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Abstract

MicroRNAs (miRNAs) are a distinct class of small non-coding RNAs, ~22 nt long, found in a wide variety of organisms.
They play important regulatory roles by silencing gene activities at the post-transcriptional level. In this work, we developed
a computational workflow to identify conserved miRNA genes in the 10,536 unique Penaeus monodon expressed sequence
tags (ESTs). After removing all simple repeats and coding regions in the ESTs, the workflow uses both the conservation
of miRNA sequences and several filters obtained from pre-miRNA secondary structure properties to identify conserved
miRNAs. Finally, we discovered six potential conserved miRNA genes such as mir-4152, mir-466k, miR-32%*, lin-4, mir-1346 and

mir-4310.
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1. Introduction

miRNAs are a class of small ~22 nt non-coding RNAs
that are widely expressed in both plants and animals (Ambros,
2004; Bartel, 2004). In animals, they negatively regulate gene
expression at the post-transcriptional level via sequence
complementarity to the 3’ un-translated regions (3’ UTRs) of
mRNAs (Bartel 2004). miRNAs have the ability to regulate
many vital biological processes including cell proliferation,
apoptosis, stem cell selfrenewal, differentiation, metabolism,
organ development, developmental timing and tumor meta-
stasis (Bartel, 2004; Williams, 2008; Huang et al., 2011). Hence,
many researches focused on the discovery of novel miRNAs
to increase the understanding of their physiological functions.
There are many approaches to identify miRNAs in various
organisms. The first miRNAs, lin-4 and let-7, were identified
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in Caenorhabditis elegans using a genetic screening tech-
nology (Lee et al., 1993; Wightman et al., 1993). However, this
method was limited by its expense and time consumption
(Lai, 2003). Later, direct cloning and sequencing of short RNA
molecules have been successfully applied to determine a
number of miRNAs from animals and plant (Lagos-Quintana
et al., 2001; Reinhart et al., 2002). However, the molecular
cloning was limited to find miRNAs by highly constrained
tissue- and time-specific expression patterns, presence of de-
gradation products from mRNAs, and other non-coding
RNAs (Lai, 2003; Lim et al., 2003). To overcome these
problems, computational technique was proposed to predict
the potential miRNAs. In animals, the computational
approaches identified miRNA genes by using known char-
acteristics of miRNAs such as formation of hairpin loop
secondary structure with a minimun folding free energy
(Ambros et al., 2003), the presence of mature miRNAs in the
stem and not in the loop of the secondary structure, and high
evolutionary conservation of mature miRNAs from species
to species (Lai, 2003; Lim et al., 2003). Recently, the most of
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miRNAs in the database were identified by computational
approaches and were subsequently verified by molecular
techniques such as Northern blotting, PCR, and 5’ rapid am-
plification of cDNA ends (5’ RACE) (Griffiths-Jones, 2004;
Griffiths-Jones et al., 2006).

High-throughput sequencing technology has provided
a mechanism to gain a genomics insight into species in the
absence of a complete genome sequence by generating
Expressed Sequence Tag (ESTs) collections. To date, the
largest collection of ESTs from Penaeus monodon consists of
10,536 unique EST sequences from 37 cDNA tissue libraries
(Tassanakajon et al., 2006). An increasing number of miRNAs
was reported and registered in the Wellcome Trust Sanger
Institute miRBase (Griffiths-Jones, 2006; Griffiths-Jones et
al., 2006; Griffiths-Jones et al., 2008; Griffiths-Jones, 2010).
For example, 1,424 miRNAs have been reported from humans,
358 are from zebrafish, 238 from fruit fly and 612 from
nematode. Recently, several miRNAs were identified from
Marsupenaeus japonicas by using high-throughput sequenc-
ing of small RNAs (Huang et al., 2012, Ruan et al., 2011).
Most of them were differentially expressed in response to
white spot syndrome virus infection. Therefore, these miRNAs
might play important roles in the Marsupenaeus japonicas
immune system. Because of the high conservation of miRNAs,
information regarding miRNAs and their targets in Penaeus
monodon may contribute to an understanding of their role in
gene regulatory networks across organisms.

Hence, this work is focused on how to identify
Penaeus monodon miRNA genes in all the available EST
sequences by using a computational screening approach.
Utilizing the fact that miRNAs are highly conserved among
the species (Weber, 2005), we developed a computational
screening workflow to identify the miRNA orthologs. The use
of EST sequence information will ensure that pre-miRNA
candidates are expressed. Similar work has been successfully
performed on human ESTs (Li ef al., 2006). In case of our
study, it is not only provide a starting point for other further
research on miRNAs, but also resulting in an improvement
of understanding their functional roles in the Penaeus
monodon genome.

2. Materials and Methods
2.1 Sequences data

All available miRNAs were downloaded from the
miRBase (http://www.mirbase.org/) (release 17). We searched
an EMBL format file of miRBase by using an “experimental”
keyword to select only experimentally validated animal
miRNAs. Finally the redundant miRNA sequences were
removed. The remaining miRNAs were used as the reference
set. The ESTs were obtained from the Penaeus monodon
EST database (Tassanakajon et al., 2006). We constructed
the database using cDNA libraries obtained from eyestalk,
hepatopancreas, haematopoietic, haemocyte, lymphoid organ,
and ovary tissues of the shrimp. This resulted in a total of
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10,536 unique sequences with 3,227 overlapping contigs and
7,309 singletons.

2.2 Computational identification of Penaeus monodon
miRNA genes

The workflow for the computational identification in
Penaeus monodon is shown in Figure 1. Both strands of the
Penaeus monodon ESTs were used as query sequences for
BLAST searches against sequences of experimental validated
animal miRNAs. We used default parameters for the BLAST
searches, except for the E-value and word-match size which
were set to 10 and 7, respectively (Wang et al., 2005). Only
EST sequences with less than three mismatches to a mature
miRNA were used. For the evaluation of hairpin structures,
we extracted 100 nt upstream and 100 nt downstream
sequences of each BLAST hits. In the case that the total
length of the sequence was shorter than 200 nt, we used the
entire sequence of a putative miRNA precursor sequence.
All simple repeated regions were removed by using the
RepeatMasker algorithm (Smit et al., 1996) because such
regions may fold into structures similar to pre-miRNA hair-
pins. The coding regions were removed from these putative

All known animal miEMNAs Fenageus monodon EST:
BLAST zearch

|

Potential miBNA candidates which sequences with
= 3 mismatches agamst kmown miFNAs

-

Extractedprecursor sequences of 200 nt upstream
200 nt downstream

-
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-
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-

Femove codingregion overlapping

1
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Figure 1. Workflow for computational identification of potential
miRNA gene sequences.



Table 1. New miRNAs identified in Penaeus monodon.
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miRNA EST (Strand) NM M P MFE  miRNA sequence (5'to3")
miR-4152 CT1439(-) 2 18 100 2220  AGAUGUAGUUACUGUAAA
miR-466 CT1441(-) 3 23 71 -20.70 UGUGUGUAUACAUGUAUAAGUGA
kmiR-32* SG3984 (-) 3 21 125 3340 CAAUUUAGUGUGUGUGUGAUU
lin-4 SG4975 () 3 20 91 -23.70 UCCCUGAGACUUCAACUCUG
miR-1346 SG8776(-) 1 18 104 -26.80  GUGGGUUGGGGGGGGGGG
miR-4310 SG9237 (+) 1 16 9% 3342 GCAGCAUUGAUGUCCC

NM: Number of mismatches; LM: Length of mature miRNA; LP: Length of precursor; MFE: Minimal folding

free energy (kcal/mol).

precursor sequences by searching against a NCBI non-
redundant (nr) protein database using BLASTX (Altschul et
al., 1997). The putative precursor sequences which had no
hits at an E-value of 10 and all overlaps with any known
proteins, were treated as non-coding ESTs and kept for the
next step of the structural analysis. The secondary structures
of putative pre-miRNAs were predicted by RNAfold in the
Vienna RNA package (Hofacker, 2004; Hofacker, 2009). Only
the sequences which satisfied the following criteria (Ambros
et al., 2003; Wang et al., 2005) were treated as conserved
miRNAs:

(1) The free energy of predicted secondary structures
was less than -20 kcal/mol,

(2) Putative miRNAs were located on the same arm
of the precursor as the matched homolog,

(3) A minimum of 16 base pairs existed between
miRNAs and the matched miRNA*.

3. Results and Discussion
3.1 Potential Penaeus monodon miRNAs

We can identify six miRNA in Penaeus monodon by
using the workflow of homology searches and structural
analysis as shown in Table 1. The length of the predicted
miRNAs was in the range from 16 nt to 23 nt, while the length
of the predicted precursor sequences was fluctuated ranging
from 71 nt to 125 nt with an average of 98 nt. These sequences
folded into a typical stem-loop structure, having the mature
miRNA on the 5', or alternatively on the 3’ end of an EST
(Figure 2). The hairpin loop secondary structures had a mini-
mum folding free energy ranging from -33.42 kcal/mol to
-22.20 kcal/mol.

The mir-4152 precursor, mir-466k precursor, mir-32v
precursor, lin-4 precursor, mir-1346 precursor and mir-4310
precursor were encoded as miR-4152-5p (10 nt to 17 nt), miR-
466k (1 nt to 23 nt), miR-32* (52 ntto 82 nt), lin-4 (5 nt to 24
nt), miR-1346 (86 nt to 103 nt) and miR-4310 (71 nt to 86 nt),
respectively. miR-1346 and miR-4310 were the most conserved
containing only one mismatch with their homologues. All
mismatch positions occurring in the predicted miRNAs were
located outside the seed region (2 nt to 7 nt). The seed regions

usually perfectly match with the targeted mRNAs. This
suggests that the miRNAs tend to target with the same mRNA
and have the same function to their homologues. In previous
work on human data, about 14000 ESTs revealed one miRNA
(Li et al., 2006) while in this work, 6 miRNAs was predicted
from the total of 10,536 unique EST. These miRNAs might be
a result of the method which was used to build up the ESTs
or they might be transcripted together as a polycistronic
microRNA cluster.

Among the six mature miRNAs, mir-4152, mir-466k,
miR-32%, lin-4, mir-1346 and mir-4310, only lin-4 had been
previously studied experimentally. Lin-4 was recognized as
the first miRNA, discovered during a study of the gene lin-14
in the development of Caenorhabditis elegans by Ambros
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Figure 2. Predicted hairpin loop structures of newly identified
Penaeus monodon miRNA precursors. (a) mir-4152 pre-
cursor (miR-4152-5p (10 to 17)). (b) mir-466k precursor
(miR-466k (1 to 23)). (c) mir-32 precursor (miR-32* (52
to 82)). (d) lin-4 precursor (lin-4 (5 to 24)). (¢) mir-1346
precursor (miR-1346 (86 to 103)). (f) mir-4310 precursor
(miR-4310 (71 to 86)). The position of each miRNA is
indicated by the number in parentheses.
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and his colleague (Lee et al., 1993). They found that lin-14
protein was down-regulated by a 22 nt RNA, lin-4, that
contained sequences partially complementary to multiple
sites in the 3’ UTR of'the lin-14 mRNA. Another study indi-
cated that lin-4 may play an important role in regulating fat
accumulation and control of the life span of Caenorhabditis
elegans via production of reactive oxygen species (ROS)
(Zhuetal., 2010).

3.2 Prediction of the miRNA targets

In the preliminary study of the miRNAs targets in
Penaeus monodon using the miRanda algorithm (Enright et
al., 2003) a number of potential targets for mir-466k, lin-4,
mir-1346 and mir-4310 were identified (Table 2). In total, 25
target sites for 22 potential target genes were identified.
There were 2 predicted target genes in Penaeus monodon
which had more than one predicted target sites for a given
miRNA. SG5444 (PREDICTED: T-cell receptor beta chain
ANA 11) and SG5916 (PREDICTED: Histidine rich glyco-
protein precursor) were hit by the miR-466k at three and two
sites, respectively.

mir-466k had the potential to target a gene of the
juvenile hormone esterase which is related to the regulation of
molting, metamorphosis, reproductive maturation, and phero-

mone biosynthesis in insects (Tsubota et al., 2010). Moreover
the mir-466k had the potential to target genes belonging to
the GTPase superfamily. GTPase was associated with both
constitutive and regulated secretory pathways, and might be
involved in protein transport. Understanding the mir-466k
regulatory pathway may lead to applications for artificial seed
production and enhancement of growth in shrimp aqua-
culture.

In Penaeus monodon, lin-4 probably targeted Hemo-
cyanin, the main protein component of the hemolymph, which
was related to the innate immune response of the crustacean
(Cheng et al. 2008). Furthermore lin-4 was a potential target
for GTP-binding protein involving in a conformational change
mediated by the hydrolysis of GTP to GDP (Moller et al.,
1987). This family of proteins promoted the GTP-dependent
binding of aminoacyl tRNA to the A site of ribosomes during
protein biosynthesis. The protein also catalyzed the trans-
location of the synthesized protein chain from the A to the P
site (Stansfield ez al., 1995).

There were two interesting putative targeted genes
for miR-1346. The first one, NSFL1 cofactor p47, was required
for the membrane reassembly of the endoplasmic reticulum,
the nuclear envelope and the Golgi apparatus at the end of
mitosis. The other one was a C-type lectin which played a key
role in pathogen recognition, innate immunity, and cell-cell

Table2. The potential targets of newly identified miRNAs in Penaeus monodon.

miRNA Targeted EST Targeted Gene (target site no.) Possible function
mir-4152 - - - -
mir-466 CT224 juvenile hormone esterase (1) DNA replication 3UTR
CT605 RAB family GTPase (1) Endocytosis 3UTR
CT2632 hypothetical protein (1) carbohydrate metabolism ORF
SG4153 hypothetical protein (1) DNA repair SUTR
SGA4281 hypothetical protein (1) DNA replication, DNA repair ORF
SG4325 DEAH-box RNA helicase (1) lipase activity ORF
SGA4793 T-cell receptor beta chain ANA 11 (1) DNA replication, DNA repair ORF
SG5444 T-cell receptor beta chain ANA 11 (3) lipase activity ORF
SG5916 Histidine-rich glycoprotein precursor (2) peptidoglycan biosynthesis ORF
SG8549 mCG1041337(1) lipase activity 3UTR
kmiR-32* - - - -
lin-4 CT219 Hemocyanin (1) methionyl-tRNAaminoacylation ORF
SG4820 hypothetical protein (1) motor activity, transport ORF
SG8252 hypothetical protein (1) ciliary or flagellar motility ORF
SG10292 GTP-binding protein (1) oxidoreductase activity ORF
miR-1346 CT137 Tubulin alpha-3 chain (1) phosphorelay SUTR
CT1e61 Transglutaminase (1) RNA processing 3UTR
CT568 C-type lectin 3 (1) thiamin biosynthesis ORF
CT1474 regulator of g protein signaling (1) phosphorelay 3UTR
CT3028 alpha-endosulfine (1) DNA replication ORF
SG6162 annexin (1) Metabolism ORF
SG6206 hypothetical protein (1) polysaccharide biosynthesis ORF
mir-4310 CT27 tubulin alpha chain (1) nitrate transport 3UTR
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interactions (Robinson et al., 2006). The protein might be
capable of activating or inhibiting receptors involving in the
innate responses to pathogens.

4. Conclusions

The Penaeus monodon genome encoded at least six
miRNA orthologs that were common to 14 other species.
Further experiments are now in progress to verify the expres-
sion of the predicted miRNAs and to evaluate their target
genes in Penaeus monodon. We have developed a computa-
tional workflow for automatically identifying conserved
miRNAs by using the sequence and structural homology
search strategy. This can be used for consecutive identifica-
tion, as more sequences become available. The Perl script of
the workflow is freely available on request. Therefore, the
workflow package and the findings from this study would be
useful for other research concerned with the function of
Penaeus monodon miRNAs and their regulatory mechanisms.
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