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Abstract 

Background MicroRNAs (miRNAs) are small endogenous RNAs with an approximate length of 18–22 nucleotides 
and involved in the regulation of gene expression in transcriptional or post-transcriptional levels. They were found 
to be associated with leaf morphogenesis, flowering time, vegetative phase change, and response to environmen-
tal cues in plants, where they act as a critical regulatory factor. The nature of high conservancy of plant miRNAs 
within the plant species made it possible to detect the conserved miRNAs by computational approaches. Expressed 
Sequence Tags (EST) based comparative genomic approaches provide advantages over wet lab approaches as it is 
convenient, easy to carry out and less time consuming. EST-based in silico approach can unravel new conserved miR-
NAs in plants, even when the complete genome sequence is not available.

Results To identify the novel miRNAs, a total of 46,865 ESTs from Jatropha curcas were searched for homology to all 
available 6746 mature miRNAs of plant eudicotyledons. Finally, we ended up with 12 novel miRNAs in Jatropha that 
range from 18 to 19 nucleotides where their respective precursor miRNAs had 54.11–71.76% (A + U) content. The 
putative miRNAs belong to 12 individual miRNA family and most of them have higher (A + U) content ranging from 
47.36 to 77.77% than their respective miRNA homologs. Many of the target genes by the newly identified miRNAs 
were associated with plant growth and development, stress response, defense and hormone signaling, and oil syn-
thesis pathways.

Conclusion These findings have the potential to speed up miRNA identification and expand our understanding of 
miRNA functions in J. curcas.
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Background
Jatropha curcas L. is a tough, perennial plant from the 
Euphorbiaceae family. It is a drought resistant plant that 
may thrive in poor or marginal soil, easy to cultivate, 
can be grown quickly and yields seeds up to 50  years 
[1]. The plant can be used to control erosion, as a fence 

(particularly to keep farm animals out) and as a commer-
cial crop. In many parts of the world, the ancient systems 
of medicine have included Jatropha as a medicinal herb. 
It has numerous therapeutic potentials, for instance, 
leaves with some processing can be used as a medica-
tion in vaginal bleeding, wounds, jaundice, and malaria 
[2, 3]). Also, the stem barks have potentials as antimi-
crobial agents as well as strengthening the gums [4]. Fur-
thermore, Jatropha after some processing can be a highly 
nutritious supplement in animal feeds with economic 
importance [5].

Due to the increasing expansion in agriculture, indus-
try, transportation and other sectors, the need for using 
fossil fuels is increasing worldwide. Again, because of the 
increasing use of hydrocarbons from fossil fuel globally as 
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energy source and its threat to global warming, research-
ers are searching for renewable sources. Finding an alter-
native of fossil fuel, even in a small percentage would 
significantly improve the environmental conditions and 
economy of the current world. In recent years, plant oils 
as a source of biodiesel in particular has got considerable 
attention because of the higher price of petroleum and the 
need to reduce  CO2 emission and increase fuel security 
[6]. As edible oils have incredible demand as food and are 
expensive, the Jatropha oil made it noteworthy to be used 
as a fuel source at present because of its non-edibility. 
The seeds of Jatropha contain higher oil content than oil 
producing soybean, rapeseed, oil palm, and sugarcane [7]. 
Jatropha seeds contain about 30–50% oil where the ker-
nel itself has 45–60%. Moreover, Jatropha is a prospective 
source of biodiesel and considered as recyclable, renew-
able and environment-friendly [8]. A certain percent-
age of Jatropha biodiesel (5%, 10%, 15%, and 20%) can be 
blended with petroleum derived diesel thus substituting 
fuel for transportations [9]. Nowadays, Jatropha biodiesel 
is being used widely as an alternative to the fossil fuels in 
Costa Rica, Ethiopia, Ghana, India, Mexico, the USA, and 
many other countries to achieve sustainable goal develop-
ment [10].

MicroRNAs (miRNAs), which are generally 18–22 
nucleotides in length, belong to a class of endogenous 
small regulatory RNAs [11]. These small non-coding 
RNAs derived from their precursor sequences, bind to 
their target mRNAs and negatively mediate the gene 
expressions in pre-transcriptional or post-transcrip-
tional stages by impeding mRNA translation [12, 13]. 
Though miRNAs are mostly known to mediate post-
transcriptional repression, they may also influence the 
pre-transcription phase. They may occasionally cause 
histone modification and DNA methylation of promoter 
sites, which affects the expression of target genes [14, 15] 
Moreover, transcriptional inhibition through microRNA-
mediated chromatin reorganization is one of the nine 
mechanisms of miRNA action that described and assem-
bled in a unified mathematical model [16]

Many earlier research has reported that miRNAs 
play vital functions in a variety of biological processes 
in both plants and animals [13, 17]. Plant’s miRNAs are 
found to be involved in signal transduction, hormonal 
biosynthesis, root and shoot formation, floral devel-
opment and flowering, reproductive growth, as well 
as responses against pathogens, drought and salinity, 
and also in lipid metabolism [18–20]. Only a limited 
number of miRNAs have been detected despite their 
enormous importance in plant biological processes 
[21]. According to the publicly available database for 
miRNA, miRBase (http:// www. mirba se. org; Release 

22.1: October 2018) (accessed on May 31, 2021) [22], 
there are about 38,589 entries from 271 organisms 
containing sequences for precursor miRNA tran-
script (termed mir in the database) and mature miR-
NAs (termed miR) [23]. Among those entries, around 
10,114 mature miRNA sequences have been currently 
recognized from 82 plant species which are available 
in the miRBase [22]. MicroRNAs are also evolution-
ary conserved among the plant species and this nature 
of conservancy renders an effective approach for their 
identification and characterization using comparative 
genomic analysis [24]. Based on this, several strate-
gies have been established to detect miRNAs in plants 
by means of expressed sequence tags (ESTs) [25]. 
EST analysis is recognized as a prevailing tool for the 
searching of conserved miRNAs in plants when the 
complete genome sequences are not available, and 
this allows us to understand the conservancy and evo-
lutionary relationships of miRNAs among different 
species [26]. Besides, EST-based techniques have sev-
eral benefits than other computational methodologies 
for identifying plant miRNAs [27, 28]. Study revealed 
that miRNAs identified by EST analysis can be verified 
using a high-throughput sequencing technique [29]. 
EST-based approach to predict miRNA has also been 
reported in many earlier studies [30, 31].

However, despite the enormous significance of J. 
curcas in terms of biodiesel and feedstock, there have 
been no experimentally validated Jatropha miRNAs 
deposited in the miRBase database. Though Wang 
et  al. [32] used a cloning approach for identifying 46 
miRNAs in J. curcas, the use of cloning strategies has 
some disadvantages, and for instance, there is a possi-
bility of degradation and skipping of loosely expressed 
miRNAs. Moreover, Galli et  al. [33] performed deep 
sequencing of small RNAs only from mature seeds to 
identify miRNAs and also, predicted targets by in silico 
approach. Another similar research was also done to 
predict miRNA in seeds through the deep sequencing 
of sRNA [34]. But involvements of miRNAs in other 
developmental stages remained unclear. Thus, the 
future endeavor is needed to be the prediction of more 
new miRNAs in Jatropha. In present research, we car-
ried out an EST-based homology search and a series 
of computational and bioinformatics steps to identify 
conserved miRNAs in J. curcas using publicly available 
46,865 ESTs from the NCBI Genbank database and 
also their targets were predicted. As a result, we have 
identified 12 potential miRNAs which were found to 
be involved in different biological and metabolic pro-
cesses as well as lipid and fatty acid biosynthesis.

http://www.mirbase.org
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Methods
Here, we utilized several bioinformatics resources to 
detect conserved miRNAs in J. curcas. The schematic 
workflow for identifying miRNAs is depicted in Fig. 1.

Sequence collection and software information
EST sequences were considered for the genome-based 
identifications of microRNAs. The suggested EST 
sequences of Jatropha (ID txid180498) were collected 
from the NCBI Genbank nucleotide database (http:// 
www. ncbi. nlm. nih. gov/) (accessed on May 22, 2021). 
To find possible miRNAs in the J. curcas, completely 
available miRNAs of the group viridiplantae (Chloro-
phyta, Coniferophyta, Embryophyta, and Magnolio-
phyta) were retrieved from the mirBase (http:// www. 
mirba se. org/) (accessed on May 31, 2021), a database 
for validated miRNA sequences. All the redundant 
or repeated sequences from both miRNAs and EST 
sequences were then eliminated by CD-HIT (http:// 
weizh ongli- lab. org/ cd- hit/) (accessed on June 18, 
2021) by keeping the value of sequence identity cut-off 
to 1.

Search for non‑coding miRNA candidates
The screened mature miRNAs of viridiplantae were used 
as query sequences for homology search against the ESTs 
of J. curcas by using BLASTn of NCBI database (https:// 
blast. ncbi. nlm. nih. gov/ Blast. cgi) (accessed on June 25, 
2021) by setting up the parameters to default. Only the 
top result for each BLAST was selected for further anal-
ysis. Again, the ESTs from the top hit of BLASTn were 
subjected to redundancy check by using CD-HIT. The 
obtained ESTs were then aligned against nr database 
of BLASTx (https:// blast. ncbi. nlm. nih. gov/ Blast. cgi) 
(accessed on July 1, 2021) for eliminating protein coding 
sequences and only the non-protein coding sequences 
were selected to finalize the potential precursor miRNA 
(pre-miRNAs) by considering the miRNA precursor 
determinant properties.

Identification of pre‑miRNAs and putative miRNAs
The non-protein coding ESTs were then analyzed in 
mirEval 2.0 (http:// mimir na. cente nary. org. au/ mirev al/) 
(accessed on July 6, 2021) to determine the pre-miRNA 
candidates. All the candidates had a length of 85 nucle-
otides by default in mirEval. In the mirEval server, the 

Fig. 1 Schematic workflow for the identification of novel miRNAs in J. curcas 

http://www.ncbi.nlm.nih.gov/
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http://www.mirbase.org/
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https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://mimirna.centenary.org.au/mireval/


Page 4 of 15Ahmed et al. Journal of Genetic Engineering and Biotechnology           (2023) 21:43 

genome was selected for others and the prediction of the 
strand sequence was set to original. Precursor miRNA 
was identified according to Zhang et  al. [20]. The mis-
matches among the putative miRNAs and all the previ-
ously known miRNAs were determined by the local blast 
carried out in miRBase database (http:// www. mirba se. 
org/ search. shtml) (accessed on July 12, 2021).

Prediction of hair‑loop secondary structure and naming 
of pre‑miRNAs and new miRNA
Precursor miRNA sequences were then tested for the 
secondary structure predictions by using publicly avail-
able server MFOLD 3.1 [35] (http:// www. unafo ld. org/ 
mfold/ appli catio ns/ rna- foldi ng- form. php) (accessed on 
July 28, 2021). All the parameters were set to the default 
value. The candidate miRNAs were chosen based on the 
criteria suggested by Zhang et  al. [20] that allow us to 
largely reduce false positive results for identifying miR-
NAs [36]. ΔG values (kcal/mol) were provided during the 
prediction of secondary structure in MFOLD which can 
be useful for calculating their negative minimal free ener-
gies (MFEs). Adjusted minimal folding energy (AMFE) 
and minimal folding free energy index (MFEI) were 
measured as the anticipated secondary structure should 
have higher minimal negative MFEI and MFE. AMFE is 
defined as the MFE of a 100-nucleotide length.

MFEI for all single pre-miRNAs were calculated 
according to Zhang et  al. [20]. The MFEI of secondary 
structure was calculated using the following equation:

To find the related miRNA families of identified miR-
NAs, the putative sequences were locally BLASTed in 
the miRBase database. Newly identified miRNAs were 
named following the nomenclature described by Grif-
fiths-Jones et al. [37].

Prediction and functional analysis of newly identified 
miRNAs targets
In this study, we applied a homology-based search 
method for determining the potential targets of identi-
fied miRNAs. Because of the limited gene availability of 
J. curcas, we used Arabidopsis as a reference organism 
for determining the targets of the candidate miRNAs. 
The newly identified mature miRNAs were used as query 
against the A. thaliana DFCI gene index (AGI) release 15 
and A. thaliana TAIR10, cDNA, removed miRNA gene 

AMFE =
MFE

Length of precursor sequence
∗ 100

MFEI =
AMFE

(G + C)%

(release date  14th December 2010) using a miRNA target 
prediction server psRNATarget (http:// plant grn. noble. 
org/ psRNA Target/) [38] (accessed on August 6, 2021). 
All the parameters in psRNATarget for target prediction 
were kept in default except the following: (1) The (HSP) 
size was kept within 18, and (2) central mismatch for 
translational inhibition was 9–11 nucleotides. The tar-
get proteins, molecular functions and biological process 
in J. curcas were analyzed by searching the mRNA IDs in 
UniProt (http:// www. unipr ot. org) (accessed on August 3, 
2021).

The identified targeted genes of jcu-miR11155c-3p, 
jcu-miR7805-3p and jcu-miR8786 were networked using 
GeneMANIA (http:// genem ania. org/) (accessed on Janu-
ary 12, 2023) based on automatically selected weighting 
method [39] as most of the target genes of those three 
miRNAs were found associated with diesel production, 
stress tolerance, and hormonal regulation. It provides a 
number of co-expressed genes relevant to target genes to 
make the regulatory networks more complete.

Phylogenetic analysis of predicted miRNAs and validation 
of identified miRNAs
The related families of newly identified novel miRNAs 
were collected from miRBase by sequence search and 
collated with the putative miRNAs to carry out a phy-
logenetic analysis in Clustal Omega, which utilizes 
seeded guide trees and HMM profile-profile techniques 
to generate sequence alignments between three or 
more sequences (http:// www. ebi. ac. uk/ Tools/ msa/ clust 
alo/) (accessed on August 14, 2021). Then, the sequence 
similarities were viewed and phylogenetic tree was con-
structed in MEGA X software using the distance based 
method [40]. As the miRNAs need to be non-protein 
coding, all the putative miRNAs of Jatropha were ana-
lyzed for their non-protein coding properties in the 
BLASTx program.

Results
Acquisition of J. curcas ESTs and reference set of miRNAs
A total number of 46,865 ESTs of J. curcas were extracted 
from the NCBI nucleotide database (Supplementary 
file 1). For the reference set of miRNAs, a total of 6746 
mature miRNAs of plant eudicotyledons, belonging 
to the 20 plant families were collected from the pub-
licly available miRbase database (Supplementary file  2). 
Analysis in the CD-HIT server removed 4491 redundant 
ESTs, retaining 42,374 ESTs without repeated sequences 
for further study (Supplementary file 3). These ESTs will 
be the potential homologs for finding the target miRNAs. 
On the other hand, 3514 mature miRNA sequences were 

http://www.mirbase.org/search.shtml
http://www.mirbase.org/search.shtml
http://www.unafold.org/mfold/applications/rna-folding-form.php
http://www.unafold.org/mfold/applications/rna-folding-form.php
http://plantgrn.noble.org/psRNATarget/
http://plantgrn.noble.org/psRNATarget/
http://www.uniprot.org
http://genemania.org/
http://www.ebi.ac.uk/Tools/msa/clustalo/
http://www.ebi.ac.uk/Tools/msa/clustalo/
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selected from 6746 eudicotyledons miRNAs after the 
removal of redundancy (Supplementary file 4).

Screening for non‑coding miRNA candidates
Homology-based search of the non-redundant eudicoty-
ledons miRNAs were carried out in BLASTn against 
42,374 ESTs of J. curcas by considering all the default 
parameters. Each miRNA query resulted in a top hit 
against the non-redundant ESTs in BLASTn analysis. Six 
miRNA queries did not find any homologs against the 
ESTs and thus the BLASTn results in 3508 sequences of 
Jatropha ESTs from homology search with the reference 
miRNAs. By this approach 3508 potential miRNA con-
taining ESTs were obtained. Further redundancy checks 
by CD-HIT resulted in 2880 non-repeated ESTs which 
were kept for further analysis (Supplementary file  5). 
From the BLASTx analysis of ESTs, about 389 non-cod-
ing ESTs were obtained which are to be investigated as 
potential miRNA precursor sequences (Supplementary 
file 6).

Identification of both pre‑miRNAs and putative miRNAs 
in J. curcas
Different pre-defined criteria were followed to obtain 
pre-miRNAs from 389 non-coding ESTs in J. curcas. By 
careful evaluation based on mismatches, lengths etc. 
described earlier, these numbers were reduced to a total 
of 21 pre-miRNAs as candidates of Jatropha miRNAs. All 
the pre-miRNAs were 85 nucleotides in length as pre-
dicted by mirEval with default parameters.

Determination of secondary structure of the pre‑miRNAs 
and putative miRNAs
Following the analysis of the secondary structure forma-
tion capacity, 9 candidate pre-miRNAs were excluded as 
they failed to meet all the criteria mentioned earlier and 
only 12 pre-miRNAs that were able to form appropri-
ate hair-loop secondary structures suggested by mirEval 
(Fig.  2, Supplementary file  7). By this investigation, 12 
mature miRNAs were finally obtained and the identified 
candidate miRNAs have a maximal mismatch of 3 against 
its homolog (Table  1). There was nominal loop involve-
ment in the secondary structures for all the miRNAs and 
all of them were incorporated in the single arm of the 
hairpin. Seven of the mature miRNAs were character-
ized by involving a single loop in their associated arms 
while the other 5 were located into a single arm and did 
not involve any loop. Size differences in the identified 
miRNAs suggest that they might be involved in vari-
ous functions for regulating miRNA biogenesis or gene 
expression. Moreover, positioning of the miRNAs in vari-
ous different locations of pre-miRNAs candidates sug-
gests their diversity in the Jatropha plant. The number 

of mismatches between mature miRNAs and the reverse 
sequences (miRNA*) on the other side of the arms were 
not more than six. The MFE (ΔG in kcal/mol) values of 
the pre-miRNA secondary structures were calculated to 
be in between − 23.70 to − 15.80 (kcal/mol) in this study. 
The MFEI values ranged from 0.50 to 0.84 (− kcal/mol) 
for the pre-miRNAs. During the screening of putative 
miRNAs, the (A + U) percentages of pre-miRNAs was 
also calculated and the percentage was between 54.11 
and 71.76, which was in accordance with suggested range 
(30–70%) for miRNAs identification (Supplementary 
file 8).

Nomenclature of predicted microRNAs
The BLAST analysis of all unique miRNAs against all 
viridiplantae miRNAs in the miRBase database predicts 
which families the miRNAs are belong to, as well as the 
degree of similarity between them. It has been revealed 
that all the newly identified miRNAs belong to 12 dif-
ferent miRNA families (miR5277, miR9741, miR7121, 
miR1534, miR6149-3p, miR11155c-3p, miR4249, 
miR7805-3p, miR8786, miR3520-5p, miR5658, and 
miR2112-3p) and based on the nomenclature criteria, 
naming of the putative miRNAs was done (Table 1, Sup-
plementary file  8). A sequence alignment has been dis-
played in MEGA X to have a better idea of the sequence 
relationships and distance covered between each puta-
tive miRNA and its homologous member of the mirBase. 
None of the identified miRNAs are aligned completely 
with respective full length miRbase homologs and have 1, 
2, or 3 mismatches (Fig. 3).

In addition, the (G + C) compositions of maximum 
miRNA homologs were higher than the newly identi-
fied miRNAs except the homologs rgl-miR7805-3p, gra-
miR8786, and ath-miR5658 which had lower (G + C) 
percentage (Fig. 4, Supplementary file 8).

Target prediction and functional analysis of newly 
identified J. curcas miRNAs
Based on their perfect or nearly perfect complementarity 
with their target sequences in Arabidopsis, the 12 puta-
tive miRNAs were discovered to be engaged in targeting 
893 genes (Supplementary file  9). Moreover, within our 
filtration technique, we discovered that 93 of the total 
893 targets have unknown functions in the model plant 
A. thaliana. The miRNA family ‘miR5658’ has the most 
individual target genes (211), while the family ‘miR9741’ 
has only 16 targets (Supplementary file 9). On the other 
hand, the number of gene targets for the rest of the 
miRNA families - miR5277 (89), miR7121 (73), miR1534 
(34), miR6149-3p (95), miR11155c-3p (134), miR4249 
(58), miR7805-3p (60), miR8786 (56), miR3520-5p (43), 
and miR2112-3p (24) were also predicted. In all the gene 
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Fig. 2 Newly identified mature miRNAs (highlighted) in the stem loop structures of pre-miRNAs. A jcu-miR5277, B jcu-miR9741, C jcu-miR7121, 
D jcu-miR1534, E jcu-miR6149-3p, F jcu-miR11155c-3p, G jcu-miR4249, H jcu-miR7805-3p, I jcu-miR8786, J jcu-miR3520-5p, K jcu-miR5658, L 
jcu-miR2112-3p



Page 7 of 15Ahmed et al. Journal of Genetic Engineering and Biotechnology           (2023) 21:43  

targets, some targets such as transposable gene element 
and kinase protein family were found as common targets. 
It has been revealed that a single gene can be inhibited or 
degraded by an individual miRNA by their complemen-
tary binding on multiple sites of that gene. The predicted 
miRNAs target a number of gene families that have been 
linked to a variety of biological functions, including 
metabolism regulation, transcription factor activity, bio-
synthetic processes, growth and development, defense 
mechanisms, hormone biosynthesis, and biofuel synthe-
sis (Table 2). The most vital functions of the gene targets 
are given on the Table 2 with their names, e-values and 
associated proteins.

A study by Eisen and colleagues suggested that co-
expressed genes were functionally related. Sets of co-
expressed genes that may be associated with target 
genes can be elucidated by gene co-expression network 
building. Co-expression analyses can lead to character-
ize genes of unknown function [41]. The network analy-
sis revealed that the target gene AT5G22420.1 (FAR7) of 
jcu-miR11155c-3p is co-expressed with the highest num-
ber of other genes (Fig. 5).

Phylogenetic analysis
When the newly identified mature miRNA sequences 
were matched to those of other members of the same 
family, it can be concluded that the majority of them 
shared a high amount of sequence identity. The phylo-
genetic tree illustrating the evolutionary relationship of 
Jatropha miRNAs with the other family members has 
been depicted in Fig. 5. It has been revealed that all miR-
NAs belong to their respective miRNA family except 
jcu-miR9741, which contained two related members ath-
miR2112-5p and aly-miR2112-5p respectively (Fig. 6).

Discussion
MicroRNAs have become vital candidates for research as 
they act as gene regulators in many plants [42]. Finding 
new miRNAs provides a novel insight to understand their 
regulatory roles and functions. The availability of EST 
sequences of J. curcas made the identification of con-
served miRNAs relatively straight forward. In plants, it is 
believed that there is at least one miRNA per 10,000 ESTs, 
implying that the minimum frequency of discovering a 
miRNA from ESTs is 0.01% [25]. Searching of potential 
miRNAs using in silico approach in the EST sequences 
of J. curcas revealed 12 putative miRNAs belonging to 
12 individual miRNA families (Table  1). Similar study 
was performed by Vishwakarma and Jadeja [26], where 
they identified different miRNAs than ours with a lower 
number (05) of miRNA families as well as lower number 
of targets (78). To predict new miRNAs from ESTs, we 
considered conservancy nature of sequences and abil-
ity to form hairpin secondary structure of the potential 
pre-miRNAs (Fig.  2). Because folding of pre-miRNAs 
into stem-loop hairpin structure is a vital stage in miRNA 
maturation. On the other hand, a stem-loop hairpin 
structure is not only a distinguishing feature of miRNAs 
but also other RNAs such as mRNA, rRNA, and tRNA 
can have comparable hairpin structures. Thus, criteria 
like MFE, AMFE, and MFEI for annotating new miRNAs 
were explored to avoid misleading categorization of other 
RNAs as miRNA candidates. The lower the MFE value, 
the secondary structure of the matching sequences is 
more thermodynamically stable [43]. Therefore, we have 
selected the pre-miRNA candidates having MFE values 
ranged between − 23.70 to − 15.80  kcal/mol and within 
the suggested value of other reported pre-miRNAs, and 
also have lower values than many of the tRNA and ribo-
somal RNA [44]. It was observed that the stem portion of 

Table 1 Major properties of the newly identified Jatropha miRNAs

LoC Location of miRNAs, LM Length of miRNA, NM Number of mismatches, MFEI Minimal Folding Free Energy Index

miRNA names Predicted miRNAs of Jatropha curcas EST Id LoC LM NM (G + C) % MFEI

jcu-miR5277 UUG UUU CUU GCA GUU CAA FM887831.1 5 18 2 33.33  − 0.664

jcu-miR9741 UCA CAC AGU ACA ACA AAU U FM887543.1 3 19 3 31.57  − 0.633

jcu-miR7121 UUC UCU UGU UGA UUG CCC U GW618852.1 5 19 3 42.10  − 0.607

jcu-miR1534 UUU GGA AUA AAU AGU CAU GW879796.1 3 18 3 22.22  − 0.544

jcu-miR6149-3p UGC UUC AGU UUU GUU UGC JK317548.1 3 18 3 38.88  − 0.64

jcu-miR11155c-3p UUG AUU UUU GAU CUU CUG GW879253.1 3 18 3 27.77  − 0.502

jcu-miR4249 AAU UUA AGA AGC UGA GUU GW875825.1 3 18 3 27.77  − 0.737

jcu-miR7805-3p AGA UUU GGU GUA AAU GAA FM890278.1 5 18 1 27.77  − 0.844

jcu-miR8786 GUG UGG UGG GAG AAA GAG GW877957.1 3 19 3 52.63  − 0.540

jcu-miR3520-5p GUG AUU AUG AAU AUC UUU FM888667.1 5 19 3 26.31  − 0.800

jcu-miR5658 UGA UGC UGA UGA UGA GGA GT971969.1 3 18 2 44.44  − 0.592

jcu-miR2112-3p CUU UAU AUC GGU AUU AGC GW611464.1 3 18 3 33.33  − 0.617
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the hairpin structures contain all of the putative mature 
miRNA sequences of J. curcas as required. The identified 
miRNA hairpin structures also revealed that the stem 
region contained at least 18–19 nucleotides engaged 
in Watson–Crick or G/U pairs between the miRNA/
miRNA* and no extensive internal loops or bulges were 
found (Fig.  2), confirming the findings of Zhang et  al. 
[20]. Furthermore, the (A + U) content of pre-miRNA 
was discovered to be between 54.11 and 71.76 percent, 

which was similarly reported in the miRNAs of higher 
plants [21]. The results showed that miRNAs derived 
from pre-miRNAs had only one respective family, which 
supports previous research in numerous plant species 
[26, 45, 46]. Interestingly, biasness of the uracil (U) con-
tent at the first position found to be one of the attributes 
of the miRNAs [31]. The uracil’s position at the 5′ end 
of miRNAs is critical since it is thought to have a role in 
recognizing and binding to their target genes [46, 47]. In 

Fig. 3 Alignments of the putative miRNAs of J. curcas and its homologs from respective microRNA family

Fig. 4 Overall nucleotide compositions (A + U% and G + C%) of putative miRNA from J. curcas and the most related miRNA homologs
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Table 2 The selected gene targets of newly identified miRNAs

miRNA Acc. Target Acc. (E) Target description Target function

jcu-miR5277 AT5G24120.1 1.5 Sigma factor E Female gametophyte development

AT1G30860.1 1.5 RING/U-box superfamily protein Protein modification

AT4G13720.1 2.5 Inosine triphosphate pyrophosphatase family protein Avoiding chromosomal lesions.

AT5G61420.2 2.5 MYB28 Defense against herbivorous insects

AT1G08970.3 2.5 Nuclear factor Y Flowering, and gibberellic acid pathways

AT1G06520.1 2.5 glycerol-3-phosphate acyltransferase 1 Biosynthesis of triglycerides, phosphatidic acids

jcu-miR9741 AT1G16070.2 2.5 AtTLP8 Stimulus from a fungus

AT5G04870.1 3 Calcium dependent protein kinase 1 Signal transduction

AT5G50950.3 3 FUMARASE 2 Photosynthesis to cold

AT5G20240.1 3 K-box transcription factor family protein Transcription factor

jcu-miR7121 AT3G15620.1 2 DNA photolyase family protein Repair of UV radiation-induced DNA damage

AT1G73960.2 2.5 TBP-associated factor 2 Transcription factor

AT5G35750.1 3 Histidine kinase 2 Responses and abscisic acid (ABA) signaling in abiotic 
stresses

jcu-miR1534 AT5G59260.1 2 Concanavalin A-like lectin protein kinase family 
protein

Defense response to bacterium

AT2G34640.1 3 Plastid transcriptionally active 12 Plastid gene expression

AT3G20710.1 3 F-box family protein Growth and development, auxin signaling

jcu-miR6149-3p AT5G03180.1 1.5 RING/U-box superfamily protein Protein modification.

AT2G44950.1 2.5 Histone mono-ubiquitination 1 Defense, control of seed dormancy and germination

AT4G16780.1 3 Homeobox protein 2 Metabolism and Lateral root formation

AT1G21360.1 3 glycolipid transfer protein 2 Lipid metabolism

AT5G03540.1 3 exocyst subunit exo70 family protein A1 Cell growth and organ morphogenesis

jcu-miR11155c-3p AT4G34060.2 2.5 Demeter-like protein 3 DNA repair

AT2G32510.1 2.5 Mitogen-activated protein kinase kinase kinase 17 ABA signal during abiotic stresses

AT3G05630.1 2.5 Phospholipase D P2 Diacylglycerol synthesis

AT5G22420.1 2.5 Fatty acid reductase 7 Lipid metabolism

AT4G24230.5 3 acyl-CoA-binding domain 3 Phosphotidic acid biosynthesis

AT4G36870.1 3 BEL1-like homeodomain 2 Lipid metabolism

AT3G15730.1 3 phospholipase D alpha 1 Phosphatidic acids metabolism

jcu-miR4249 AT1G77020.1 2.5 DNAJ heat shock N-terminal domain-containing 
protein

Protein modification

AT2G32430.1 3 Galactosyltransferase family protein Protein modification

AT1G72470.1 3 Exocyst subunit exo70 family protein D1 Exocytosis protein transport

AT1G74910.3 3 ADP-glucose pyrophosphorylase family protein Regulation of L-ascorbic acid biosynthetic process

jcu-miR7805-3p AT3G51770.1 3 Tetratricopeptide repeat (TPR)-containing protein Ethylene biosynthesis, post- embryonic root develop-
ment

AT2G21220.1 3 SAUR-like auxin-responsive protein family Response to auxin

AT3G50310.1 3 MAPKKK20 Abscisic acid (ABA) responses, abiotic stresses

jcu-miR8786 AT5G18410.3 3 PIR, KLK, PIR121, SRA1, PIRP, transcription activators Development

AT5G52830.1 3 WRKY27, Disease resistance, hormonal responses

AT4G12610.1 3 RAP74 Transcriptional regulation

AT1G31550.2 3 GDSL-like Lipase/Acylhydrolase superfamily protein Lipid metabolism

jcu-miR3520-5p AT3G09560.1 2 Lipin family protein Biosynthesis of diacylglycerol, lipid metabolism

AT5G65800.1 2.5 ACC synthase 5 Ethylene biosynthesis, fruit ripening

AT5G55490.1 3 GEX1 Gametophyte development, pollen maturation.

AT1G02720.1 3 GATL5 Metabolism
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our findings, among the twelve predicted miRNAs, uracil 
was the first base at the 5′ end in seven miRNAs (Table 1, 
Fig. 2).

The identification of mature miRNAs’ targets is a cru-
cial step in determining their involvement in biological 
and metabolic processes, as well as post-transcriptional 
gene control [30, 48]. The ability of miRNAs to bind their 
target mRNAs with perfect or near-perfect sequence 
complementarity offers a powerful approach for identify-
ing new miRNA targets by comparing miRNA sequences 
to mRNA sequences [48–50]. Our target prediction of 
the Jatropha’s miRNAs indicated that a single miRNA can 
effectively function in many genes, which is consistent 
with previous studies in other plant species [51]. Further-
more, it was observed that Jatropha microRNAs might 
have numerous target sites on a single mRNA, which is 
thought to improve the miRNA’s recognition of the tar-
get gene [52]. Here, we have found that predicted targets 
of miRNAs includes transcription factors, enzymes, and 
protein families that play significant roles in metabolism, 
growth, bacterial and fungal defense, protection of DNA 
damage, hormone biosynthesis, and production of fatty 
acids and oils (Table  2). A number of transcription fac-
tors were found to be targeted by Jatropha miRNAs such 
as sigma factor E and nuclear factor Y (jcu-miR5277), 
K-box transcription factor family protein (jcu-miR9741), 
TBP-associated factor 2 (jcu-miR7121), plastid tran-
scriptionally active 12 (jcu-miR1534), homeobox pro-
tein 2 (jcu-miR6149-3p), RAP74 transcription activators 
and WRKY DNA-binding protein 27 (jcu- miR8786), 
and GRAS family transcription factor and beta-amylase 
7 (jcu-miR5658). Sigma factor E is an essential protein 
and act as an initiation factor for plastid encoded RNA 
polymerase, and also plays a crucial role in reproduc-
tion and female gametophyte development [53]. On the 
other hand, the nuclear factor Y stimulates various genes 
and maintains responses of flowering signals by directly 

regulating SOC1 transcription and also regulates the gib-
berellic acid biosynthesis pathways [54]. Another impor-
tant gene targeted by miRNA was the homeobox protein 
2 mainly involved in the negative regulation of the cell 
elongation and lateral root formation. In addition, the 
WRKY DNA-binding protein 27 was associated with a 
plethora of biological activities like cellular heat accli-
mation, bacterial and fungal defense, positive autophagy 
control, and gibberellin response [55]. Moreover, GRAS 
family transcription factor, which is a transcription regu-
lator, plays a key role mainly in plant growth and develop-
ment, gibberellic acid signaling and phytochrome A signal 
transduction (Vivek et  al. 2018). Both of beta-amylase 7 
and GRAS were targets of jcu-miR5658. Also, the genes 
encoding proteins which are directly or indirectly asso-
ciated with the biosynthesis and regulatory pathways 
of plant growth hormones were the predicted targets of 
miRNAs. The F-box family proteins were targeted by both 
jcu-miR5277 and jcu-miR1534. This protein is involved in 
plant growth, development, and auxin signaling probably 
by the action of two F-box family proteins, F-box  2 and 
F-box 3 [56]. Furthermore, the protein histidine kinase 2 
(HK2/AHK2) was the target of jcu-miR7121. It works by 
negatively regulating drought and salt stress responses, as 
well as abscisic acid (ABA) signaling. It also inhibits the 
ABA response in combination with AHK3 during cold 
stress condition, whereas it is believed to have a positive 
regulation in cytokinin signaling pathway and have vital 
roles in cell division, seed germination as well as seed size 
[57–59]. One of the most important targets of predicted 
miRNA was the ACC synthase 5 (ACS5) which plays 
vital role in ethylene biosynthesis. Ethylene functions in 
the process of fruit ripening [60], which is expected to be 
inhibited by the jcu-miR3520-5p. In this study, we have 
also identified the gene transcripts for the proteins such 
as myb domain protein 28 (MYB28), DNA photolyase 
family protein and demeter-like protein 3 (DML3), which 

Table 2 (continued)

miRNA Acc. Target Acc. (E) Target description Target function

jcu-miR5658 AT5G16560.1 2 Homeodomain-like superfamily protein Transcription factor

AT3G13930.1 2 Dihydrolipoamide acetyltransferase Fatty acid biosynthesis

AT5G59450.1 2 GRAS family transcription factor Growth and development

AT2G45880.1 2.5 Beta-amylase 7 Transcription factor

AT4G34810.1 3 SAUR-like auxin-responsive protein family Response to auxin

jcu-miR2112-3p AT4G16860.1 2.5 TIR-NBS-LRR class family protein Metabolism

AT1G74030.1 3 Enolase 1 Metabolism

AT1G73460.1 3 Protein kinase superfamily protein Transcription factor

AT1G51720.1 3 Amino acid dehydrogenase family protein Metabolism
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were found to be the predicted targets of jcu-miR5277, 
jcu-miR7121, and jcu-miR11155c-3p respectively. MYB28 
protects the DNA from free radical attack by producing 
detoxifying enzymes while DNA photolyase repairs UV 
radiation-induced DNA damage [61–64].

In silico identification of the miRNA in J. curcas, a 
biofuel producing plant may help us to understand the 
mechanism of genes related to oil production. Interest-
ingly, our results showed that some gene targets (09) 
of predicted miRNAs (06) were related to oil and bio-
fuel production. Among these six miRNAs, maximum 
number of genes were regulated by the jcu-miR11155c-
3p, which included phospholipase D P2 (PLDP2), fatty 

acid reductase 7 (FAR7), acyl-CoA-binding domain 3 
(ACBP3) and phospholipase D alpha 1 (PLDALPHA1). 
PLDP2 mediates the biosynthesis of phosphatidic acid 
and is involved in hydrolyzing phosphatidylcholine and 
phosphatidylethanolamine to produce diacylglycerol. 
Again, FAR7 and ACBP3, both are involved with fatty 
acyl-CoA, thereby having a significant role in lipid bio-
synthesis [65, 66]. Moreover, PLDALPHA1 has a func-
tion in fatty acid metabolic processes apart from its 
involvement in ABA signaling pathways and seed ger-
mination [67]. Similarly, jcu-miR5277 might prevent the 
enzyme glycerol-3-phosphate acyltransferase 1 from 
being transcribed which functions in an essential step 

Fig. 5 Co-expression network of potential target genes of the selected miRNAs



Page 12 of 15Ahmed et al. Journal of Genetic Engineering and Biotechnology           (2023) 21:43 

during the synthesis of glycerolipids such as triglycerides, 
phosphatidic acids and lysophosphatidic acids [68]. Cera-
mide is a waxy lipid molecule found in plants to which 
ceramidase 1-phosphate tends to bind for the biosyn-
thesis of sphingolipids and fatty acids. The expression of 
glycolipid transfer protein 2 (GLTP2) which functions to 
bind ceramide 1-phosphate with ceramide get blocked by 
one of our predicted miRNAs, jcu-miR6149-3p [69]. This 
miRNA can possibly show a key role in the sphingolipid 
biosynthesis pathway [70]. Production of PAH1 and 
thus phospholipid biosynthesis might be altered by the 
jcu-miR3520-5p. Other than these proteins, the enzyme 

dihydrolipoamide acetyltransferase was a possible target 
for the jcu-miR5658 which is involved in the fatty acid 
biosynthesis process in Arabidopsis [71].

Conclusion
In conclusion, the findings of the present study pro-
vide new insights into the miRNAs of J. curcas. In 
silico identification of 12 putative miRNAs along with 
their possible targets will aid in future research on 
further understanding of their role in various aspects 
of biological processes such as defense mechanisms, 
hormone biosynthesis, signal transduction, lipid 

Fig. 6 Phylogenetic analysis of 12 newly identified miRNAs of Jatropha curcas 
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and fatty acid production in Jatropha. The identi-
fied miRNA in Jatropha showed maximum similari-
ties with their respective miRNA homologs, and the 
functional analysis revealed that the miRNAs could 
potentially target various biological and metabolic 
processes with near-perfect complementarity. It is 
clearly evident that the identification of more miR-
NAs is yet to be done. However, experimental valida-
tion as well as expression analysis of computationally 
identified miRNAs needs to be performed to justify 
their predicted functions.
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