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Abstract 
 

MicroRNAs (miRNA) are a class of noncoding and regulatory RNA molecules about 22 nucleotides in 
length. MicroRNAs regulate gene expression by an RNA interfering pathway through cleavage or inhibition of 
the translation of target mRNA. Many miRNAs have been reported for their important roles in developmental 
processes in various animals, but there is limited information about cattle and sheep miRNAs. The comparative 
genomics approach due to their conserved nature is a good source for the miRNAs discovery. Cattle and sheep 
are ideal model organisms for biological and comparative genomics studies. In our study, a computational 
method based on expressed sequence tag (EST) analysis was used for detection of cattle and sheep miRNAs. In 
cattle, 25 miRNA candidates found by homology searching frequently clustered at certain chromosomes and 
28 miRNAs in sheep had been detected. Our results show that the cattle and sheep miRNA database can be 
providing useful information for investigating biological functions of miRNAs in cattle and sheep. 
Furthermore, the bioinformatics approach is a good manner for studying these functions. 
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Introduction  
 
MicroRNAs (miRNAs) are non-coding RNAs, 

which are approximately 22 nucleotides (nt), 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 
complementary sites in transcripts and cause 
transcript degradation or translational repression 
(Bartel, 2004; Pillai et al., 2007). However, recent 
studies found that miRNAs could increase protein 
translation by binding to the complementary 
promoter sequences (Place et al., 2008; Vasudevan 
et al. 2007).  

The miRNAs in different organisms are involved 
in many gene regulation processes like; growth and 
development, transformed genes inactivation, cell 
signaling pathways, external stresses, cancer related 
proteins and defense against the invading viruses 
(Kidner and Martienssen, 2005). 

The first miRNA was discovered in larval 
mutants of the nematode Caenorhabditis elegans 
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and was identified as a down-regulator of gene 
expression. Larval worms with mutations in the lin-
4 gene showed defects in the timing of cell 
division, and the miRNA encoded by the lin-4 gene 
silenced the expression of lin-14 mRNA (Lee et al., 
1993). Hundreds of miRNAs have been identified 
by small RNA cloning and computational analysis 
in plants and animals (Bentwich et al., 2005). The 
view of miRNA biogenesis and maturation holds 
that compartmentalized stepwise processing of 
miRNAs takes place first in the nucleus and then in 
the cytoplasm. The primary transcripts of miRNAs 
(pri-miRNAs) are processed in the nucleus by the 
RNase III enzyme, Drosha, partnered by DGCR8 
(or Pasha in C. elegans), to stem-loop intermediates 
of about 70 nt known as pre-miRNAs. The pre-
miRNAs are then transported by Exportin-5 to the 
cytoplasm for cleavage by Dicer (another RNase III 
enzyme) and maturation to their active forms, 
which are taken in by an RNA interfering silencing 
complex. The miRNAs drive their target mRNAs to 
be cut or translationally inhibited, depending on the 
complementarity of the miRNA sequences to their 
targets (Plasterk, 2006).  

There are basically two kinds of approaches to 
identify miRNAs. One is to sequence size-
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fractionated cDNA libraries. Many known miRNAs 
have been identified by this method (Fu et al., 
2005). Mentioned method allows the identification 
of both conserved and unconserved miRNAs, but a 
limitation 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 conserved, 
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, phylogenetic conservation of both 
sequence and structure, and thermodynamic 
stability of hairpins. Computational approaches 
have been successfully applied in vertebrates 
(Huang et al., 2008), insect (Singh and Nagaraju, 
2008), and plant (Jin et al., 2008). 

Cattle and sheep are two of the most important 
agricultural livestock for meat production, but there 
is limited information about their miRNAs 
(miRBase 18.0, November 2011) (Griffiths-Jones, 
2004; Griffiths-Jones et al., 2006; Griffiths-Jones et 
al., 2008). The aim of this study was identification 
more miRNAs in cattle and sheep in order to 
increase our knowledge and understanding of the 
gene regulatory networks in these livestock. 

      
Materials and Methods 
  
Computational identification of cattle miRNAs 

In order to identify potential cattle miRNAs, we 
downloaded all of the known mammalian (human, 
mouse, pig, sheep, and dog) miRNAs registered in 
the database of miRBase 18.0 
(http://www.mirbase.org/) (Griffiths-Jones, 2004; 
Griffiths-Jones et al., 2006; Griffiths-Jones et al., 
2008) and regarded them as starter reference 
sequences. Cattle miRNAs registered in the 
database were used to test the prediction of miRNA 
candidates. Cattle genomic survey sequences, 
mRNA, cDNA, RefSeq protein database, and EST 
sequences were obtained from NIH Genbank 
nucleotide databases 
(http://www.ncbi.nlm.nih.gov/). After removal of 
repeat miRNAs obtained from the database of 
miRBase, the rest of the unique miRNAs were 
blasted against the cattle genome (BTAU4.0). 
Sequences encoding protein were ignored by 
blasting the RefSeq protein database, and the 
secondary structures of the rest of the sequences 
flanked with 50–60 nt of genomic sequence were 
predicted by the software Mfold (version 3.2) 
(Zuker, 2003),  at 37° C and 1 M NaCl. The 

sequences were considered to be miRNA 
candidates if they met the criteria as previously 
described by Zhang et al. (2006), with some 
modifications according to the features of most of 
the known miRNA hairpin precursors: (1) a 
sequence can fold into an appropriate stem-loop 
hairpin; (2) there is a mature miRNA sequence site 
in one arm of the hairpin structure; (3) there are 
predicted stem-loops without large loops or bulges 
in the miRNA* sequences; (4) predicted mature 
miRNAs have no more than four nucleotide 
substitutions compared with known miRNAs; and 
(5) predicted secondary structures have a minimum 
free energy (dG) higher than -18.8° C and paired 
bases within the stem-loop hairpin ≥16. 

 
Computational identification of sheep miRNAs 

Animal miRNAs and their precursor sequences 
were obtained from miRBase (Release 18:0 
November 2011 at http://www.mirbase.org/) 
(Griffiths-Jones, 2004; Griffiths-Jones et al., 2006; 
Griffiths-Jones et al., 2008). The Sheep ESTs (total 
338483 sequences) were downloaded from NCBI 
database (http://www.ncbi.nlm.nih.gov/). A five-
step prediction method was used to identify Sheep 
miRNAs. First, alignment of known animal 
miRNAs was conducted by BioEdit software 
package (Hall, 1999) to remove redundant 
sequences. Second, we used remaining miRNAs as 
query sequences for BLAST searched against the 
Sheep 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 mismatched 
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 (version 
3.2) (Zuker, 2003), 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 
calculated by δ –len (A,B) [13]. We used δ -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 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 
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reference (Clop et al., 2006). The Sheep miRNA, 
oar-mir-134, was selected for conservation and 
phylogenetic analyses. The analyses of oar-mir-134 
with human (H. sapiens), mouse (M. musculus), rat 
(R. norvegicus) and cattle (B. Taurus) orthologues 

were done by the publically available weblogo: a 
sequence logo generator (Crooks et al., 2004) and 
ClustalW (Larkin et al., 2007) to generate 
cladogram tree using neighbor joining clustering 
method respectively.  

 

 
 
Figure 1. The miRNAs conservation studies. Alignment of sheep (O. aries) pre-miRNAs with human (H. sapiens), 
mouse (M. musculus), rat (R. norvegicus) and cattle (B. Taurus) was generated using Weblogo. 

Results 
 

Identification of 25 cattle miRNA candidates by 
computational prediction in order to identify 
potential cattle miRNAs by homology searching 
was carried out. We downloaded all of the miRNAs 
for humans, mice, pigs, dogs, and sheep registered 
in the miRBase (http://www.mirbase.org/). After 
removal of repeated miRNAs, 251 miRNAs were 
considered as starter references to blast the cattle 
genome. Of the 11121 sequences targeted within 
the 0–4 mismatch, only 1052 had a match of at least 
16 nt, with >80% homology to known miRNAs, 
and were within two mismatches of a known 
miRNA of less than 19 nt. Of those sequences, 94 
were fragmented sequences of encoding protein or 
of known noncoding RNA. The secondary structure 
of the remaining sequences was predicted by the 
program Mfold 3.2, and only 81 hairpins met the 

criteria for miRNAs. After blasting against the 
cattle genome EST database, we finally identified 
25 cattle miRNA candidates. The cattle miRNA 
candidates were designated with the matched 
known miRNAs. The result showed that many of 
the candidates were likely expressed from two or 
three miRNA genes located on different 
chromosomes, such as bta-let-7a, bta-let-7f, bta-
mir-1 and bta-mir-124a. 

The homology search through comparative 
genetics is a rational approach to find interesting 
findings. The homology based search and applying 
in silico approach resulted 28 miRNAs in sheep. 
These 28 miRNAs are predicted from the analyses 
of 338483 sheep ESTs. First, we used a 
computational approach to exploit Sheep miRNAs 
in sheep EST database. Following a set of strict 
filtering criteria, we finally identified 28 Sheep 
miRNAs.  
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Figure 2.  The sheep miRNAs phylogenetic analysis. The Phylogenetic analysis of the sheep pre-miRNAs with human 
(H. sapiens), mouse (M. musculus), rat (R. norvegicus) and cattle (B. Taurus) was done with the help of Clustalw and 
cladogram tree was generated using neighbor joining clustering method. The Phylogenetic tree showed that sheep is 
more closed to B. Taurus (bta). 
 
Discussion 
 

MicroRNAs represent a large class of gene 
regulatory molecules that control fundamental 
cellular processes in animals, including control of 
developmental timing, hematopoietic cell 
differentiation, apoptosis, cell proliferation, and 
organ development (Bartel, 2004; Ambros, 2004). 
miRNAs and their targets seem to form complex 
regulatory networks (Lewis et al., 2005). 
Identification of miRNAs would benefit biologists 
by improving our understanding of the miRNA 
regulatory networks. Small RNA cloning and 
genetic manipulations were tackled to discover 
novel miRNAs, and computational algorithms were 
also successfully applied to identify hundreds of 
miRNAs (Grad et al., 2003; Lagos-Quintana et al., 
2002; Lai et al., 2003; Ruby et al., 2006). 
Computational prediction would overcome the 
difficulty of biochemically discovering low-
abundance miRNAs.  

In this study, we identified 25 miRNAs in cattle 
by homology searching. Coutinho et al., (2007) 
reported 129 mature cattle miRNAs identified by 
homology searching and small RNA cloning from 
immune-related tissues. They started the search, 
however, only from human miRNA stem-loop 
sequences or combined the predicted human 
miRNAs. Consequently, their prediction ignored 
other miRNAs not found in humans but in other 
mammals, such as mice, pigs, sheep, and dogs. 
Furthermore, their prediction was based on the draft 
genome of cattle, at almost the same time; Gu et al. 

(2007) discovered 59 distinct miRNAs from cattle 
adipose and mammary gland tissues by small RNA 
cloning. Combining the two reports, about 130 
miRNAs have been discovered from adipose, 
mammary gland, and immune-related tissues in 
cattle. To identify more miRNAs in cattle, Long et 
al. (2009) searched experimental miRNAs based on 
the cattle genome. They also cloned miRNAs from 
four tissues of brain, liver, lung, and heart, given 
that miRNAs were probably expressed with tissue 
specificity. Our study results covered all miRNAs 
identified in previous studies (Coutinho et al., 2007; 
Gu et al., 2007; Long and Chen, 2009). This 
indicated that cattle miRNA candidates were 
predicted at very high accuracy.  

We finally identified 28 Sheep miRNAs. 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. The 
minimum free energy (MFE) of all precursor 
sequences was lower than -20 kcal/mol. 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 
(Ambros et al., 2003; Lagos-Quintana et al., 2001).  

The identified sheep’s miRNA secondary 
structures showed that there are at least 16 nt 
engaged in Watson–Crick or G/U base pairings 
between the mature miRNA and the opposite arms 
(miRNAs*) in the stem region except few, where 
the reference miRNAs have also less base pairings 
and the hairpin precursors do not contain large 
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internal loops or bulges. Similar findings were 
reported by many groups (Barozai et al., 2008; 
Barozai et al., 2012; Glazov et al., 2009; Hossain et 
al., 2009; Barozai et al., 2011; Barozai et al., 2011).  

The sheep pre-miRNA (oar-mir-134) 
conservation and phylogenetic analyses with human 
(H. sapiens), mouse (M. musculus), rat (R. 
norvegicus) and cattle (B. Taurus) revealed that 
approximately miRNA (miR 134) sequences 
showed conserved nature in these animals (Fig. 1). 
The Phylogenetic analysis of the same miRNA 
(mir-134) sequences suggested that the sheep is 
more closed to B. Taurus (Fig. 2). The results are in 
agreement with the previous reported works (Lai et 
al., 2003; Sheng et al., 2010; Huang et al., 2010). 

In conclusion, this study identified the 25 and 28 
miRNAs in cattle and sheep, respectively. The 
miRNAs are the good functional genomic resources 
to understand the gene regulatory mechanism in 
cattle and sheep. These cattle and sheep’s miRNAs 
will be useful in the near future for the 
improvement of meat production from this most 
important livestock animal. The identification of 
miRNA targets and expression profiles at a genome 
wide level, perhaps help us to understand why 
miRNAs are clustered at a genomic locus, too. 
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