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Abstract
miRNAs are 20-25 nucleotide in length, endogenous in origin, and noncoding RNA molecules found in all the
eukaryotic organism and takes part in the regulation of gene expression. Jatropha curcas L. oil has drawn attention
as one of the most potential biofuels that can be a substitute of never-ending fuel crisis. Six miRNA candidates,
each belonging to different miRNA families were predicted after screening of 41,790 whole genome shotgun
assembly sequences by using the comparative genomics approach. The targets of identi�ed miRNA were also
predicted, the predicted target genes are belonging to diverse functions like in metabolism, transport, and genes
involved in fatty acid metabolism. The predicted miRNAs show their targets which involve in the fatty acid
metabolism, like miR414 targets the gene of acetyl-CoA carboxylase and O-acyltransferase WSD1, miR846 targets
gene of FAD omega-3 fatty acid, FAD plastid fatty acid desaturase, miR5658 have the target gene long chain acyl-
CoA synthetase 1, and miR407 have the target gene Trigalactosyldiacylglycerol 2, miR2938 GDSL esterase/lipase,
glycolipid transfer protein 1.

Introduction
For a long time, researchers have been working on unravelling the role of genes which are responsible for the
expression of proteins. Researchers were curious to know the reason that why the non-coding sequences are
conserved through evolutionary selection. New light was shed on this problem in 1993 when the �rst miRNA was
identi�ed from the junk DNA of the nematode C. elegans named as lin-4 (1). The �rst plant miRNA was discovered
in the year 2002 from the Arabodipsis thaliana, after that total of 4014 miRNAs from 52 different plant species
have been identi�ed and deposited miRBASE database which is availabe in public domain and freely accessible
(2). miRNAs are 20–25 nucleotide in length, endogenous in origin, small, and noncoding RNA molecules found in
all the eukaryotic organism. miRNA takes part in the regulation of gene expression at the post-transcriptional level
by leading to the target degaradation or translational repression with the sequence speci�c interactions to
complementary sites of target mRNA (3).

The transcription of MIR genes takes place similar to mRNA coding genes by the enzyme RNA polymerase II (4) (5).
Once MIR genes are transcribed, they produce long pri-miRNA transcripts with characteristic features similar to
mRNAs. The stabiliaztion of pri-miRNA takes place through the addition of a 5' 7-methylguanosine cap, and a 3'
poly A tail (6). pri-miRNA transcripts fold back due to their internal sequence complementarity into an imperfect
stem-loop structure and are recognized by the members of a ribonuclease enzyme Dicer-like1 (DCL) family which
belongs to RNAse III endoribonuclease protein family. Inside the nucleus the pri-miRNA sliced in two steps by the
DCL1 complex. In the �rst step the base of the stem is trimmed and remaining structure is called as pre-miRNA. In
the second step the loop of pre-miRNA is removed and the duplex of miRNA:miRNA* is left for further processing
(2). The enzyme methytransferase HEN1, 2’-O-methylates the 3’ terminus of miRNA:miRNA* duplexes (7). 2’-O-
methylation of miRNA-3p/5p duplex is essential to protect the 3’ termini of unwound mature miRNA from the action
of exonucleases, such as SDN proteins(8). Previously it was assumed that after the maturation of miRNA:miRNA*,
only miRNA was loaded to RISC and proceeds for binding with the target mRNA. But now it is reported that miRNA*
also may load on the RISC and can regulate the target genes. So considering this point now the miRNA : miRNA*
duplex is named as miRNA-5p and miRNA-3p (9). The miRNA strand of the miRNA 5p/3p is loaded into the RNA
inducing silencing complex (RISC) led by a protein AGO thereby directing miRNA towards its complementary target
mRNA sequence (10). In the RNA induced silencing complex (RISC), miRNAs bind to target mRNA, based on the
perfect or near-perfect complementarity between the miRNA and the mRNA either transcript cleavage or translation
repression takes place.
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The role of plant miRNA have been established in the regulation of several developmental processes such as leaf
morphogenesis and polarity, root development, vascular development, phase transition from somatic to
reproductive, �ower and seed development (11). The role of miRNAs are also well established in diverse responses
to stresses such as abiotic stresses like drought, salt, cold, oxidative, nutrient de�ciency and biotic stresses (12).
Most of the protein coding genes which are targetted by miRNAs, coding for transcription factor, which act in key
biological processes like responding to abiotic and biotic stresses, performing metabolic functions, and regulating
developmental processess.

Jatropha curcas L. is a monoecious and perennial shrub which is extensively grown throughout the tropical
countries. It grows in any unfavorable agro-climatic conditions due to its low moisture demand, low fertility
requirement, tolerance to excessive temperature, pest and disease resistance. Due to ever in�ating fuel prices and
increasing concern over the greenhouse gas emissions such as CO2, has led researchers to search for potential
renewable biofuels. Jatropha curcas L. oil has drawn attention as one of the most potential biofuels that can be a
substitute of never-ending fuel crisis. The crude seed oil of Jatropha curcas have the potential to be converted into
biodiesel which can qualify the European and United State standards (13). A major constraint to high quality oil
yield from Jatropha curcas is the lack of knowledge about its genetic regulation. To elucidate the role of miRNAs in
the Jatropha curcas many studies has been conducted for the miRNA’s identi�cation in Jatropha curcas. The �rst
of its kind for the miRNA identi�cation study was reported by using small RNA cloning methodology but
researchers did not provide the precursor sequences (14). In the second study, the conserved miRNAs of Jatropha
curcas were predicted by using the available Expressed sequence tags and Genome survey sequences in the
publicly available databases by using comparative genomics approach (15). In the third study, conserved and novel
miRNAs from J. curcas were identi�ed through the deep sequencing of small RNAs (sRNA) from mature seeds (16).
In the latest study, conserved and novel miRNAs from J. curcas were identi�ed through the deep sequencing of
small RNAs (sRNA) from the leaves tissue of Jatropha curcas (17). In a strategy to predict the conserved miRNAs
from the different plant species by exploiting the whole genome shot gun sequences many reports have been
published. At present, the miRNA prediction from the available whole genome shotgun assembly sequences of J.
curcas is not reported from any researcher. This is an in-silico approach for the screening of potential conserved
miRNAs by using homolog search of model plant Arabidopsis thaliana miRNAs against the genome of Jatropha
curcas L. To identify the role of J. curcas miRNAs, the target genes of predicted miRNA is also identi�ed.

Results
Identi�cation of conserved miRNAs

Six miRNA candidates belonging to six different miRNA families were predicted after screening of 41,790 whole
genome shotgun sequences (WGS). The homology search was performed to identify input sequences which
contains mature miRNA sequences. In this step, the 318 mature miRNAs of plant Arabidopsis thaliana from
miRBase was used as source of mature miRNAs for the identi�cation process. The identi�cation methods include
sequence scans with BLAST and the number of allowed mismatches as equal to or less than four nt between a
source mature miRNA and its homolog in an input sequence of the genome sequence. A total of 2798 homologous
sequences were detected and were selected as input for the primary miRNA folding. A miRNA gene is non-coding in
nature and by folding it makes stem-loop precursor in its secondary structure. The pri-miRNA folding module of C-
mii removes mRNA, tRNA, and rRNA sequences from input sequences, and predicts the secondary structure of pri-
miRNAs. The sequences do not fold were excluded and remaining 2388 sequences were selected for the pre-mRNA
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prediction. The pre-miRNA folding module of C-mii, after removal of stem-loop sequences which match with mRNA
and other types of non-coding RNAs, re-predicts the secondary structure of the extracted sequences.

all the predicted secondary hairpin structure of pre-miRNA shows highly negative MFE values which shows their
stability. From the value of MFE the MFEI value was calculated which is usually consider to distinguish miRNAs
from other coding and non-coding RNAs (26). 11 number of distinct sequences were successfully folded, but from
the folded sequences only highly negative MFEI (≥ -0.85) having transcripts were considered for the study. The
range variation of MFEI was observed to be in the range of -0.93 to -1.11 kcal/mol (Table 1). A total of six potential
conserved miRNAs predicted from whole genome shotgun sequences which share a high degree of sequence
identity with known miRNAs and ful�l the other criteria for miRNAs are listed in Table 1 and their predicted
secondary structures are shown in Fig. 2. Jatropha pre-miRNAs sequences showed great variability in their length
from 38 to 88nt (Table 1). jcu-mir2938 exhibited the shortest precursor length of 38nt, whereas jcu-mir407 exhibited
the longest precursor length of 88nt. After inspecting the homology and secondary structure prediction results, total
six miRNAs were predicted which belong to six different miRNA family. All the predicted mature miRNA sequences
were of 21nt in length and are in the stem portions of the hairpin structures, as shown in Fig. 2.

Potential target genes for newly predicted conserved miRNAs

miRNAs regulates expression of speci�c gene by binding to mRNA transcripts to inhibit translation, promote RNA
degradation, or both (27). For the understanding of the functions of the predicted conserved miRNAs, the target
genes were predicted using the psRNATarget program with default parameters (http://plantgrn.noble.org/) against
the Jatropha curcas mRNA transcripts. A total of 712 targets genes were predicted for the six predicted miRNAs
based on the complementarity with their target sequences. The predicted targets were belonging to a number of
gene families that involved in regulation of metabolism, hormone biosynthesis, transcription factor, development
and in oil synthesis (Supplementary �le). The miRNA, miR414 exhibited the highest 233 target genes followed by
miR407, miR2938, miR1886, miR846, and miR5658 with 115, 97, 96, 89, and 82 targets, respectively. Majority of the
identi�ed target mRNAs were found to be transcriptional factors, while other were involved in metabolism and
development and response to biotic and abiotic stresses.

Discussion
It has been shown that majority of the plant metabolic processes and responses to environment are controlled by
miRNAs. Identi�cation of miRNAs and their targets in Jatropha will help not only in understanding the mechanism
of control of cellular processes but also help in controlling the traits. In this study, jatropha genome sequence is
used for the prediction of miRNAs and their targets. A total of six conserved miRNAs was identi�ed which shows
similar characteristics to the miRNAs identi�ed in other plants. The predicted miRNAs play role by regulating genes
which are mostly involved in biotic, abiotic stress responses and plant developmental pathways. The predicted
target genes are belonging to diverse functions like in metabolism, transport, and genes involved in fatty acid
metabolism. The predicted miRNAs show their targets which involve in the fatty acid metabolism like miR414
targets the gene of acetyl-CoA carboxylase and O-acyltransferase WSD1, miR846 targets gene of FAD omega-3
fatty acid, FAD plastid fatty acid desaturase, miR5658 have the target gene long chain acyl-CoA synthetase 1, and
miR407 have the target gene Trigalactosyldiacylglycerol 2, miR2938 GDSL esterase/lipase, glycolipid transfer
protein 1. Further validation and con�rmation of the predicted targets is needed which would help to gain insight
into the roles these conserved miRNAs play in the Jatropha oil synthesis. However, in-silico based prediction of
other types of targets speci�cally involved at the phase of translation or post translation and which may not be
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identi�ed experimentally might prove to be useful. This result may apparently be in-silico mined but this prediction
of conserved miRNAs has resulted in signi�cant enrichment of the repertoire of Jatropha curcas miRNAs which
further provides rich insights into miRNAs regulation of genes.

Materials And Methods
Data retrieval of Jatropha curcas genome and plant miRNAs

From the publicly available Genbank database, a complete set of 41790 whole genome shotgun assembly
sequences with with the project accession AFEW00000000 of Jatropha curcs L., were downloaded (18). A total of
318 mature miRNAs of Arabidopsis thaliana belonging to group viridiplantae were retrieved from the database
miRBase (Release 19.0) available on http://miRNA.sanger.ac.uk (19).

Employed Bioinformatics Software

For the prediction of miRNAs of Jatropha curcas L. a comprehensive tool C-mii version 1.11 was used (20). For the
prediction of secondary structures of pri-miRNA and pre-miRNAs, UNAFold program was used (21). psRNATarget
server based on homology search method was used for the target prediction of conserved miRNAs (22). For the
annotation of identi�ed target program Blast2GO was used (23).

Potential miRNA prediction

Whole genome sequences assemblies were aligned with Arabidopsis thaliana miRNA sequences using the BLAST
program and, the parameters settings were adjusted to cut-off e-values as 0 (24). Sequences having equal or less
than four nt mismatches between the aligned WGS and miRNA sequences were selected for subsequent scanning
for possible miRNA sequences. To eliminate the small RNAs (tRNA and rRNA) the matched sequences were
conducted homology search against the Rfam database using BLAST by setting the cut-off e-value 1e-8 and the
sequences matched with the Rfam were remove. Further the sequences were searched for homology using BLASTX
against Uniprot and TrEMBL and eliminating protein coding sequences to retain only non-protein coding sequences
(25). The remained sequences were entered as input in the program UNAFold for folding of primary and precursor
miRNAs. For pri-miRNA secondary structure folding, default UNAFold parameters were used. The default parameter,
as used in pri-miRNA folding was also applied for the pre-miRNA folding in the C-mii software. Precursor miRNAs,
was extracted from primary-miRNAs with 2 nucleotides at 3' overhang by the C-mii tool. The selected sequences
were considered as potential conserved miRNA candidate if the sequence follow certain criteria like: folding of
sequence into a stem-loop hairpin structure, the mature miRNA localized in any one arm of the stem-loop structure,
without any loop or break and less than six mismatch between miRNA-5p or miRNA-3p sequences, higher negative
MFEI values of precursors than other types of RNAs, and miRNA-5p: miRNA-3p sequences form a duplex with two
nucleotides 3′ overhang in stem-loop hairpin secondary structures (3).

Prediction of potential jcu-miRNAs targets and their functional annotation

The targets of conserved miRNAs were predicted through homolog search by subjecting conserved miRNA
sequences as query against the J. curcas, protein-coding sequences using psRNATarget server at their default
parameter (22). For the functional annotation of predicted targets, the most widely used tool, BLAST2GO was used
(23). The work�ow followed for prediction of miRNAs and their targets is shown in Fig. 1.
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Table 1
Characteristics of predicted conserved miRNAs.

miRNA Mature miRNA LM LPM Strand NM GC% MFE

(kcal/mol)

MFEI

(kcal/mol)

jcu-
miR407

TTTAAATCATTTAAATTTGTT 21 88 + 4 21.59 -21.1 -1.11

Jcu-
miR414

TCTTCATCATCACTATCGTCA 21 49 + 4 34.69 -15.9 -0.93

Jcu-
miR846

TAGAATTGAAGTGGTTGAATA 21 84 + 3 16.66 -15.3 -1.09

Jcu-
miR1886

AATAAAAGATTTCATTATAAT 21 63 + 4 9.52 -6.5 -1.08

Jcu-
miR2938

GAGATTTTGAGAGAGTTCCAT 21 38 + 4 39.47 -15.4 -1.02

Jcu-
miR5658

ATTTTTTCCAACTAATCAGGT 21 58 - 4 34.48 -22.4 -1.11

LM = Length of miRNA, LPM = Length of pre- miRNA, NM = number of mismatch (nt) with homologous miRNAs

Abbreviations
miRNAs: microRNAs, AGO: Argonaute, BLAST: Basic Local Alignment Search Tool, DCL1: DICER-LIKE1, DNA:
Deoxyribonucleic acid, HEN1: HUA ENHANCER1, MFE: Minimal folding free energy, MFEI: Minimal folding free
energy index, mRNA: messenger RNA, tRNA: transfer RNA, pri-miRNA: Primary microRNA, pre-miRNA: Precursor
microRNA, pol II: RNA Polymerase II, RNA: Ribonucleic acid, sRNA: Small RNA, rRNA: ribosomal RNA, RISC: RNA
Induced Silencing Complex
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Figure 1

Flow chart for Genome wide prediction of microRNAs from Jatropha curcas L.
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Figure 2

Conserved miRNAs in J. curcas along with mature and precursor sequences and the predicted stem loop structure.
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