
In-Silico identification of miRNAs and their 
targets using Expressed Sequence Tags (ESTs) in 

Plants 
Rajesh Singh Tomar, Gagan Jyot Kaur, Shuchi Kaushik, Raghvendra Kumar Mishra* 

Amity Institute of Biotechnology,  
Amity University Madhya Pradesh, Gwalior 

Abstract 
MicroRNAs (miRNA) are endogenous, non protein coding, small RNA molecules (21-24 nts in length) found in plants, 
animals, insects and viruses. They play a key role in transcriptional and post-transcriptional gene regulation. miRNAs perform 
their function by pairing with the complementary sequences of the target mRNA molecules, which results in silencing of gene 
in two ways, either by translational repression or target degradation. Various high-throughput methods are used for the 
identification of miRNAs. Methods like direct cloning as well as deep sequencing are widely used apart from the homology-
based comparative-genome analysis methods which use expressed sequence tags (ESTs) and genomes survey sequences 
(GSS), which are easily available in the public databases. Compared with the other high-throughput methods, analysis through 
ESTs is a powerful and a better tool for identifying conserved miRNAs and studying the evolution of conserved miRNAs in 
several plant species, mainly for those species whose whole genome sequencing has not been done and not available. Various 
steps are involved in identifying the miRNAs and their targets using computational approach. The goal of this review is to 
summarize the process of in-silico identification of miRNAs and their targets using ESTs. 
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INTRODUCTION 
Since we have known the existence of genes, continuous 
efforts are been made to determine how the gene regulation 
of so many genes are controlled. Regulation of gene 
expression is surrounded by many ambiguities and there are 
many proteins which were found to control DNA 
translation and transcription and structural changes in 
different levels of genome organization. A short time ago, 
many scientists found that beside proteins, RNA also 
regulates the gene expression in the cell. miRNA is such 
type of regulatory RNA, which was first discovered in 
1993.  
MicroRNAs (miRNA) are endogenous, non protein coding, 
small RNA molecules (21-24 nts in length) found in plants, 
animals, insects and viruses. They play a key role in 
transcriptional and post-transcriptional gene regulation. 
miRNAs perform their function by pairing with the 
complementary sequences of the target mRNA molecules, 
which results in silencing of gene in two ways, either by 
translational repression or target degradation. It is estimated 
that human genome code for about 50,000 miRNAs, which 
may regulate different genes and are present abundantly in 
many human cells (Glaser et al. 2008).  
Various researches have proved that miRNA has more 
functions along with repression of gene expression and 
stopping the protein translation. In few cases, miRNA binds 
to the promoter site of some genes and suppress expression 
of those genes (Place et al. 2008). Small RNA-induced 
gene activation, or RNAa is the term used for activation of 
gene expression using miRNAs.  
Eukaryotic organisms have well conserved miRNAs and 
are considered as an important and evolutionarily part of 
genetic regulation. They play a vital role in growth and 
development of a plant (Bartel, 2004). Additionally, 

miRNAs may be considered as a good candidate for the 
early detection of various diseases (Pritchard et al. 2012).  
Various high-throughput methods are used for the 
identification of miRNAs. Methods like direct cloning as 
well as deep sequencing are widely used apart from the 
homology-based comparative-genome analysis methods 
which use expressed sequence tags (ESTs) and genomes 
survey sequences (GSS), which are easily available in the 
public databases. Therefore, miRNAs identification and 
their target gene regulation is very important to understand 
their role in controlling key development processes in 
plants. Several programs are designed to search plant 
miRNAs using the whole genome sequences. However, the 
application of this strategy has been greatly limited because 
whole genome sequences of many plants are not available. 
Compared with the other high-throughput methods, 
analysis through ESTs is a powerful and a better tool for 
identifying conserved miRNAs and studying the evolution 
of conserved miRNAs in several plant species, mainly for 
those species whose whole genome sequencing has not 
been done and not available (Mishra et al. 2011, 12; 
Gangadhar et al. 2011, 14). 

miRNA history 
Victor Ambros et al., discovered miRNAs in 1993 in 
C.elegans by studying the role of lin-4 gene in its
development.
They discovered that LIN-14 protein regulation was
controlled by a short RNA product which encodes the lin-4
gene. lin-4 gene has a 61-nucleotide long precursor which
matured to form a RNA which has 22-nucleotide length
and whose sequences show partial complementarity to LIN-
14 mRNA sequences. This complementarity inhibits the
translation of the lin-4 mRNA into the LIN-14 protein.
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Hence, the first microRNA discovered was lin-4 small 
RNA.  
In 2000, second miRNA let-7 was identified, which was 
responsible for repression of many different genes 
expression during various developmental stages of C. 
elegans life. let-7 was further found to be conserved in 
large species, which indicates that wider phenomenon 
exists, related to the miRNAs.  
 
Biogenesis of miRNA  
Multiple steps are involved in the synthesis of miRNAs 
(Bartel, 2004). Same as proteins,  the synthesis of miRNA 
takes place from transcription of DNA into RNA. The 
transcription product is longer than the final miRNA which 
is further processed by the Dicer-like 1 enzyme in plants, 
forming pre-miRNA having stem-loop structure (Tang et 

al. 2003). This ]pre-miRNA moves out from the nucleus 
and travels into the cytoplasm with the help of exportin 5 
protein. This pre-miRNA is processed by the RNaseIII-like 
enzyme called Dicer. Pre-miRNA is cut by dicer into two 
complementary structures, finally producing mature 
miRNAs. Two argonaute proteins, ALG-1 and ALG-2 bind 
to the miRNAs (Jannot, 2008). This leads to the formation 
of RNA-induced silencing complex (RISC) which is a 
multicomponent nuclease in which argonaute proteins are 
active RNase enzymes. After assembly, a RISC complex is 
formed. miRNAs bind to their complementary target 
mRNA and interrupts the process of translation. This fially 
leads to the reduction in the rate of expression of genes 
(Bernstein et al. 2001).  
 

 
 

 
 

Figure 1: Schematic representation of biogenesis of miRNA 
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Mechanism of Gene Regulation by miRNA  
miRNA functions by binding to the complementary region 
of mRNAs, leading to changes in the expression of gene. In 
eukaryotes, the miRNA binds with the 3’ UTR of the target 
mRNA. Previously, it was discoverd that in addition to 
working through the 3’ UTR of the mRNA, miRNA also 
targets some sites in the amino acid-coding regions and the 
5’ UTR between the 5’ cap and the coding region (Glaser et 
al. 2008). miRNA binds to mRNA and blocks the 
translation of protein without destroying the mRNA, other 
studies revealed that miRNA can also degrade the mRNA. 
RNA interference is also responsible for the degradation of 
mRNA. This process involves the use of small interfering 
RNAs called siRNAs, which are short and double stranded 
molecules resembling to miRNA. The difference between 
siRNA and miRNA is that, siRNA is fully complementary 
to the mRNA target whereas miRNA is not completely 
complementary to the target mRNA (Elbashir et al. 2001).  
 
In-silico Identification of miRNAs in Plants  
miRNAs are crucial for the growth of plants in terms of 
leaf morphology, leaf polarity, formation of roots, 
signalling of hormones, change from juvenile phase to 
vegetative phase and then to flowering phase, time of 
flowering, identity of floral organs, reproduction etc 
(Sunkar et al. 2007). miRNAs play an important role in 
plant stress responses. This was proved by many recent 
studies which suggested that miRNA-mediated post-
transcriptional regulation of target genes helps the plants to 
cope up with or bear the stress conditions (Matthew et al. 
2006; Bartel, 2004).  
Dehury et al. (2013) reported the in-silico techniques for 
the identification of miRNAs in Sweet Potato along with 
their target genes using their ESTs and most of the genes 
discovered were responsible for growth and development 
of plant, signal transduction and many other biological 
functions like defence and stress response etc.  
The overexpression of miR156 in switchgrass resulted in 
various morphological changes and also the biomass 
production was improved (Fu et al. 2012).  
In-silico methods were used for identifying miRNAs which 
are used in the biological synthesis of artemisinin, which is 
an anti-malarial compound produced by the plant Artemisia 
annua (Alvaro et al. 2012). 
Ocimum basilicum (Basil) is a very popular herb for its 
medicinal properties. To identify miRNAs and their targets 
in O.basilicum, in-silico approach which involved the use 
of ESTs was used. The targets identified were regulating 
different functions in O. Basilicum (Singh and Sharma, 
2014). miRNAs along with their targets were identified in 
Rauvolfia serpentine and their potential targets were found 
to be associated with regulation of different biological 
processes (Prakash et al. 2016).  
Many such in-silico approaches have been made for the 
identification of miRNAs using computational methods. 
 
 
 
 

Requirements for in-silico identification of miRNAs an 
their targets: 
Plant miRNA and EST sequences of the plant whose 
miRNAs are to be identified:  
To find out potential miRNAs in a plant, previously 
identified plant mature miRNA sequences are needed 
which can be downloaded from NCBI of Oryza sativa, 
Glycine max, Zea mays, Arabidopsis thaliana, 
Brachypodium distachyon, Sorghum bicolor, and other 
plants(http://www.mirbase.org/ Release 21.0, June, 2014). 
To avoid redundancy, the repeated plant miRNA sequences 
from different plant species should be removed, and the 
remaining miRNA sequences are used as query sequences 
for BLAST (Altschul et al. 1970) search against the plant 
EST database. The ESTs of the plant can be downloaded 
from the NCBI EST databases 
(http://www.ncbi.nlm.nih.gov/dbEST/).  
Bio-informatic Tools:  
BioEdit software (Hall, 1999), can be used to perform local 
blast of the plant’s ESTs against miRNA database. 
BLASTX and BLASTN 
(http://www.ncbi.nlm.nih.gov/BLAST/) are done to search 
for miRNA homologs and to find the protein-encoding 
sequences, respectively.  
The RNA folding algorithm available at Mfold server 
(Zuker, 2003), can be used for the prediction of the 
secondary structures of RNAs, the Minimal Folding Energy 
(MFE) and Minimal Folding Energy Index (MFEI).  
The web tool psRNATarget 
(http://bioinfo3.noble.org/psRNATarget/) can be employed 
to predict the targets of newly identified miRNAs.  
 
miRNA Identification:  
Sequences of mature miRNAs of different plants are used 
for the prediction of potential miRNAs. Same methodology 
which was described by Zhang et al. (2005) is used for the 
identification of new miRNAs using EST analysis. Unique 
miRNA sequences are then employed as query for a 
BLASTN search against the EST database for miRNA 
homologs. All EST sequences which had less than four 
mismatches against the query miRNA sequences are 
selected. These sequences are used for a BLASTX search 
against the protein database at NCBI to remove the protein-
encoding sequences. The pre-miRNAs region from 100 bp 
upstream and 100 bp downstream regions of the identified 
mature miRNA can be selected for further analysis. Stem-
loop structures of the pre-miRNA sequences are generated 
online using the MFOLD 3.5 software (Zuker, 2003). 
MFOLD server with default parameters is used to predict 
the structures of the selected sequences. For the selection of 
pre-miRNAs following criteria can be used: (Ambros et al. 
2003; Zhang et al. 2006) 1) less than four mismatches in 
the folding of the mature miRNAs; 2) the pre-miRNA 
sequence should fold properly into a stem-loop structure in 
which the miRNA sequence should be present in the stem; 
3)  upto 6 mismatches can be allowed between the mature 
miRNA sequence and the opposite miRNA sequence; 5) 
the folded structures of the identified pre-miRNA should 
have higher MFEI and negative MFE  as compared to the 
other small RNAs. 
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Figure 2. Schematic illustration of the workflow for identification of miRNAs and their targets in 
A.barbata ESTs. 
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Target Prediction of miRNAs 
Targets of the newly identified miRNAs can be searched 
using the web tool psRNATarget. Available sequence 
library of various plants can be used for target search, with 
3 set as the maximum expectation, not more than 4 
mismatches between miRNA sequences and  mRNA 
targets, and there should not be any gap at complementary 
sites.  
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