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ABSTRACT. The oriental river prawn, Macrobrachium nipponense, is an
important aquaculture species in China. The androgenic gland produces
hormones that play crucial roles in the differentiation of crustaceans to
the male sex. MicroRNA (miRNA) post-transcriptionally regulates many
protein-coding genes, influencing important biological and metabolic
processes. However, currently, there is no published data identifying
miRNA in M. nipponense. In this study, we identified novel miRNA in the
androgenic gland of M. nipponense. Using the high-throughput lllumina
Solexa system, 1077 miRNA were identified from small RNA libraries by
aligning with the de novo androgenic gland transcriptome of M. nipponense
(obtained from RNA-Seq) and the sequences in the miRBase21 database.
Atotal of 8,248, 76,011, and 78,307 target genes were predicted in the EST
and SRA sequences provided in the NCBI database, and the androgenic
gland transcriptome of M. nipponense, respectively. Some potential sex-
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related miRNA were identified based on the function of the predicted target
genes. The results of our study provide new information regarding the
miRNA expression in M. nipponense, which could be the basis for further
genetic studies on decapod crustaceans.

Key words: Macrobrachium nipponense; Androgenic gland; microRNA;
Targeted genes; Sex-determination

INTRODUCTION

The oriental river prawn, Macrobrachium nipponense (Crustacea; Decapoda; Palaemoni-
dae), is an important commercial prawn species that is widely distributed in freshwater and low-salinity
estuarine regions in China and other Asian countries (Cai and Shokita, 2006; Feng et al., 2008; Ma
et al., 2011). It is an important fishery resource in China, with an annual aquaculture production of
205,010 tons (Bureau of Fishery, Ministry of Agriculture, 2009). As with many other Macrobrachium
species, the male counterparts grow faster and gain more weight during the time of harvest than fe-
male river prawns. Thus, culturing of all-male populations would be beneficial for economic purposes.

The androgenic gland is found in most crustacean species. It produces hormones that play
crucial roles in the development of the testes and male sexual characteristics (Sagi et al., 1990). In
Macrobrachium rosenbergii, males undergo sex reversal to females after their androgenic gland is
ablated. An all-male population was generated by mating “reversal females” with normal male M.
rosenbergii (Sagi et al., 1986, 1990; Sagi and Cohen, 1990). As the ablation or implantation of the
androgenic gland during a certain stage of development can result in sex reversal to male or female
(Sagi and Cohen, 1990; Malecha et al., 1992; Manor et al., 2004), the expression pattern of androgenic
gland hormone genes in crustaceans have received much attention over the past few years (Tomer
et al., 2009, 2011; Tomer and Sagi, 2012; Ma et al., 2013). Studies into the androgenic gland of M.
nipponense have also been popular in the recent years. The androgenic gland transcriptome of M.
nipponense has been previously constructed (Jin et al., 2013), and used to analyze many sex-related
homologous genes and novel genes, which helped outline the basic sex-determination mechanism
of M. nipponense (Zhang et al., 2013a,b,c; Jin et al., 2014; Li et al., 2015b).

MicroRNA (miRNA) are 21-22 nucleotide non-coding RNA that play an important role in the
regulation of gene expression, by degrading target mRNA or repressing targeted gene translation
in both animals and plants (Bartel, 2004). One miRNA may regulate the expression of several
genes expression; alternately, the expression of a single gene requires several miRNA to work
synchronously. Lin-4 and let-7 are the first miRNA to be identified in Caenorhabditis elegans using a
genetic screening method (Lee et al., 1993; Wightman et al., 1993). An increasing number of reports
have suggested the role of miRNA in diverse biological functions, including embryo formation,
organogenesis, cell death, cell proliferation, lipid metabolism, and immune development (Wightman
et al., 1993; Xu et al., 2003; Johnson et al., 2005). To date, however, the miRNA genes of M.
nipponense have not been identified despite shrimp miRNA having been extensively characterized.

Macrobrachium producers face stiff market competition; therefore, there is an immediate
need for improvements in river prawn genetic traits and production techniques, which could
help obtain a greater profit. Therefore, the long-term goals of the M. nipponense aquaculture
industry include making genetic improvements to, and gaining a better understanding of, the sex-
differentiation mechanism in this species. In this study, an androgenic gland miRNA transcriptome
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was constructed using high-throughput lllumina Solexa analysis, in order to regulate the expression
of sex-related genes in M. nipponense. The results of this study could contribute to elucidating
the role of miRNA in regulating the expression of sex-related genes, which could lead to the
advancement of analysis of the sex-determination mechanism in M. nipponense.

MATERIAL AND METHODS
Prawn and tissue preparation

A total of 100 healthy adult male M. nipponense, with a wet weight ranging from 5.12 to
6.93 g (average = 6.24 g), and a total length ranging from 6.27 cm to 7.56 cm (average = 6.97 cm),
were obtained from the Tai Lake in Wuxi, China (120°13'44" E, 31°28'22" N). These specimens
were transferred to a 500 L tank and maintained in aerated freshwater at room temperature (26°C)
with sufficient oxygen for 72 h prior to tissue collection.

Sample collection and RNA extraction

For miRNA sequencing, androgenic glands were collected from 100 M. nipponense in 1X
phosphate buffered saline (PBS) under an Olympus SZX16 microscope (Olympus, Tokyo, Japan). The
androgenic gland tissues were immediately frozen in liquid nitrogen, and stored at -80°C until further
use, in order to prevent total RNA degradation. Total RNA was extracted using a TRIzol Reagent Total
RNA Isolation Kit (Invitrogen; Life Technologies, Carlsbad, CA, USA) according to the manufacturer
protocols. The ratio of optical densities (OD) at 260 and 280 nm (OD260/280) and 260 and 230 nm
(OD260/230) should range from 1.8 to 2.0 and >2.0, respectively, in order to ensure the purity of the RNA
sample. In order to guarantee the quality of the transcriptome, the total volume of the RNA sample was
maintained at >5 pg. RNA integrity was confirmed using an Agilent Bioanalyzer (Agilent Technologies;
Life Technologies) with a minimum RNA integrity number (RIN) of 8.0. The RNA of the androgenic
glands of 100 M. nipponense were pooled to provide sufficient RNA for transcriptome sequencing.

Small RNA library preparation and sequencing

lllumina Hiseq2500 (lllumina Inc., San Diego, CA, USA) was used for in-depth sequencing
of the small RNA libraries, using total RNA as the starting material. Small RNA were first isolated
from the total RNA, and a pair of lllumina proprietary adaptors was ligated to their 5'- and 3'-ends
using the Truseq™ Small RNA sample prep kit, according to the manufacturer instructions (lllumina
Inc.). Adaptor-ligated small RNAs were then reverse transcribed to create cDNA constructs using
the Truseq™ Small RNA sample prep kit (lllumina Inc.). The generated small cDNA libraries were
amplified by 11-12 cycles of PCR and purified on a 6% Novex TBE PAGE gel (1.0 mm, 10 well;
Invitrogen). The PCR reaction conditions: the reactions are incubated at 94 C for 1 min, and then
cycled 12 times at 94 C for 45 s, 55 C for45 s, and 72 C for 45 s. This is followed by 3 min incubation
at 72 C. The library was sequenced using the purified PCR product (MajorBio, Shanghai, China).

Data cleaning, length distribution, and sequence data analysis

An initial filtering step was performed to remove low quality reads using SeqPrep (https://
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github.com/jstjohn/SeqPrep) and Sickle (https://github.com/najoshi/sickle). Low quality reads
include reads with 5' primer contaminants, reads without the 3' primer or the insert tag, reads with
a poly-A tail or with N > 10%, and reads shorter than 18 nucleotide. The length distribution of the
clean reads between 18 and 32 bp was then summarized. Identical reads from clean reads were
combined in order to obtain unique reads for further small RNA analysis.

Non-coding RNA, such as rRNA, tRNA, snRNA, snoRNA, and scRNA were identified
by aligning the obtained sequence to similar sequences in Rfam 11.0 (http://Rfam.sanger.ac.uk/)
and the NCBI database (http://blast.ncbi.nim.nih.gov/). The reads were classified into different
categories based on the sequence similarity, and the remnant reads were also aligned using the
Basic Local Alignment Search Tool (BLAST) against corresponding sequences in miRBase 21
(http://lwww.mirbase.org/) and the reference genome, in order to identify known miRNA.

Target gene prediction

Miranda (http://www.miRNA.org/miRNA/home.do) was used to predict the target, in
accordance with the following criteria in seed matches: nucleotides 1-9 from the 5'-end and G-U
content <3. The reference genomes, used in the prediction of target genes, included the EST and
SRA sequences of M. nipponense obtained from NCBI, and the androgenic gland transcriptome of
M. nipponense. Gene targets of mMiRNA were identified using an appropriate prediction software. All
miRNA targets were categorized into functional classes using the gene ontology hierarchy (http://
www.geneontology.org and DAVID Bioinformatics Resources).

RESULTS
Length distribution

The total number of raw reads of the androgenic gland of M. nipponense small RNA
library, obtained by high throughput Solexa sequencing using HighSeq 2500, was 25,864,140
(22,549,954) high quality reads. The impurities in the raw reads, including 5'-primer contaminants,
lack of insert tags, low quality reads, reads with poly-A tail only, oversized insertion, and short
reads, were discarded. The length distributions of the clean reads were then summarized. The total
number of reads with a length of 18-32 nt was 17,574,958. Most reads were 22 and 21 nt in length;
the second highest number of reads were 20 and 23 nt in length (Figure 1).

Known miRNA abundance and sequences identification

miRNA, rRNA, snoRNA, snRNA, scRNA, tRNA, repeat DNA, and unannotated RNA were
annotated by comparing the small RNA sequences with the sequences in the GenBank and RFam
10.1 databases. Non-miRNA sequences, including tRNA, rRNA, scRNA, snRNA, and snoRNA
sequences, were removed. miRNA sequences accounted for 22% of the total reads. rRNA,
tRNA, and other RNA sequences accounted for 18, 4, and 1% of the total reads, respectively; the
remaining 55% of the total reads were unmatched (Figure 2). The known miRNA in the androgenic
gland of M. nipponense were identified by aligning the mappable sequences to known miRNA
precursors and mature miRNA of Arthropoda species in the miRBase database. By allowing no
more than two mismatches between sequences, 1077 mature miRNA were identified. The miRNA
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count in the androgenic gland of M. nipponense ranged from 1 to 1,766,725. miR-100, bantam,
miR-184, miR-315, let-7, miR-315, miR-8-5p, miR-10, miR-8-3p, and miR-12 were some of the
most abundant miRNA observed, with a total number of reads greater than 60,000.
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Figure 1. Size distribution of mapped reads in the androgenic gland of Macrobrachium nipponense.
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Figure 2. Pie chart of data filtering and database mapping in the androgenic gland of Macrobrachium nipponense.
RFam: rRNA, tRNA, snRNA, snoRNA, and others.
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Target gene prediction

Because of the lack of whole genome data of M. nipponense, we have used the known
sequences of M. nipponense as a reference to predict the target genes. A total of 8,248, 76,011,
and 78,307 target genes were predicted in the EST and SRA sequences in NCBI, and in the
androgenic gland transcriptome of M. nipponense, respectively. In order to fully elucidate the
function of the novel target genes identified as being potentially regulated by miRNA, the target
genes were enriched by Gene Ontology. The matched contigs were comprised of 60 functional
groups. Those potential target genes were mainly involved in cellular process, binding, metabolic
process, and catalytic activity, with a total number of contigs greater than 4,000 (Figure 3). Several
sex-related genes of M. nipponense were identified, including the insulin-like androgenic gland,
sex-lethal, and transformer-2 genes. Several sex-related miRNA were identified in M. nipponense
using these sex-related genes as target genes (Table 1).
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Figure 3. GO analysis of miRNA target genes in the androgenic gland of Macrobrachium nipponense.
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DISCUSSION

Over six million miRNA have now been identified in the androgenic gland of M. nipponense
(miRBase v.20). To the best of our knowledge, there is no available information regarding the
miRNA in M. nipponense. So far, only the miRNA transcriptome of a mixture of organisms have
been reported in Macrobrachium rosenbergii (Tan et al., 2013) among the various Macrobrachium
species. In this study, we attempted to identify small RNA from the androgenic gland of M.
nipponense, as the first step towards understanding the regulatory roles of small RNA in the sex-
determination mechanism, because of the importance of the androgenic gland in sex-differentiation
and development of males in the crustacean species.

Length distribution analysis plays an essential role in the in-depth analysis of the
compositions of small RNA samples. Normally, the length of small RNA varies from 18-nt to 30-nt.
miRNA, siRNA, and piRNA are normally 21-22-nt, 24-nt, and 30-nt long. The length distribution
varies between plants and animals. The peak of plant small RNA is at a range of 21-24-nt, while
that of animal small RNA is 22-nt. In this study, 20-23-nt small RNA were abundantly expressed in
the androgenic gland of these crustaceans. The length of predicted miRNA in Penaeus monodon
was reported to range from 16-nt to 23-nt (Pitipol et al., 2013), while a peak miRNA ranging from
21 to 23-nt, represented the typical miRNA of dicer-processed products in Eriocheir sinensis
(Song et al., 2014). The peak small RNA size of 22-nt observed in the gill and hepatopancreas
of Macrobrachium rosenbergii revealed that the miRNA is enriched in this small RNA library (Tan
et al., 2013). Therefore, the 20-23-nt peak observed in this study indicates the identification of
miRNA in the androgenic gland of M. nipponense, which may help advance research in the sex-
determination mechanism of M. nipponense.

A total of 1,077 mature miRNA were identified when the sequenced small RNA were
aligned with known miRNA precursors and mature miRNA of Arthropoda species uploaded to the
miRBase database. The miRNA count in the androgenic gland of M. nipponense ranged from 1 to
1,766,725. These highly expressed miRNA are believed to be involved in the sex-determination
mechanism in M. nipponense, as the androgenic gland plays a major role in sex differentiation and
the development of males in the crustacean species.

A series of miRNA have been identified as sex-determination-related miRNA, containing
important sex-determination-related genes of M. nipponense, through the prediction of target genes.
In previous studies, the let-7 gene family in mammals have been reported to regulate the expression
of major cytokine-inducible proteins in immune response against microbial infection (O’Hara et al.,
2010; Asgari, 2011; Schulte et al., 2011; Asgari, 2012). In this study, Let-7 was predicted to be involved
in the regulation of some important sex-determination-related genes of M. nipponense. The function
of insulin-like androgenic gland (IAG) is believed to be similar to that of the isopod AG hormone,
considered as a key regulator of male sex-determination and development (Tomer and Sagi, 2012). In
M. nipponense, IAG was reported to be involved in sex-determination (Ma et al., 2013), and has been
shown to regulate the expression of three crustacean genes belonging to the hyperglycemic hormone
superfamily (Li et al., 2015a) as well as the gene coding for insulin-like androgenic gland hormone-
binding protein (Liet al., 2015b). Four genes, sex-lethal (Sx/), transformer (Tra), transformer-2 (Tra-2),
and double-sex (Dsx), regulate the sex-determination pathway in Drosophila melanogaster. SxI and
Tra-2 have been reported to play complex and important roles in embryogenesis, metamorphosis,
somatic sexual development, and sex-differentiation in M. nipponense (Zhang et al., 2013a,b). In
this study, mir-2a, miR-33, miR-71-5p, miR-965, and miR-315 were also predicted to regulate the
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expression of Sx/and Tra-2, indicating a regulatory relationship between Sx/ and Tra-2, which must
be analyzed in further research.

We also predicted that miR-10 and miR-317-3p regulate the expression of four genes
of interest. FTZ-F1 homologues, an essential factor regulating sex determination in mammals,
have been identified in humans, mice, and a number of teleost species (Lala et al., 1992; Oba et
al., 1996; Zhang et al., 2007; Von et al., 2011). FEM1 is a key signal-transducing regulator in the
Caenorhabditis elegans sex-determination pathway, which influences the sex determination in C.
elegans (Gaudet et al., 1996). High levels of forkhead box protein L2 (Fox/2), which plays a crucial
role in the regulation of female sex-differentiation and development of the ovary, were also observed
(Berta et al., 2012; Sandrine et al., 2012; Ashida et al., 2013). The extra sex combs (Esc) gene,
first identified in Drosophila, is primarily expressed in the early embryos. In M. nipponense, MnEsc
has been previously speculated to regulate the pre-metamorphic larval changes in morphology and
organogenesis (Zhang et al, 2013s).

Slow-tonic S2 tropomyosin (Sst) and slow tropomyosin isoform (Sti) are two novel genes
involved in the sex-determination mechanism or formation and maintenance of the normal structure
of androgenic gland (Jin et al., 2014). The miRNA miR-184 and miR-184-3p were predicted to be
involved in the regulation of Sst and Sti expression. Therefore, these two miRNA may be involved
in the formation or maintenance of normal function of the androgenic gland in M. nipponense,
which must be validated by further research.

In conclusion, we identified novel miRNA were identified in the androgenic gland of
M. nipponense. Using the high-throughput lllumina Solexa system, we identified 1,077 miRNA
from small RNA libraries, with reference to the de novo androgenic gland transcriptome of M.
nipponense (obtained from RNA-Seq) and the sequences uploaded to the miRBase21 database.
A total of 8,248, 76,011, and 78,307 target genes were predicted in the EST and SRA sequences
provided in NCBI, and the androgenic gland transcriptome of M. nipponense, respectively. Some
potential sex-related miRNA were identified using the predicted target genes. The results of our
study provides new information regarding the miRNA expression in M. nipponense, which could be
a basis for further genetic studies on decapod crustaceans.
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