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Abstract

MicroRNAs (miRNAs) are non-coding small RNAs, which play a crucial function in specific biological and metabolic processes of plants
and animals. MicroRNAs are very small sequences of 18 to 26 nucleotides length, which regulate gene expression through either
inhibition of mMRNA translation or mRNA cleavage by binding to target mRNAs. EST-based homology search, a powerful and comparative
computational approach, is applied to detect conserved miRNAs in sesame. A homology search of previously identified miRNAs of
Viridiplantae was performed against 16548 transcripts of sesame so as to detect novel miRNAs of sesame crop. In the present study, 4
potential miRNAs were detected through various stringent filtering criteria. Using psRNATarget server, 143 potential target genes were
predicted which corresponds to the predicted miRNAs in sesame. The target genes tend primarily to encode DNA-binding proteins,
transcription factors, stress-responsive genes and genes that regulate signal transduction. Results from the current study will hasten

the way for understanding some mechanisms of post-transcriptional gene silencing and other functions of miRNAs in sesame.
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Introduction

Sesame (Sesamum indicum L.) is a diploid (2n=26) oil
seed crop of the Pedaliaceae family and order Tubiflorae.
Earlier studies on sesame were concentrated mainly on
conventional breeding, quantitative genetics and genetic
diversity among sesame germplasm collections (Laurentin
and Karlovsky 2006). Nevertheless, the advancement of
next-generation sequencing techniques resulted in a
significant leap in sesame crop improvement. However,
epigenetic mechanisms viz., DNA methylation, RNAi and
histone modification have not been so far addressed in
sesame. In particular prediction of miRNA and their target
geneidentification in sesame has been addressed to limited
extent.

MicroRNAs are non-coding regulatory RNAs that usually
derived from long sequences of self-complementing
precursors. The length of small miRNAs ranges between
18-26 nucleotides and are usually conserved in evolution.
MicroRNAs regulate gene expression based on the amount of
complementarity between mRNA and miRNA by inhibiting
translation or cleavage by binding to target mRNAs (Zhang
et al. 2006). Several studies revealed that miRNAs regulate
several biological and metabolic processes of plants and
animals (Zhang et al. 2007). In plants, miRNAs tend to bind
with mRNAs and regulate tissue differentiation, growth,
and various abiotic and biotic stresses (Chen 2005). Since

miRNAs are greatly conserved evolutionarily from species
to species, a comparative genomics analysis across different
taxa is possible. This function of widespread evolutionary
conservation of miRNAs by comparative genomics offers a
powerful method to their detection.

In the present study, we carried out EST based homology
search of already reported miRNAs from Viridiplantae to
identify potential miRNAs and their target genes in sesame.
Furthermore, functions of the miRNA target genes were also
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investigated in order to understand the role of miRNAs in
growth, development and egulation of abiotic and biotic
stresses.

Materials and methods

Sesame transcripts, reference miRNAs

For the present study, the data has been received from ICAR-
NBPGR in the form of transcripts. A total of 16548 transcripts
of Swetha variety of sesame were screened against
reported plant miRNAs available in miRBase (Release 22).
From miRBase, 8410 plant miRNAs were retrieved to quest
probable miRNAs in sesame unigenes.

Identification of potential miRNAs
Using BLAST-2.6.0 + (Altschul et al. 1990), the retrieved plant
miRNAs were searched against sesame transcripts sequence
database for homology. BLASTn algorithm was used for
achieving the pairwise alignment of unigenes against
known miRNAs with a word size of seven between query
and database and a threshold of E-value at 0.01. Potential
miRNA candidates were selected after homology search by
considering the following criteria (Zhang et al. 2005):
(1) The predicted miRNA should have a length of at least
18nt, without any gaps within the sequence and (2) The
mismatches allowed amongst predicted miRNAs and known
reported miRNAs is taken as less than or equal to three.
After applying the stringent filtering criteria, the selected
candidate miRNAs were further compared to the non-
redundant (nr) protein database using BLASTx to discard
any sequences that code for proteins. After removal of
protein coding sequences, only sequences not coding for
any proteins were compared against the Rfam database
(Burge et al. 2012). The sequences with significant match
were removed to minimize the possibility of putative
RNA sequences, and the sequences with no match were
subjected for further analysis.

Prediction of secondary structure of putative miRNAs
Secondary structure prediction was achieved through
MFOLD software (Zuker 2003). The parameters used for
secondary structure prediction of MFOLD are: The RNA
sequence must be linear; folding temperature fixed at 37 °C;
ionic conditions of 1 M NaCl with no divalent ions; maximum
bulge/interior loop size of 30%; sub-optimality number
should be 5 and parameters remaining were set by default.
In the current study, we used the following criteria,
defined by Zhang et al. (2005) to select potential miRNAs
after secondary structure prediction as described below.
(1) The pre-miRNA should consist a minimum length of
60 nt, (2) The pre-miRNA must be folded into a proper stem
loop hairpin secondary structure, (3) The mature miRNA
must be positioned in any arm of the hairpin structure, (4)
The A+U content should be between 30-70% and (5) The

secondary structure must have higher minimal folding free
energy index (MFEI) and negative minimal folding energy
(MFE).

Prediction of miRNA target genes in sesame

The predicted sesame miRNAs were used as query to identify
potential miRNA targets in sesame available in the public
domain using psRNATarget server (Dai and Zhao 2011) with
following parameters.

(1) Maximum expectation value should be 3, (2) The
central mismatch range leading translational inhibition
should be 10-11 nt, (3) maximum number of mismatches
allowed at the complimentary site must be < 4 without any
gaps and (4) Length for complementarity scoring = 20 bp.

For the potential miRNA target genes, annotation was
performed through Blast2GO software and subsequently,
GO terms were assigned. GO terms were used to identify
corresponding roles of target genes among categories such
as biological process, cellular component and molecular
function. The detailed workflow for detection of potential
miRNAs and their target genes in sesame is shown in Fig. 1.

Functional annotation of target genes

The putative role of target genes was identified through
BLASTx analysis. The best hits were retrieved to confirm the
role of target genes as well as miRNA regulated metabolic
pathways. Gene Ontology (GO) terms were assigned to
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Fig. 2. Stem-loop structures of newly detected miRNAs in sesame. The
mature miRNA is highlighted in yellow. (a) Sin-miR1, (b) Sin-miR2, (c)
Sin-miR3 and (d) Sin-miR4

miRNA target genes through Blast2GO (Conesa et al. 2005)
followed by functional classification by WEGO software (Ye
et al. 2006).

Results and discussion

Detection of potential miRNAs in sesame

Analysis based on homology search has enabled the
identification of conserved miRNAs in several plants such
as maize (Zhang et al. 2006b), Brassica napus (Xie et al.
2007), tomato (Yin et al. 2008), soybean (Zhang et al. 2008),
tobacco (Frazier et al. 2010), wheat (Han et al. 2009), potato
(Zhang et al. 2009), Asiatic cotton (Wang et al. 2012), garlic
(Panda et al. 2014) and coffee (Akter et al. 2014). In the current
study, we could identify 89 unique sequences which have
homology with already reported plant miRNA sequences.
These sequences were screened to discard protein-coding
sequences using BLASTx. Out of 89 probable miRNA
candidates, 68 were coding for proteins and the remaining
21 sequences were subjected to further analysis. Secondary
structure prediction was done through MFOLD for these 21
precursor sequences. The predicted structures from MFOLD
were assessed to determine the appropriate hairpin stem
loop structure by different filtration criteria. Four potential
miRNAs were detected from sesame unigenes in the present
study, shown in Fig. 2.

Table 1. Characterization of detected sesame miRNAs

The length of predicted miRNAs was 21 nucleotides. The
A+U content of miRNA precursors was ranging from 45%
to 60%. Nucleotide content analysis of mature miRNAs
revealed a prevalence of U (28.8%) followed by C (24.55%),
A (23.89%) and G (22.3%). The different parameters viz.,
length of precursor miRNA (LP), length of mature miRNA
(LM), adjusted minimal folding free energy (AMFE), minimal
folding free energy index (MFEI) were calculated (Table 1).

Target gene prediction of sesame miRNAs
Target gene prediction is essential for understanding
the functions of miRNAs in different biological, cellular,
molecular and gene regulation mechanisms. Plant miRNAs
tend to show perfect or near-perfect complementarity
with the target genes followed by translation inhibition
or cleavage (Schwab et al. 2005). In plants, miRNAs usually
guide the cleavage of complementary mRNAs for instance
microRNA-slicer activity guided by RNA-induced silencing
complex (RISC) in Arabidopsis (Qi et al. 2005). In plants, many
miRNA target genes which have disrupted miRNA activity as
aresult of mutation are likely to be expressed at higher rates
(Boutet etal. 2003; Vazquez et al. 2004). Plant miRNAs mainly
target transcription factors which normally affect plant
growth and development indicating that miRNAs are key
regulators. Several subsequent experiments have proved
that miRNAs target genes involved in different physiological
processes namely signal transduction, plant defense, stress
response, root growth and development, besides small RNA
biogenesis (Zhou et al. 2008; Nodine and Bartel 2010).
Target prediction of sesame miRNAs revealed that the
newly detected miRNAs are targeting more than one gene
and it is in agreement with the studies reported earlier
(Jones-Rhoades and Bartel 2004; Zhang et al. 2006). The
predicted sesame miRNAs are targeting genes that requlate
transcription, proteolysis, ATP binding, signal transduction,
growth and development. Apart from these, sesame miRNAs
are also targeting the genes associated with response to
stress, fatty acid biosynthesis and brassinosteroid mediated
signaling pathway. Accordingly, target gene prediction in
sesame ESTs shown that the newly detected miRNA families
target genes related to a varied range of roles complement-
ing previous studies such as the dehydration stress regulated
by miRNAs in barley (Kantar et al. 2010), switchgrass miRNAs
controlling genes related to signal transduction, stress
response and plant growth (Xie et al. 2010).

Sesame miRNAs  Mature miRNAs Source Homologous miRNA  LP LM MFE (-AG) AMFE MFEI
sin_mir1 ACGAUGAUGACGAUGAUGAUG  Unigene2152  ath-miR5658 171 21 4199 24.55556 0.494
sin_mir2 UCAGCAUCAUCAUCAUCGGCA  Unigene4958  ath-miR414 175 21 55.08 17.48571 0.420458
sin_mir3 UUUUCUUCCUCUUUCUGCCCA  Unigene13545 aly-miR838-3p 155 21 46.3 29.87097 0.643056
sin_mir4 UUGACAGAAGAGAGAGAGCAC  BU667823.1 ahy-miR156¢ 137 21 57.23 41.77372 0.880462
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Fig. 3. Distribution of Gene Ontology terms for identified miRNA target
genes in sesame

Furthermore, miRNA target genes in the present study are
mainly transcription factors that typically affect plant growth
and development and are in accordance with the reported
studies (Yang et al. 2007; Yin et al. 2008). Sin-miR1 targets ion
transmembrane transport, DNA binding, protein binding,
lipopolysaccharide biosynthetic process, gibberellic
acid mediated signaling and regulation of transcription
whereas Sin-miR2 is involved in the regulation of protein
serine/threonine phosphatase activity, transcription and
translation. Propionate catabolic process, 2-methylcitrate
cycle and ATP-dependent helicase activity genes were
targeted by Sin-miR3. Sin-miR4 targets the genes involved
in fatty acid catabolic process, acetate catabolic process and
RNA bindingetc. In general, miRNA functions as a negative
regulator of gene expression either by cleavage of target
mMRNA or repressing its translation, however, in plants, the
cleavage of mRNA is likely to be a primary method of gene
regulation (Sunkar et al. 2005). Results of the present study
showed that a greater number of sesame miRNA target
genes are predicted to be repressed by cleavage while very
few of them are repressed by mechanism of translation
inhibition.

GO term analysis of miRNA targets in sesame

Gene ontology (GO) term analysis of miRNA target genes was
made to understand putative role of miRNA. In the present
study, 143 miRNA target genes were assigned 37 GO terms
in three ontologies namely, biological process (16 GO terms),
molecular function (8 GO terms) and cellular component (13
GO terms) (Fig. 3).

The results of KEGG mapping revealed that miRNA
target genes are involved in 28 metabolic pathways such
as Lipopolysaccharide biosynthesis, Fatty acid degradation
and Histidine metabolism etc.

EST based homology search was made in the present
study to detect potential miRNAs in sesame. The newly
detected four potential miRNAs belong to three distinct
miRNA families viz., miR5658, miR838 and miR156. The
detected miRNAs primarily target transcription factors,

genes that are potentially involved in signal transduction,
stress tolerance, lipopolysaccharide biosynthesis and fatty
acid biosynthesis that are likely to provide miRNA mediated
gene regulation in sesame. Overall our study results will lead
to a deeper understanding of miRNA biogenesis and the
mechanism of gene regulation.
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