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Abstract: The repetitive sequences played an important role in the characterization of both prokaryotic & eukaryotic
organisms. Various different patterns of repetitive sequences have also been identified in organisms. Among all the repeat
sequences. Mirror Repeats (MR’s) play an important role in various types of neurological disorders. These MR’s have also been
reported for structure determination of genomes, triplex DNA formation & various other genome functions. We have followed
a distinguished method referred to as FPCB (FASTA PARALLEL COMPLEMENT BLAST) for the identification of MR's. The
above said method used to identify MR’s in both types of HIV viruses (HIV-1 & HIV-2). Present investigation reported that MR’s
are frequently distributed in all the regions of the genomes of both types. As a result, 232 & 248 total numbers of MR's
identified in both the HIV-I & HIV-2 genome respectively. In addition, it was also revealed that the majority of the identified
sequences are imperfect. The maximum length of MR’s in HIV-1 is of 47 nucleotides (NTD's), however in case of HIV-2, it is of
49 nucleotides (NTD's). Present investigation will be helpful for further development of a link between mirror repeats and host
genome, which will be a new trend to block the viral integration as well as pathogenicity.
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1. INTRODUCTION

DNA acts as a genetic material of most of the life forms
except some viruses where RNA serves as a regulatory
molecule. Various forms of DNA are found in nature. These
forms are uncommon and differ from the wildest form of
DNA (B-form) in a variety of parameters & characteristics.'
Studies elucidate the reasons for the existence of non-B
DNA forms because of the presence of various types of
repeat sequences in the genomes. > These repeat sequences
constitute major fractions of the genomes including human
beings. * Their existence is still attracting the attention of
researchers with big curiosity to solve the puzzles associated
with their roles &functions in the genomes. The most
common types of repeat sequences like satellite DNA,
inverted repeats, direct repeats, VNTR’s, palindrome
sequences, transposable elements, etc. are present in the
genomes of all living creatures. ** These repeats acquired
both coding and non-coding parts of genomes &found to be
associated with variety of roles in the same.® Similar to these
a peculiar type of repeat refers to as Mirror Repeat (MR)
also being reported. It is defined as the repeat with bilateral
symmetry or having a centre of symmetry on the same
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strand of genome sequence. For example, ATCTGGTCTA is
a mirror repeat in which ATCTG part of the sequence
shares homology with the rest part of the same sequence.
Studies elucidate that Mirror repeats (MR’s) are associated
with variety of roles in the genomes like formation of non-B
DNA structures or also known as H-form of DNA.” These
mirror repeat (MR’s) sequences carries out the folding of the
genome using non Watson — Crick base pairing which
ultimately lead the formation of triplex DNA.2 Modified base
analogs based studies also reveal the formation of triplex
DNA & provide an insight of its importance at molecular
level. ' These triplex DNA or non-B DNA structures
formed because of the presence of triplet repeats are found
to be associated with various human diseases.'"'*"* These
structures found to be mutagenic in mammalian cells &
induced genetic instability and replication arresting by
introducing DSB’s.'*'"* These are also responsible for
structure determination of genes & involve in repairing
mechanisms.'® To identify variety of repeats including
Inverted repeats, Direct repeats, MR’s, SSR’s, triplet repeats
& other kinds present in genome sequences is a curiosity
based research work which utilize the power of
bioinformatics in modern time
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5'CGGGACGTACGCCTAGTAGS'
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5'CTACTAGGCGTACGTCCCG3'

LCRARGRTRARARCETXCR
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(CRANGRCRCRGRCECECRAS
[TRCRGRGRCRGRCNCRTE
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Fig |- Depicted a comparative analysis between some of the types (not all) of repetitive sequences& normal
DNA sequence. All types of repeats including Mirror repeat (MR), Dinucleotide repeat, Trinucleotide repeat
and Palindrome sequence shows a unique pattern as compared to Normal DNA sequence. Along with the
original sequences their reverse, parallel & anti-parallel sequences are also given in the figure. In case of MR, Di
& Tri nucleotide sequence it has been found that their parallel & anti-parallel complement are same whereas
this is not true in case of normal & palindrome sequence.
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Various tools & approaches'” '®, mathematical models'’ and
bioinformatics based pipelines® are designed to identify them.
The focus of our investigation is on identification of Mirror
repeats (MR’s) using a manual bioinformatics based approach
refers to as FPCB (FASTA PARALLEL COMPLEMENT
BLAST).This approach requires some simple steps and the
uses of freely accessible public domain databases to identify
MR’s. We choose viral genomes for the investigation because
of their smaller size; it is easy to handle the sequences while
doing manual bioinformatics based analysis. For that purpose
genome sequences of both types of HIV viruses (HIV-1 &

(7

Bioinformatics

HIV-2) were taken from the NCBI database for MR’s
identification.

2, MATERIALS AND METHODS

The genome sequence of HIV-1 (NC_001802.1) & HIV-2
(NC_001722.1) were taken from NCBI ?'. The whole
genome sequence was divided into regions of 1000 base pairs
each to ensure the identification of maximum as well as
shorter MR’s also. At one time analysis 1000 bps region
represent your query sequence while performing the steps of
MR Identification. The manual approach (FPCB) ? involves
the following steps to identify MR’s sequences (Fig.l):

ORIGINAL PARALLEL
SEQUENCE STEP-1 . COMPLEMENT
Make Parallel
[T Complement from '-__[_ _l“‘
| - ———— Original Sequence <=, —
~ P mm—
'ﬁtMATICS
L J
) -
9 .
STEP-2
( Aﬁ&;ﬁﬁln Align both Original and
E Complement sequence

STGCTTTAATTTCGT 3

e

STEP-4
Identify Mirror
Repeats (MR)

- ———-—-—-——

STEP-3
Analysis of
Alignments

) 4

p S

Fig 2- Stepwise Pictorial view of FPCB: involve downloading the query sequence from a public domain database,
followed by making its parallel complement and the final step of BLAST
analysis to identify Mirror repeats (MR’s).

2.]  Steps involve in FPCB as follow
2.1.1 Downloading sequence in FASTA format

The sequences for the genome of interest (Query sequence)
(HIV-1 & HIV-2 genome sequences in our case) were
downloaded in FASTA format using the following link of
NCBI database-http://www.ncbi.nlm.nih.gov

2.2 Making Parallel complement

Once downloaded, the FASTA format of query sequences
were pasted into Reverse Complement program to make its
parallel complement (subject sequence) using the following
link- http://www.bioinformatics.org/sms/rev

2.3  BLAST Analysis

Both FASTA format of query sequence and its parallel
complement (subject sequence) were aligned for BLAST
homology search (with some selective parameters including
word size-7, Expected frequency -1000 in our case) using
BLAST tool:
http://blast.ncbi.nim.nih.gov/Blast.cgi?PAGE=MegaBlast&PRO
GRAM=blastn&BLAST_PROGRAMS=megaBlast&PAGE_TYP
E=BlastSearch&BLAST_SPEC=blast2seq&QUERY=&SUBJECT
S

2.4  Mirror Repeats (MR’s) Identification

If the position number of the query and subject sequence is
exactly reversed then it will be a mirror repeat (MR).
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3. RESULTS AND DISCUSSION

3.1 Distribution of MR’s in HIV-1 & HIV-2 genome

It was known to all that genome is the collections of all the
genetic informations.”® Variations in the genome result into
the formation of new strains in living world including viruses
2 Because of the varied genomic features microbial species
are adapt to the changeable environment.” The presence of
various types of repeat in the genome involve in evolution as
well as diversification of viruses are also reported.”*”® The
present study is also focused on a unique repeat type whose
study carried out on HIV genome using bioinformatics based
approach. The both type of HIV have <10 kb sized genome,”
which are closely relative on the basis of unique open reading

Bioinformatics

frame sequences.*® During the present investigation the
genome sequences of both types of HIV virus were divided
into 1000 bps regions (user defined criteria) to ensure
maximum MR’s identification as well as to cover shorter
MR’s as stated in the methodology. The present
investigationhas identified the MR’s within every 1000 bps.
As the result total no of 232 & 248 MR’s sequences were
identified by FPCB method in both HIV-1 & HIV-2 genome
respectively. These MR’s are frequently & randomly
distributed in every region of the genome/s (Fig. 3 & 4). Lang
worked on various genes of the HIV and successfully
identified MR’s in gag gene. As compared to the Lang's work,
present investigation identified over 200 MR’s in both type of
the HIV.*

Distribution of Mirror Repeats in HIV-1 Genome

Mo. of Mirror Repeats

Region Region Region

Region

Region Region Region Region Region

Genome regions

Fig: 3- Represent genome- region wise distribution of MR’s in HIV-1 genome. The maximum & minimum no of
MR’s reported in the region 8 (32) & region 6, 7, 9 (22) respectively.

Distribution of Mirror Repeats in HIV-2 Genome

Mo. of Mirror Repeats

Region Region Region Region Region Region Region Region Region Region

1 2 3 4

5

6 T 8 9 10

Genome Regions

Fig: 4 - Represent genome region wise distribution of MR’s in HIV-2 genome. The maximum & minimum no of
MR’s reported in the region 10 (37) & region 3 (20) respectively.

3.2 Length or sequence size based distribution of MR’s
During the present investigation sequences of varied length
have been identified, however it is noted here that
abundance of perfect mirror sequences is relatively low as
compared to the imperfect mirror sequences. The result

identified that most of the MR sequences are of shorter
length & interestingly distributed to all the regions of the
genome in both HIV virus types (Table-1). The another
study, it was also notified that mirror repeat sequences are
distributed randomly in the genome with varied length and
sequences *2
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Table.l. Represent the size/length and no. of Mirror repeat sequences in the analyzed
genome regions of HIV-1 & HIV-2:

S.N Genome/s Genome Regions No. of mirror sequences in size range Total
Information (bps) MR’s
(7-5bps) (16-5bps) (26-5bps) (>35bps)

[-1000 28 0 0 0 28

1001-2000 25 I I 0 27

2001-3000 23 2 0 I 26

3001-4000 2| 4 0 0 25

HIV'SIi/Zé[\I;—B?OJSSZ' ' 4001-5000 26 I 0 I 28
5001-6000 19 2 0 I 22

6001-7000 20 2 0 0 22

7001-8000 30 I I 0 32

8001-918I 20 I 0 I 22

[-1000 19 I I 0 21

1001-2000 19 4 0 I 24

2001-3000 I5 I I 3 20

3001-4000 25 2 I I 29

HIV-2/ (NC_001722.1) 4001-5000 22 2 0 0 24
Size- 10359 bps 5001-6000 20 2 I 0 23
6001-7000 19 2 I 0 22

7001-8000 20 0 I 0 21

8001-9000 27 0 0 0 27

9001-10359 35 I I 0 37

Result mentioned number of mirror repeats in both types of HIV. The study has been carried out on every 1000 bps intervals of HIV-1 &HIV-2
genome.

3.3 Genome location of identified MR’s

Both shorter & larger Mirror repeat sequences were
identified (see Table-1). Among them some of the larger
sequences (not all) & their locations in the genome (from
query start site to end site) is mentioned below in the Table-
2. The middle base pairs of larger Mirror repeat (MR)
sequences are not completely mentioned here (only some
start point bases & end point bases were given, rest portion
denoted by dashes (------- ) which represent middle base
pairs). The maximum length of MR’s in HIV-l is of 47
nucleotides (NTD's), however in case of HIV-2, it is of 49
nucleotides (NTD's). For complete sequences & all other
shorter & larger sequence related details like their genome
location, length, perfect/imperfect nature, MR numbers etc.
see supplementary data files of HIV-1 & HIV-2. The present

study also supported by the previous one, in which the Lang
& coworkers also identified varied ntds sequences and the
63 ntds reported as maximum length of MR's in HIV,
however 15 ntds reported as minimum length.>"The mirror
repeat profiling of the genome of an organism is the novel
way to characterize the organism and set a new classification
strategies®. On the basis of obtained results it is noted here
that mirror repeats are the essential part of the genome and
further they will also be used for various diagnostic as well as
therapeutic research which is stated by the previous studies
also.®* 3 ¥*Some in vivo study shows that triple helical
forming sequences (MR’s) play important roles in various
molecular level process, the same is applicable on HIV also.”
The earlier studies related to mirror repeats have confirmed
their  applications in  molecular  level  therapy.’®

Table.2. Represent the genome locations of some longer Mirror repeat sequences in the analyzed genome
regions of HIV-1 & HIV-2:

S.N. Genome/s Information Genome Regions (bps) Mirror Repeats (MR’s) location in genome Length
Query Start Site Query End site (bps)

[-1000 103-TGTGTGCCCGTCTGT- 117 15

1001-2000 265- ACAGG--------- ATGACA -289 26

2001-3000 199- TAGAA--—------ AAAAAT-244 46

3001-4000 879- AAATA--------- ATAAA -901 23

HIV-SIi/Zé[\l;_SC:Ot:ESZ. ' 4001-5000 594- ACAGA-------- AGACA -629 37
5001-6000 711- GACAA-------- AAGAG -755 46

6001-7000 31l- ATAATA------—--- TACTA -335 25

7001-8000 273-  AAAGA---------- AGAAA -298 26

8001-918I 686- ACCAC---------- CACCA -729 47

[-1000 196- TAGTA--------- ATGAT -227 33

1001-2000 I51- GAAAA-------- AAAAG -186 39

HIVéiZZ/e(_I\II%:;_SO;) Lzz'l) 2001-3000 767- CCAAA-------- ACACC -805 40
3001-4000 925- AAAAG------- GAAAA -973 49

4001-5000 679-CCCAT-------- TACCC -698 20
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5001-6000 911- GAGAA-------- AACAG -935 27
6001-7000 204- GGACC--------- CCAGG -229 26
7001-8000 633- TAAGA-------- AGGAT -667 35
8001-9000 292- CGCGGTCCCTGACGC -306 15
9001-10359 700- TAGTA------- CATGAT-731 32

Result mentioned shows the specific genome locations of selected mirror sequences

4. CONCLUSIONS

The roles & functions of repetitive sequences is still a curiosity
based puzzle whose complete information is still untouched.
Our present study concluded that both shorter and longer
mirror repeats have frequently been distributed in the HIV
genome. There were 232 and 248 MR’'s of varied length
identified in the genome of both HIV-1 and HIV-2, respectively.
Among them larger MR’s frequency is low in both cases (HIV-I
& HIV-2). It was also concluded here that frequency and
distribution of shorter mirror repeats in the genome of HIV is
maximum. The present study shall provide a futuristic approach
in the context of diagnostics & therapeutics, development of
new drug or therapy or in drug designing of HIV and also helpful
to understand the pathogenesis mechanisms. This study will also
be helpful in the development of new bioinformatics tools or
software for Mirror repeats (MR’s) identification.
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