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Abstract Ovis aries is one of the most important

agricultural livestock for meat production, and also is an

ideal model organism for biological and comparative

genomics studies. Many miRNAs have been reported for

their important roles in developmental processes in various

animals, but there is limited information about O. aries

miRNAs. In this study, combining a computational method

based on expressed sequence tag (EST) analysis with

experimental identification based on small RNA cDNA

library, we identified 31 miRNAs belong to 24 families in

sheep, 2 of which were novel miRNAs which had never

been previously identified in any species. Especially, we

cloned 12 miRNAs from the sheep skeletal muscle, which

were good candidate miRNAs to be studied about the

miRNA-dependant regulated process of muscle develop-

ment, and we identified four pairs of miRNA/miRNA* and

one pair of miRNA-3p/miRNA-5p from sheep EST

sequences. Expression analysis indicated that some miR-

NAs were expressed in a specific tissue, and the pair of

miRNA-3p/miRNA-5p and one pair of miRNA/miRNA*

had a similar relative expression pattern in some tissues,

respectively. Further, we predicted 120 potential target

genes of 31 oar-miRNAs on the 30UTR of O. aries genes.

Gene ontology analysis showed that most of these genes

took part in the cellular process and metabolic process. Our

results enriched the O. aries miRNA database and provided

useful information for investigating biological functions of

miRNAs and miRNA* in sheep.
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Introduction

MicroRNAs (miRNAs) are non-coding RNAs, which are

approximately 22 nucleotides, and can regulate the

expression of target genes by binding to complementary

sites. It is more prevalent for miRNAs to down-regulate the

expression of target genes by binding to the complemen-

tary sites in transcripts and cause transcript degradation or

translational repression [1, 2]. However, recent studies

found that miRNAs could increase protein translation by

binding to the complementary promoter sequences [3, 4].

Numerous cellular and developmental processes in various

organisms have been reported to be regulated by miRNAs,

such as neural development [5, 6], cell division [7], insulin

secretion [8], fat metabolism [9], and even as tumour

suppressor [10, 11] and oncogenes [12, 13].

There are basically two kinds of approaches to identify

miRNAs. One is to sequence size-fractionated cDNA

libraries. Many known miRNAs have been identified by

this method [14, 15]. This method allows the identification

of both conserved and unconserved miRNAs, but a limi-

tation of which is that some miRNAs are expressed at low

levels, and expressed at very specific stages or in rare cell

types. In contrast, computational strategies, which may

especially miss those that are not phylogenetically con-

served, provide an efficient way to predict miRNAs and

their targets by surveying genomic sequences or other

databases like expressed sequence tags (ESTs), which are

based on the secondary structure characteristics, phyloge-

netic conservation of both sequence and structure, and

thermodynamic stability of hairpins. Up to now, compu-

tational approaches have been successfully applied in

vertebrates [16–19], insect [17, 20, 21], and plant [22–24].

Ovis aries is one of the most important agricultural

livestock for meat production, but there is limited infor-

mation, with only four reported (miRBase 14.0, September

2009) [25–27], about the O. aries miRNAs. In our study,

O. aries miRNAs were identified in two ways. The first

method consisted of exploiting miRNAs in the sheep EST

database using a computational approach based on the

phylogenetic conservation of both miRNA sequence and

the secondary structure of pre-miRNAs (precursor-

microRNA). In the second, four small RNA cDNA libraries

from sheep skeletal muscle, brain, spleen and liver tissues

were constructed and sequenced. A total of 31 miRNAs

belong to 24 families were identified. By now, several

miRNAs were reported to regulate the process of skeletal

muscle development, for example, miR-1 and miR-206

were found to contribute to the muscular hypertrophy of

Texel sheep [28]. In our study, 12 miRNAs were isolated

from the sheep skeletal muscle, which might be researched

as the good candidates which could take part in the process

of skeletal muscle development. In addition, we identified

four pairs of miRNA/miRNA* and one pair of miRNA-3p/

miRNA-5p from sheep EST sequences. Expression analy-

sis for several miRNAs indicated that some were expressed

in a specific tissue, and the pair of miRNA-3p/miRNA-5p

and one pair of miRNA/miRNA* had a similar relative

expression pattern in some tissues, respectively. Further,

we predicted 120 potential target genes of 31 oar-miRNAs

on the 30UTR of O. aries genes. Most of the target genes

were found to encode transcription factors which regulated

animal cellular process and metabolic process.

Materials and methods

Computational identification of O. aries miRNAs

Animal miRNAs and their precursor sequences (total 6785

miRNAs from 49 species) were obtained from miRBase

(Release 12:0 April 2008 at http://microrna.sanger.ac.uk/

sequences/) [25–27]. The O. aries ESTs (total 209808

sequences) were downloaded from NCBI database (http://

www.ncbi.nlm.nih.gov/). A five-step prediction method

was used to identify O. aries miRNAs. First, alignment of

known animal miRNAs was conducted by BioEdit soft-

ware package [29] to remove redundant sequences. Second,

we used remaining miRNAs as query sequences for

BLAST searched against the O. aries ESTs with BLASTN,

the parameter settings were as follows: E-value cut-off

was 10, the number of descriptions and alignments were

1000. Third, the ESTs with no more than two mis-

matched nucleotides were chosen to blast with the known

pre-miRNA sequences. Fourth, the ESTs which have

[90% similarity with the corresponding known precursor

sequences were selected to remove the repeated sequences

and the protein-coding sequences by BLASTN and

BLASTX program. The last step was to apply mfold pro-

gram [30, 31] to further identify the pre-miRNAs. Four

criteria were used: (1) the A ? U content of the precursor

sequences should range from 30 to 70%; (2) the mature

miRNA should locate on one arm of the hairpin structure,

and the corresponding positions of the mature miRNAs in

their pre-miRNAs were nearly identical, which was cal-

culated by d-len(A,B) [27]. We used d-len cut-off 10 as the

default parameter; (3) the minimum free energy (MFE) of

the secondary-structure for each potential pre-miRNA was

less than -20 kcal/mol; (4) the hairpin must include at
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least 16 bp within the first 22 nt of the miRNA, and should

not contain large internal loops or bulges, particularly not

large asymmetric bulges, as described in reference [28].

Small RNA cDNA library construction

Total RNA was isolated from four tissues (skeletal muscle,

brain, liver, and spleen) of 6-month-old Texel sheep using

the TRIzol reagent (Invitrogen) according to the manu-

facturer’s instructions. Small RNAs cloning was performed

by constructing a cDNA library for small RNAs as previ-

ously described [32] with some modification. Briefly, total

RNA (*500 lg) was separated on a 15% denaturing

polyacrylamide gel, and small RNAs of 18–26 nt in length

were recovered, purified, and ligated to 30 adapter

(50pCTGTAGGCACCATCAAx (x: DMT-O-C3-CPG)03).

The ligation products were gel-purified and ligated to 50

adapter (50 ATCGTaggcaccugaaa 30, lowercase RNA).

Then reverse transcription was performed (RT primer: 50A
TTGATGGTGCCTAC03), followed by PCR amplifica-

tion (50primer: 50ATCGTAGGCACCTGAAA03, 30primer:

50ATTGATGGTGCCTACAG03). The PCR products were

gel-purified, cloned into pGEM-T Vector (Promega, USA)

and transformed into competent cells. The recombinant

plasmids carrying fragments were isolated from individual

colonies and subjected to DNA sequencing analysis.

Sequence analysis

All cloned sequences longer than 18 nt were searched in

the miRBase database (http://microrna.sanger.ac.uk/seque

nces/index.shtml) [25–27]. If it was identical or nearly

identical with a registered miRNA from other animal

species but not previously identified in sheep, it was con-

sidered as a new O. aries miRNA. The remaining

sequences were searched against the bovine genome in

UCSC genome sequence database (http://genome.ucsc.

edu/cgi-bin/hgBlat) and NCBI (http://www.ncbi.nlm.nih.

gov), because the sheep genome sequencing have not

completed yet, and there is a high genome identity between

sheep and cattle. If the sequence had a perfect match or

fewer than two mismatches with the bovine genome

sequences, then it was compared with the RefSeq protein

database, and the RefSeq RNA database in Genbank. If a

sequence was identical with a known rRNA, tRNA,

mRNA, mtRNA (mitochondrial RNA), snRNA (small

nuclear RNA) or piRNA (Piwi protein interacting small

RNA), it was excluded from further evaluation. Further, the

genomic sequence containing the candidate miRNA

(*80 nt) was used to analysis the secondary structure of

pre-miRNA by the program Mfold 3.2 [30]. The secondary

structure should fulfill the criteria as described above.

Northern blot

Total RNA was isolated from seven tissues (heart, liver,

spleen, lung, kidney, brain, and skeletal muscle) of

6-month-old sheep using TRIzol (Invitrogen, USA). 30 lg

of total RNAs were fractionated on a denaturing 15%

polyacryamide–8 mol/l urea gel, and then were electro-

phoretically transferred to nylon membrane by using a

Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad,

USA). After transfer, the RNAs were fixed to the mem-

brane by baking in a vacuum oven at 80�C for 2 h. The 50

end of the DNA probes were labeled with DIG using a DIG

Oligonucleotide 30-End Labeling Kit (Roche, Switzerland).

Pre-hybridization, hybridization and washing were

performed as manual described. Signal from the membrane

was detected using a DIG Luminescent Detection Kit

(Roche, Switzerland) and the ChemiDoc XRS system (Bio-

Rad, USA). The tRNA and 5S rRNA bands were visualized

by ethidium bromide staining of polyacrylamide gels and

used as loading controls.

Real-time PCR

Total RNA was extracted from six tissues of three

6-month-old Texel sheep, which included heart, liver,

spleen, kidney, brain and skeletal muscle. The quantifica-

tion method similar to that descried by Chen et al. [33] was

applied to validate the predicted miRNAs. The miRNA

cDNA was prepared by the specific stem-loop primer.

Real-time PCR was performed using Power SYBR-Green

PCR master mix kit (Applied Biosystems) on the BIO-

RAD iQ5 Real-time PCR Detection System. The 15 ll

PCR included 1 ll RT product, 29 SYBR-Green PCR

master mix, 2 lM forward primer and 2 lM reverse pri-

mer. The reactions were incubated at 95�C for 5 min

followed by 40 cycles of 95�C for 25 s, 60�C for 30 s and

72�C for 30 s. The standard curve was made by a con-

secutive dilution of 10-2–10-8 copies. All reactions were

run in triplicate and included no template controls. The 5S

ribosomal RNA was used as an internal control. The level

of miRNAs was determined as the relative ratio (RR),

which was calculated by dividing the level of miRNAs by

the level of the 5S ribosomal RNA in the same samples.

The significant level was set to 0.05.

Prediction of O. aries miRNAs targets

252 conserved 30UTR of O. aries genes were extracted by

using UTR Sequences from 5-way alignments downloaded

from the targetscan database (http://www.targetscan.org/)

[16, 34] searched against 3779 O. aries mRNA sequences

downloaded from NCBI database. The RNAhybrid program

[35] was applied to predict the potential target sites of
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identified O. aries miRNAs. A series of rules were used:

(1) a perfect Watson–Crick match between miRNA and

target at 2–7 positions in the 50end of miRNA; (2) one G:U

pair in the seed was allowable; (3) the size of max internal

loop and bulge loop was 2; (4) the threshold for the min-

imum free energy (MFE) of the hybridization was

-20 kcal/mol. The Gene Ontology analysis was conducted

on AmiGO website.

Results

Computational and experimental identification

of new O. aries miRNAs

First, we used a computational approach to exploit O. aries

miRNAs in sheep EST database. Following a set of strict

filtering criteria, we finally identified 14 O. aries miRNAs

(Table 1). Among which, 13 identified miRNAs sequences

were identical or highly similar (1 or 2 nt mismatches) with

those of known miRNAs in related species, which agreed

with that most miRNAs are conserved among mammalian

species [36, 37]. Only oar-miR-425-3p had three mis-

matched nucleotides with corresponding known miRNA,

but we also considered the oar-miR-425-3p as a miRNA

candidate, because it had a homolog in Bos Taurus, which

had the highest conserved genomic information with

O. aries. In the end, it was validated by Real-Time PCR.

The MFE of all precursor sequences was lower than

-20 kcal/mol, except oar-miR-1244. However, the MFE of

its homologs in other species also has a higher value,

for example, -16.7 kcal/mol in Homo sapiens and

-15.2 kcal/mol in Pan troglodytes. In addition, we found

four pairs of miRNA/miRNA*, oar-miR-374b/oar-miR-

374b*, oar-miR-7/oar-miR-7-1*, oar-miR-144/oar-miR-144*,

oar-miR-24/oar-miR-24-1*, and a pair of oar-miR-425-3p/

oar-miR-425-5p. A miRNA cluster was also identified,

including oar-miR-374b, oar-miR-374b* and oar-miR-421.

By constructing four cDNA libraries for small RNAs in

the size range of 18–26 nt from the tissues of skeletal

Table 2 Information of 17 identified O. aries miRNAs by experimental method, including the name, sequence, number of clones, size, number

of mismatches, number of predicted target genes of the mature miRNAs, and the tissues

miRNA Sequencea No. of clones Size (nt) NMb (nt) NTc (nt) Tissue

oar-let-7b UGAGGUAGUAGGUUGUGUGGU 3 21 1 29 Brain

oar-let-7c UGAGGUAGUAGGUUGUAUGGUU 2 22 0 25 Brain

UGAUGUAGUAGGUUGUAUGGU 1 21 2 –d Skeletal muscle

oar-miR-1 UGGAAUGUAAAGAAGUAUGUAU 2 22 0 4 Skeletal muscle

GGAAUGUAAAGAAGUAUGUAA 1 21 2 – Skeletal muscle

UGGAAUGUAAAGAAGUAUGUAA 2 22 1 – Skeletal muscle

oar-miR-21 UAGCUUAUCAGACUGAUGUUG 1 21 1 1 Skeletal muscle

UAGCUUAUCAGACUGAUGUUGAC 1 23 1 – Skeletal muscle

oar-miR-26a UUCAAGUGAUCCAGGAUAGGCU 1 22 1 9 Skeletal muscle

oar-miR-29a UAGCACCAUCUGAAAUCGGUU 1 21 1 3 Skeletal muscle

oar-miR-29c UAGCACCAUUUGAAAUCGGUUA 1 22 0 3 Skeletal muscle

oar-miR-122 UGGAGUGUGACAAUGGUGUUUG 6 22 0 15 Liver

oar-miR-124 UAAGGCACGCGGUGAAUGCCA 4 21 0 6 Brain

oar-miR-125b UCCCUGAGACCCUAACUUGUG 1 21 1 10 Brain

oar-miR-133 UUGGUCCCCUUCAACCAGCUGU 1 22 0 14 Skeletal muscle

oar-miR-181a AACAUUCAACGCUGUCGGUGAG 1 22 0 3 Brain, Skeletal muscle

oar-miR-206 UGGAAUGUAAGGAAGUGUGUGG 2 22 1 16 Brain, skeletal muscle

oar-miR-378 ACUGGACUUGGAGUCAGAAGGC 1 22 0 14 Skeletal muscle

oar-miR-451 AAACCGUUACCAUUACCGAGUUU 1 23 1 1 Skeletal muscle

oar-NEW-1 CCACUCGGCCACCUCGUC 1 18 Unknown 2 Spleen

oar-NEW-2 UUGUCCCUUCCUUCCCACCAGA 1 22 Unknown 9 Skeletal muscle

O. aries miRNAs identified by experimental method
a Some miRNAs are represented by more than one sequence due to variation at the 30end
b The mismatch number of cloned miRNA sequences compared to those of known miRNAs in related species
c Number of predicted target genes
d No target prediction for miRNAs with variation
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muscle, brain, liver and spleen, we cloned 35 miRNA

sequences, represent 17 O. aries miRNAs. Among these

miRNAs, 12 could be isolated from skeletal muscle

(Table 2), which nearly included total miRNAs that have

been proved to regulate the muscle development, such as

miR-1 and miR-133.

Altogether, we identified 31 oar-miRNAs belong to 24

families, all of which were first identified in sheep. Two of

them were novel O. aries miRNAs that had never been

annotated in the miRBase, named oar-NEW-1 and oar-

NEW-2. The remaining 29 miRNAs were sheep orthologs

of known mammalian miRNAs. We confirmed that the

flanking sequences of 29 new miRNAs could form the

typical hairpin precursor structure by the program mfold

(Supplementary Data 1). Fourteen mature miRNAs were

located at the 50 arm of the precursor, and the other fifteen

were located at the 30 arm. Two miRNAs (oar-miR-26a and

oar-miR-451) identified from the small RNA library could

not match the bovine genome, likely because of the

incomplete genome identity between sheep and cattle. The

new miRNAs identified in our study will be subsequently

named in accordance with recognized standards (the offi-

cial name will be assigned via the Rfam Sanger website as

soon as this paper is accepted).

Expression profiling of new O. aries miRNAs

To further understand the biological function of newly

identified miRNAs in sheep, we first detected the

expression profile of three miRNAs (oar-miR-1, oar-miR-

122 and oar-NEW-1) identified from the small RNA

cDNA library in seven sheep tissues (heart, liver, spleen,

lung, kidney, brain and skeletal muscle) by northern

blot. The results showed that all of these three miR-

NAs appeared to be extremely tissue specific (Fig. 1).
oar-miR-1 could be only detected in heart and skeletal

muscle, which was reported to be specifically expressed

in adult cardiac and skeletal muscle tissues and play the

important role in regulating muscle development. oar-

miR-122 could be only detected in liver, which was

reported as the most enriched and the specific miRNA in

liver [38]. And oar-NEW-1 could be only detected in

spleen, which indicated that oar-NEW-1 might play the

regulatory role in spleen. However, further study to dis-

cover its regulatory function is needed.

Then, we chose four miRNAs (the pair of oar-miR-24/

oar-miR-24-1*, and the pair of oar-miR-425-3p/oar-miR-

425-5p) identified by computational method for experi-

mental validation and the expression analysis between

miRNA and miRNA* by Real-time PCR using three

independent samples from each sheep (the primer

sequences are available in Supplementary Data 2). All of

four miRNAs could be detected in total tissues, except that

oar-miR-425-5p could not be detected in heart. In four
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Fig. 2 Comparison of expression level between each pair of O. aries
miRNAs in six sheep tissues, including heart, liver, spleen, kidney,

brain and skeletal muscle. Comparison of expression level between

a oar-miR-24 and oar-24-1* in six tissues, b oar-miR-425-5p and oar-

425-3p in six tissues. The expression of four O. aries miRNAs

was detected by real-time PCR with 5S ribosomal RNA as loading

control. The asterisks indicate a significant difference between oar-

miR-24 and oar-miR-24-1* or oar-miR-425-5p and oar-miR-425-3p

(* P \ 0.05; ** P \ 0.01)

Fig. 1 Expression analysis result of three newly identified O. aries
miRNAs (oar-miR-1, oar-miR-122, and oar-NEW-1) by northern blot.

Total RNA from seven sheep tissues (heart, liver, spleen, lung,

kidney, brain, and skeletal muscle) was blotted and probed with a 50

DIG labeled DNA probes. 30 lg total RNA was loaded on each lane

and tRNA/5S rRNA served as loading control

3166 Mol Biol Rep (2011) 38:3161–3171

123



tissues, the expression level of oar-miR-24 was signifi-

cantly higher than that of oar-miR-24-1*, and the oar-miR-

425-5p had a stronger expression than oar-miR-425-3p in

three tissues (Fig. 2). The results also showed that two

pairs of miRNAs had a similar relative expression pattern

in some tissues, respectively. Both oar-miR-24 and oar-

miR-24-1* were expressed strongly in heart, and the

expression level of oar-miR-425-3p and oar-miR-425-5p

were high in brain (Fig. 3).

Prediction of O. aries miRNA targets

According to the criteria, described in ‘‘Materials and

methods’’, 120 target genes, including 230 target sites

were predicted. Of these 31 identified miRNAs, 5 miRNAs

(oar-miR-374b, oar-miR-374b*, oar-miR-144*, oar-miR-

144 and oar-miR-1826) had no target genes, whereas

oar-let-7b had a maximum of 29 targets (Supplementary

Data 3). By gene ontology analysis, 85 target genes

were assigned to the GO terms of ‘‘molecular function’’

ontology, ‘‘binding’’ and ‘‘catalytic activity’’ of which

over-represented these genes; 78 were assigned to the

‘‘biological process’’ ontology, most of which were found

to take part in the ‘‘cellular process’’ and ‘‘biological

regulation process’’ (Fig. 4). This may expose the poten-

tial effect of newly identified O. aries miRNAs in the

biological process.

Discussion

New miRNAs identified from sheep

Sequence alignment revealed that three newly cloned

miRNAs had end variants, and most of them differed at the

30 end nucleotide(s) (Table 2), which was accordant with

previous studies [39, 40]. oar-miR-1 was represented by

three variants, whereas the others had two variants. These

30-end variants may because of imprecise processing of

miRNA precursors by Dicer or preferential degradation at

the 30 end [41, 42]. However, we could not exclude the

probability that these miRNA variants were artifacts of the

cloning procedure.

In addition, we identified one miRNA cluster by com-

putational method: oar-miR-374b, oar-miR-374b* and

oar-miR-421. The existence of miRNA clusters has been

already reported in many species [43–45]. Weber sug-

gested that miRNAs in a cluster should in the same

direction, and not be separated by a transcription unit or a

miRNA in the opposite direction. The length of the iden-

tified cluster in our study was 242 bp, similar to that

observed in other species, such as in H. sapiens, P. trog-

lodytes, Mus musculus and Canis familiaris.

During the evolution history, some variations entered

into the pre-miRNA sequences, so we carried out phylo-

genetic analysis of pre-miRNA sequences to further
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Fig. 3 The expression level of four O. aries miRNA in six sheep

tissues, including heart, liver, spleen, kidney, brain and skeletal

muscle. The expression level of a oar-miR-24 between different

tissues, b oar-miR-24-1* between different tissues, c oar-miR-425-3p

between different tissues, d oar-miR-425-5p between different

tissues. The expression of four O. aries miRNAs was detected by

real-time PCR with 5S ribosome RNA as loading control
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validate the results. From the 24 identified miRNA fami-

lies, 2 families were selected to construct neighbour-

joining trees using MEGA 4 [46] (Fig. 5). The phylogenetic

trees clearly showed that O. aries miRNAs were located on

the same branches with other mammalian miRNAs.

O. aries miRNA targets

miRNAs can regulate gene expression by binding to

complementary sites on the target mRNAs, usually located

in the 30UTR. It was found that conserved motifs of 30UTR

were likely under regulation mediated by miRNAs [47].

Here we used 30UTR sequences conserved in five species

searched against O. aries mRNA sequences to obtain

conserved 30UTR of O. aries genes. Of these 31 identified

miRNAs, oar-miR-374b, oar-miR-374b*, oar-miR-144*,

oar-miR-144 and oar-miR-1826 were failed to predict

target sites because of limited information of 30UTR of

O. aries genes.

By analysis of these target genes, we found that six of

which encoded the regulator in the process of muscle

growth. oar-miR-7-1* targeted b-actin, which is an

essential regulatory muscle protein, and it also targeted

calpastatin (CAST) with oar-miR-1 and oar-miR-206

together, which is involved in cytoskeletal remodeling,

myofibrillar turnover, and muscle growth regulation

[48, 49]. oar-miR-425-3p targeted myogenic factor 6 which

is important for myogenic differentiation and the main-

tenance of terminally differentiated state [50]. Both

oar-miR-133 and oar-NEW-2 could target myogenin

(myogenic factor 4), which helped to regulate muscle ter-

minal differentiation [51] and also was an important factor

for animal growth [52, 53]. oar-miR-133 targeted insulin-

like growth factor 2 (IGF2) as well, a regulatory mutation

in which caused a major QTL effect on muscle growth in

pig [54]. oar-miR-24 could target insulin-like growth fac-

tor-binding protein, which specifically modulates the met-

abolic and mitogenic actions of insulin-like growth factor

(IGF)-I. IGF-I has been reported to stimulate muscle cell

differentiation in transgenic mice [55].

miRNAs and muscle development

Meat production is a vital characteristic of sheep, thus the

exploitation of miRNAs involved in regulating the process

of muscle development in sheep is very important. To date,

a small number of miRNAs are reported to be enriched in

muscle tissues and play an important role in the regulation

of myoblast proliferation and differentiation [56–58]. For

example, miR-133 increases cell proliferation through

down-regulation of different target genes [56, 59], miR-181

participates in establishing the muscle phenotype [57], and

miR-24 is required for the modulation of TGF-b-inhibited

myoblast differentiation [58]. Especially, a G to A transi-

tion in the 30UTR of myostatin gene creates a target site for

miR-1 and miR-206, and contributes to the muscular

hypertrophy of Texel sheep [28]. To further study the

regulatory function of miRNAs in muscle development, we

constructed a miRNA cDNA library from sheep skeletal

muscle and obtained 12 miRNAs, which almost included

all of the muscle development-related miRNAs (miR-1,

miR-133, miR-181a and miR-206). Furthermore, based on

the result of target genes analysis mentioned above, several

miRNAs can target the regulators of the muscle growth

process. Thus, all of these miRNAs could be studied as the

candidate miRNAs which can regulate the process of

muscle development.

About miRNA*

The miRNA-star (miRNA*) is derived from the opposite

arm of the hairpin than the more abundantly expressed

miRNA, such as miR-56 in Caenorhabditis elegans [32],

and several vertebrate miRNAs [14, 38]. So far, more than

1,000 miRNA*s have been registered in the database, but

the biological function of these is not known yet. Perhaps
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Fig. 4 The gene ontology analysis for predicted target genes was

conducted on AmiGO website. Biological classification of predicted

target genes by a molecular function using gene ontology analysis,

b biological process using gene ontology analysis
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the miRNAs are more stable than their miRNA*, or the

miRNAs might be stabilized by interactions with their

targets, the level of miRNA* present in the cell is lower

than the corresponding miRNA [60]. In some cases there is

another kind of miRNA present in the cell, named miRNA-

3p/miRNA-5p, which is derived from the different arms of

one precursor and has equal expression levels. In our study,

we compared the expression level of one pair of miRNA/

miRNA* and the pair of miRNA-3p/miRNA-5p, and found

that, they had a similar relative expression pattern in some

tissues. Thus, our results suggest that miRNA* is widely

expressed and may play an important role in the genome.

Analysis of identification results

From the small RNA cDNA library, we did not obtain the

miRNAs identified by computational method likely

because of their low expression level, or the expression

time–space specificity. As for the computational approach,

some similar attempts were made earlier [58, 61–63].

These studies largely were to identify the plant miRNAs

and the number of allowed mismatches between the known

miRNAs and the ESTs were set to three or four. In our

study, we set the number of mismatches to two because the

conservation of miRNAs in animals was higher than that in

plant. Furthermore, earlier reports [61–63] just used the

mRNA sequences of the species that were studied to

predict the target genes. Here, we used the conservative

30UTR sequences of sheep extracted by using UTR

Sequences from 5-way alignments downloaded from

targetscan database searched against O. aries mRNA

sequences to make our results more convictive. The

number of miRNAs obtained by EST analysis was related

with the number of ESTs. It’s about 10,000 ESTs contain

one miRNA. In our study, we identified 14 miRNAs from

209808 ESTs, nearly 1:14000, maybe because of our

stricter criteria. However, more miRNAs will be found by

this method with the increase of genomic information.
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