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ABSTRACT

The Nipah virus (NiV), a highly pathogenic RNA virus recognized by the World Health
Organization as an epidemic threat, poses serious public health concerns due to its high
mortality rate and human-to-human transmission capability. This study aims to investigate the
presence and distribution of mirror repeats (MRs)—a class of repetitive DNA elements
characterized by symmetrical sequences—within the complete Nipah virus (NiV) genome using a
manual bioinformatics approach. The 18,246-base genome was segmented into 500 bp
fragments, and BLAST alignment was conducted between each fragment and its reverse
complement to detect MRs. A total of 401 mirror repeats were identified, comprising 375 perfect
and 26 imperfect repeats. Filtering for perfect mirror repeats longer than 10 bp yielded 29
significant motifs, of which 24 contained spacer elements. Comparative analysis with other RNA
viruses, including SARS-CoV-2, Zika virus (ZIKV), Marburg virus (MARV), and Ebola virus
(EBQOV), revealed both conserved and unique mirror repeats, suggesting potential evolutionary
or functional roles in genome organization, replication, or regulation. Notably, the selected
mirror repeats identified in Nipah virus (NiV) were also detected in Zika virus (ZIKV) but were
absent in Marburg (MARV), Ebola (EBOV), and SARS-CoV-2, indicating a shared genomic
feature between Nipah (NiV) and Zika viruses (ZIKV) that requires further investigation for
biological significance and therapeutic relevance.
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INTRODUCTION dangerous emerging viruses becauseit can be
The World Health Organization has identified transmitted from person to personand exhibits
the Nipah virus (NiV) as an epidemic threat high mortality rates (Skowron et al., 2022;
since 2015. It is considered one of the most Gurley et al., 2020).
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NiV is classified as a biological safety level 4

(BSL 4) disease because of the lack of
effective therapy or vaccines (Rathish et al.,
2021; Epstein et al., 2006). The Nipah virus
belongs to the family Paramyxoviridae and the
genus Henipavirus (Yoneda et al., 2006; Joshi
et al., 2023; Bowden et al., 2008; Lou et al.,
2006). It is a type of RNA virus that has a
single strand of genetic material, a non-
segmented genome, negative-sense, has a
protective envelope, and helical in shape
(Singh et al., 2019; Garbuglia et al., 2023; &
Sharma et al., 2019). The initial symptoms are
usually a fever, headaches, and respiratory
issues. Sleepiness, confusion, a gradual coma,
and even death are possible outcomes of
subsequent encephalitis (Hafeez et al., 2025; &
Banerjee et al., 2019a).

The genome of the Nipah virus (NiV)
is about 18.2 kilobases long and produces six
structural proteins and three nonstructural
proteins. The structural proteins include RNA
polymerase, glycoprotein (G), matrix protein
(M), fusion protein (F), phosphoprotein (P),
and nucleocapsid (N). The P gene also encodes
three nonstructural proteins, known as V and
W proteins, and an alternate open reading
frame (ORF), referred to as the C protein,
through a process called RNA editing (Sun et
al., 2018; Soman et al., 2020). Genetic studies
have classified the Nipah virus (NiV) into two
strains: NiV-Bangladesh (NiV-B), found in
Bangladesh and India, and NiV-Malaysia
(NiV-M), found in Malaysia and Cambodia,
respectively. Although the genetic sequences
of these two strains are nearly 92% similar,
their ability to cause disease and spread
between individuals appears to differ
significantly. NiV-B seems to be more
pathogenic than NiV-M, as it is associated
with a higher mortality rate and a greater
propensity for human-to-human transmissions
(Rahman et al., 2021; Banerjee et al., 2019b;
& Mire et al., 2016).

Understanding the Nipah virus’s
(NiV) adaptive evolution, tracking
transmission, and doing epidemiological
analysis all depend on whole-genome
sequencing (WGS). In order to better
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understand the biology of pathogens, their

pathogenesis, and the development of
therapies, WGS is crucial for genome analysis
(Rahman et al., 2025). RNA virus genomes
have a variety of roles during viral replication,
and the complex structural basis of these tasks
is becoming clearer. Fundamentally, the
genetic information required for virus
reproduction is stored in its RNA genome
(Nicholson et al., 2015).

Every organism's genome contains
repeated sequences (Lupski et al., 1992). The
presence of numerous repetitive DNA
sequences in various genomes highlights their
structural variety, and there are several
instances where the functional significance of
these repetitive elements has been examined
extensively at the molecular level (Shapiro et
al., 2005). The family of repetitive DNA can
be found extensively within a taxonomic
family or genus, or it may be unique to a
particular species or chromosome. Repetitions
can be located in specific areas of a genome,
such as in telomeric regions or distributed
unevenly across the genome. Over the course
of evolutionary time, these repeats may
undergo significant changes in their sequence
and the number of copies (Rao et al., 2010).
Among the many different kinds of repeat
sequences, mirror repeats (MR) are essential to
every species' genetic makeup (Yadav et al.,
2023). On the same strand of the genome
sequence, it is characterized as a repeat with
bilateral symmetry or a centre of symmetry. A
DNA mirror repeat is a portion of a sequence
that is distinguished by the presence of a single
strand's centre of symmetry (Langet al., 2007;
Yadav et al., 2022).

Mirror repeats (MRs) are widely
distributed across various phyla, including
microorganisms, plants, animal viruses, and
even within the human insulin gene. These
sequences are associated with several
functional roles, such as participation in H-
DNA formation, regulation of transcription
and replication, and involvement in the
development of disorders affecting the nervous
system, etc (Sehrawat et al., 2024). Mirror
Repeats (MRs) play a vital function in a

11



Kavita et al.
variety of neurological conditions. These MRs

have also been used to determine genome
structure, create triplex DNA, and perform a
variety of other genome-related operations.
These triplex DNA or non-B DNA structures,
which develop due to the presence of triplet
repetitions, have been linked to a variety of
human disorders. These structures were
discovered to be mutagenic in mammalian
cells, causing genomic instability and
replication arrest by introducing double-strand
breaks (DSBs) (Yadav et al., 2022). A perfect
mirror repeat is defined as a sequence that
exhibits perfect symmetry around a central
axis, with the second half of the sequence
being the reverse of the first.

Here, we aim to investigate the presence of
mirror repeats across the whole genome of
Nipah virus (NiV), with the objective of
identifying them  through a  manual
bioinformatics approach.

MATERIALS AND METHODS

The complete genome sequence of the Nipah
virus  (Accession:; NC 002728.1 Gl:
13559808), consisting of 18,246 base pairs of
single-stranded RNA, was downloaded from
the NCBI nucleotide database in FASTA
format
(https://www.ncbi.nIm.nih.gov/nucleotide/).

\,
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The genome was  fragmented into

subsequences of 500 base pairs each. These
fragmented sequences were treated as query
sequences. Using the reverse complement tool
(https://www.bioinformatics.org/sms/rev_com
p.html), parallel subject sequences were
generated. Both query and subject sequences
were then aligned using the BLAST tool
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to
identify local similarities.

Mirror repeats were identified by
detecting alignments in which the nucleotide
sequence was reversed between the query and
subject sequences. Special attention was given
to breakpoint regions—locations where the
genome was segmented into 500 bp
fragments—to detect mirror repeats near these
junctions. The BLAST algorithm was run
using a word size of 7, and alignments were
observed across varying E-value thresholds.
An E-value of 20 yielded the highest number
of hits and was considered optimal for
identifying mirror repeats. A reversal in the
position numbers between the query and
subject sequences characterized alignments
indicative of mirror repeats. These mirror
repeats were further classified based on the
presence and type of spacer elements between
them (Figure 1).
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Figure 1. Workflow of the methodology used to identify mirror repeats
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For comparative analysis, mirror repeat
searches were also conducted in the genomes
of other RNA viruses, including Corona virus
(SARS-CoV-2), Zika virus (ZIKV), Marburg
virus (MARV), and Ebola virus (EBOV),
using the MegaBLAST tool. Algorithmic
parameters such as word size, expected
threshold, and maximum target sequences
were adjusted as needed to optimize detection.

RESULTS AND DISCUSSION
In this study, mirror repeats were identified
within the Nipah virus (NiV) genome using a
simple, manual bioinformatics approach. The
proportion of perfect and imperfect mirror
repeats is shown in Figure 2. The full genome,
consisting of 18,246 nucleotides, was
segmented into 500 base pair (bp) fragments to
facilitate localized analysis. BLAST alignment

Ind. J. Pure App. Biosci. (2026) 14(1), 10-18

ISSN: 2582 — 2845
between each fragment and its reverse
complement enabled the identification of
regions containing mirror repeats. A total of
401 mirror repeats were identified across 37
genomic regions of the Nipah virus. The
representation of mirror repeats across
different genomic regions of the Nipah virus is
shown in Figure 3. Among these, 375 repeats
were classified as perfect mirror repeats,
exhibiting exact sequence symmetry, whereas
26 were imperfect mirror repeats due to the
presence of nucleotide mismatches or minor
structural deviations. The identified mirror
repeats varied in length and genomic
distribution, suggesting that they may
contribute  differently to viral genome
organization and potentially influence
processes such as replication, transcription, or
regulatory element formation.
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Figure 2: Proportion of perfect and imperfect mirror repeats
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Figure 3: Represent distribution of mirror repeats across different genomic regions of the Nipah virus
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To refine our analysis, only perfect mirror regions (Table 1). Among these 29 longer
repeats longer than 10 base pairs were mirror repeats, 24 contained a spacer element,
considered. This filtering step yielded 29 while 5 were contiguous (without spacers).

perfect mirror repeats distributed across the 37

Table 1: Distribution of MR in each region of Nipah virus genome

Regions No. of hits Perfect mirror Imperfect mirror Total mirror
repeat repeat repeat
1 46 16 0 16
2 19 8 1 9
3 29 5 3 8
4 42 9 1 10
5 52 9 3 12
6 43 9 2 11
7 35 9 1 10
8 23 4 1 5
9 53 10 3 13
10 74 15 1 16
11 42 7 1 8
12 23 7 0 7
13 38 9 1 10
14 46 9 1 10
15 36 16 0 16
16 33 9 0 9
17 70 16 0 16
18 79 15 1 16
19 38 7 1 8
20 38 10 0 10
21 32 4 0 4
22 56 13 1 14
23 60 11 1 12
24 40 17 1 18
25 41 14 1 15
26 38 12 0 12
27 41 7 0 7
28 45 11 0 11
29 38 9 1 10
30 48 12 0 12
31 29 5 0 5
32 38 14 0 14
33 32 6 0 6
34 54 12 0 12
35 32 8 0 8
36 58 12 0 12
37 13 9 0 9
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Figure 4: Graph showing the selected mirror repeats

Figure 4 shows the selected mirror repeats.
Number of hits show repeat abundance, mirror
repeats show structural symmetry To explore
the evolutionary or functional conservation of
these motifs, the 29 mirror repeats (>10 bp)
identified in the Nipah virus (NiV) were
compared to the genomes of Zika (ZIKV),
Marburg (MARYV), Ebola (EBOV), and

Coronavirus  (SARS-CoV-2) using the
MegaBLAST tool. Due to the limitation of
MegaBLAST in detecting small sequences
(minimum word size of 16), shorter mirror
repeats could not be fully analyzed (Table 2).
Therefore, only selected mirror repeats
exceeding 10 bp were evaluated for presence
or absence in the other viral genomes.

Table 2: Classification of selected MR in Nipah virus

NS(;. CDS Sequence Length | Location | Type of mirror repeat

1 | 1-500 AGAGGAGAGGAGA 13 456-468 | Perfect with single spacer
2 1-500 GGAGAGGAGAGG 12 454-465 | Perfect mirror

3 1500-2000 TAATTATATTAAT 13 312-324 | Perfect with single spacer
4 | 2000-2500 TTTCCTATCCTTT 13 49-61 Perfect with single spacer
5 2000-2500 CTCTAGGATCTC 12 318-329 | Perfect mirror

6 | 4000-4500 GGAAAGGGAAAGG 13 144-156 | Perfect with single spacer
7 | 4000-4500 AGGGAAAGGGA 11 142-152 | Perfect with single spacer
8 | 4500-5000 TCTAACAACAATCT 14 65-78 Perfect mirror

9 | 4500-5000 ATAACACAATA 11 167-177 | Perfect with single spacer
10 | 4500-5000 TTCTCACTCTT 11 235-245 | Perfect with single spacer
11 | 5000-5500 TAACTGGTCAAT 12 38-49 Perfect mirror

12 | 6000-6500 GTTTCTCTTTG 11 3-13 Perfect with single spacer
13 | 6500-7000 AAAATAAGAATAAAA 15 53-67 Perfect with single spacer
14 | 6500-7000 ATGTTATTGTA 11 177-187 | Perfect with single spacer
15 | 7000-7500 CATTGGGTTAC 11 387-397 | Perfect with single spacer
16 | 8000-8500 AGAGGATAGGAGA 13 237-249 | Perfect with single spacer
17 | 8000-8500 GAGAAAAAGAG 11 208-218 | Perfect with single spacer
18 | 8500-9000 ATTTCCCTTTA 11 180-190 | Perfect with single spacer
19 | 1050011000 | TAATAAATAAT 11 431-441 | Perfect with single spacer
20 | 11000-11500 | AATTCCCTTAA 11 378-388 | Perfect with single spacer
21 | 11500-12000 | GATTACATTAG 11 122-133 | Perfect with single spacer
22 | 11500-12000 | GGGATTTAGGG 11 375-385 | Perfect with single spacer
23 | 12000-12500 | TCCCTTGTTCCCT 13 230-242 | Perfect with single spacer
24 | 12000-12500 | TTTCTTTCTTT 11 481-491 | Perfect with single spacer
25 | 12500-13000 | AAGTTCTTGAA 11 65-75 Perfect with single spacer

Copyright © Jan.-Feb., 2026; IJPAB
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26 | 12500-13000 | AACCGAGCCAA 11 408-418 | Perfect with single spacer
27 | 13500-14000 | CTAGAAAGATC 11 186-196 | Perfect with single spacer
28 | 14500-15000 | AAACAGAAGACAAA 14 445-458 | Perfect mirror
29 | 17500-18000 | ATGAACAAGTA 11 165-175 | Perfect with single spacer

The comparison revealed variable distribution
of these mirror repeats across the selected
viruses. The presence or absence of each
repeat was recorded using a "+" or "—" sign,
respectively. Some repeats were conserved
across multiple genomes, while others were

unique to Nipah or found only in one or two of

the other viruses (Table 3). This comparative
analysis highlights both conserved and virus-
specific mirror repeat patterns, suggesting
possible functional or structural roles of these
motifs in viral genome organization or
replication.

Table 3: Comparative analysis of MR within Nipah virus and other viruses (+ sign shows the presence of
mirror repeats, while — sign shows the absence of mirror repeats)

S Mirror repeats ’:l/:fj: Zika virus Msirrtl):rg I\E/ibr?l:1 SARS-
No. (NiV) (@IKV) | marv) | EBOv) | ©°V2
1 AGAGGAGAGGAGA + + - - _
2 GGAGAGGAGAGG + + - - -
3 TAATTATATTAAT + + - - -
4 TTTCCTATCCTTT + + - - _
5 CTCTAGGATCTC + + - - _
6 GGAAAGGGAAAGG + + - - _
7 AGGGAAAGGGA + + - - R
8 TCTAACAACAATCT + + - - R
9 ATAACACAATA + + - - R
10 TTCTCACTCTT + + - - _
11 TAACTGGTCAAT + + - - _
12 GTTTCTCTTTG + + - - _
13 AAAATAAGAATAAAA + + - - -
14 ATGTTATTGTA + + - - -
15 CATTGGGTTAC + + - - _
16 AGAGGATAGGAGA + + - - _
17 GAGAAAAAGAG + + - - _
18 ATTTCCCTTTA + + - - R
19 TAATAAATAAT + + - - -
20 AATTCCCTTAA + + - - -
21 GATTACATTAG + + - - -
22 GGGATTTAGGG + + - - -
23 TCCCTTGTTCCCT + + - - -
24 TTTCTTTCTTT + + - - -
25 AAGTTCTTGAA + + - - -
26 AACCGAGCCAA + + - - -
27 CTAGAAAGATC + + - - -
28 AAACAGAAGACAAA + + - - -
29 ATGAACAAGTA + + - - _
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CONCLUSION

This study identified 401 mirror repeats across
the 37 genomic regions in the Nipah virus
(NiV) genome of 18,246 base pairs, which
includes 375 perfect and 26 imperfect repeats
of different lengths. Repeated selected mirror
sequences longer than 10 base pairs are
present in the genomes of Nipah virus and
Zika virus, but absent in Marburg virus,
SARS-CoV-2, and Ebola virus, indicating a
shared interspecific genomic feature between
Nipah and Zikaviruses. Their widespread
presence suggests potential roles in genomic
organization and regulation. While their exact
function remains to be determined, mirror
repeats may  influence  transcription,
translation, and other molecular processes.
Further research is needed to explore their
evolutionary significance and potential as
therapeutic targets.
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