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Abstract 
MicroRNAs (miRNAs) constitute some of the most significant regulatory factors involved at the 
post-transcriptional level after gene expression, contributing to the modulation of a large number 
of physiological processes such as development, metabolism, and disease occurrence. This re-
view comprehensively and retrospectively explores the literature investigating silkworm, Bombyx 
mori L. (Lepidoptera: Bombicidae), miRNAs published to date, including discovery, identifica-
tion, expression profiling analysis, target gene prediction, and the functional analysis of both 
miRNAs and their targets. It may provide experimental considerations and approaches for future 
study of miRNAs and benefit elucidation of the mechanisms of miRNAs involved in silkworm 
developmental processes and intracellular activities of other unknown non-coding RNAs. 
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Introduction 
 
MicroRNAs (miRNAs) represent an abundant 
family of non-protein-coding small RNA 
(ncRNA) molecules and play crucial roles in 
the regulation of both plant and animal devel-
opmental processes. To date, some studies 
related to miRNAs of the economically im-
portant silkworm, Bombyx mori L. 
(Lepidoptera: Bombicidae), have been con-
ducted, focusing on identification, expression 
analysis, and prediction of function. In June 
2013, miRBase 20, consisting of 24,521 en-
tries from 206 different species, was released, 
and of these, 567 entries represented mature 
miRNAs from B. mori. This article summariz-
es current research approaches employed for 
the identification and prediction of functions 
of B. mori miRNAs. Data related to B. mori 
miRNAs were obtained from PubMed and the 
China National Knowledge Infrastructure 
(CNKI).  
 
Computational prediction of B. mori miR-
NAs 
 
In general, miRNAs show high sequence con-
servation across species and are produced 
from a primary stem-loop structure in the nu-
cleus, which are particularly important 
features of miRNAs. Accordingly, the first 
step of using bioinformatics software to pre-
dict new miRNAs is to conduct a homology 
search of the whole B. mori genome sequence 
in light of foregone pri-miRNA. This general-
ly results in a large number of sequences, 
which are then further screened through RNA 
secondary structure analysis, prediction soft-
ware analysis, and dynamics analysis. Tong et 
al. (2006) conducted a homology search to 
identify homologs of previously validated 
miRNAs from the B. mori genome and identi-
fied 24 potential miRNA genes. Yu et al. 
(2008a) identified 114 non-redundant con-

served miRNAs and 148 novel putative miR-
NAs from the B. mori genome with an 
elaborate forecasting system on the basis of 
the sRNA loop and known structural charac-
teristics of animal pri-miRNAs. Yao (2008) 
employed computational and experimental 
RNomics to predict and validate B. mori 
miRNAs based on the sequence conservation 
of mature miRNAs and their precursors dis-
playing hairpin structures, which resulted in 
the identification of 62 potentially conserved 
miRNAs. Forty-one conserved miRNAs were 
identified by adopting a computational ho-
mology search approach, some of which were 
further selected, and their identities were con-
firmed experimentally (Cao et al. 2008). 
Based on the conservation of miRNA se-
quences, using a computational homology 
search based on a genomic survey sequence 
analysis, Huang et al. (2010) identified and 
described 16 novel miRNAs. Furthermore, He 
et al. (2008) used a combination of a computa-
tional method based on sequence homology 
searches and experimental identification based 
on microarray assays and northern blotting. 
Through this combined approach, 46 miR-
NAs, 21 plausible miRNAs, and a novel small 
RNA were identified in B. mori. Among those 
identified, there were 12 pairs of miRNAs and 
miRNA*s (He et al. 2008). In other applica-
tions of miRNA predictive bioinformatics, Liu 
et al. (2008) used miRscan and PatScan algo-
rithms and predicted 120 iRNA genes on the 
6x and 9x genome assembly of B. mori based 
on sequence conservation and structural simi-
larity to known miRNAs. 
 
Identification and expression of B. mori 
miRNAs 
 
Microarray technology is a systematic and 
comprehensive technique for functional ge-
nomic investigations. Based on the principle 
of molecular hybridization, microarray tech-
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niques can be used to measure changes in 
gene expression levels among different sam-
ples simultaneously. Microarrays also provide 
information about the expression pattern of 
one gene, or a group of genes, and its relation-
ship to other gene expression patterns. The 
endogenous expression of miRNAs in BmN 
cells was identified by microarray analysis, 
and 73 miRNAs were validated (Yang 2012). 
Illumina/Solexa sequencing is a second-
generation sequencing technology, which is 
primarily based on synthesis sequencing. 
Zhang et al. (2009) conducted a large-scale 
screening for miRNA genes in B. mori using 
synthesis deep sequencing and confirmed the 
presence of 354 miRNA genes using miRNA 
microarrays for all developmental stages, in-
cluding egg, larval, pupal, and adult stages. 
Similarly, from 2,227,930 synthesis sequence 
tags, 3750 miRNA candidate genes were iden-
tified through a computational pipeline 
combining RNAfold and triplet SVM algo-
rithms (Zhou 2008). Using a large-scale 
Solexa sequencing technology, Liu et al. 
(2010b) validated 257 unique miRNA genes, 
including 202 novel and 55 previously report-
ed genes, corresponding to 324 loci in the B. 
mori genome. Furthermore, in a study con-
ducted at the Centre of Excellence for 
Genetics and Genomics of Silkmoths, Singh et 
al. (2010) identified four B. mori nucleopoly-
hedrosis virus (BmNPV)-encoded miRNAs by 
using a combination of in silico and experi-
mental methods. Another experimental 
method commonly used for recognizing new 
miRNAs is sequencing and construction of 
cDNA libraries enriched in miRNAs. Cai et 
al. (2010) obtained more than four million 
useful sequences from a library, which was 
constructed from a mixture of 14 RNA sam-
ples from different developmental stages of B. 
mori, by using a high-throughput sequencing 
method for miRNA identification. Using an 
elaborate screening protocol, they identified 

287 novel candidate miRNAs, of which 59 
miRNA and miRNA-stars (miRNA*) se-
quences were predicted. Researchers from 
Oklahoma State University generated small 
RNA libraries from feeding larvae, spinning 
larvae, pupae, and adults of B. mori, and ob-
tained ~2.5 million reads of 18–30 
nucleotides. Subsequent sequence analysis 
identified 101 homologs of conserved miR-
NAs, 14 species-specific miRNAs, and two 
antisense miRNAs in the B. mori genome 
(Jagadeeswaran 2010). 
 
Microarray is an effective technique for high-
throughput genetic screening, which can au-
thenticate all expression levels of known 
miRNAs in a short period and even detect ex-
pression levels of tissue-specific miRNAs; 
hence, it is the best choice for high-throughput 
detection of miRNA expressions. Jagadeeswa-
ran et al. (2010) analyzed all candidate 
miRNAs of B. mori and found that most novel 
miRNAs were preferentially expressed in the 
pupae, whereas many of the conserved miR-
NAs were differentially regulated during 
different developmental stages. Furthermore, 
the expression levels of four miRNA* were 
remarkably higher than their corresponding 
miRNAs, and the expression profiles of miR 
and miR* were dissimilar among different 
developmental stages. In another study, a total 
of 3750 candidate miRNAs were identified 
using RNAfold and TripletSVM algorithms, 
and of these, 354 miRNAs were confirmed by 
microarray technology. The expression pro-
files of all developmental stages were 
analyzed using these miRNAs. The results 
showed that 106 miRNAs were expressed in 
all stages, while 248 miRNAs were egg-
specific or pupa-specific, indicating that B. 
mori miRNAs may have substantial effects on 
embryogenesis and metamorphosis (Zhou et 
al. 2008). Liu et al. (2010a) were the first to 
report spatial expression patterns of nearly 
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100 miRNAs in multiple normal tissues of 
female and male B. mori using microarray and 
northern-blotting analyses, in which only 10 
miRNAs were detected to express in universal 
tissue types of the B. mori, such as bmo-let-7 
and bmo-bantam, whereas the majority were 
distributed exclusively or preferentially in 
specific tissues, such as bmo-miR-275 and 
bmo-miR-1. 
 
Other experimental protocols commonly used 
to detect miRNA expressions are polymerase 
chain reaction (PCR) technology, polyacryla-
mide gel electrophoresis (PAGE)/northern 
blotting, and real-time PCR (qPCR). When all 
of these techniques are combined, the expres-
sions can all be detected and depicted with 
much more clarity and precision, concerning 
exceptional miRNA expressions from specific 
tissues, expression characteristics of distinct 
miRNAs across different developmental peri-
ods, and changes in miRNA expression under 
special situations. Yu et al. (2008a) cloned 
and experimentally verified 35 B. mori miR-
NAs at 14 developmental stages, along with 
their expressions and distributions. Conse-
quently, the expressions of individual 
miRNAs and miRNA species were markedly 
higher at the larva-molting stage compared 
with that at any other stage, indicating that 
miRNAs may play key regulatory roles in the 
B. mori ecdysis. Using northern blotting anal-
ysis, He et al. (2008) revealed that some B. 
mori miRNAs (e.g., bmo-miR-277) were ex-
pressed only during specific stages, indicating 
that these miRNAs have regulatory patterns of 
developmental expression. Furthermore, Yao 
et al. (2008) performed a reverse transcription 
PCR (RT-PCR) assay of four candidate miR-
NAs and found that these miRNAs had 
different expression levels among different 
organs, again suggesting diverse expression 
patterns of some miRNAs during develop-
ment.  

Protocols for analysis of the luciferase report-
er vector are commonly used to detect the 
expression of miRNAs in cells. Yang et al. 
(2012) constructed expression vectors />ZEx-
1-EGFP-pri-mir-1a/8/133 containing the pro-
moter ie1, the enhancer hr5, and three 
corresponding pri-miRNA sequences. The 
constructed miRNA vectors were successfully 
transfected into BmN cells and quantitative 
RT-PCR (qRT-PCR) analysis showed the 
relative abundances of bmo-mir-1a, bmo-mir-
8, and bmo-mir-133 in BmN cells. 
 
Prediction of B. mori miRNA targets 
 
Mature miRNA 5'-end sequences (2–8 nucleo-
tides) are complementary to the 3'-
untranslated (UTR) sequences of potential 
target mRNAs. Furthermore, putative binding 
of miRNA-mRNA duplexes can form a ther-
modynamically stable dimer. The use of 
secondary structure analysis software has be-
come a common model for predicting target 
genes of B. mori miRNAs (Table 1). He et al. 
(2008) predicted 1671 3'-UTR binding sites in 
B. mori genes and obtained 547 target genes, 
including 986 target sites, through functional 
conservative and binding site predictive anal-
yses; of these, 338 target 3'-UTRs and 43 seed 
regions of miRNAs could form perfect base 
pairs. Using mFold analysis, Zeng et al. 
(2009) determined that the minimum free en-
ergy for hybridization was -28.2 kcal/mol 
between BmEm4 and bmo-mir-7 and -17.6 
kcal/mol between BmEm4 and bmo-mir-79. 
Based on the online software RNAhybrid and 
MirTif, screening for the predicted binding 
sites, Liu et al. (2012) obtained predictions 
about the binding site of let-7 in the Ras 3'-
UTR and found in Ras 1, Ras 2 and Ras 3 
there were two, two, and five binding sites, 
respectively. Singh et al. (2010) predicted 
eight viral and 64 cellular targets of the 
BmNPV-encoded miRNAs by using miRanda, 
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and the putative functions of these targets 
suggested that miRNAs play important roles 
in insect-pathogen interactions by modulating 
relationships between genes involved in viral 
replication and those involved in the host im-
mune defence machinery. Bmo-miR-9a is a 
conservative miRNA. By using target predic-
tion software RNAhybrid and RNA22, Song 
et al. (2013) obtained a target-binding site of 
Bmo-miR-9a in the 3'UTR of Bm-ase gene. 
 
The Promega Corporation 
(www.promega.com) has developed a dual 
reporter gene assay system for detecting fire-
fly luciferase and marine coelenterate 
luciferase. This system is used in combination 
with a pRL vector system in order to express 
the luciferase of the second reporter gene, and 
then the target gene expression regulated by 
miRNAs is investigated through the dual lu-
ciferase reporter detection system. Although 
this method is relatively uncomplicated, it 
cannot efficiently simulate the interaction be-
tween specific miRNAs and target genes 
either in vivo or in the intracellular environ-
ment. Cao et al. (2008) constructed an 
expression vector of the fibroin L chain 
mRNA 3'-UTR and used this vector to show 
that miRNAs can repress expression of the β-
glucuronidase reporter gene (GUS). Sequence 
complementation analysis using agroinfiltra-
tion followed by histochemical and 
biochemical assays further confirmed that four 
miRNAs were involved in transcriptional reg-
ulation of the specific target genes (Table 2). 
Huang et al. (2011a) constructed a recombi-
nant plasmid containing the targets Fib-L and 
P25 3'-UTR, which were co-transfected into 
Sf cells with a recombinant miRNA expres-
sion plasmid. On the basis of the relative 
luciferase activity, miRNA-965 and miRNA-
1926 were reported to down-regulate the ex-
pression of the Fib-L gene via complementary 
combination with the target site of the target 

gene. Huang et al. (2011c) successfully insert-
ed the cytoplasmic actin 3 (A3) promoter and 
flanked sequences of the miRNA-9a (miR-9a) 
precursor into a pCDNA3.0 vector to con-
struct a recombinant plasmid, which was then 
transfected into BmN cells. The results of this 
study suggested that use of a recombinant 
miRNA expression vector was a favorable 
approach for the functional study of B. mori 
miRNAs in vitro. Based on these experiments, 
Huang et al. successfully transformed the re-
combinant donor plasmid, pFastBac-miR-9a, 
into E. coli DH10Bac/AcNPV and transfected 
it into Sf21 insect cells with cational lipofec-
tin. The results confirmed that the baculovirus 
expression system could be used to transcribe 
a recombinant vector containing miR-9a for 
further analysis of miR-9a function (Huang et 
al. 2012a). Similarly, Yin et al. (2010) con-
structed a transfection vector containing the 
Bmyan 3'-UTR and the luciferase reporter 
gene, which was co-transfected into a BmE 
cell line with bmo-miR-7, and the results of 
luciferase activity analysis revealed a recogni-
tion site of bmo-miR-7 on the Bmyan 3-UTR. 
Zhang et al. (2010) validated the regulating 
relationships between bmo-miR-7 and 
Bmhairy using similar methods; however, 
western blotting analyses indicated that this 
was potentially a fine-tuned target and not a 
turn-on/turn-off target. Sun et al. (2011) con-
structed an expression vector of the target Fib-
L 3-UTR with the reporter gene EGFP and the 
miR-190 expression vector and transfected 
both of these recombinant vectors into BmN 
cells, which confirmed that miR-190 had a 
regulatory function on Fib-L at the cellular 
level. Liu et al. (2012) combined the Ras 3-
UTR with reporter gene vectors, which were 
co-transfected in Sf9 cells together with let-7 
mimics. Using a dual luciferase reporter gene 
assay, they then predicted and verified that 
let-7 had target sites on the respective 3-UTRs 
of Ras1, Ras2, and Ras 3. To verify the regu-
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lation function of Bmo-miR-9a on the expres-
sion of Bm-ase gene, Song et al. (2013) 
constructed a Bmo-miR-9a over-expressing 
vector and Bm-ase 3'UTR fused firefly lucif-
erase gene reporter plasmid, respectively. 
Then they were co-transfected into the BmN 
cells and the luciferase activity of co-
transfected cells was suppressed compared 
with the control. Furthermore, the result was 
similar when BmN cells were co-transfected 
with artificial synthetic Bmo-miR-9a mimics 
and Bm-ase 3'UTR fused luciferase reporter 
plasmid. These results suggested that Bmo-
miR-9a could down-regulate the expression of 
Bm-ase gene. Chen et al. (2013) further inves-
tigated the 3'-UTR of BmVMP23, which was 
destroyed by an inserted fragment, and the 
expression of BmVMP23 was found to be 
down-regulated in eggs of lethal mutant B. 
mori strain "Ming" (l-em). Furthermore, they 
found a miRNA (bmo-miR-1a-3p) that 
matched perfectly to the 3-UTR sequence of 
BmVMP23 and conducted an in vitro co-
transfection experiment to verify the expres-
sion relationship between bmo-miR-1a-3p and 
BmVMP23. On the basis of the evaluated lu-
ciferase activity, luc expression was shown to 
be strongly repressed, suggesting that bmo-
miR-1a-3p might downregulate BmVMP23 
expression via complementary interactions 
with target sites at the 3'-UTR. 
 
Functional studies of B. mori miRNAs 
 
Yu et al. (2008b) cloned and predicted target 
genes of miRNAs based on gene ontology 
(GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) functional classifications 
and found that more than half of the target 
genes were involved in protein binding, me-
tabolism, cell processes, as well as catalytic 
activity. Most of these genes were also found 
to be related to amino acid metabolism, glu-
cose metabolism, signal transduction, energy 

metabolism, endocrine, tumors, and protein 
processing and translation pathways. Further-
more, this study revealed that the species and 
number of miRNAs were both much higher at 
the 4th instar molting period than at other de-
velopmental stages, indicating that miRNAs 
may play significant roles in the molting 
phase. The results of the target prediction 
study by Cai et al. (2010) clearly indicated 
that a large number of B. mori miRNAs 
modulated more than one component of hor-
mone signaling pathways and/or hormone 
biosynthesis-related proteins, which implied 
that they have considerable effects in B. mori 
developmental processes. Similarly, Yao et al. 
(2008) indicated that the 10 targets regulated 
by miRNAs were all involved in important 
life activities in the B. mori. As shown in Ta-
ble 2, the different target genes identified 
indicate that miRNAs could play extremely 
emphatic roles in a variety of different physio-
logical intracellular activities (Yao et al. 
2008). Sun et al. (2011) investigated the tis-
sue-specific expressions of miR-33, miR-7, 
and miR-190 and found that all three of these 
miRNAs were expressed in the B. mori poste-
rior silk gland (PSG) at the 5th instar larval 
stage. In particular, the expression level of 
miR-190 was increased in the PSG relative to 
other tissues, suggesting that miR-190 may be 
involved in regulating the expression of the 
silk protein. Singh et al. (2012) provided evi-
dence that the BmNPV modulated the small-
RNA-mediated defense of its host by encod-
ing an miRNA (bmnpv-miR-1) that down-
regulated the expression of the host GTP-
binding nuclear protein, Ran. Furthermore, 
this study revealed that the immediate-early 
gene targeted by bmo-miR-8 could be con-
trolled by bmnpv-miR-1 and Ran dsRNA, 
resulting in increasing virus infection levels in 
the B. mori larvae. Previously, in a computa-
tional prediction of the viral and cellular 
targets of BmNPV virus-encoded miRNAs, 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



 

Journal of Insect Science: Vol. 14 | Article 133  Wang et al. 

Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 7 
 
 

Singh et al. (2010) discovered that these viral 
miRNAs played significant roles in insect-
pathogen interactions by regulating viral rep-
lication-related and host immune defense-
related genes. Zhou et al. (2009) induced 
BmN-SWU1, BmN-SWU2, and BmE cells 
with different concentrations of ecdysone and 
then detected the expression levels of bmo-
1et-7. The results demonstrated distinctive 
induction effects, and furthermore, both the 
cellular type and induction time had extreme 
impacts on the induction effect. In the pro-
gram to figure out the intercommunication 
between miR-1 and B. mori molting disorder, 
when pre-pupal stage B. moris were injected 
with miR-1 mimics, the old epidermis was not 
slough off, and the formation of the internal 
pupal epidermis was slightly affected by the 
old translucent epidermis (Gao et al. 2012). 
This result indicated that up-regulation of 
Bmo-miR-1 may lead to B. mori molting dis-
order.  
 
Non-canonical functions of miRNAs 
 
MiRNAs are small ncRNAs that are involved 
in post-transcriptional gene regulation. Ac-
cording to the canonical model, miRNAs can 
recognize protein-coding mRNAs and exert 
their roles predominantly in the cytoplasm. 
However, several studies have revealed that 
miRNAs can also be transported from the cy-
toplasm to the nucleus (Meister et al. 2004; 
Politz et al. 2006; Hwang et al. 2007). Recent-
ly, Chen (2013) highlighted that several 
nuclear miRNAs can act in a non-canonical 
manner to regulate the biogenesis and func-
tion of ncRNAs, including miRNAs and long 
ncRNAs (Hansen et al. 2011; Zisoulis et al. 
2012; Tang et al. 2012). MiRNAs determine 
the repression of translational processes or the 
degradation of mRNA targets. Another mode 
of miRNA-mediated regulation of translation 
repression or activation has been reported, 

which involves the binding of miRNA to the 
5′-UTR of its target gene (Lytle et al. 2007; 
Ørom et al. 2008; Tsai et al. 2009). Letizia 
and Masotti (2013) recently reviewed the pos-
sible interactions and action mechanisms 
based on the results of several studies and dis-
cussed the bioinformatics tools and public 
databases currently available for predicting 
miRNA binding sites in the 5′-UTR.  
 
Concluding remarks and future directions 
 
Bombyx mori is a lepidopteran insect of eco-
nomic importance. Since its genome was first 
sequenced, functional genomics research has 
revealed information about the sophisticated 
mechanisms regulating gene expression, with 
both applied and theoretical significance. Af-
ter summarizing research related to the 
discovery and identification protocols of B. 
mori miRNAs, we discovered that the majori-
ty of researchers prefer to use high-throughput 
sequencing protocols for seeking and obtain-
ing candidate miRNAs from B. mori. As the 
number of such studies continues to increase, 
the next challenges will be to ensure efficient 
and accurate access to candidate miRNAs. 
Some researchers focus on bioinformatics 
prediction tools to obtain a large number of B. 
mori miRNAs, which further encourages more 
efficient and strict requirements in the devel-
opment of bioinformatics and computer 
software programs. 
 
Methods for analysis and verification of silk-
worm miRNA expression profile are identical 
to those for other species-cloning and library 
construction, high-throughput expression pro-
filing, RT-PCR, or northern blotting, etc. 
Stem-loop RT-PCR is known to be a very 
sensitive method for the quantitative determi-
nation of known miRNAs. Gao et al. (2012) 
designed two groups of primers to identify 
conserved miRNAs in the non-model insect, 
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Spodoptera litura. One group of primers dif-
fered from those frequently used in silkworm 
studies, particularly with respect to the for-
ward primer. When utilizing the more-specific 
miRNA forward primer, agarose gel electro-
phoresis revealed that the fragments were 
displayed by a single band and no non-
specific fragment was amplified. Therefore, 
this method could be used to amplify specific 
silkworm miRNAs. Currently, PCR and 
northern blotting are widely used to detect in-
dividual miRNAs. Although PCR is a highly 
sensitive method, the high incidence of false-
positives and difficulties of primer design 
have generally limited its use in this field. In 
addition, traditional northern blotting proto-
cols are relatively complicated, time-
consuming, and inconvenient. Li et al. (2012) 
reported a novel method for detecting individ-
ual miRNAs that was rapid but required 
specific liquid hybridization and color devel-
opment (LHCD) instruments for detection of 
fluorescent signals. Based on the rapidity of 
liquid hybridization and signal amplification 
for detection of the avidin-biotin complex 
(ABC), LHCD can identify a one-nucleotide 
difference within a miRNA family and allows 
sensitive detection of 2.5 fmol of miRNAs. So, 
LHCD is a convenient and efficient alterna-
tive method for miRNA analyses (Li et al. 
2012). 
 
Shamayra et al. (2006) investigated the poste-
rior silk gland of the B. mori Nistari strain and 
obtained five U6 small nuclear RNA (snRNA) 
isoforms. Their sequences were identical to 
the 35 full-length U6 variants recently re-
leased in the Whole Genome Shotgun (WGS; 
Mita et al. 2004) database of the p50T strain. 
The main function of U6 snRNA is in pre-
mRNA processing, in which variants can 
modulate the assemblage of the catalytic core 
as well as affect the splicing rate (Shamayra et 
al. 2006). U6 snRNA is commonly employed 

as the universal reference gene in identifying 
gene expression (Liu et al. 2008; Yu et al. 
2008a; Yu et al. 2009; Huang et al. 2011b). 
 
With respect to target gene prediction anal-
yses of miRNAs, gene prediction software is 
most commonly employed (Table 1). To date, 
no miRNA analysis software specifically for 
silkworms has been developed, necessitating 
further experiments to verify the prediction 
results. Currently, the most frequently used 
method for investigation of miRNA functions 
involves identification of the miRNA through 
inhibiting the target gene at the cellular level. 
In this respect, the B. mori (Bm) and Spodop-
tera frugiperda (Sf) cell lines are commonly 
used for transfection in medium, and the Ag-
robacterium infection method has also been 
applied (Cao et al. 2008). Both single and dual 
fluorescence expression systems are generally 
used to investigate miRNA expression and the 
relationship between a miRNA and its target 
gene. However, different promoters of recom-
binant vectors could affect transient 
expression. Huang et al. (2012b) used recom-
binant plasmids containing six different 
promoters for transfection, and transcriptional 
experiments revealed that the three promoters 
of Fib-H, A3, and IE-1 sequentially strength-
ened transient expression of the luc reporter 
gene in BmN cells. Although such authentica-
tions at the cellular level can demonstrate 
whether miRNAs may negatively impact tar-
get genes at the post-transcriptional level or 
confirm that there are binding sites of miR-
NAs on the 3ʹ′-UTR of targets, further 
confirmation of these results is also necessary. 
In all relevant literature surveyed, there was 
no indication of miRNAs up-regulating their 
targets in the silkworm. However, the up-
regulation effect has been reported in human 
miRNAs (Vasudevan et al. 2007). At present, 
several studies have emerged from India and 
China regarding baculovirus or microsporidi-
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an miRNAs in B. mori, which presents a new 
direction for research concerning viral or bac-
terial gene functions (Dang et al. 2009; Chen 
et al. 2010; Singh et al. 2010; Shirina et al. 
2011). 
 
As key factors in post-transcriptional gene 
regulation, miRNAs are well known to have 
very important regulatory functions in signifi-
cant biological processes such as cellular 
differentiation, proliferation, apoptosis, devel-
opment, and disease occurrence. Basic 
research aimed directly at silkworm miRNAs 
has demonstrated that miRNAs can produce 
marked effects on the mechanisms underlying 
the developmental processes of silkworms. In 
addition, investigations conducted thus far 
have laid the foundation for improving our 
understanding of RNA regulation networks 
and the molecular mechanisms involved in 
gene expression patterns throughout different 
life stages. MiRNA research represents im-
portant progress in the study of ncRNAs and 
may provide further information on the activi-
ties of as yet unknown ncRNAs.  
 
Acknowledgements 
 
This research was supported partly by re-
search grants from the National Natural 
Science Foundation of China 
(31172266/C1703) and the Innovation Foun-
dation for Graduate Students of Jiangsu 
Province, China (CXZZ12_0726). 
 
References 
 
Cai YM, Yu XM, Zhou Q, Yu CX, Hu HY, 
Liu JC, Lin HB, Yang J, Zhang B, Cui P, Hu 
SN, Yu J. 2010. Novel microRNAs in 
silkworm (Bombyx mori). Functional & 
Integrative Genomics 10: 405-415. 
 

Cao J, Tong CZ, Wu XJ, Lv JN, Yang ZL, Jin 
YF. 2008. Identification of conserved 
microRNAs in Bombyx mori (silkworm) and 
regulation of fibroin L chain production by 
microRNAs in heterologous system. Insect 
Biochemistry and Molecular Biology 38: 
1066-1071. 
 
Chen AL, Xia DG, Qiu ZY, Gao P, Tang SM, 
Shen XJ, Zhu F, Zhao QL. 2013. Expression 
of a vitelline membrane protein, BmVMP23, 
is repressed by bmo-miR-1a-3p in silkworm, 
Bombyx mori. FEBS Letters 587: 970-975. 
 
Chen W, Huang Y, Zhao QL, Song F, Qiu 
ZY, Xia DG. 2011. Prediction of Bombyx 
mori Nucleopolyhedrosis Virus Genome En-
coded microRNAs by Means of 
Bioinformatics. Acta Sericologica Sinica 5: 
818-824. (in Chinese) 
 
Chen X, Liang HW, Zhang CY, Zen K. 2012. 
miRNA regulates noncoding RNA: a 
noncanonical function model. Trends in 
Biochemical Sciences 37: 457-459. 
 
Dang XQ, Li T, Pan GQ, Zhou ZY. 2009. 
Research on genes related to silkworm 
microsporidian miRNAs processing progress 
in B. mori. Chongqing Society for 
Microbiology. Ninth Congress of the Annual 
Conference, Chong qing, China. (in Chinese) 
 
Gao L, Zuo HL, Liu KL, Li HY, Zhang GH. 
2012. A New Strategy for Identification of 
Highly Conserved microRNAs in Non-Model 
Insect, Spodoptera litura. International 
Journal of Molecular Sciences 13: 612-627. 
 
Gao S. 2012. The regulation of silkworm 
larvae ecdysis by bmo-miR-1. Ph.D. Thesis, 
Southwest University, Chong qing, China. 
 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



 

Journal of Insect Science: Vol. 14 | Article 133  Wang et al. 

Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 10 
 
 

Hansen TB, Wiklund ED, Jesper BB, Sune 
BV, Aaron LS, Susan JC, Jørgen K. 2011. 
miRNA-dependent gene silencing involving 
Ago2-mediated cleavage of a circular 
antisense RNA. Embo Journal 30: 4414-4422. 
 
He PA, Nie ZM, Chen JQ, Chen J, Lv ZB, 
Sheng Q, Zhou SP, Gao XL, Kong LY, Wu 
XF, Jin YF, Zhang YZ. 2008. Identification 
and characteristics of microRNAs from 
Bombyx mori. Biomedcentral Genomics 28: 
248. 
 
Huang Y. 2011a. Identification of miRNAs in 
Bombyx mori and their regulations on 
expression of fibroin light chain and P25 
genes. Ph.D. Thesis, Jiangsu University of 
Science and Technology, Zhen Jiang, China. 
 
Huang Y, Zou Q, Shen XJ, Tang S, Wang S, 
Zhao Q. 2011b. Differential expression of 
microRNA-2b with potential target coding 
P25 in the fifth instar larvae posterior silk 
gland of the silkworm. Molecular Biology 
(Mosk) 45: 627-632. 
 
Huang Y, Zou Q, Shen XJ, Yu XL, Wang ZB, 
Cheng XC. 2012a. Construction of 
baculovirus expression vector of miRNAs and 
its expression in insect cells. Molekuliarnaia 
Genetika, Mikrobiologiia i Virusologiia 35-
39. 
 
Huang Y, Zou Q, Tang SM, Wang LG, Shen 
XJ. 2010. Computational identification and 
characteristics of novel microRNAs from the 
Silkworm (Bombyx mori L.). Molecular 
Biology Reports 37: 3171-3176. 
 
Huang Y, Zou Q, Wang SP, Tang SM, Zhang 
GZ, Shen XJ. 2011c. Construction and 
detection of expression vectors of microRNA-
9a in BmN cells. Journal of Zhejiang 
University SCIENCE B 12: 527-533. 

Huang Y, Wang JP, Song F, Wang X, Shen 
XJ. 2012b. Comparison of Six Promoters for 
Transient Expression of Luciferase Reporter 
Gene in Cultured Bombyx mori Cells (BmN). 
Russian Journal of Developmental Biology 
43: 372-376. 
 
Hwang HW, Wentzel EA, Mendell JT. 2007. 
A hexanucleotide element directs microRNA 
nuclear import. Science 315: 97-100. 
 
Jagadeeswaran G, Zheng Y, Sumathipala N, 
Jiang HB, Arrese EL, Soulages JL, Zhang 
WX, Sunkar R. 2010. Deep sequencing of 
small RNA libraries reveals dynamic 
regulation of conserved and novel microRNAs 
and microRNA-stars during silkworm 
development. Biomedcentral Genomics 20: 
52. 
 
Letizia DS, Masotti A. 2013. Recent Insights 
and Novel Bioinformatics Tools to 
Understand the Role of MicroRNAs Binding 
to 5' Untranslated Region. International 
Journal of Molecular Sciences 14: 480-495. 
 
Li XQ, Ni MJ, Zhang YL. 2012. Detecting 
miRNAs by liquid hybridization and color 
development. Methods 58: 151-155. 
 
Liu LH. 2012. Functional study of bmo-let-7 
in the pupation of silkworm, Bombyx mori. 
Master's Degree Thesis, Southwest 
University, Chong qing, China. 
 
Liu SP. 2008. MicroRNAs of Bombyx mori 
and their expression rhythms. Ph.D Thesis, 
Southwest University, Southwest University, 
Chong qing, China. 
 
Liu SP, Gao S, Zhang DY, Yin JY, Xiang ZH, 
Xia QY. 2010a. MicroRNAs show diverse 
and dynamic expression patterns in multiple 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



 

Journal of Insect Science: Vol. 14 | Article 133  Wang et al. 

Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 11 
 
 

tissues of Bombyx mori. Biomedcentral 
Genomics 11: 85.  
 
Liu SP, Li D, Li QB, Zhao P, Xiang ZH, Xia 
QY. 2010b. MicroRNAs of Bombyx mori 
identifled by Solexa sequencing. 
Biomedcentral Genomics 11: 148. 
 
Lytle JR, Yario TA, Steitz JA. 2007. Target 
mRNAs are repressed as efficiently by 
microRNA-binding sites in the 5' UTR as in 
the 3' UTR. Proceedings of the National 
Academy of Sciences of the United States of 
America 104: 9667-9672. 
 
Meister G, Landthaler M, Patkaniowska A, et 
al. 2004. Human Argonaute2 mediates RNA 
cleavage targeted by miRNAs and siRNAs. 
Molecular Cell 15: 185-197. 
 
Mita K, Kasahara M, Sasak S, et al. 2004. The 
genome sequence of silkworm 
Bombyx mori. DNA Research. 11: 27-35. 
 
Ørom UA, Nielsen FC, Lund AH. 2008. 
MicroRNA-10a Binds the 5’UTR of 
Ribosomal Protein mRNAs and Enhances 
Their Translation. Molecular Cell 30(4): 460-
471. 
 
Politz JCR, Zhang F, Pederson T. 2006. 
MicroRNA-206 colocalizes with ribosome-
rich regions in both the nucleolus and 
cytoplasm of rat myogenic cells. Proceedings 
of the National Academy of Sciences of the 
United States of America 103: 18957-18962. 
 
Shirina TV, Bobrovskaia MT, Kozlov ÉA. 
2011. The search of miRNA genes in Bombyx 
mori nuclear polyhedrosis virus genomes 
regions complementary to the latest genes. 
Ukrainskii Biokhimicheskii Zhurnal 83: 59-66.  
 

Singh CP, Singh J, Nagaraju J. 2012. A 
baculovirus-encoded MicroRNA (miRNA) 
suppresses its host miRNA biogenesis by 
regulating the exportin-5 cofactor Ran. 
Journal of Virology 86: 7867-7879. 
 
Singh J, Singh CP, Bhavani A, Nagaraju J. 
2010. Discovering microRNAs from Bombyx 
mori nucleopolyhedrosis virus. Virology 407: 
120-128.  
 
Shamayra SS, Karima A, Julie MS, Rene JH. 
2006. U6 snRNA variants isolated from the 
posterior silk gland of the silk moth Bombyx 
mori. Insect Biochemistry and Molecular 
Biology 36: 454-465. 
 
Song F, Huang Y, Wang X, Tang SM, Shen 
XJ. 2013. Bmo-miR-9a down regulates the 
expression of Bm-ase gene in vitro. Russian 
Journal of Bioorganic Chemistry 39: 1-6. 
 
Sun F. 2011. Investigation on regulation of 
Fibroin L chain by microRNAs and mutually 
exclusive splicing of bombyx mori 14-3-3ζ 
gene. Master’s Degree Thesis, Zhejiang 
University, Hang Zhou, China. 
 
Tang R, Li LM, Zhu DH, Hou DX, Cao T, Gu 
HW, Zhang J, Chen JY, Zhang CY, Zen K. 
2012. Mouse miRNA-709 directly regulates 
miRNA-15a/16-1 biogenesis at the 
posttranscriptional level in the nucleus: 
evidence for a microRNA hierarchy system. 
Cell Research 22: 504-515.  
 
Tong CZ, Jin YF, Zhang YZ. 2006. 
Computational prediction of microRNA genes 
in silkworm genome. Journal of Zhejiang 
University SCIENCE B 7: 806-816.  
 
Tsai NP, Lin YL, Wei LN. 2009. MicroRNA 
mir-346 targets the 5’-untranslated region of 
receptor-interacting protein 140 (RIP140) 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



 

Journal of Insect Science: Vol. 14 | Article 133  Wang et al. 

Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 12 
 
 

mRNA and up-regulates its protein 
expression. Biochemical Journal 424: 411-
418. 
 
Vasudevan S, Tong Y, Steitz JA. 2007. 
Switching from Repression to Activation: 
MicroRNAs Can Up-Regulate Translation. 
Science 318: 1931. 
 
Yang L, Lu X, Liu Y, Lv ZB, Chen J, Yua W, 
Zhang YZ, Nie ZM. 2012. Expression 
analysis of miRNAs in BmN cells. Gene 505: 
240-245. 
 
Yao J. 2008. Identification and analysis of the 
silkworm microRNA through the computer. 
Master’s Degree Thesis, Nanchang 
University, Jiang Xi, China. 
 
Yin J. 2010. Identification of Bmhairy as bmo-
miR-7’s target. Master’s Degree Thesis, 
Southwest University, Chong Qing, China. 
 
Yu X, Zhou Q, Li SC, Luo QB, Cai YM, Lin 
WC, Chen H, Yang Y, Hu S, Yu J. 2008a. 
The silkworm (Bombyx mori) microRNAs and 
their expressions in multiple developmental 
stages. PLoS One 3:e2997. 
 
Yu X. 2008b. Research of silkworm (Bombyx 
mori) microRNAs and their target genes. 
Ph.D. Thesis, Beijing Institute of Genomics, 
Chinese Academy of Sciences, Beijing, 
China. 
 
Yu X, Zhou Q, Cai Y, Luo QB, Lin HB, Hu 
SN, Yu J. 2009. A discovery of novel 
microRNAs in the silkworm (Bombyx mori) 
genome. Genomics 94: 438-444. 
 
Zhang Danyu. 2010. Identification of Bmyan, 
a target gene of bmo-miR-7. Master’s Degree 
Thesis, Southwest University, Chong Qing, 
China. 

Zhang Y, Zhou X, Ge X, Jiang JH, Li MW, 
Jia SH, Yang XN, Kan YC, Miao XX, Zhao 
GP, Li F, Huang YP. 2009. Insect-Specific 
microRNA Involved in the Development of 
the Silkworm Bombyx mori. PLoS One 
4:e4677. 
 
Zeng F, Xie H, Nie Z, Chen J, Lv ZB, Chen 
JQ, Wang D, Liu LL, Yu W, Sheng Q, Wu 
XF, Zhang YZ. 2009. Characterization of the 
gene BmEm4, a homologue of Drosophila 
E(spl)m4, from the silkworm, Bombyx mori. 
Comparative and Functional Genomics 94: 
74-90. 
 
Zhou Ting. 2009. Cloning of let-7 target 
genes and inducing of ecdysone on bmo-let-7 
in silkworm cell lines. Master’s Degree 
Thesis, Southwest University, Chong Qing, 
China. 
 
Zhou Xue. 2008. Bioinformatics prediction 
and evolutionary analysis of insect Piwi 
protein and microRNA. Master’s Degree 
Thesis, Nanjing Normal University, Nanking, 
China. 
 
Zisoulis D G, Kai ZS, Chang RK, Chang RK, 
Pasquinelli AE. 2012. Autoregulation of 
microRNA biogenesis by let-7 and Argonaute. 
Nature 486: 541-5448.  
 
 
 
 
 
 
 
 
 
 
 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



 

Journal of Insect Science: Vol. 14 | Article 133  Wang et al. 

Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 13 
 
 

Table 1. Applications of various prediction programs for Bombyx mori target miRNAs. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

Table 2. Results of predictions of several Bombyx mori specific miRNA target genes. 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
aYao searched the NCBI UniGene database to obtain all silkworm UniGenes, resulting in a total of 11,198 silkworm 3′-UTR sequences and 
predicting 10 potential target genes related to silkworm miRNAs.  
bCao found at least four miRNA binding sites in the silkworm Fib-L using target gene locus prediction software.  
cGao predicted 87 potential bmo-miR-1 target genes based on available Bombyx mori 3′-UTR data in silico. 
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