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Abstract: MicroRNAs are novel class of small non-coding RNAs that target and silence various genes across
diverse signalling pathways comprising key physiological networks. Despite an important gene regulator,
computational and experimental approaches are still infancy and an overall understanding of the importance
of these regulatory transcripts is still far of satisfactory. Currently computer based prediction remains the only
source for rapid identification of putative microRNA (miRNA) target. An increasing number of experimentally
validated miRNAs targets are now available; utilizing this additional information in search of further targets may
help to improve the specificity of bioinformatics based methods for predicting gene target site. An effort has
been made in this pilot approach to investigate regulatory miRNA sequence and their location in the candidate
gene of hearing impairment (GJB3 gene) using online bioinformatics tool called miRDB. Using this online
database, we identified eleven specific miRNAs (i.e: hsa-miR-466, hsa-miR-3613-3p, hsa-miR-16-1-3p, hsa-miR-
144-3p, hsa-miR-561-5p, hsa-miR-326, hsa-miR-2110, hsa-mir-4510, hsa-mir-4419a, hsa-miR-3605-5p and hsa-miR-
4738-3p). These targets different regions in the GJB3gene.Multiple sequence alignment to investigate whether
similarities exists among mature sequences of these selected miRNAs were also performed. This data set will

provide concrete bases and will help in experimental validation of these miRNAs.
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INTRODUCTION

MicroRNAs (miRNAs) are small, endogenous,
noncoding RNAs, usually between 18 and 25 nucleotides
in length, involved in the regulation of cellular and
developmental processes through post-transcriptional
gene repression [1-3]. These are expressed either as single
transcription unit or as polycistronic transcripts from
miRNA clusters, encoded within intronic or intergenic
regions of the genome [4, 5]. Primary or pri-miRNAs are
formed by polymerase II that drives transcription of
miRNAs as inverted repeats embedded in long primary
transcripts, which spontaneously fold to form imperfect
long hairpins [6-8]. It is then processed into shorter
hairpin precursor miRNAs, or pre-miRNAs, in the nucleus
byRNase III enzyme complex of DROSHA
(RNASEN)/DGCRS [9]. Pre miRNAs are transferred into
cytoplasm by a trans-nuclear membrane protein called
exportin 5 (XPOS5) [7, 8]. In cytoplasm, the RNase III
enzyme DICERI1 cut the pre-miRNA to form a

double-stranded miRNA duplex comprising a mature
miRNA (guide strand) and a partially complementary
passenger, or ‘‘star’’ (*), strand [10,11]. The fully matured
miRNA associates with argonaute proteins in the RNA-
induced silencing complex (RISC) to direct translational
repression by binding to the regions of complementarily
in 3'untranslated regions of target mRNAs [12,13].

RISC loading has been shown to be largely
asymmetric, with only a single strand of miRNA duplex
being incorporated to direct gene silencing [14]. However,
some miRNA duplexes encode mature miRNAs on both
strands and recent evidence suggests that strand based
in miRNA expression may be influenced by tissue-specific
processing factors [15]. The altered expression may be
due to a variety of mechanisms including transcriptional
regulation, amplification, deletion, mutation and
epigenetic silencing [16]. Although miRNA signatures
were established in tumor cells [17,18], recent studies
revealed that the potential capabilities of miRNAs as
blood-based biomarkers for cancer and other diseases[19].
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Approximately 98% of RNAs in mammalian cells do
not code for proteins. The epigenetic factors are
associated with hearing loss [20], elevating the possibility
that noncoding RNAs, such as miRNAs, might also
involve in inner ear development and hearing loss.

In  Silico miRNA target identification: Both
computational and experimental approaches show that
thousands of human genes are regulated by miRNAs
[21, 22]. The functional characterization of miRNAs has
become one of the most interesting research domains
because of their critical roles in gene expression
regulation. However, accurate target prediction is one of
the major issue faced bymiRNAsbasedresearch is the lack
of computational tools.Various types of bioinformatics
tools are developed to give insight into the molecular
functionalities of microRNA gene regulatory network. One
strategy for target prediction is to use machine learning
approach but has not been applied to miRNA target
prediction to a greater extant. An increasing number of
experimentally validated microRNAs targets are now
available that utilize this additional information in search
of further targets. Which may help to improve the
specificity of in silico based methods for target site
prediction.

Structure and function of GJB3: The GJB3 gene
encoding the gap junction protein connexin 31 (Cx31) was
initially mapped to chromosome 1p35- p33 and
heterozygous mutations were shown to cause ADNSHL
(Autosomal Dominant Non-Syndromic Hearing Loss)
[23,24]. GJB3 mutations have been reported to cause
ARNSHLand a  skin  disorder  callederythro
keratodermiavariabilis (MIM 133200). Biallelic GJB3
mutations causing ARNSHL have been reported once in
two families in which patients were compound
heterozygote for two different GJB3 mutations [25].
Digenic inheritance of non-syndromic deafness caused by
mutations in GJB2 and GJB3 has recently been reported.
Two different missense mutations (p.N166S and p.A194T)
of GJB3 were found in compound heterozygosity with the
c.235delC and c.299delAT mutations of GJB2 in three
simplex families from China [26].

One gap junction consists of a cluster of closely
packed pairs of trans-membrane channels, the connexins,
through which materials of low molecular weight diffuse
from one cell to a neighbouring cell. Involvement in
disease, GJB3is a cause of erythrokeratodermiavariabilis
(EKV) [MIM:133200]. EKV is a genodermatosis
characterized by the appearance of two independent skin
lesions: transient figurate erythematous patches and
hyperkeratosis that is usually localized but occasionally
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occurs in its generalized form. Clinical presentation varies
significantly within a family and from one family to
another. Palmoplantarkeratoderma is present in
around 50% of all cases. Defects in GJB3 are the cause
of deafness autosomal dominant type 2B (DFNA2B)
[MIM:612644]. DFNAZ2 is a form of sensorineural hearing
loss. Sensorineural deafness results from damage to the
neural receptors of the inner ear, the nerve pathways to
the brain, or the area of the brain that receives sound
information.

MATERIALS AND METHODS

List of genes associated with hearing loss identified
in human were collected from literature and publicly
available databases. All relevant publications were
identified after searching PubMed (http://www.ncbi. nlm.
nih. gov/pubmed) with key phrases, such as gene,
genetics, hearing, candidate’s genes for hearing,
physiology of hearing impairments etc. Among the list of
candidate genes, GJB3 were selected for this study.

We used miRDB for potentialmiRNA target
identification in GJB3. To briefly explain, miRDB is an
online computational tool for miRNA target prediction and
functional annotations [5]. All the targets were predicted
by a bioinformatics tool MirTarget2, which was developed
by analysing thousands of genes impacted by miRNAs
with an SVM learning machine. Common features
associated with miRNA target binding have been
identified and used to predict miRNA targets. miRDB
hosts predicted miRNA targets in five species: human,
mouse, rat, dog and chicken.

RESULTS AND DISCUSSION

A large number of microRNAs have been identified
across a variety of different species. Being as gene
regulators, identification of microRNA targets has become
an essential step toward understanding these regulatory
mechanisms. In silico analysis of prediction presently
remains the only source for rapid identification of a
putative microRNA target because it helps in efficiently
allocating experimental resources. In silico microRNA
target prediction programs are based on specific
parameters that can give slightly different results for the
same target input. Such limitations can be partially
compensated by predicting targets using more than one
program. These approaches have been quite successful
for a few top ranked results in different diseases’ models.
In the present study, an attempt was made to predict
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target sites in the sequences of selected genes through
advance bioinformatics approaches such as miRDB
(online tool) were used.

Using this database, 11 potential miRNAs in the
sequence of GJB3 gene were identified, given in Fig. 2.
This computer based approach for identification of target
site in selected genes will provide base for experimental
validation of these novel microRNAs in GJB3. If validated
experimentally, these miRNAs may be used as novel
biomarker for hearing impairment in human.

Salih et al. [27] carried out study on mutation in GJB3
and GJB4 genes involved in Deafness in two Sudanese
families using next generation sequencing technique.
Similarly a study was carried out in Kenyan and Sudanese
children suffering from NSARD (non-syndromic
autosomal recessive deafness) due to variants of GJB2
gene. As compare to other areas and other ethnic groups,
deafness-associated variants of the coding region of GJB3
were rare in Kenya and Sudan, which clearly demonstrate
a causative role of other genetic or epigenetic factors
[28]. As compare to these studies our results also suggest
that GJB3 may be possibly responsible for hearing
impairment.

GJB2 deafness-associated mutations are ethnicity-
specific [30] and occur witha frequency of 30 - 50% in
most Caucasian populations and 17%in Ghanaians, but
they are remarkably rare among Kenyan and Sudanese
populations [31].Similarly the study of Lopez-Bigas et al.

hsa-miR-466
hsa-miR-3613-3p
hsa-miR-16-1-3p
hsa-miR-144-3p
hsa-miR-561-5p
hsa-miR-326
hsa-mirR-2110
hsa-mir-4510
hsa-mir-4415a
hsa-miR-3605-5p
hsa-miR-4738-3p

auacacau-acacgca--—--—--—-—--—

[29] pointed out the strong association of E204A with
deafness. From these studies [27-29] it can be
hypothesized that E204A mutation has pathogenic effect
on Connexins’ activity which lead to hearing loss.

Trotta et al. [32] analysed the genotypic composition
of GJB2 gene and did not witnessed any significant
difference between deaf and control group suggesting
that GJB2 gene or its genotypic combination with any
other gene is not attributing to deafness in Northern
Cameroon. Their results were different than those studies
conducted at Kenya and Sudan. This also indicate that
there are many factors contributing to deafness which
vary within different populations such as presence of
infections, malnutrition, poverty and poor access to
health care. These factors may play a more predominant
role than hereditary factors [33].

Details names of the candidate miRNAs, their
sequence order, size, seed location, target score, target
gene symbol and protein size of the target gene is given
for each microRNA (Fig. 3 to Fig. 13).

Multiple alignment of selected miRNA sequences
targeting GJB3: After identification of list of selected
miRNAs (i.e: hsa-miR-466, hsa-miR-3613-3p, hsa-miR-16-1-
3p, hsa-miR-144-3p, hsa-miR-561-5p, hsa-miR-326, hsa-
miR-2110, hsa-mir-4510, hsa-mir-4419a, hsa-miR-3605-5p
and hsa-miR-4738-3p), it was investigated, if there is any
similarities among the sequences of these selected
miRNAs. Multiple alignment of the mature sequences of

AcCaaaaaaaaaagc--ccaaccocuuc-—

----uuggggaa-acggccgougagug-——

-~ -“ugagggaguaggauguaugguu-—-—-—

ggag- = ggagyg

Fig. 1: Represents multiple sequence alignment of 11 selected miRNA genes.

Gene 2707 is predicted to be targeted by 11 miRNAs in miRDB

E:-g:lt T:;E‘Et T!\_‘acrg;t miRNA Name | Gene Symbol|Gene Description
Details 1 65 hsa-miR-4510 gap junchion protein, beta 3, 31kDa
Retails| 2 58 hsa-miR-4419a gap junction protein, beta 3, 31kDa
5 3 57 hsa-miR-3605-5p gap junction protein, beta 3, 31kDa
4 56 hsa-miR- 16-1-3p gap junction protein, beta 3, 31kDa
5 55 hsa-miR-144-3p gap junction protein, beta 3, 31kDa
6 55 hsa-miR-3613-3p gap junction protein, beta 3, 31kDa
7 52 hsa-mik-2110 gap junction pratein, beta 3, 31kDa
8 51 hsa-miR-561-5p gap junchion protein, beta 3, 31kDa
9 51 hsa-miR-4738-3p gap junction protein, beta 3, 31kDa
10 51 hsa-miR-466 gap junction protein, beta 3, 31kDa
11 51 hsa-miR-326 gap junction protein, beta 3, 31kDa

Fig. 2: List of 11 miRNA predicated by online tool miRDB in the sequence of GJB3 gene.
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MicroRNA and Target Gene Description:

miRNA Name hsa-miR-4510 miRNA Sequence  UGAGGGAGUAGGAUGUAUGGUU
Target Score 65 Seed Location 466, 630

NCBI Gene ID 2707 GenBank Accession NM 001005752

Gene Symbol GJB3 3' UTR Length 806

Gene Description gap junction protein, beta 3, 31kDa

3' UTR Sequence
1 CCACAGGGCA
1 RAGGTGGAGAS
1 TTICGIITIG
1 RCCCACRGGC

AACATGCGEE CTGCCARIGE GACATGCAGE
GGCTGAGTGA COCCACICIG AGTTCACTAR GITAIGCARC
TTTGACACIG GGAACTGGGC TGICTAGCCG GG
CCCTCAAAGGE ACATAGACTT TGRAACAAGC GAATTAARCTIA
TCTACGCIGC CTGCARGG CACTTAGGG CACTGCTAGC AGGGCTTCAR CCRAGGAAG
ATCAACCCAG GRAGG RGG CTICCCIGAG GACATAATGT GTAAGAGA
GRRGTGC TCCCAAGCAG ACACRACAGC AGCACAGAGG TCTIGGAGGCC ACACARAAAG

IGCICGC CCIGGECTAG CCICAGCAGA CCTAAGGCAT CICTACTCCC TCCRGAGGAG
B1 CCGCCCAGAT TCCIGCAGIG GAGAGGAGGT CTICCAGCAG CAGCAGGICT GGAGGGCIGA
GAATGAACCT GACTAGAGGT TCTGGAGATA CCCAGAGGTC CCCCAGGICA TCACTIGGCT
CCICITICCC CRARTCCTAC TCCCTCRGCC TCAGGCAGIG GIGCTCCCAT
ACARCTGTGC TCAGGCTIGGT GCCAGCCTIT CAGACCCIGC GG
TTIGEGTGEAT GCGCIGATAG ARCATCCTCR AGACAGITIC CTTGARATCA ATARATACIG
TGTTTTATAC RAARAARAAR ARAMRA

Fig. 3: Illustrate the miRNA sequence (has-miR-4510), its seed sequence and it location in the sequence of target gene
GJB3predicated by online tool miRDB.

MicroRNA and Target Gene Description:

miRNA Name hsa-miR-4419a miRNA Sequence  UGAGGGAGGAGACUGCA
Target Score 58 Seed Location 466, 630

NCBI Gene ID 2707 G Acc i NM 001005752

Gene Symbol GJB3 3' UTR Length 806

Gene Description gap junction protein, beta 3, 31kDa

3' UTR Sequence

1 CCRCRGGGCA GGGGIGGEEGC ARCAIGCGGE CTGCCAATGE GACATGCAGE GEIGIGGEC

1 AGGTGGAGAG GICCTACAGG GGCIGAGIGA CCCCACICIG AGITCACTAA GITATGCAARC
TITCGITITIG GCAGATATIT TTTGACACTG GGAACTGGGC TGICTAGCCG GGTATAGGTA
ACCCACAGGC CCAGTGCCAG CCCTCAAAGG ACATAGACTT TGAARCAAGC GAATTAARCTA
TCTACGCTGC CTIGCAAGGGG CCACTTAGGG CACTGCTAGC AGGGCITCAA CCAGGARGGG
ATCRACCCAG GAAGGGATGA TCAGGAGAGG CTTCCCTGAG GACATARIGT GTRAGAGAGG
TGAGAAGTGC TCCCAAGCAG ACACARCAGC RGCACAGAGS TCTGGAGGCC ACACAAAARG
1 TGATGCTCGC CCTGGGCTAG CCICAGCAGA CCTARGGCAT CTICTACTCCC TCCAGAGGARG
GCCCAGAT TCCIGCAGIG GAGAGGAGET CAGCAGGICT GGRGEGECIGA
ARTGAACCT GACTAGRGET TCT CATA CCCCARG TCACTTGECT
601 GIGGEAAGC CCTICITICCC CAAATCCTAC TOCCTCAGCC TCAGGCAGIG GIGCICCCRT
661 CTTCCTCCCC ACAACTGTGC TCAGGCIGGT GCCAGCCTTIT CAGACCCTGC TCCCAGGGAC
721 TIGGGIGGAT GCGCTGATAG AACATCCTCA AGACAGTITIC CTTGARATCA ATAAATACIG
781 TGTTTTATAC AARRAAAARAN ARRAAR

Fig. 4: Tllustrate the miRNA sequence (has-miR-4419a), its seed sequence and it location in the sequence of target gene
GJB3 predicated by online tool miRDB.

MicroRNA and Target Gene Description:

miRNA Name hsa-miR-3605-5p miRNA Sequence UGAGGAUGGAUAGCAAGGAAGCC
Target Score 57 Seed Location 743

NCBI Gene ID 2707 GenBank Accession NM 001005752

Gene Symbol GiB3 3" UTR Length 806

Gene Description gap junction protein, beta 3, 31kDa

3' UTR Sequence

1 CCACAGGGCA GGGGTGGGSC ARCATGOGGG CTGCCAATGS GACATGCAGS GCOGGTGTGGC
1 AGGTGGAGAG GTCCTACAGG GGCTGAGTGA CCCCACTCTG AGTTCACTAR GTTATGCAAC
GCAGATATIT TTTIGACACTG GGARCTGGGEC TGICTAGCCG GGTATAGGTA
CCAGTGCCAG ACATAGACTT TGAAACAAGC GARTTAACTA
CIGCAAGGGS CACTGCTAGC AGGGCTTICAA CCAGGAAGGG
CTTCCCTGAG GACATRATGT GTAAGAGAGG
AGCACAGAGS TCTGGAGGCC ACACARAAAG
CCTAAGGCAT CTCTACTCCC TCCAGAGGAG
481 CCGCCCAGAT TCCTGCAGIG CTTCCAGCAG CAGCAGGICT GGAGGGCTGA
541 GAATGARCCT GACTAGAGST TCTG CCCAGASGTC CCCCAGGTCA TCACTIGGCT
€01 CASTGGARGE CAAATCCTAC TCCCTCAGCC TCAGGCAGTG GIGCTCCCAT
€€l CTICCTICCCC ACAACIGTGC TCAGGCTGGT GCCAGCCT CAGACCCTGC TCCCAGGGRAC
721 TIGGGIGGAT GCTGATAG AACATCCTCA AGACAGTITIC CTIGAAATCA ATAARTACTIG
781 TGTTTIATAC ARAARARARR ARAARR

Fig. 5: Illustrate the miRNA sequence (has-miR-3605-5p), its seed sequence and it location in the sequence of target gene
GJB3 predicated by online tool miRDB.
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MicroRNA and Target Gene Description:

miRNA Name hsa-miR-16-1-3p miRNA Sequence CCAGUALUUAACUGUGCUGCUGA
Previous Name hsa-miR-16-1%

Target Score 56 Seed Location 774

NCBI Gene ID 2707 GenBank Accession NM 001005752

Gene Symbol GIe3 3" UTR Length 806

Gene Description gap junction protein, beta 3, 31kDa

3' UTR Sequence

CCACAGGGCA GGGGTGGGGC RACATGOGGG CTGCCARIGG GACATGCAGG GCGGIGTGG
AGGTGGAGAS GICCTACRGG GGCTGAGTGA CCCCACTCIG ASTTCACTAR
TTTCGTTTIG GARCTGGGC TGTCTAGCCE
ACCCACAGES © ACATAGACTT TGAARCARGC
TCTACGCTGC CTGCTAGC AGGECTTCAR CCA
ATCARCCCAG TCOCTGAS GACATARTGT
TGAGRAGTGC AGCACAGAGG TCTIGGAGGCC A
1 TGATGCICGE CC CCTCAGCAGA CCIARGGCAT CTCTACTCC
CCBCCCAGAT TCCTGCASTG GAGAGGAGST CTICCAGCAS CAGCAGGICT
1 GAATGAACCT GACTAGAGGT TCTGGAGATA CCCAGAGGIC CCCCAGGTCA
CAGTGGARGS CCICTTICCC CARRTCCTAC TCCCTCAGCC TCAGGCAGTS GTGCTCCCAT
1 CTICCTICCCC ACAACTIGIGC TCAGGCTGGT GCCAGCCTTIT CAGACCCTIGC TCCCAGGGRC
TTGGGTGGAT GCGCTGATAG AACATCCTCA AGACAGTTIC CTTGAAATCA ATRAATACTG
TIGTITITATAC ARRRAR

Fig. 6: Illustrate the miRNA sequence (has-miR-16-1-3p), its seed sequence and it location in the sequence of target gene
GJB3 predicated by online tool miRDB.

MicroRNA and Target Gene Description:

miRNA Name hsa-miR-144-3p mIRNA Sequence UACAGUAUAGAUGAUGUACU
Previous Name hsa-miR-144

Target Score 55 Seed Location 775

NCBI Gene ID 2707 GenBank Accession NM 001005752

Gene Symbol Gle3 3' UTR Length B06

Gene Description gap junction protein, beta 3, 31kDa

3' UTR Sequence

1 CCRCRGGGCA GGGETGGEGC ARCATGCEGE CTGCCARTGE GACATGCAGE GCGETGIGEC
1 AGGIGGA GICCTACAGG GGCIGAGIGA CCCCACICIG AGTICACTAAR
1 ITTCGITITG GCAGATATIT TTTGACACTG GGRACTGGGC TGTCTAGCCG
L RCCCRCRGGC CCAGTIGCCAG CCCTCRARGG ACATAGACTT TGARACARGT
1 TCTACGCTGC CTGCAAGGGE CCACTTAGGE CACTGCTAGC AGGGCTTICAR CCAGGRAGGS
301 RICARCCCAG GARGGGRIGA TCAGGAGAGS CTTCCCIGAG SACATARTGT GTARGAGAGS
361 TGRAGARGTGC TCCCAAGCAG ACACAACAGC AGCACAGAGG TCIGGAGGCC ACACARARAG
421 TGRTGCICGC CCTGGGCTAG CCTCAGCAGA CCTRAGGCAT CTCTACTCCC TCCRGAGGRG
CCRGAT TCCTGCRGTG GAGREGRGGET CTITCCAGCAG CRGCAGEICT GGRGGGCIGA
541 GARTGARCCT GACTAGAGGT TCTGGAGATA CCCAGRGGIC CCCCAGGTCA TCACTIGGCT
601 CAGIGGAAGC CCICITICCC CAAAICCIAC TCCCICAGCC TCAGGCAGIG GIGCICCCAT
TTCCTCCCC RCRACTGTGC TCAGGCTGGT GCCRGCCTTIT CAGRCCCTGC TCCCAGGGRC
TITIGGGTIGGAT GCGCTIGATAG ARCATCCTCA AGRCAGTITIC CITGARATCR ATARATACTG

781 TETTITATAC AAARRARARAR ARARAR

Fig. 7: llustrate themiRNA sequence (has-miR-144-3p), its seed sequence and it location in the sequence of target gene
GJB3 predicated by online tool miRDB.

MicroRNA and Target Gene Description:

miRNA Name hsa-miR-3613-3p miRNA Sequence ACAAARARARAAGCCCAACCCULC
Target Score 55 Seed Location 138

NCBI Gene ID 2707 GenBank Accession NM 001005752

Gene Symbol GIB3 3' UTR Length 806

Gene Description  gap junction protein, beta 3, 31kDa

3' UTR Sequence
1 CCACAGGGCA GGGGTGGGGC

61 AGGTGGAGAG GICCTACAGS

CTGCCRATGE
COCCACICIG

GCGGTGTGGEC

121 TIT GCAGATATTT GEARCTGGES T I
181 ACC GGC CCAGTGCCAG RCRTAGRCTT GRATTAACTR

241 TCTACGCTIGC CIGCAAGGGG CCACTTAGGS
b1 % CAG
361 TGAGAAGTIGC
421 TGATGCTCGC
481 CCGCCCAGAT
541 GRATGRARCCT
601 CAGTGGAAGT
661 CT TCCCC
721 TTI GAT &
781 TGTTITATAC

CCRGEA
CTTCCCTGI GTA
AGCACAGRGS T
CCTARGGCAT
CTTCCAGCA

CCAGRESETC
TOCCTCAGCD
GCCAGCCTTT
RGACAGTITIC CTITGAARTCA ATARATACTG

556

GAGG

TCAGGECAGTS GIGCTICCCAT

CAGRCCCTGE TCCCAGGGAC

Fig. 8: Illustrate the miRNA sequence (has-miR-3613-3p), its seed sequence and it location in the sequence of target gene
GJB3 predicated by online tool miRDB.

45



Global J. Biotech. & Biochem., 9 (2): 41-49, 2014

MicroRNA and Target Gene Description:

miRNA Name hsa-miR-2110 miRNA Sequence  UUGGGGAAACGGCCGCUGAGUG
Target Score 52 Seed Location 616

NCBI Gene ID 2707 GenBank Accession NM_ 001005752

Gene Symbol 683 3" UTR Length 806

Gene Description gap junction protein, beta 3, 31kDa

3' UTR Sequence
CCACAGGGCA GGGGTGGGEC
AGGTGGAGAG GTCCTACAGG
TTTCGITTIG GCAGATATIT
1 ACCCACAGGC CCAGTGCCAG
TCTACGCTGC CTGCARGGGS
ACCCAG GAAGGGATGA
GAAGTGC TCCCARGCAG
GCTCGC CCTGGGCTAG
CCGCCCAGAT TCCTGCRGTG
GAACCT GACTAGAGGT
CCICITTCCC
ACRACTGTEC
GCGCTIGATAG

AARARRAARR

3 CTGCCAATGG GACRATGCAGG
CCCCACTCIG AGTITCACTAR
GERACTGL TEICTAGCCE
ACATAGACTT TGRAACAAGC
CCACTTAGGS CACTGCTAGC AGGGCTTCAR
TG CITC GACATARTIGT
RCACARCAGC AGCACRGAGSE TCTGGRGECC
CCTICAGCAGA CCTAAGGCAT CTCTACTCCC
GAGRGGAGST CTICCAGCAG CRAGCAGGTCT
TCTGGAGATA CCCAGAGGTC
CAARTCCTAC TCCCICAGLC T
TCAGGCTGET GCCAGBCCTIT
ARCRICCTCA AGRCAGITIC C
AAARAR

GCGGTGTGEC
GITATGCAALC
GGETATAGGTA
GRATTAACTA
CCAGGAMGGG
GTARGAGAGE
ACACARARAG
TCCAGAGGAG
GGRGGECTEA
TCACTIGGLT
GIGCTCCCAT
TCCCAGEGAC
ATARRATACIG

GECTEAGTE
TITGACACT
CCCICARRGS

CCCCAGGTCA
CAGGCAGTG

e
CAGTGGRAGC
CCTCCCH

TIGGGIGGAT
TETTITATAC

Fig. 9: Tllustrate the miRNA sequence (has-miR-2110), its seed sequence and it location in the sequence of target gene
GJB3 predicated by online tool miRDB.
MicroRNA and Target Gene Description:

miRNA Name
Targel Score

AUCAAGGAUCUUAAACUUUGCC
759

hsa-miR-561-5p
51

miRNA Sequence
Seed Location

NCBI Gene ID 2707 GenBank Accession NM 001005752
Gene Symbol GJBe3 3' UTR Length 806
Gene Description gap junction protein, beta 3, 31kDa

3' UTR Sequence
CCACAGGGCA GGGGTGGGGC
REETEGAGAS G
TTICGTITIIG
RCCCACRGEC

ARCATGCGEG CT
GECTGAGTEA
GATATTT TTTGACACTG
CCAGTGCCAG CCCTCARRGE

GUTARTGE

GACATECAGE
AGTTCACTAA
TETCTASCCS

CTAGCC
TGRARCARGT

GCGETGTGEC
GTTATECARC
GETATAGGTA

GARTTAACTA

ACATAGACTT

Fig. 10: Illustrate the miRNA sequence (has-miR-561-5p), its seed sequence and it location in the sequence of target

1 TGITTIX

TCTACGCTES
RICAA

1 TGAGRRGTGC

TGATGCTCGC
CCGCCCRGAT
GRATGARRCCT
CAGTGGAAGS

TAC

CTGCRAGGEE
GRAGEGRIGA

CCACTTAGGE
TCAGGEAGAGE
ACACAACAGC

CACTGCTAGC
CTTCCCTGAG

TCCCARG
CCTGEGECTAG
TCCTGCAGTG
GRCTAGAGGT
CCTCITTCCE
ACRRCTGTIGC

gene GJB3 predicated by online tool miRDB.

CCTCAGCAGR
G T

AGCACAGAGS
CCTARGGECAT
CTICCAGCAG

AGGECTITCAR CC

GACATRATGT
TCIGGA
CICTACTCCC

GORAGGE
GTARGAGAGE
RCACRRAARG
TCCAGAGGAG

GGAGGGECTGA

TCIGGAGATA
CRAATCCTAC
ICAGGCIGET
ARCATCCICR
ARARAR

AGAGGTC

CCCTCAGCC
GCCAGCCTIT
AGACAGTITC

MicroRNA and Target Gene Description:

CAGCAGGICT
CCCCREGTICA
TCRAGGCAGTG
CAGACCCTS
CTTRARRTCA

TCACTIGECT
GIGCTCCCAT
TCCCAGGGAC

ATARATACTS

miRNA Name
Target Score

hsa-miR-4738-3p miRNA Sequence
51 Seed Location

UGAAACUGGAGCGCCUGGAGGA
754

NCBI Gene ID
Gene Symbol

2707
Gle3

GenBank Accession NM 001005752
3' UTR Length 806

Gene Description gap junction protein, beta 3, 31kDa

3' UTR Sequence

1
61
121

181

241

Fig. 11: Illustrate the miRNA sequence (has-miR-4738-3p), its seed sequence and it location in the sequence of target

CCRCAGGGIR
RGGTGEAGAG
TTICGIITIG
ACCCACAGGEC
TCTACGCTGC
ATCARCCCRE

TGAGARGTGC T
1 TGATGCICGC
1 CCBCCTAL
1 GARTGRACCT
1 CAGTGGARGC

1 CITCCICCCC

TGGGIGGAT
TGITITATAC

GEGETEEGET
GICCTACAGG
GCAGATARTIT
CCAGIGCCAG
CIGCAAGGGG
GARGGGATGR

2

MG

TCCIGCAGTG
GRCTAGAGET
CCICTITCCC
ACRAC GC
GCGCTGATAG
ARRAARARAR

gene GJB3 predicated by online tool miRDB.

RACATGOGGE
GGCTGAGTGA
TTTGACACTG
CCCTCARAGS
CCACTTAGGG
TCAGEAGAGSE
ACACARCAGC
CCTCAGCAGA
GAGREGAGET
TGGRGATA
CRARTCCTRC
TCAGECTGET
RMACATCCICA
RAARAR
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CTGCCARIGG
CCCCACICTG
GEARCTEGEC
ACATAGRCTT
CACTGCTAGC
CITCCCIGAG
AGCACAGRGG
CCTIARGECAT
CTICCAGCAG
CCCAGAGETC
TCCCICAGCC
GOCAGCCTIT

GACATGCRGE
AGTICACTAR
TGICTAGCCE
TGARACARG
AGGGCTICAR
GACATAAIGT
TCTGGAGGCC
CICTACTICCC

GCGGTIGIGEC
GITATGCRAC
GGTATAGGTA
ARTTARCTA
CCAGGARGGG
GTRAGRGAGE

CAGCAGGICT GG

CCCCAGET
TICAGGCAGIG
CAGACCCTGC

GEREGECIGR
CRCTTGGCT
GIGCTCOCAT

TCCCAGGGAC

AGACAGTTTC

CTTGARATCA

ATAMATACTG
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MicroRNA and Target Gene Description:

miRNA Name
Target Score 51

hsa-miR-466

NCBI Gene ID
Gene Symbaol

2707
Gle3

miRNA Sequence
Seed Location 347

3' UTR Length

AUACACAUACACGCAACACACAL

GenBank Accession NM 001005752
806

Gene Description gap junction protein, beta 3, 31kDa

3' UTR Sequence

Fig. 12: Illustrate themiRNA sequence (has-miR-466), its seed sequence and it location in the sequence of target gene

GJB3 predicated by online tool miRDB.

MicroRNA and Target Gene Description:

miRNA Name
Target Score

hsa-miR-326
51

NCBI Gene ID
Gene Symbol
Gene Description

2707

Gla3

3' UTR Sequence

miRNA Sequence
Seed Location

GenBank Accession NM
3' UTR Length
gap junction protemn, beta 3, 31kDa

CCUCUGGGCCCUUCCUCCAG

571

806

Fig. 13: Illustrate themiRNA sequence (has-miR-326), its seed sequence and it location in the sequence of target gene

GJB3 predicated by online tool miRDB.

these miRNAs were performed using Clustal Omega,
which is maintained by EMBL-EBI (European Molecular
Biology Laboratory- The European Bioinformatics
Institute, i.e: part of the EMBL).

In our study the multiple alignment results showed
that there is high level of sequences’ variation among
these selected miRNA except hsa-mir-4510, hsa-mir-4419a
and hsa-miR-3605-5p where there is some sequence
similarities, as shown in Fig. 1. As compare to the study
of Mishra and Chandrasekharan [34], they used
CLUSTAL-W alignment tool for alignment of all miRNA
precursors in miRBase for selected species of hexapoda.
They analysed conservation among Apismellifera,
Bombyxmori and Anopheles gambiae. They concluded

47

that about 82% mature sequences fall under conserved
region while 13% are outside the conserved region by
1-2 nucleotides.

CONCLUSION

It was concluded that there are 11 target sites
(seed sequences) for miRNA onGJB3gene. These are
non-identical. Every gene containsmiRNA target sites that
can be arranged using different bio informatics tools.
This might help molecular biologists to diagnose
genetic disorders such asunko gene expression rate,
siRNA b ased drug designing and easy and short
analysis of a genetically blemishedpedigree for a specific



loci.
technology
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In future amiRNA based DNA micro array
can be developed for mutation’s

identification.

10.

11.

12.

13.

14.

REFERENCES

Pasquinelli, A.E. and G. Ruvkun, 2002. Control of
developmental timing by micrornas and their targets.
Annu. Rev. Cell Dev. Biol., 18: 495-513.

He, L. and G.J. Hannon, 2004. MicroRNAs: small
RNAs with a big role in gene regulation. Nat. Rev.
Genet., 5(7): 522-31.

Sun, K. and E.C. Lai, 2013. Adult-specific
functions of animal microRNAs. Nat. Rev. Genet.,
14(8): 535-548.

Kloosterman, W.P. and R.H. Plasterk, 2006. The
diverse functions of microRNAs in animal
development and disease. Dev. Cell., 11(4): 441-450.
Lee, Y., K. Jeon, J.T. Lee, S. Kim and V.N. Kim, 2002.
MicroRNA maturation: stepwise processing and
subcellular localization. Embro. J., 21(17): 4663-4670.
Ambros, V., 2003. Mico RNA pathway in flies and
worms: growth,death, fat, stress and timing. Cell.,
113(6): 673-676.

Tian, B., 2004. The double stranded-RNA-binding
motifs: interferance and much more. Nat. Rev. Mol.
Cell Biol., 5(12): 113-123.

Kim, V.N, J. Han and M.C. Siomi, 2009.
Biogenesis of small RNAs in animals.Nat. Rev. Mol.
Cell Biol., 10(2): 126-139.

Moazed, D., 2009. Small RNAs in transcriptional
gene silencing and genome defence. Nature.
457(7228): 413-420.

Han, J., 2004. The Drosha-DGCR8 complex in
primary micro RNA processing. Genes Dev.,
18(24): 3016-3027.

Kohler, A. and E. Hurt, 2007. Exporting RNA from the
nucleous to the cytoplasm.Nat. Rev. Mol. Cell Biol.,
8(10): 761-773.

Iwasaki, Y.W., K. Kiga, H, Kayo, Y. Fukudu-Yuzuwa,
J. Weise, T. Inada, M. Tomita, Y. Ishihama and
T. Fukao, 2013. Global microRNA elevation by
inducible Exportin 5 regulates cell cycle entry. RNA.
19(4): 490-497.

Macfarlane, L.A. and P.R. Murphy, 2010.
MicroRNA: Biogenesis, Function and Role in Cancer.
Current Genomics. 11(7): 537-561.

Tomari, Y. and P.D. Zamore, 2005.
Perspective: machines for RNAi. Genes. Dev.,
19(5): 517-529.

48

15.

16.

17.

18.

19.

20.

22.

23.

24.

25.

. 9(2): 41-49, 2014

Ambros, V. and X. Chen, 2007.The regulation of
genes and genomes by small RNAs. Development.
134(9): 1635-1641.

Pillai, R.S., 2005. MicroRNA function: multiple
mechanisms for a tiny RNA?. RNA. 11(12): 1753-1761.
Thomson, D.W., C.P. Bracken and G.J. Goodall, 2011.
Experimental strategies for microRNA target
identification. Nucleic Acids Res., 39(16): 6845-6853.
Siomi, H. and M.C. Siomi, 2010.Posttranscriptional
regulation of microRNA biogenesis in animals. Mol.
Cell Biol., 38(3): 323-332.

Torio, M.V. and C.M. Croce, 2012.Causes and
consequences of microRNA dysregulation. Cancer J.,
18(3): 215-222.

Volinia, S., G.A. Calin, C.G. Liu, S. Ambs, A. Cimmino,
F. Petrocca, R. Visone, M. Iorio, C. Roldo, M.
Ferracin, R.L. Prueitt, N. Yanaihara, G. Lanza,A.
Scarpa, A. Vecchione, M. Negrini, C.C. Harris and
C.M. Croce, 2006. A microRNA expression signature
of human solid tumours defines cancer gene targets.
Proc. Natl. Acad. Sci. USA. 103(7): 2257-2261.

. Jamieson, N.B., D.C. Morran, J.P. Morton, A. Ali,

E.J. Dickson, C.R. Carter, O.J. Sansom, T.R. Evans,
C.J. McKay and K.A. Oien, 2012. MicroRNA
molecular profiles associated with diagnosis,
clinicopathologic criteria and overall survival in
patients  with  resectable pancreatic  ductal
adenocarcinoma. Clin. Cancer Res., 18(2): 534-545.
Keller, A., P. Leidinger, J. Lange, A. Borries, H.
Schroers, M. Scheffler, H.P. Lenhof, K. Ruprecht and
E. Meese, 2009. Multiple sclerosis: microRNA
expression profiles accurately differentiate patients
with relapsing-remitting disease from healthy
controls. PLoS One. 4(10): €7440.

Friedman, L.M., A.A. Dror,E. Mor, T. Tenne, G.
Toren, T. Satoh, D.J. Biesemeier, N. Shomron, D.M.
Fekete, E. Hornstein and K.B. Avraham, 2009.
MicroRNAs are essential for development and
function of inner ear hair cells in vertebrates. Proc.
Natl. Acad. Sci. USA. 106(19): 7915-7920.

Lewis, B.P., C.B. Burge and D.P. Bartel, 2005.
seed pairing, flanked by
adenosines, indicates that thousands of human
genes are microRNA targets. Cell. 120(1): 15-20.
Lim, L.P., N.C. Lau, P. Garrett-Engele, A. Grimson,
J.M. Schelter, J. Castle, D.P. Bartel, P.S. Linsley and
J.M. Johnson, 2005. Microarray analysis shows that
some microRNAs downregulate large numbers of
target mRNAs. Nature. 433(7027): 769-773.

Conserved often



26.

27.

28.

29.

30.

Global J. Biotech. & Biochem

Miranda, K.C., T. Huynh, Y. Tay, Y.S. Ang,
W.L. Tam, A.M. Thomson, B. Lim and I. Rigoutsos,
2006. A pattern-based method for the identification of
MicroRNA binding sites and their corresponding
heteroduplexes. Cell. 126(6): 1203-1217.

Salih, M.A., A.L. Dirar, N.O. Ibrahim, M.H. Osman,
SM.A. Sabeel, N.A. Yusif, A.A. Yusif,
G.H. Abdelsamad and A.A Elagib, 2014. Mutation in
(GJB3 and GJB4) Genes involved in Deafness in two
Sudanese Using Next Generation
Sequencing. Int. J. Comp. Bioinfo. In Silico Model.
3(3): 388-392.

Gasmelseed, N.M., M. Schmidt and M.M. Magzoub,
2004. Low frequency of deafness-associated GJB2
variants in Kenya and Sudan and novel GJB2
variants. Hum Mutat., 23(2): 206-207.

Lopez-Bigas, N., S. Melchionda and P. Gasparini,

Families

2002. A common frameshift mutation and other
variants in GJB4 (connexin 30.3): Analysis of hearing
impairment families. Hum. Mutat., 19(4): 458.
Bonyadi, M., M. Esmaeili, M. Abhari and A. Lotfi,
2009. Mutation analysis of familial GJB2-related
deafness in Iranian Azeri Turkish patients. Genet.
Test Mol. Biomarkers, 13: 689- 692.

49

31.

32.

33.

34.

. 9(2): 41-49, 2014

Gasmelseed, N.M., M. Schmidt, M.M. Magzoub,
M. Macharia and O.M. Elmustafa, 2004. Low
frequency of deafness-associated GJB2 variants in
Kenya and Sudan and novel GJB2 variants. Hum
Mutat., 23: 206-207.

Trotta, L., E. Lacona, P. Primignani, P. Castorina,
C. Radaelli, L. Del Bo, D. Coviello and U. Ambrosetti.
2010. GJB2 and MTRNRI1 contributions in children
with hearing impairment from Northern Cameroon.
Int. J. Audiol., 33: 1-6.

Lasisi, O.A., J.K. Ayodele and G.T. Ijaduola, 2006.
of  childhood
sensorineural hearing loss in sub-Saharan Africa,
Nigeria. Int. J. Pediatr. Otorhinolaryngol.,
70: 625 - 629.
Mishra, A.K.
Analytical
phylogenetic methods. Unit of Simulation and
Informatics, Indian Agricultural Research Institute,
New Delhi, India. Available at: arxiv. org/ftp/ arvix/
papers/ 1205/1205.5024.pdf

Challenges in  management

and H. Chandrasekharan, 2014.
study of Hexapoda miRNAs using



