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ABSTRACT

The diamondback moth, Plutella xylostella (L.) (Lepidoptera: Yponomeutidae) is a seri-
ous pest of crucifers, worldwide, and has developed high levels of resistance to insecti-
cides including Bacillus thuringiensis (Bt). This serious situation requires the identifi-
cation of non-chemical, alternate, futuristic pest management strategies, which might 
involve gene silencing. This would first require the identification of small RNAs and 
their targets, and later their suitable deployment. Micro RNAs (miRNAs) are a class of 
small RNAs directly involved in various biological functions by regulating gene expres-
sion at the post transcriptional level. Finding new miRNAs and predicting their targets 
from Insect genome would lead to better understanding of their diverse functions. In the 
present study we have identified 8 new mature miRNAs of P. xylostella and predicting 
their mRNA targets by computational methods. The following 4 miRNAs are reported 
for the first time in arthropods, viz., miR-244, miR-3529, miR-4704, and miR-7267. We 
have also analyzed the precursor sequences of the newly identified miRNAs, and we 
have predicted their secondary structure with minimum free energy index, MFEI, which 
ranges 0.85 to 1.24. The mRNA target predictions for novel miRNAs were carried out 
using the Miranda program employing the available putative gene set sequences of P. 
xylostella.

Key Words: biological functions, insect genome, microRNA, Miranda program, Plutella xy-
lostella, target prediction

RESUMEN

La polilla de la col, Plutella xylostella (L.) (Lepidoptera: Yponomeutidae) es una plaga seria 
de las crucíferas, en todo el mundo, y ha desarrollado un alto nivel de resistencia a los insec-
ticidas que incluyen Bacillus thuringiensis (Bt). Esta situación seria requiere de la identifi-
cación de estrategias futuristicas, no químicas, alternas de manejo de plagas, lo que podría 
implicar el silenciamiento de genes. Esto requeriría primero la identificación de pequeños 
ARNs y sus posibles objetivos, y luego su despliegue adecuado. Los micro ARNs (miARNs) 
son una clase de pequeños ARNs directamente implicados en diversas funciones biológicas 
mediante la regulación de la expresión del gen a nivel post transcripcional. Al encontrar las 
nuevas miARNs y sus objetivos del genoma de insectos llevaría a una mejor comprensión de 
sus diversas funciones. En el presente estudio se han identificado 8 nuevos miARNs de P. 
xylostella y sus posibles objetivos por métodos computacionales. Los siguientes 4 miRNAs 
se reportan por primera vez en los artrópodos: miR-244, miR-3529, miR-4704 y miR- 7267. 
Hemos analizado también las secuencias precursoras de los miARNs recientemente iden-
tificados, y a la vez predicho su estructura secundaria con mínimo de energía libre, MEL, 
que es desde 0.85 hasta 1.24. Las predicciones objetivo de ARNm para nuevos miRNAs se 
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llevaron a cabo mediante el programa Miranda empleando las secuencias de genes putativos 
disponibles de P. xylostella.

Palabras Clave: funciones biológicas, genoma del insecto, microARN, programa de Miranda, 
Plutella xylostella, predicción de objectivo

Plutella xylostella (L.) (Lepidoptera: Ypo-
nomeutidae) is the most destructive pest of cru-
cifers such as cabbage, cauliflower worldwide. 
Managing P. xylostella is challenging as it has 
developed high levels of resistance to numer-
ous and diverse insecticides and field levels of 
resistance to Bacillus thuringiensis (Bt) toxin 
(Baxter et al. 2005). The physiology, insecticide 
resistance and insect-plant interactions of the 
diamondback moth (DBM) have been studied 
extensively (Vuorinen et al. 2004; Tabashnik et 
al. 2011; Xie et al. 2012) and there is a dire need 
to create novel insecticidal agents to cope with 
this pest. An alternate and effective approach 
might be to develop the use of gene silencing 
technology against this pest, which might lead 
to the development of a variety of novel, envi-
ronmentally superior approaches to insect pest 
management. In this regards the potential of 
utilization of miRNA mimics and inhibitors tar-
geting specific insect genes were first described 
by Jayachandran et al. (2013).

Knowledge of regulatory non-coding small 
RNA has emerged over the past decade, particu-
larly MicroRNA (miRNAs) 21-24 nt short RNA 
molecules, which regulate the expression of 
messenger RNA by translational repression or 
degradation. The first, miRNA was described in 
Caenorhabditis elegans (lin-4) and subsequent-
ly thousands of such miRNAs and their targets 
have been discovered in the genomes of plant 
and animal species and their viruses (Bartel 
2004). and there is another class of regulatory 
small RNA called siRNAs, which has a function 
similar to that of miRNA, but which differ in 
their biogenesis (Carmell & Hannon 2004). Mi-
croRNA biogenesis begins with the transcrip-
tion of long primary miRNA (Pri-miRNA) by 
RNA polymerase II from the genes that encode 
non-coding transcripts from introns or even 
coding regions. The primary transcript is fur-
ther processed into a short hairpin (stem-loop 
structure) of around 60-80 nt RNA molecules 
known as the precursor miRNA (pre-miRNA) 
by the action of Drosha (Class 2 RNase type 
III enzyme), in association with Pasha (equiva-
lent to DGCR8 in mammals) (Bartel 2009). The 
nuclear membrane protein called Exportin-5, 
facilitates the entry of pre-miRNA into the cy-
toplasm in presence of Ran-GTP as co-factor. 
Where the Dicer-1 enzyme removes the termi-
nal loop and produces mature miRNA with 2 
nucleotide overhangs on the 3’ ends (Hutvágner 
et al. 2001). Then the mature miRNA are in-

tegrated into the RNA inducing silencing com-
plex (RISC) in which Argonaute-1 (Ago-1) pro-
teins play a main stabilizing role during target 
mRNA binding (Winter & Diederichs 2011). Fi-
nally miRNA along with RISC complex targets 
a complementary messenger RNA (mRNA) for 
degradation or translation repression, depend-
ing on the complementarity between the miR-
NA and the targets (Pillai et al. 2007).

In insects, miRNA profiles and their role in 
diverse functions such as development and host-
pathogen interactions were studied over the 
years in selected species because of the lack of 
complete genome sequences of several insect spe-
cies (Aravin et al. 2003; Yu et al. 2008). The role of 
miRNAs in insect development has attracted the 
most attention mainly because of their conserved 
functions, which have been proven through sev-
eral studies on stage-specific or tissue-specific ex-
pression of miRNAs during insect development in 
Drosophila melanogaster Meigen (Drosophilidae) 
(Aravin et al. 2003), Bombyx mori (L.) (Bombyci-
dae) (Yu et al. 2008), Apis mellifera L. (Apidae) 
(Behura & Whitfield 2010), and Aedes aegypti L. 
(Culicidae) (Behura et al. 2011). Recently 2 sets of 
genomic sequences of P. xylostella were released 
in the public domain (You et al. 2013; Jouraku 
et al. 2013); which included KONAGAbase, a ge-
nomic and transcriptome database available on-
line with analytical tools.

A computational method of identifying new 
miRNAs and predicting their gene targets in 
available genome sequences of insect species 
is an efficient tool (Singh & Nagaraju 2008; 
Zhou et al. 2009). Presently, the insect species 
with greatest number of miRNAs represented 
in miRBase is Bombxy mori with above 500 
mature miRNAs. Finding new miRNA genes 
remains as an important task for identifying 
conservative and non-conservative novel miR-
NAs. This study was carried out to isolate new 
miRNAs from the P. xylostella genome and to 
predict their gene targets by bioinformatics.

MATERIALS AND METHODS

Genomic Resource and Prediction of miRNAs

Plutella xylostella genome sequences were 
obtained from 2 different sources, one on 
KONAGAbase, a DBM database, which is avail-
able online at http://dbm.dna.affrc.go.jp/px/. 
From this site around 88,530 whole genome shot-
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gun (WGS) contig sequences (BAGR-01000001 
to BAGR01088530) were downloaded. An-
other set of whole genome shotgun (WGS) 
contig sequences (38,756) was retrieved from 
NCBI, GenBank database (AHIO01000001 to 
AHIO01038756). In total of 127,286 WGS se-
quences were first subjected to sorting out the 
redundant or overlapping sequences, and then 
the remaining sequences were used for further 
analysis. A total of 18,020 precursor sequences 
and 22,462 mature sequences belonging to 104 
animal species were obtained from miRBase 
v20 (release in June 2013) at http://www.miR-
base.org/ (Kozomara 2011).

A BLASTn search of all the animal miRNA 
sequences (miRBase v20) against the whole ge-
nome sequence of P. xylostella was carried out 
in ‘BioEdit’ version 7.2.2 (Hall 1995) with an 
E-value  0.01 and other parameters kept as 
default. The 2 major criteria used for screen-
ing the BLAST results were (1) more than 80% 
sequence identity between each predicted miR-
NA and the reference miRNA (known miRNA 
homologous); and (2) number of mismatches 
should not exceed more than 3 (Singh & Naga-
raju 2008).

Secondary Structure Prediction

From the miRNA predicted genome se-
quence, we extracted the precursor sequence 
with flanking ~80 nt upstream and downstream 
from the mature miRNA region. All the selected 
pre-miRNA sequences were then submitted to 
‘Mfold’ (http://mfold.rna.albany.edu/?q=mfold/
RNA-Folding-Form) online software used to pre-
dict possible secondary structure (hairpin) and 
calculate the free energy ( G) (Zuker 2003). The 
pre-miRNA secondary structure should pass all 
of the following criteria: (1) the free energy of 
the structure is less than or equal to -18 Kcal/
mole; (2) mature miRNA hit should be on the 
stem region; (3) the A+U content of pre-miRNA 
sequence should be in the range of 30-70%; and 
(4) at the mature miRNA region the unpairing 
(bulge size) should not be more than 7 bp (Singh 
& Nagaraju 2008; Ghosh et al. 2007).

Further these hairpin candidates were 
screened for distinguishing real miRNA precur-
sors from pseudo miRNA precursors with simi-
lar stem-loops using a random forest prediction 
model by web-based software MiPred (Jiang et 
al. 2007). The MiPred also provide details re-
garding the minimal folding free energy (MFE) 
of the stem loop structure and the P value of 
randomization test for our newly identified 
miRNAs. The adjusted minimal folding free 
energy (AMFE) was calculated by (MFE/length 
of RNA sequence) × 100 and the minimal fold-
ing free energy index (MFEI) was calculated by 
AMFE/ (G+C)% of RNA sequence (Zhang et al. 

2006). Finally the newly identified P. xylostella 
miRNAs were named according to the conven-
tion criteria set by Griffith-Jones et al. (2006).

Phylogenetic Analysis

After classifying the newly identified miRNAs 
into different miRNA families using Rfam web-
based server (Griffith-Jones 2004), phylogenetic 
analyses were performed for the selected miRNA 
families to understand the evolutionary relation-
ships among them by using MEGA v5.0 software 
(Tamura et al. 2011). The phylogenetic tree was 
drawn using the UPGMA method with 1000 boot-
strap replicates.

Target Prediction

Target prediction for animal miRNAs is com-
plex because of imperfect complementarity be-
tween miRNA and their mRNA targets. Initially 
we performed a local BLAST search against the P. 
xylostella putative gene set (32,800 sequences) at 
KONAGAbase. The target candidates were then 
analyzed with target prediction software ‘MiRan-
da’ version 3.3a (http:\www.microrna.org/) (En-
right et al. 2003) and in accordance with the pa-
rameters described by Singh & Najaraju (2008). 
The 3 major criteria for screening the miRNA-
target alignment are as follows: (1) no mismatch 
at the seed region (positions 2 to 7 count starting 
from the 5’ end of miRNA); (2) not more than 1 
G:U paring at the seed region; and (3) not more 
than 1 gap in the miRNA:mRNA duplex.

RESULTS AND DISCUSSION

Identification of new miRNAs provides a sig-
nificant enhancement of the variety of insect miR-
NAs and offers perceptions into miRNA evolution, 
biogenesis and expression in insects (Liu et al. 
2010). Earlier, Etebari et al. (2013) compared the 
miRNA profiles in 2 different P. xylostella larval 
libraries (unparasitized control & parasitized by 
Diadegma semiclausum Hellen; Ichneumonidae). 
and recently Liang et al. (2013) also construct-
ed a miRNA profile from mixed life stages of P. 
xylostella through transcript sequencing reads 
aligned against reported arthropod miRNA se-
quences in miRBase, v18. Until now the numbers 
of miRNAs identified in P. xylostella are less than 
in other insects such as Bombyx mori for which 
567 mature miRNAs have been deposited in miR-
Base v20. Thus there is a major need to obtain 
new miRNA information in order to extend the 
miRNA profile in P. xylostella. From this study, 
we identified 8 new mature miRNAs from ge-
nome sequences and predicted their regulatory 
targets using various online resources and bio-
informatics tool (Table 1).
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Predicting New miRNAs

In order to identify both conserved and non-
conserved miRNAs, we used the complete set of 
Animal miRNA sequencse from miRBase, v20 
(updated with more miRNAs) aligned against 
available P. xylostella genome sequences. Predic-
tion resulted in finding of 375 mature miRNA 
hits in the genome sequence. After removal of 
earlier reported P. xylostella miRNAs (Etebari et 
al. 2013; Liang et al. 2013) in the list, the non-
redundant miRNA hits were extracted for further 
analysis. Usually each animal miRNA has a small 
precursor length around a 100 bp region that is 
folded into a stem-loop structure; and this is used 
to identify the putative Pre-miRNA sequences. 
The selected mature miRNAs (29 nos) found in 
the P. xylostella genome sequences were scanned 
to extract ~80 nt upstream and downstream from 
the miRNA hit. The extracted sequences were 
considered as precursor sequences of miRNA and 
used for structural analysis.

Structure Prediction and Validation

The Mfold web server was largely used for 
the prediction of MicroRNA secondary structure 
(RNA folding) by energy minimization using 
nearest neighbor energy parameters (Lewis et al. 
2003). Thus from the extracted genome sequences 
only 65% of pre-miRNAs met the secondary struc-
ture predictions with the above listed criteria’s 
by Mfold. The screening resulted in 7 stem loop 
structures at 63 nt to 75 nt in length and free en-
ergy ( G) ranges from -22.10 to -37.60 Kcal/mole 
(Fig. 1). The resulting set of sequences and their 
respective RNA structures were further analyzed 
to distinguish true miRNA precursors from the 
other RNAs with somewhat similar structures. 
Validating these pre-miRNA sequences by the 
MiPred online program resulted in the identifica-
tion of 5 pseduo miRNA precursors and (data not 
shown). Finally 8 mature miRNAs in 7 precursor 
sequences with their valid secondary structures 
were obtained and listed in Table 2.

Phylogenetic Analysis

Insect miRNAs are phylogenetically deeply 
conserved and are involved in conserved pathways 
between vertebrates and invertebrates (Asgari 
2013). Out of 8 newly predicted miRNAs, the miR-
244-5p, miR-3529-3p, miR-4704, and miR-7267 
are reported for the first time from the Hexapoda. 
However these 4 miRNAs homologs are found in 
various animal phyla (Table 1), and may be con-
sidered as novel candidates. All 8 predicted miR-
NAs were classified into different microRNA fam-
ilies based on their precursor sequences in Rfam 
web server (Griffiths et al. 2005). This resulted in 
2 known families including only 2 miRNAs and T
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the remaining are unknown (Table 3). From these 
2 families, we selected the miR-9b family, which 
we aligned along with our newly identified P. xy-
lostella pre-miRNAs for phylogenetic analysis. A 
phylogenetic tree was constructed for the miR-9b 
miRNAs based on the Minimum Evolution (ME) 

method. This tree reveals that the sequence was 
conserved among the various insect orders. The 
P. xylostella miRNA-9b micro RNAs were grouped 
along with that of the lepidopteran, B. mori, and 
with a sequence similarity around 80.9% (Fig. 2). 
On the other hand the dipterans made a sepa-

Fig. 1. Secondary structures of newly identified miRNAs from P. xylostella (the mature miRNA sequences are 
highlighted).

TABLE 2. PRECURSOR SEQUENCES OF NEWLY IDENTIFIED MIRNAS IN THE PLUTELLA XYLOSTELLA GENOME.

S. no miR ID Premature Sequence (5’ à 3’) bp MFE MFEI

1 Pxy-miR-9b-5p & 3p ACGGTGCTTTGGTAATCTAGCTTTATGAGCTT-
GTGACACGTCATGGAGCTAAATCGCCAAAGC-
GCCGG

68 -36.0 1.06

2 Pxy-miR-244-5p CTACTATAGGGTGTTGGTTGTACAAAGTGG-
TATTAGATCTCGTTACTTGCTGTTAACTCAA-
CACCCTGTATGTGA

75 -26.7 0.89

3 Pxy-miR-3389-5p AGTCGTAGCCGATGTTCCACAGGAGCGGGC-
CAAGAACCGATCCCTGTGGGACGCCGCACGA-
CA

63 -33.90 0.85

4 Pxy-miR-3529-3p TTTGTAGGGAGATTAGTGATTCCTTGTTA-
ATTCAATAAAACAACAAAATCACTAGTCTTC-
CATACAAC

68 -26.10 1.24

5 Pxy-miR-3767 TTACACATTATTTACTACTATTACTAGCAC-
GAAGCAGCTAGTTAGTAGTGTATAGTGATAT-
GTGT

65 -22.10 1.05

6 Pxy-miR-4704 GGTAAGTACCCACAACCCACATGCCTAGTGTA-
AGTACCCACACTAGGCATGTGAGTGAGTACT-
TACA

67 -37.60 1.18

7 Pxy-miR-7267 A T C C A T C C A G T C C A A T C C T T C C A A A -
CATTTCCTTTATACCTTGGGTTAGATTGGATTG-
GATGGAC

65 -30.19 1.12
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rate clade from the rest of the insect orders, which 
shows the highly conserved evolutionary relation-
ships among members of the miRNA-9b family.

Targets Prediction

We identified the miRNA regulatory target 
genes in order to pursue functional analyses of 
miRNAs in regulating various biological process-

es. MicroRNA regulates the level of transcripts of 
the target gene at different times and locations 
(tissues or organs) during development, immu-
nity, or host-microorganisms interaction (Aravin 
et al. 2003; Xu et al. 2004; Skalsky et al. 2010). 
Mostly animal amicroRNA will control its target 
through interaction with the target’s 3’ untrans-
lated region (UTR) and it may also bind to the 
coding region and 5’ UTR (Bartel 2009; Rigout-
sos 2009). Therefore, we used the full lengths of 
the P. xylostella mRNAs (32,800 putative genes) 
collected from the KONAGAbase for miRNA 
target prediction. Predicting the targets of ani-
mal miRNA can be difficult because of imperfect 
complementarity between microRNA and target 
mRNA sequences. The miRNA seed region (2-7 nt 
from the 5’ end) determines both the specificity 
and stability of the miRNA: mRNA duplex (Lewis 
et al. 2003). For predicting the miRNA targets, 
we employed the Miranda Program that helps 
to optimize sequence complementarity based on 
position-specific rules and interspecies conserva-
tion. All the predicted new miRNAs were aligned 
against the P. xylostella gene set along with the 
parameters set by Singh & Nagaraju (2008). The 
resulting miRNA-predicted targets were screened 
using 3 important filters: (i) no mismatch at seed 
region, (ii) not more than one G:U paring at the 
seed region, and (iii) not more than one gap in 
the alignment. The microRNA may regulate one 
or several targets and sometimes one miRNA has 
multiple target sites on the same or on different 
mRNAs (Brodersen & Voinnet 2009; Shin et al. 
2010). Many of the predicted novel miRNAs re-
vealed target multiplicity except that miR-723 
had only 1 target (PXGS_V2_024247-GD11426-
similar to RING finger protein nhl-1). The miR-
3529 and miR-4704 each had 3 targets; miR-7267 
had 6 targets; and miR-244 notably had 19 tar-
gets and showed high multiplicity over the other 
3 novel miRNA candidates (Table 4). All these 
successfully predicted miRNA targets through 
the computational method will be accepted with 
high confidence only after in vivo validation (Pas-
quinelli 2012). These miRNA target genes involve 
various functions in metabolism, signaling and 
transcription.

Since the discovery of this small regulator, 
computational methods serve as an indispens-
able tool in miRNA gene finding, miRNA target 
prediction and regulation of miRNA genes. In this 
study, we identified 8 new miRNAs of P. xylostel-
la; among which are 4 miRNAs reported first time 
in insect species; and their gene targets were pre-
dicted using bioinformatics tools. Further investi-
gations are needed to expand our understanding 
of functional aspects of miRNA regulation in P. 
xylostella. The discovery of miRNAs in the insect 
genome also may provide a basis for devising 
novel genetic strategies to manage serious agri-
cultural pests.

Fig. 2. Phylogenetic tree of miR-9b miRNA families 
constructed based on the UPGMA method using MEGA 
v5.0. (miRNAs labels: aae - Aedes aegypti; aga – Anoph-
eles gambiae; ame – Apis mellifera; api – Acyrthosiphon 
pisum; bmo – Bombyx mori; dan – Drosophila ananas-
sae; der – D. erecta; dgr – D. grimshawi; dme – D. mela-
nogaster; dmo – D. mojavensis; dpe – D. persimilis; dps 
– D. pseudoobscura; dse – D. sechellia; dvi – D. virilis; 
dwi – D. willistoni; dya- D. yakuba; hme- Heliconius 
melpomene; mse- Manduca sexta; tca- Tribolium casta-
neum and pma- Petromyzon marinus).

TABLE 3. NEWLY IDENTIFIED PRE-MIRNAS FROM THE 
PLUTELLA XYLOSTELLA GENOME ARRANGED 
INTO RFAM FAMILIES.

S. no
Known Rfam  

Family
Newly Predicted  

Pre-miRNAs

1 miR-7 pxy-miR-3529
2 miR-9 pxy-miR-9b
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