused by the proliferation of these sequences. [1, 12].
These sequences comprise approximately 50% of the human genome [10]. Depending on their distribution,
repetitive sequences can be categorized as interspersed repeats and tandem repeats [2, 14]. In contrast to
interspersed repeats, which are randomly distributed across the genome, tandem repeats are next to one
another. [2, 14] Repetitive DNA sequences create deletion mutations or insertion mutations if they are
inserted into a gene [6]. DNA repeats can be divided into four categories based on their symmetry and
position: direct repeats, everted repeats, inverted repeats, and mirror repeats. Numerous copies of a
sequence on the same strand of DNA are referred to as direct repeats, while repeats in reverse direction on
the opposite strand of the DNA molecule are referred to as inverted repeats. Everted repeats are DNA
fragments with duplicated sequences on the opposite strand. In a gene or genome, a mirror repeat isa DNA
sequence that shares homology with another portion of the same sequence [5]. As an illustration, consider
the following sequence - TCGGTAATGGCT, One portion of the sequence, TCGGTA, is homologous to another
portion. In highly super coiled DNA some mirror repeats can form intramolecular triplexes, or H-DNA [8].
These H-DNA are reported to regulate the expression of diseases associated genes [13].

The second largest cause of mortality for women globally is breast cancer, which is the most prevalent
cancer among women [14]. BRCA1 gene is located on chr17q, which codes for TSG (Tumor Suppressor
Gene) proteins. According to molecular analysis, BRCA1 exon mutations result in breast cancer [7, 8]. The
objective of the current study is to identify mirror repeats in the exons of BRCA1 gene using a simple manual
bioinformatics method.
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MATERIAL AND METHODS

Using the gene name BRCA1 and accession number NM_007300.4, from the National Center for
Biotechnology Information (NCBI) nucleotide sequence of the exons present in the BRCA 1 gene (FASTA
format) were retrieved. The exon sequences represent the query sequence. Using Reverse Complement
tool, Parallel compliment of these exons were generated (http://www.bioinformatics. org/sms/rev_
comp_html). The parallel compliment of exons represents the subject sequence. Exon sequences retrieved
from NCBI (query sequence) and parallel compliment of these exons were aligned for homology search
using BLAST tool (Fig-1). Hits were obtained at various expected thresholds, and the parameters were set
for a word size of 7. Mirror repeats were identified, using the threshold value at which the highest numbers
of hits were obtained. Mirror repeats were identified in hits when the subject and query sequences had the
reverse position number. On the basis of their symmetry, mirror repeats were divided into two categories:
Perfect Mirror Repeats (PMR) and Imperfect Mirror Repeats (IMR). The mirror repeats were searched in
the genome of Homo sapiens, Mus musculus, Danio rerio and D. melanogaster using mega BLAST tool.
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fig.1: Pictorial representation of methodology used to identify mirror repeats within BRCA1 gene.

RESULTS AND DISCUSSION

The second most common reason for female fatalities is breast cancer. Pathogenic BRCA1 and BRCA2
mutations contribute to 5% of breast cancer cases. Breast cancer susceptibility gene (BRCA1) is located on
chr17q and consists of 24 exon sequences. The risk of getting breast, ovarian, or prostate cancer increases
when this gene is mutated. The 1863 amino acid BRCA1 gene has been shown to include 300 disease-
causing mutations. According to BIC (Breast Information Core), nonsense, frame shift, and splicing
mutations in BRCA1 and BRCAZ genes result in truncated proteins 6, 7, 14].

In the current study, mirror repeats in the exons of BRCA1 gene of breast cancer were identified using a
simple manual bioinformatic method. We have also used nBMST tool for identification of mirror repeats.
The results confirms a total of 141 mirror repeats within exons of BRCA1 (Table-1). These mirror repeats
are randomly distributed within the different exons of gene (Fig-2). The mirror repeats of size 7-12bps
were most abundant whereas the larger mirror repeats were less abundant in the BRCA1 gene (Tablel).
In the BRCA1 gene, we also found those mirror repeats (=10bps) that can create non-canonical BDNA forms
[3, 4, 8]. We found a total of 24 homopurine (polydA-dG) and homopyrimidine (poly dC-dT)-rich sequences,
of which two mirror repeats may adopt the H-DNA structure (represented in green colour in table 2).

We have identified different types of mirror repeats within the BRCA1 gene and these are classified, based
on the presence or absence of spacer elements at the centre of symmetry. Smallest mirror repeat found in
the gene is of 7 bps and largest consists of 27 base pairs. The perfect mirror repeats were more common
as compared to imperfect mirror repeats within the BRCAI gene. A few selected mirror repeats identified
in the BRCA1 gene are shown in Table 2 along with their location and classification. The complete detail of
identified mirror repeats is given in the supplementary file. We also used Non-.BDNA motif search tool to
identify mirror repeats within the exons of BRCA1 gene. With this tool we could not found mirror repeats
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in exons of BRCA1 gene. By comparing the results obtained from both the tools, we can say that our method
is more efficient in searching mirror repeats, because non B-DNA motif search tool could not search mirror
repeats in exons of BRCA1 gene.

Mega BLAST was used to examine repeats with sizes between 12 and 27 bps in order to study the presence
of identified mirror repeats in various genera (Table 3). Here, a + sign indicates the presence of a mirror
repeat and a - sign indicates its absence. Identified mirror repeats were present in the genome of Homo
sapiens, Mus musculus; Danio rerio and D. melanogaster, this indicates universal existence of these mirror
repeats, however, what role will these identified mirror repeats play at cellular and genetic level in breast
cancer is still unknown.

70 64

Fig. 2: shows distribution of mirror repeats in different exons of BRCA 1 gene.
Table 1: Representing the length and location of mirror repeats present in the different exons of
the BRCA1 gene.

Accession No. Exon 7-12bp 13-18bp 19-24bp 25-50bp
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Table 2: Classification of selected mirror repeats distributed in the exons of BRCA1 gene.

Exon Mirror Repeat Position of Mirror Length Type Of Mirror
Start Stop of
position position mirror
repeat

Exon-6 AAACCGTGCCAAA 25 34 13 Perfect with single spacer
Exon-6 AAAAGGAAAA 92 104 10 Perfect mirror repeat
Exon-7 ACGTCTGTCTACA 85 97 13 Perfect with single spacer
Exon-10 TCCAAGAGAAGAAAAAGAAGAGAAACT 1508 1534 27 Imperfect mirror repeat
Exon-10 AAATGAACAGACAAGTAAA 1382 1400 19 Perfect with single spacer
Exon-10 AAAGATAATAGAAA 1788 1801 14 Perfect mirror repeat
Exon-10 GATTCAAACTTAG 3414 3426 13 Perfect with single spacer
Exon-10 AAAGGAAGAAAATCAAGGAAA 2045 2065 21 Imperfect mirror repeat
Exon-10 AAGGCAAAAACAGAA 1707 1721 15 Imperfect mirror repeat
Exon-10 AGAATCCTAGAGATACTGAAGA 415 436 22 Imperfect mirror repeat
Exon-10 AGTAATAATGA 54 64 11 Perfect with single spacer
Exon-10 CGGAAGAAGGC 726 736 11 Perfect with single spacer
Exon-10 ATGAAGAAGTA 2668 2678 11 Perfect with single spacer
Exon-10 ATGGAAGGTA 1335 1344 10 Perfect mirror repeat
Exon-10 CTCATTACTC 2223 2232 10 Perfect mirror repeat
Exon-16 TTGAAAGTTCCCCAATTGAAAGTT 123 146 24 Imperfect mirror repeat
Exon-16 AGCCTCTTCTCTGA 30 43 14 Imperfect mirror repeat
Exon-19 AAAGAAAGAAA 18 28 34 Perfect with single spacer
Exon-24 CGTTTTGTAAATGTTGTGC 1451 1469 19 Imperfect mirror repeat
Exon-24 ACTGGAGGTCA 762 772 11 Imperfect mirror repeat
Exon-24 GGAGGTGGAGG 908 918 11 Perfect with single spacer

Table 3: Shows distribution of mirror repeats of size >11bps in selected genera.

Sr. Homo sapiens Mus musculus D.melanogas ter Dani rerio
No. Mirror Sequences (taxid:9606) (taxid:10090) (taxid:7215) (taxid:7955)
1. IAAACCGTGCCAAA + + + +

2. JACGTCTGTCTACA + + + +

3. TCCAAGAGAAGAAAAAGAAGAGAAACT + + + +

4. IAAATGAACAGACAAGTAAA + + + +

5. IAAAGATAATAGAAA + + + +

6. GATTCAAACTTAG + + + +

7 IAAAGGAAGAAAATCAAGGAAA + + + +

8 IAAGGCAAAAACAGAA + + + +

9 IAGAATCCTAGAGATACTGAAGA + + + +

10 TTGAAAGTTCCCCAATTGAAAGTT + + + +

11 IAGCCTCTTCTCTGA + + + +

12 CGTTTTGTAAATGTTGTGC + + + +

CONCLUSION

In our current study, two simple bioinformatics methods were used to find mirror repeats in the BRCA1
gene associated with breast cancer. A total of 141 mirror repeats have been observed through BLAST
search whereas non B-DNA motif search tool could not identify mirror repeats within the exons of BRCA1
gene. Our results shows different type of mirror repeats present within different exons of BRCA1 gene. It
will be highly interesting to know, the unknown function of these mirror repeats. Further molecular and
biophysical studies on these mirror repeats are required to explain the function of these mirror repeats in
breast cancer.
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