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ABSTRACT

Large portion of the genome of eukaryotes is formed of DNA repeat sequences. The heterochromatin region of the
chromosome contains an accumulation of these sequences. DNA repeats can be divided into direct, inverted, everted, and
mirror repeats depending on their symmetry and position. Mirror repeat sequence is a repetitive DNA sequence that has
not been studied in Homo sapiens. This work explores mirror DNA sequences in the exons of BRCAZ (Breast Cancer geneZ2)
using a simple manual bioinformatics approach. BRCAZ2 gene act as cell growth suppressor and mutations in this gene can
lead to breast cancer. We have identified 170 mirror repeats within exons of BRCAZ gene. Highest density of mirror repeats
is present in exon 11. Largest mirror repeat of length 46 bps is present in exon 11 and it is an IMR (Imperfect Mirror
Repeat). To ascertain the function of these mirror repetitions in breast cancer, additional research will be needed.
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INTRODUCTION

Repetitive sequences are important constituent of eukaryotic genome and may comprise up to 90% of the
genome [8]. These are genomic fragments that repeats itself throughout the genome and are accumulated
in the heterochromatin region of the chromosome [7, 11]. These sequences evolve by concerted evolution
and play an important role in maintaining genomic stability, controlling expression of genes, DNA
packaging etc. [11].

Repetitive DNA sequences replicate within the genome, cause mutations and their expansion results in
genetic diseases including huntington disease, fragile X syndrome, frontotemporal dementia (FTD) and
myotonic dystrophy [1, 14].

On the basis of their distribution, repetitive sequences can be classified as tandem repeats and interspersed
repeats [3, 17]. Repetitive DNA sequences restricted at a specific location in the genome are called as
tandem repeats, these comprise of mini and microsatellites whereas interspersed repeats such as LINEs
and SINEs are randomly dispersed throughout the genome [3, 11]. Depending on the symmetry and
position, repetitive DNA sequences can be classified into everted repeats, inverted repeats, and direct
repeats. These repetitive sequences can form different types of non-B-DNA structures [15, 2]. Mirror
repeat has also been reported in several genomes. A mirror repeat is defined as a DNA sequence which has
homology with the other portion of same DNA sequence within a gene or genome [9]. For instance, the
sequence TCGGTAATGGCT has a homology between one component, TCGGTA, and another part, ATGGCT
of the same sequence. In highly super coiled DNA, homopurine and homopyrimidine mirror repeats can
form intramolecular triplexes, or H-DNA [10, 12]. These H-DNA are reported to regulate the expression of
diseases associated genes [16].

Breast cancer risk is increased by germline mutations in BRCA1 and BRCAZ (shah et al., 2018). BRCAZ gene
is located on chr13q, which act as cell growth suppressor and produce TSG (Tumor Suppressor Gene)
proteins. Molecular analysis on exons of BRCA 2 gene shows that mutations in the exons of BRCAZ may
result in breast cancer [6, 7]. Our current study identified mirror DNA sequences in the exons of BRCA2
gene, using a simple manual bioinformatics approach. It may assist in determining whether these mirror
sequences control the mechanism of breast cancer or not. Additional research will be needed to understand
the role of these sequences in the human genome..
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MATERIAL AND METHODS

Genome sequence of BRCAZ (in FASTA format; Gene 1d-675) of Homo sapiens was obtained from NCBI
(National Center for Biotechnology Information). BRCAZ2 gene consists of 27 exons. Exon sequences
obtained from NCBI represent the query sequence. Using the Reverse Complement tool
(https://www.bioinformatics.org/sms/rev comp.html), the parallel complements of these exons were
generated. Subject sequences are represented by these parallel compliments. The FASTA format of exons
(the query sequence) and its parallel complement (the subject sequence) were both aligned for the
homology search using BLAST. At various expected thresholds, hits were obtained and the settings were
set at a word size of seven. Mirror repeats were identified by using the threshold value at which the most
hits were obtained. Mirror DNA sequences were identified in hits when the position number of query and
subject sequence is exactly reversed. These mirror sequences were classified depending on the symmetry
of mirror repeats as Perfect Mirror repeat (PMR) and Imperfect Mirror Repeats (IMR). The mirror DNA
sequences were searched in the genome of Homo sapiens, Mus musculus, Danio rerio and D. melanogaster
using mega BLAST tool.

RESULTS AND DISCUSSION

Various genetic, environmental and acquired factors are involved in causing breast cancer. It is a multistep
process, which may occur due to pathogenic mutations in BRCA1 and BRCAZ gene. These genes undergo
nonsense, frame shift, and splicing mutations to produce truncated proteins [7, 8, 13].
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Fig.1: shows distribution of mirror repeats in different exons of BRCA 2 gene .

BEPLS Vol 11 [12] November 2022 2|Page ©2022 AELS, INDIA



Table 1: Representing the length of mirror repeats present in the different exons of the BRCA2

gene.
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Table 2: Classification and location of selected mirror repeats distributed in the exons of BRCA2

gene
Exon Mirror Repeat Position of Mirror Length Type Of Mirror
Start Stop of
position mirror
position repeat
ExonS ACAATGTACACATGTAACA 13 31 19 Perfect with single
spacer
Exol0 AGAACAAAAGAAAGAAAGA s02 520 20 Imperfect mirror
repeat
Exon AAAGAAAGAAA so08 sis 11 Perfect with single
10 spacer
Exon AGAAAGAAAGA s10 s20 11 Perfect with single
10 spacer
Exon- ACAAAAATCATCTCTCCGAAAAACA 3274 3298 25 Imperfect mirror
11 repeat
Exon- GATAT-ATGTAAATGTAGTATAG 3957 3978 22 Imperfect mirror
11 repeat
Exon- AAGTAAAAATGATACTGTTTIGTATTC 2114 2150 37 Imperfect mirror
11 ATAAAGATGAA repeat
Exon- CAACTAGTGACCTTCCAGGGA-CAAC 2595 2619 2s Imperfect mirror
11 repeat
Exon- AAACGTAAAAATGGAAA 4655 4671 17 Imperfect mirror
11 repeat
Exon- TAAAACGGAGCAAAAT 2327 2342 16 Imperfect mirror
11 repeat
Exon- CCAAAGAGTCATTTAATAAAATTGTA 2407 2452 46 Imperfect mirror
11 AATTTCTTTGATCAGAAACC repeat
Exon- TGAAAGAAAGT 2653 2573 21 Perfect with single
11 spacer
Exon- AACGTAAAAATGGAAATTGGTAAAAC 4656 4686 31 Imperfect mirror
11 TGAAA repeat
Exon- CCATAATTTAACACC 1391 13208 15 Imperfect mirror
11 repeat
Exon- TTTGAAGGTACAGTTGAAATTAA- 1635 1667 33 Imperfect mirror
11 ACGGAAGTTT repeat
Exon- ACAAAACGCAAGACA 3143 3152 15 Perfect mirror repeat
11
Exon- ATAAAGAAGCAA- 154 185 31 Imperfect mirror
11 AATGTAATAAGGAAAAACTA repeat
Exon- AAAATATAAAA 2338 2348 11 Perfect with single
11 spacer
Exon- AAAAATAAAAA 3552 3562 11 Perfect with single
11 spacer
Exon - GAAAACAGACAAAAG 281 295 1s Perfect with single
14 spacer
Exon - TTTAAAACTAAATCACATTTT 221 241 21 Imperfect mirror
14 repeat
Exon - ATAGAAGCAGAAGATCGGCTATAAAA 18 49 30 Imperfect mirror
18 --AAGATA repeat
Exon - ACCATCACGTGCACTAACA 23 41 19 Imperfect mirror
21 repeat
Exon - AATGAAA--- 337 362 26 Imperfect mirror
27 TTTCTCTTTTGGAAAGTAA repeat
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Table 3: Shows distribution of mirror repeats of size >13 bps in selected genera.

Sr. Homo sapiens | Mus musculus |D.melanogas ter| Danireric
No. Mirror Sequences taxid:9606) (taxid:7215)
[taxid:10090) [taxid:7955)
1. ACAATGTACACATGTAACA + + + +
2 AGAACAAAAGAAAGAAAGA + + + +
3. ACAAAAATCATCTCTCCGAAAAACA + + + +
4. GATAT-ATGTAAATGTAGTATAG + + + +
S. |AAGTAAAAATGATACTGTTTGTATTCATAAAGA + + + +
TGAA
6. CAACTAGTGACCTTCCAGGGA-CAAC + + + +
7. AAACGTAAAAATGGAAA + + + +
8. TAAAACGGAGCAAAAT + + + +
9. CCAAAGAGTCATTTAATAAAATTGTAAAT + + + +
10. TGAAAGAAAGT + + + +
11, | AACGTAAAAATGGAAATTGGTAAAACTGAAA + + + +
12. CCATAATTTAACACC + + + +
13. TTTGAAGGTACAGTTGAAATTAA- + + + +
ACGGAAGTTT
14, TTCATTACTT + + + +
15. ACAAAACGCAAGACA + + + +
16. |ATAAAGAAGCAA-AATGTAATAAGGAAAAACTA + + + +
17. TTATTTATT + + + +
18. GAAAACAGACAAAAG + & + +
19. TTTAAAACTAAATCACATTTT + + + +
20. |ATAGAAGCAGAAGATCGGCTATAAAA--AAGATA + + + +
21. ACCATCACGTGCACTAACA + + + +
22. AATGAAA---TTTCTCTTTTGGAAAGTAA + + + +

Here, a simple manual bioinformatic method is used to identify mirror DNA sequences within BRCAZ gene
(BReast CAncer gene2) of breast cancer. The present work identified a total of 170 mirror repeats within
exons of BRCAZ. These sequences are randomly distributed within the different exons of gene (Fig-1). The
mirror sequences with shorter strech of nucleotides of size 7-12bps were most abundant whereas the
larger mirror sequences were less abundant in the BRCAZ gene (Tablel). Mirror repeats having size
210bps can form non-canonical BDNA forms [4, 5, 12]. We found a total of 25 homopurine(polydA-dG)-
homopyrimidine (poly dC-dT) sequences, of which three mirror repeats may adopt H-DNA structure
(highlighted in green colour in table 2). Similarly, 15 poly (dT-dA) repeats were identified in BRCAZ gene,
out of which three can adopt cruciform structures (highlighted in blue colour in table 2).

We have identified various type of mirror DNA sequences in the exons of the BRCAZ gene. These mirror
repeats are classified depending on the presence or absence of spacer elements. Mirror sequences having
one spacer are identified as Single Spacer Mirror Repeat (SSMR). Largest mirror repeat is of 46bps (present
in exon 11) and smallest mirror repeat is of 7bps (present in several exons). Frequency of perfect mirror
repeats were more as compared to imperfect mirror repeats within the BRCA2 gene. Classification and
location of some selected mirror repeats are represented in table 2. complete detail of identified mirror
repeats is given in the supplementary file.

Non-.BDNA motif search tool was also used to identify mirror repeats within the exons of BRCAZ gene.
Using simple manual bioinformatic approach we identified 170 mirror repeats whereas Non-.BDNA motif
search tool could not found mirror repeats in exons of BRCAZ gene.

By comparing the number of mirror repeats obtained from both the tools, it can be concluded that our
method is more efficient in finding mirror repeats, as non B-DNA motif search tool could not search mirror
repeats in exons of BRCAZ gene.

mega BLAST tool was used to search selected mirror repeats ( having size in the range of >13 bps) in
different genera’s (Table-3). Sequences selected for mega BLAST analysis were present in the genome of
Homo sapiens, Mus musculus; Danio rerio and D. melanogaster; as these sequences are conserved
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throughout all domains of life, this suggests that they play an important role in the genome. However, what
role will these identified mirror repeat play at cellular and genetic level in breast cancer is still unknown?

CONCLUSION

We have analysed BRCAZ gene for identification of mirror repeats within the exons of BRCAZ gene using
two simple bioinformatics tools. BLAST tool have identified a total of 170 mirror repeats, 17 mirror repeats
were identified as IMR (Imperfect Mirror Repeat), 23 as PMR (Perfect Mirror Repeat), and 130 as PWSS
(Perfect With One Spacer) whereas, non B-DNA motif search tool could not identify mirror repeats within
the exons of BRCAZ gene. Further studies are required to find out the role of these mirror repeats in breast
cancer.
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