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Abstract: The majority of living domains consist of DNA as genetic material with the minor exception of viruses. The unique 
nature of every species determines by its unique pattern of genome or gene products. The genomic features become an evident 
example of evolutionary study also. Different types of repeat patterns are observed in genomes of living domains including human 
beings whose two third portion of the genome is repetitive. Among the varied type of repeat sequences Mirror Repeats (MR) play 
crucial roles at the genetic level in every species.  The major focus of our research is on identification & to check the distribution 
of mirror repeats in some selected infectious viruses of three different domains (Animal, Plant & Human). For this, we employed 
a bioinformatics-based approach refer as FASTA PARALLEL COMPLEMENT BLAST (FPCB) to identify unique mirror repeat (MR) 
sequences. The identified repeats vary in their length as well as found to be distributed throughout the selected viral genomes. 
The maximum no of MR were reported in the case of Dengue virus (229) & minimum is in the case of TMV (97). In the remaining
selected viruses - HCV, HPV, HTLV-1, PVY, Rabies virus 178, 156, 175, 203 & 204 MR sequences were reported. These sequences 
can be utilized in many ways like in molecular diagnosis, drug delivery target as well as evolutionary study, etc. The present research 
also helps in the development of novel tools of bioinformatics to study mirror repeats and their functional perspective in the 
context of their occurrence in all domains. 
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1. INTRODUCTION 

 

The regulatory molecule (DNA) is responsible for genetic 

diversity among species from viruses to the complex living 

system including human beings .1, 2 The genetics of an 

organism can be depending upon various factors including 

environmental ones as well as at the level of genes or 

genome. The arrangements of base pair patterns in the genes 

or genomes of every domain resulting the diversification of 

species or strains.3 ,4 These unique patterns form various 

types of repeats. Every type performs different kinds of 

functions at the molecular level & contributes to normal 

cellular functions. The most common types include inverted 

repeats, tandem repeats, satellite DNA, SNP’s, transposable 
elements and palindrome sequences, etc.5-7 These repeats 

were found to be associated with varied functions like 

genomic structural determination, gene expression 

regulation, binding sites for many enzymes, heterochromatin 

region formation & genomic evolution, and associated with 

many human diseases.8-11 Among the above-mentioned 

repeats a unique pattern refers to as Mirror repeat (MR) is 

also being reported over time .12-14 

 

 
 

Fig 1: Represent the various types of repeat elements. (Adapted from Planken, A. et al. 2019)15 

 

A Mirror repeat is defined as when one part of its sequence 

share homology with the rest part of the same sequence. For 

example, ATGCGGGGCGTA, in this sequence its one part 

ATGCGG share homology with another part. Mirror repeats 

have a center of symmetry on the same strand of the 

genome. These sequences (MR’s) were reported to be 
associated with various kinds of functions in the genome. 

One of the major contributions of these repeats is in the 

formation of triplex DNA & unusual genomic structures by 

folding the genome. 16-17 They are found to be associated with 

genetic disorders 18-19& also reported to be responsible for 

genomic instability.20 Mirror repeats form the Non-B forms 

of the DNA by non-Watson Crick base pairing.  The present 

investigation focuses on the identification of Mirror repeats 

using a bioinformatics-based approach. The approach refers 

to as FASTA PARALLEL COMPLEMENT BLAST (FPCB) 

which follows some simple steps to identify MR’s [21]. We 
select viral genomes from the plant (TMV & Potato Virus Y), 

human (HPV, HCV & HTLV-1) & animal categories (Dengue 

virus & Rabies virus) because the size of viral genomes is 

small and easily handled during manual bioinformatics 

analysis. The selected viral genomes from different categories 

were undergone FPCB analysis in which we try to identify 

mirror repeats & check their distribution in the genomes. 

This study will be helpful for more insights on MR sequences 

in the context of their functions, roles as well as the pattern 

of occurrence in every species.    

 

2. MATERIALS & METHODS 

 

To identify the Mirror repeat sequences a four-step 

bioinformatics-based approach is utilized. The approach 

refers to as FPCB (FASTA PARALLEL COMPLEMENT 

BLAST) analysis. In its first step the genome sequence of the 

selected virus is downloaded from NCBI 22, followed by the 

division of the same into 1000 base pairs regions to ensure 

the maximum identification of MR sequences with minimum 

length. In a further step, the divided regions act as a query 

sequence whose complement sequence retrieve from the 

Reverse complement tool, which acts as our subject 

sequence. The final step includes the BLAST analysis between 

Query & Subject sequences. If the position no of the query & 

subject sequence is exactly reverse, then it will be a Mirror 

repeat.21 The flow model of the methodology is given below 

in Figure.23 
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Fig 2: Depicted the steps involve in FPCB in which the original sequence retrieved from NCBI followed by 

making its complement sequence & BLAST analysis between original & complement sequence. The exact 

reverse position no of the original & complement sequence represents an MR sequence.  

(Adapted from Yadav, S et al2022) 23.  

 

By using the said methodology, we have identified MR sequences in some selected viral genomes from three different categories 

(Animal, Plant & Human) given in Table 1. 

 

Table 1- Shows a list of viruses along with their NCBI reference number. The table also depicted the category 

as well as diseases associated with particular virus. 

Serial No. Name of the Virus Category  Diseases Association  NCBI Reference No. 

1 Rabies Virus Animal Virus Rabies NC_001542.1 

2 Dengue Virus Animal Virus Dengue NC_001474.2 

3 HTLV-1 Human Virus Cancer NC_001436.1 

4 TMV Plant Virus Tobacco crop NC_001367.1 

5 Potato Virus Y Plant Virus Potato crop NC_001616.1 

6 HCV Human Virus Cancer NC_004102.1 

7 HPV Human Virus Cancer NC_027779.1 

 

3. RESULTS& DISCUSSION  

 

The genomes of the selected viruses were divided into 1000 base pair regions to ensure the maximum identification of Mirror 

repeats as per the requirements of the bioinformatics approach (FPCB) utilized. The total no of Mirror repeat sequences in the 

case of selected viruses varies in no and is given below in Table 2. The maximum & minimum no of MR sequences were 

reported in the case of Dengue virus (229) & TMV (97) respectively. However other viruses (Rabies, HTLV-1, HCV, HPV, PVY) 

also have a frequent occurrence of MR sequences.   

 

Table 2- Represent the total no of Mirror Repeats (MR’s) identified in selected viruses. The maximum & 
minimum no of MR sequences were reported in case Dengue & TMV virus. 

Serial No. Name of the Virus Category  Total No of MR Sequences  

1 Rabies Virus Animal Virus 204 

2 Dengue Virus Animal Virus 229 

3 HTLV-1 Human Virus 175 

4 TMV Plant Virus 97 

5 Potato Virus Y Plant Virus 203 

6 HCV Human Virus 178 

7 HPV Human Virus 156 
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The analysis of the results obtained from the approach depicted the occurrence of MR sequences in whole genomic parts of all 

the selected viruses. The following graphical data represent the region-wise distribution of MR sequences in selected viral 

genomes. 

 

 
 

Fig 2: Represent the MR distribution in Rabies virus. The maximum no of MR sequences was reported in Region 

5 (26) while the minimum no is in Region 9 (1).  

 

 
 

Fig 3: Represent the MR distribution in Dengue virus. The maximum no of MR sequences was reported in 

Region 9 (27) while the minimum no is in Region 4 (20).  

 

 
 

Fig 4: Represent the MR distribution in HTLV-1. The maximum no of MR sequences was found in Region 7 (27) 

while the minimum no is in Region 4 (15).  
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Fig 5: Represent the MR distribution in HCV. The maximum & minimum no of MR sequences were reported in 

Region 3 (27) & Region 1 (15) respectively.  

 

 
 

Fig6: Represent the MR distribution in HPV. The maximum & minimum no of MR sequences were reported in 

Region 1 (26) & Region 6 (18) respectively.  

 

 
 

Fig 7: Represent the MR distribution in TMV. The maximum & minimum no of MR sequences were reported in 

Region 6 (20) & Region 2 (11) respectively.  
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Figure 8 – Represent the MR distribution in PMVY. The maximum & minimum no of MR sequences were 

reported in Region 7 (29) & Region 5 (16) respectively.  

 

Some of the sequences whose length is found to be more than 21 bps are given below in Table 3. [To check the region-wise 

distribution of MR sequences in all selected viruses including their MR no, Sequences, their length & position in the region, this 

data provided in the supplementary data file of this manuscript].  

 

Table 3- Shows selected MR sequences & their length identified in viruses from different categories 

Rabies Virus 

S.No MR number  Sequence  Length  

1 MR70 GTATCAACATGAACTCGAGAGCAGGT-CAACTATG 27 

2 MR123 GACCCAA-TCG-AGTTAGAGGCTGAACCCAG 25 

3 MR162 ATCAGGAACACAAGAACCAAAGTACTA 21 

4 MR171 AAACT-GGTTCATTACTAGAGATTCCAACTTGGCTCAAA 29 

5 MR180 GAGATTTTGAATCTCTAAGCGGTAGAG 21 

    

Dengue Virus 

1 MR35 GAAGAAAC—AGGATGTTGTTGTTTTAGGATCCCAAGAAG 32 

2 MR62 GATAGAAAGTGCACTCAATGACACATGGAAGATAG 25 

3 MR66 GGACCAGTGTCTCAACACAACTAT-AGACCAGG 27 

4 MR67 TCTGTGATGGA-ACAACAGTGGTAGTGACT 24 

5 MR70 ACAGCTGGACATGGGCAGGTCGACA 21 

6 MR72 ACTAGTTGCAGTTTCTTTTGTGACATTGATCA 26 

7 MR76 CCAGAGCACCATACCA-GAGACC 21 

8 MR102 GAAGGAGAATGGAAGGAAGG—AGAAGAAG 24 

9 MR110 CGAAGAGATACCTTCCGGCCATAGTCAGAGAAGC 24 

10 MR147 CATAATCACGGCTAGCATCCTCCTATGGTACGCACAAATAC 31 

11 MR167 GAAGAACACAACCAACACAAGAAG 24 

12 MR201 GAAAGGAATCTCCATCTTGAAGGAAAG 21 

13 MR218 ACAAGTCGAACA-ACCTGGTCCATACATGCTAAACA 30 

    

TMV 

1 MR56 GGAAAATTTAGTGGCGATGATT-AAAAGG 25 

2 MR73 GTTTGTTTATAAAA--GTCTGGTGAAGTATTTGTCTG 27 

3 MR74 TATTTGTCTGATAAAGTTCTTTTTAGA-AGTTTGTTTAT 29 

PVY 

1 MR63 AAATTATCTAAATCTCTTGAA 21 

2 MR76 GCAAGTTTACAGCGCAA-ACTTGAACG 27 

3 MR177 TCAGAAGC-ACATACATGGAAGACT 21 

4 MR193 CGTATATAGAAATGCGCAACAAAAAGGAACCATATATGC 27 

    

HTLV-1 

1 MR22 CCTTCCAGTCATGCACCCACATGGTGCCCCTCC 33 

2 MR25 CCTTTGCTCCTCCCTCGTGGCTTCC 25 

3 MR26 CCTCCCT-CGTGGCTTCCCTCC 22 
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4 MR32 CCCCCAAAGACAAAACCAAAGTGTTAGTTGTCCAGCCTAAA---AAACCCCC 52 

5 MR57 ACTCTCTA---ACCATAGATCTCTCA 26 

6 MR62 TAAAAATAGTCCCACCCTGTTCGAAAT 27 

7 MR74 TCAGACGGA---TCCACCTCCCAGGCAGCCT  31 

8 MR105 TATTCCCTATATCTAT-TCCCTCAT 25 

9 MR111 ACCATATC-CTCGAGCCCTCTATACCA 27 

10 MR120 TCCCCCTGTCATAACTCCCTC-ATCCTGCCCCCCT 35 

11 MR139 CAGCAACCTCCTCCGTTCAGCCTCCAAGGAC 31 

12 MR143 CCTTCTCCTCCGCC----CGCTTCCTGCGCCGTGCCTTCTCCTCTTCC 48 

13 MR147 CTCCTCTTTCTCCCGCTCtttttttCGCTTCCTCTT-CTCCTC 43 

14 MR152 CAGTTTCCTCCTCCTCCTTGTCCTTTAAC 29 

15 MR154 CCTCCTTGTCCTTTAACTCTTCCTCC 26 

    

HCV 

1 MR5 AAACCTCAAAGAAAAACCAAA 21 

2 MR13 CTTCCTGGTTGCTCTTTCTCTATCTTCCTTC 31 

3 MR18 CGGTG—ACCCCCACGGTGGC 21 

4 MR54 TCTTGTG-TCCTTCCTCGTGTTCT 24 

5 MR80 CCTAGAG-ACAACCATGAGATCC 23 

6 MR128 CCTGGGATTCCCTTTGTGTCC 21 

7 MR162 AAAGAC-GT-CCGTTGCCATGCCAGAAA 28 

    

HPV 

1 MR12 AAGATATTGATTTAGATTTACAA 23 

2 MR26 AAAGCAATATCAGAG-CTAAAACGAAA 27 

3 MR33 CAAAAATATTGTTACAAAAAC 21 

4 MR37 TTAACAAAAATGTTACAACAATT 23 

5 MR52 GAACAATCCTTGAAATATTTACACAGTAGAG-TGAAATGTTT-TAACTTTCCTAATAAG 59 

6 MR93 TACCATTA-GAAGAATTACCAT 22 

7 MR146 CTTTTGGCCTGTTGATTTAACTGAACGGTTTTC 33 

8 MR149 CTTTTGGCCTGTTGATTTAACTGAACGGTTTTC 33 

9 MR153 TCTGACTCATGGGGTCGTTATTCAGTCT 28 

 

4. DISCUSSION 

 

The present study is also supported by previous ones in 

which MR sequences are frequently reported in viruses & 

various other domains of study by FPCB analysis. The work 

carried out on HIV identified more than 200 MR sequences 

with varied lengths in HIV-1 & HIV-2.23 The same case is also 

true in the plant & animal domain.24-27 The frequent 

occurrence of mirror repeats correlated with their 

evolutionary prospective also or may be these sequences 

show conservative nature in every existing species. In silico 

analysis can be utilized to check their clinical significance as 

well as their uses in medical science.28-30 They may be utilized 

for a novel classification system that is based on mirror 

repeat profiling. This study will be helpful for computational 

biology or in silico-based studies to find out novel ways of MR 

identification as well as to study their significant roles & 

functions in the genes or genomes.  

 

5. CONCLUSION 

 

Based on data obtained from the bioinformatic analysis it is 

concluded here that the frequent occurrence of mirror 

repeats in viral genomes indicates their key roles at the 

genetic level. The observation of short to long sequences 

within the genomes aids a hint towards their evolutionary as 

well as clinical significance also.   
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