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ABSTRACT 
 

MicroRNAs are a class of endogenous, approximately 22 nucleotides in length noncoding RNA, 
which is evolutionary conserved and mediates post-transcriptional gene regulation. MicroRNA play 
a crucial role in development of plant, cellular processes, biological processes, cell proliferation and 
stress response. Stevia rebaudiana is an economically important and medicinal plant of the 
Asteraceae family. A total of 1,418,58 unigenes from Stevia transcriptome data were used for 
homology search against known plant miRNA database miRBase version 21. The functionally 
annotated unigenes were excluded from the studies. Total 381 non-protein coding unigenes were 
considered for candidates of miRNA precursor in Stevia. One potential miRNA from miR168 family 
with secondary structure was identified through the sequel of stringent filtering criteria. The target 
prediction of novel miRNA was carried out for using psRNATarget program based on their 
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sequence complementarities. A total of 31 potential gene targets were predicted for identified novel 
miRNA, which playing crucial role in various biological processes like development of plant, DNA 
repair, splicing, post-translational gene silencing, plant defense response, cell growth and 
proliferation. The phylogenetic analysis was also carried out to study the conserved nature of 
miRNA. These findings provide significant insights of miRNA and their potential role in Stevia as 
well as their regulatory mechanisms. 
 

 
Keywords: miRNA; circos plot; psRNATarget; MFEI; MFE; EST; Stevia rebaudiana; small RNA. 

 
1. INTRODUCTION 
 

MicroRNAs (miRNAs) transcribes from RNA 
polymerase II promoters which located in non 
protein coding genes and non coding region of 
genomes [1,2]. MicroRNAs generated from 
spliced introns which are known as mitrons [3]. 
The biogenesis of miRNA is a complicated 
process which involves a series of events such 
as transcription, dicing, modification, nuclear 
export and RISC (RNAi-induced silencing 
complex loading [4]. The miRNA gene 
transcription is guided by RNA polymerase II, 
contains cap structures and polyadenylated pre-
miRNAs with characteristic hairpin structure, 
processed by DCL protein. The pre-miRNA is 
further processed by dicer like-1 (DCL-1) into 
miRNA/miRNA* duplexes [5]. After dissociation 
from duplexes, miRNA is then loaded into 
Argonaute (AGO) protein to concoct the miRNA-
induced silencing complex (miRISC). The 
miRISC directs its activity on target mRNA which 
depends upon perfect or imperfect complement 
between miRNA and their responsive elements 
and fate in miRNA cleavage or translational 
repression of the target mRNA [1,4].  miRNAs 
play key role as negative regulators in gene 
expression. MicroRNA binds to (UTRs) 
untranslated region or open reading frame (ORF) 
to mediate endogenous gene silencing. The 
majority of their targets are plant transcription 
factors which are involved in transcriptional 
control [3,6].  
 

Stevia rebaudiana is the important medicinal 
herb of Asteraceae family. The steviol glycosides 
content in its leaves has medicinal properties. 
The two major active constituents of steviol 
glycosides are stevioside and rebaudioside-A 
which is a low caloric sweetening agent. Owing 
to secondary metabolites like alkaloids, phenol, 
flavanoids makes Stevia extract widely used as 
neutraceuticals, treatment of diabetes mellitus, 
obesity, hyper tension, beverages, and 
medicines [7-9].  
 
The miRNAs are highly evolutionarily conserved 
among the species in plant and animal 

kingdoms. Many computational tools have been 
developed to identify potential miRNA in diverse 
organisms. There are many computational 
strategies for identifying miRNAs: (1) expresses 
sequence tag (EST) analysis, (2) genome survey 
sequence (GSS) approach to identify miRNA and 
(3) Computational identification of miRNA via 
homology search. In many species of plant, 
miRNAs are successfully identified by using 
computational approaches such as Arabidopsis 
thaliana, Coffea arabica, Cyanococcus 
(Blueberry), Helianthus petiolaris, Jatropha 
curcas, Zea maize and Glycine max (Soybean).  
Stevia rebaudiana has enormous economical 
and medicinal significance but till date, no 
miRNAs of Stevia rebaudiana are submitted in 
miRBase and NCBI database. The whole 
genome sequence of Stevia rebaudiana is not 
available; however, few genomic information is 
available in NCBI databases including 470 
proteins, 30,417 nucleotide sequences, 5,646 
EST sequences. In miRbase, 18,226 miRNAs 
have been deposited from which 4,014 belongs 
to viridiplantae from 52 different species [10,11]. 
The transcriptome data of Stevia was 
downloaded from Sequence retrieval archive 
(SRA) of NCBI and assembled into transcripts. 
These transcripts were further used to predict 
known and novel miRNA. This approach resulted 
in one potential miRNA from Stevia rebaudiana, 
the targets for the same were predicted,         
playing important roles in various biological 
processes. 
 
2. MATERIALS AND METHODS 
 
2.1 Reference miRNA, Stevia ESTs and 

cDNAs 
 
The transcriptome data of Stevia was 
downloaded from NCBI SRA accession 
SRR1576548 
(http://www.ncbi.nlm.nih.gov/sra/?term=SRR157
6548). A total of 30,038 nucleotide sequences 
and 5,646 EST sequences were retrieved from 
Genbank nucleotide database at NCBI.  
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2.2 Reference Set of miRNA 
 

miRBase v21(http://www.mirbase.org/cgi-
bin/browse.pl) was used which contains  28,645 
hairpin precursors and 35,828 mature miRNAs 
from 223 species. A total of 8,496 known plant 
mature miRNA were extracted from total.  The 
duplicate entries were eliminated by using cd-hit-
v4.5.4 with identity value 100. As a 
consequence, 4,617 non-redundant unique 
viridiplantae miRNAs were obtained.  
 

2.3 Pipeline of Bioinformatic Analysis for 
Transcript Assembly  

 

The whole transcriptome data of Stevia 
rebaudiana were obtained from the NCBI SRA 
(Sequence Read Archive) with the link 
(http://www.ncbi.nlm.nih.gov/sra/?term=SRR157
6548). The raw data were obtained in SRA 
format which was further converted to Fastq 
format using SRA Toolkit (version 2.4) 
(http://www.ncbi.nlm.nih.gov/Traces/sra/). The 
Trimmomatic [12] software was used for quality 
filtration of RNA-Seq raw reads and low-quality 
(QV <20) as well as adapter-contaminated 
sequences were discarded. High-quality reads 
were assembled de-novo using Bridger [13] 
assembler. The assembled transcripts 
subsequently clustered by using CD-HIT-EST 
[14] on default parameters for remove redundant 
transcripts. A total of 1,41,858 unigenes were 
used to predict against known plant miRNA for 
the homology.  
 

2.4 Identification of Potential miRNA of 
Stevia rebaudiana 

 

The pipeline for identification of potential miRNA 
from Stevia rebaudiana is described in Fig. 1. 
The known plant miRNA sequences were used 
as a query for homology search by BLAST-
2.2.27 of NCBI Genbank against the assembled 
unigene as a reference database. The BLASTn 
was carried out at E-value 1000 and mismatch 
less than four. For candidate miRNAs, the length 
of  mature miRNA sequences should not be less 
than 18nt and maximum of 24nt, secondly based 
on reported length of pre-miRNA, precursor 
sequences of 200 nucleotides were extracted 
(100 nt upstream and 100 nt downstream to the 
blast alignment) using the program 
FastafromBed which is an utility of BEDTools 
[15].  
 

2.5 Secondary Structure Prediction 
 

The non-protein coding unigenes were           
used for secondary structure prediction. The 

secondary structure of pre-miRNA        
sequences    of  potential miRNA homologs were   
predicted   by the mfold web server 
(http://unafold.rna.albany.edu/?q=mfold/RNA-
Folding-Form) using RNA folding form with 
default parameters. The output of mfold includes 
ID numbers, respective miRNA homologs, total 
length of the sequences, the number of each 
nucleotide (A, G, C and U), the number of arms 
per structure, location of the matching regions, 
percentage (%) of (A + U/T) and (G + C) content 
and minimal folding free energy (MFE, ∆G in 
kcal/mol). The adjusted minimal folding free 
energy (AMFE) and the minimal folding free 
energy index (MFEI) were calculated according 
to the equation AMFE=(MFE/(length of a 
potential pre-miRNA))*100 and MFEI=((100 
*MFE)/Length of RNA/(G+ C))%. The key 
features to be considered are:  1) The sequence 
of pre-miRNA precursors must fold into 
appropriate stem-loop hairpin secondary 
structure  2)  mature miRNA sequence must be 
located within one arm of the hairpin structure 3) 
Loop should not break in miRNA sequences 4) 
No more than 6 substitutions in miRNAs and the 
opposite miRNA∗ sequence in the other arm 5) 
A+U content of miRNA should be 30-70% 6) 
maximum size for bulge in miRNA sequence 
should be 3 nt 7) predicted secondary structures 
must have  higher negative folding free energy 
(MFE) and minimal folding free energy index 
(MFEI), the MEFI ranging between 0.65 to 0.85 
[4,5,10,16]. 
 
2.6 Potential miRNA Target Prediction 

and Functional Annotation 
 
Stevia rebaudiana assembled unigene, Stevia 
rebaudiana EST database and nucleotide 
databases were used as reference for identifying 
targets of the candidate miRNA by option 
“function User submitted small RNAs /user 
submitted transcripts” in the psRNATarget: A 
Plant Small RNA Target Analysis Server 
(http://plantgrn.noble.org/psRNATarget. Due to 
inadequate information about Stevia rebaudiana 
genomic data, the putative targets of novel 
miRNA were also predicted against Arabidopsis 
thaliana. The blastx analysis against non-
redundant data set (nr database January 2015) 
of NCBI was carried out followed by gene 
ontology analysis using Blast2Go pro server [17] 
to distinguish biological and molecular functional.  
The plant transcription factor analysis was 
carried out for predicted target sequences using 
blastx against plant transcription factor database 
PlantTFDB. 
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Fig. 1. Workflow for Stevia  miRNA prediction 
 
2.7 Circos Plot 
 
The circos plot to visualize the novel miRNA and 
their corresponding target was done using circos 
(http://circos.ca/) [18]. Novel miRNA and their 
putative targets were “connected” using 
individually colored lines to indicate each 
miRNA’s connection to their putative target 
genes.  
 
2.8 Phylogenetic Analysis  
 
The precursor sequences of pre-miRNA’s were 
previously identified by BLAST. These precursor 
sequences of a same miR family were further 
aligned with predicted novel miRNA of Stevia 
using online tool Clustal Omega 
(http://www.ebi.ac.uk/Tools/msa/clustalo/). The 
phylogenetic analysis was carried out using 
MEGA6 tool [19]. Then, the Neighbor-joining tree 
was constructed to study their evolutionary 
relationships of miRNAs within the same family 
[3,4,5]. 
 
3. RESULTS 
 
The 95,795,141 raw reads of Stevia rebaudiana 
transcriptome was filtered using Trimmomatic at 
QV> 20. The 91,044,283 high-quality reads were 
obtained and assembled into unigene using 
Bridger-de novo transcriptome assembler for 

RNA-Seq data which generated 1,41,858 
unigenes. A total of 4,616 unique Viridiplantae 
miRNA sequences were aligned against 
assembled unigene sequences of Stevia 
rebaudiana leaf by using the standalone BLAST 
program, 4,616 Stevia rebaudiana unigenes 
showed perfect or near perfect match with 
reference miRNA. Subsequently, the BLASTX 
against NCBI non redundant protein database 
carried out for 4,616 unigenes for removal of 
protein coding sequences and other noncoding 
RNAs. Thus, we have obtained 381 non-protein 
coding unigenes which were considered as 
candidate miRNA. These miRNA precursor 
sequences were used for RNA secondary 
structure prediction using MFOLD server for 
validation process of predicted miRNA.  To 
prevent false prediction of other RNA as a 
potential miRNA candidate, the crucial filtration, 
parameters were used. After filtration only one 
potential miRNA from Stevia was obtained (Fig. 
2). This potential miRNA candidate encodes for 
miR168 family. The secondary structure of 
predicted miRNA was shown in (Fig. 3A, B) and 
criteria are listed in Table 1. 
 
The target genes for putative miRNA were 
predicted using the psRNATarget program with 
default parameters against assembled Unigene 
of Stevia, Arabidopsis thaliana, this resulted in 31 
targets. All the predicted targets of putative 
miRNA are listed in Table 2. The novel miRNA 
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and their corresponding target was visualized 
using circos plot (Fig. 4). 
 
The Stv-miR is a member of miR168 family. The 
miRNAs belonging to family 168 were used for 
phylogenetic tree analysis. The miRNA 
sequences were subjected to multiple sequence 
alignment using Clustal Omega server 
(http://www.ebi.ac.uk/Tools/msa/clustalo/). The 
phylogenetic tree was generated using the NJ 
method using MEGA6 with a bootstrap value of 
1000. The phylogenetic tree is divided into two 
major groups branching out from Arabidopsis 
thaliana miRNA168a (ath-miR168a) (Fig. 5).  The 
group1 has multiple subgroups. In our tree, 
Medicago truncatula miR168 (mtr-miR168a) 
forming the early branch followed by Oryza 
sativa miRNA 168b (osa-miR168b) and Aquilegia 
caerulea miR168 (aqc-MIR168) clustered into a 
single group followed by Solanum lycopersicum 
miRNA 168a(sly-miR168a), Oryza sativa miRNA 

168a(osa-miR168a), Zea mays 168a(zma-
miR168a), Brassica rapa miRNA 168a(bra-
miR168a) and Arabidopsis thaliana 
miRNA168b(ath-miR168b) clustered into single 
group with good bootstrap support. In group2, 
Stevia miRNA (Stv-miR) groups with Saccharum 
officinarum miRNA 168b (sof-miR168b) and 
Brassica rapa miR168b(bra-miR168b) with good 
identity [20].  
 
A Gene Ontology enrichment analysis was 
conducted to identify the functional categories of 
predicted targets. The Blast2GO 
(www.blast2go.com) program was used to 
categorize 27 functional groups under three main 
categories: Biological process (BP), cellular 
component (CC) and molecular function (MF) 
(Fig. 7). A total of 21, 14, and 21 targets were 
annotated for biological process, cellular 
component and molecular functions, respectively 
(Fig. 6) [21]. 

 

 
 

Fig. 2. Unigene sequence containing miRNA. Green color highlighted sequence shows  
pre-miRNA precursor and Blue color highlighted sequence shows mature miRNA 

 

Table 1. Details of newly predicted miRNA in Stevia 
 

Properties Value 
Length of unigene sequence 867 nt 
Precursor coordinates 352 nt -572 nt 
Precursor length 221 nt 
Mature miRNA length 20 nt 
Mature miRNA sequence UCGCUUGGUGCAGGUCGGGA 
miRNA * Sequence AGUGAACUACGUUCCGCCCU 
MFE -80.30 kcal/mol 
AMFE 36.33 kcal/mol 
MFEI 0.81 
Nucleotide mismatch 1nt 
Number of nucleotides in pre-miRNA sequences A=48, C=33; G=65; T/U=75 
(A+T/U)% 55.66% 
(G+C)% 44.34% 
Family of miRNA miR 168 

MFE- minimal folding free energy; AMFE- adjusted minimal folding free energy; MFEI- minimal folding free 
energy index 

 



 
 
 
 

Mehta et al.; EJMP, 15(2): 1-14, 2016; Article no.EJMP.25221 
 
 

 
6 
 

 
 

Fig. 3A. The Stem loop hairpin secondary structure of the stevia miRNA. Mature miRNA 
sequence is highlighted in red colour 
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Fig. 3B. The predicted fold back secondary structure of stevia miRNA. The actual size of      
precursors may be slightly longer 

 

 
 

Fig. 4. Circos plot between Stv-Novel_miRNA and their targets 
The pink colored blocks in the outer circle represent Arabidopsis thaliana target protein hit accession and light 
green circle represents stevia unigene target protein hit accession. The targets are labeled according to their 

Blastx annotation of the target sequence.  The scale in the margins of each blocks represents the length of the 
corresponding sequence in basepair(bp). The blue colored block represents unigene from stevia in which novel 
microRNA is identified. The position of novel microRNA is represented as dark red line in the blue colored block. 

The miRNA and its target sequences interconnected by coloured lines 
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Table 2. List of potential targets for novel predicted miRNA in Stevia rebaudiana  and their functional annotations 
 

Target ID E-Value UPE Inhibition type Alignment between miRNA and target Target annotation Target accession 
unigene_32030 0.5 18.36 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      

             ::::::::::.:::::::::        
Target  2221 UCCCGACCUGUACCAAGCGA 2240   

No Hits Found No Hits Found 

unigene_32029 0.5 18.36 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::::::::::.:::::::::        
Target  1749 UCCCGACCUGUACCAAGCGA 1768   

No Hits Found No Hits Found 

unigene_32028 0.5 18.36 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::::::::::.:::::::::        
Target   507 UCCCGACCUGUACCAAGCGA 526    

No Hits Found No Hits Found 

unigene_67745 0.5 13.277 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::::::::::.:::::::::        
Target     3 UCCCGACCUGUACCAAGCGA 22     

No Hits Found No Hits Found 

unigene_56595 2.5 16.605 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :.::::.:::: ::::::::        
Target  1196 UUCCGAUCUGCUCCAAGCGA 1215   

Sugar/inositol 
transporter 

EKG11171 

unigene_56594 2.5 16.605 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :.::::.:::: ::::::::        
Target  1196 UUCCGAUCUGCUCCAAGCGA 1215   

Sugar/inositol 
transporter 

EKG11171 

unigene_56596 2.5 16.605 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::.::.:::.::::::::         
Target  1952 UCCUGAUCUGUACCAAGCGC 1971   

Sugar/inositol 
transporter 

EKG11171 

unigene_12603 2 13.577 Translation miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::.::.:::.::::::::         
Target  1909 UCCUGAUCUGUACCAAGCGC 1928   

exocyst complex 
component 2-like 

XP_006359819 

unigene_12604 2 13.577 Translation miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::.::.:::.::::::::         
Target  1882 UCCUGAUCUGUACCAAGCGC 1901   

exocyst complex 
component sec5 isoform 
1 

XP_007019471 

unigene_38051 2.5 12.882 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::::::. :::::::::::        
Target   704 ACCCGACUAGCACCAAGCGA 723    

2-oxoglutarate-
dependent dioxygenase 

XP_010908472 

unigene_7187 3 19.756 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::.::::::: :        
Target   467 UCCCGAGCUGUACCAAGCAA 486    

protein argonaute 1 XP_011072044 
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Target ID E-Value UPE Inhibition type Alignment between miRNA and target Target annotation Target accession 
unigene_7186 3 19.756 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      

             :::::: :::.::::::: :        
Target   467 UCCCGAGCUGUACCAAGCAA 486    

protein argonaute 1 AGS47788 

unigene_7185 3 19.756 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::.::::::: :        
Target   467 UCCCGAGCUGUACCAAGCAA 486    

protein argonaute 1 XP_011072044 

unigene_7183 3 19.756 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::.::::::: :        
Target   467 UCCCGAGCUGUACCAAGCAA 486    

protein argonaute 1 AGS47788 

unigene_7184 3 19.756 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::.::::::: :        
Target   467 UCCCGAGCUGUACCAAGCAA 486    

protein argonaute 1 XP_011072044 

unigene_97585 3 19.933 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::.:  :::::::::.::::        
Target    23 UCUCCUCCUGCACCAGGCGA 42     

hypothetical protein 
SNOG_00901 

XP_001791568 

gi|537290375 
|gb|GANE01029285.1 

3 19.756 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::::::::::.:::::::::        
Target  2221 UCCCGACCUGUACCAAGCGA 2240   

protein argonaute 1 XP_011072044 

gi|537290287 
|gb|GANE01029326.1 

3 19.756 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::::::::::.:::::::::        
Target  1749 UCCCGACCUGUACCAAGCGA 1768   

protein argonaute 1 XP_011072044 

AT1G48410.3 3 20.259 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::::.::::: :        
Target   522 UCCCGAGCUGCAUCAAGCUA 541 

protein argonaute 1-like NP_849784 

AT1G48410.1 3 20.259 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::::.::::: :        
Target   512 UCCCGAGCUGCAUCAAGCUA 531    

protein argonaute 1-like NP_175274 

AT1G48410.2 3 20.259 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::::.::::: :        
Target   512 UCCCGAGCUGCAUCAAGCUA 531    

protein argonaute 1-like NP_849784 

AT3G04380.2 3 12.343 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::.:::. :::: :::::::        
Target   143 UCUCGAUAUGCAACAAGCGA 162 

histone-lysine n-
methyltransferase suvr4 

NP_974217 

AT3G04380.1 3 12.343 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::.:::. :::: :::::::        
Target   257 UCUCGAUAUGCAACAAGCGA 276    

histone-lysine n-
methyltransferase suvr4 

NP_187088 
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Target ID E-Value UPE Inhibition type Alignment between miRNA and target Target annotation Target accession 
NP031662 3 17.551 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      

             :.::::::::::.:::::         
Target    82 ACUCGACCUGCACUAAGCGU 101    

glutathione s-transferase P42769 

TC358800 3 20.259 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::::.::::: :        
Target   512 UCCCGAGCUGCAUCAAGCUA 531    

protein argonaute 1-like NP_175274 

TC372434 3 20.259 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::::.::::: :        
Target   512 UCCCGAGCUGCAUCAAGCUA 531    

protein argonaute 1-like NP_849784 

TC383299 3 20.259 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::::: :::::.::::: :        
Target   459 UCCCGAGCUGCAUCAAGCUA 478    

protein argonaute 1-like AAF79718 

EG484074 3 14.195 Translation miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::.:: :: :::.::::::        
Target   342 UCCUGAACUCCACUAAGCGA 361   

asparagine synthetase 
domain-containing 
protein 1-like 

NP_001077875 

EG484076 3 13.88 Translation miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             :::.:: :: :::.::::::        
Target   342 UCCUGAACUCCACUAAGCGA 361    

asparagine synthetase 
domain-containing 
protein 1-like 

NP_001077875 

NP1659635 3 12.343 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::.:::. :::: :::::::        
Target   143 UCUCGAUAUGCAACAAGCGA 162    

histone-lysine n-
methyltransferase suvr4 

NP_974217 

TC362362 3 12.343 Cleavage miRNA    20  AGGGCUGGACGUGGUUCGCU 1      
             ::.:::. :::: :::::::        
Target   257 UCUCGAUAUGCAACAAGCGA 276   

histone-lysine n-
methyltransferase suvr4 

AAL01113 

 



 
Fig. 5. Phylogenetic tree of newly identified miRNA in Stevia with 

The tree was constructed using the Neighbor
bootstrap replications (bootstrap values are labeled along the branches). The branch length is pr

 
(A) 

(B) 

Mehta et al.; EJMP, 15(2): 1-14, 2016; Article no.

 
11 

 

Fig. 5. Phylogenetic tree of newly identified miRNA in Stevia with published miRNAs of miR168 
family of other plant species 

The tree was constructed using the Neighbor-Joining method in MEGA6 software and evaluated with 1,000 
bootstrap replications (bootstrap values are labeled along the branches). The branch length is proportional to the 

substitution per site 
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Fig. 6. GO term distribution of (A) Biological process (B) Cellular component (C) Molecular 

 
Fig. 7. WEGO plot of Gene Ontology classification

The GO term is categorized into   three mai

 
4. DISCUSSION 
 
The plant miRNAs are highly conserved among 
different species including dicots and monocots 
and they are involved in important metabolic 
activities like a diverse process of development 
and growth. In the present study, only one 
potential miRNA in Stevia from transcriptomic 
data was identified by homology
approach. The newly identified miRNA is 
member of miR168 family. The important 
characteristic of pre-miRNA and the crucial step 
in miRNA maturation is the formation of stem
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miRNA. The phylogenetic tree illustrated that the 
Stv-miR branched out from ath-miR168a and 
aau-miR168. The bra-miR168b and sof-miR168b 
branched out from Stv-miR forming a subgroup 
with good bootstrap value from group 2. 
 
The computational approach was used to predict 
the targets to understand the role played by 
predicted miRNA in plant development (Table 2). 
It was seen that majority of the predicted target 
genes coding for argonaute protein. The 
Argonaute (AGO) proteins interact with miRNA or 
short interfering RNA (siRNA) and are facilitating 
the major downstream events of cytoplasmic 
post-translational gene silencing processes and 
they are involved in alternative splicing and DNA 
repair also [23]. AGO protein plays a role in RNA 
silencing also which function as primary antiviral 
immune systems in plants [24]. Another miRNA 
target was asparagine synthetase domain-
containing 1-like protein, which plays role in plant 
defense responses and primary nitrogen 
metabolism [25]. Other targets were 
sugar/Inositol transporter, histone-lysine n-
methyltransferase suvr4, exocyst complex 
component sec5 which are involved in plant  cell 
growth and morphogenesis [26], 2-oxoglutarate-
dependent dioxygenase look after epigenetic 
regulation [27] and glutathione S-transferase 
have non-catalytic roles as carriers for 
phytochemicals [28].  These findings provide us 
a potential to identify miRNA and their probable 
roles in plant development. This research will 
add value in further in-depth research with 
reference to the regulatory mechanism of Stevia 
leaf miRNAs. 
 
5. CONCLUSION 
 
In this research work, a new approach to identify 
potential new miRNA from transcriptome data of 
Stevia leaf which is a highly economical plant 
species with the medicinal property. One 
potential novel miRNA from assembled unigenes 
of Stevia leaf was identified. Most of the miRNA 
targets were involved in plant growth, 
metabolism and also can provide insight into the 
potential role in post-translational gene silencing 
process.  This study employs the bioinformatics 
approach for the identification and analysis of 
miRNAs of those plant species whose genome 
information is not yet fully available or known in 
public databases. 
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