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Abstract: MicroRNAs are a class of non-protein coding small RNAs that regulate genes expression at post-transcriptional
levels. Increasing evidence indicates miRNAs play key roles in a broad range of biological processes. In this study, based on the
phylogenetic conservation of microRNAs, a combined bioinformatics and sequences homology comparison approach was used
for the identification and function analysis of novel miRNA candidates in Capra hircus. As a result, a total of 13 potential
microRNA candidates were detected following a range of filtering criteria. 153 non-redundant presumable target genes were
predicted in Ovis aries 3'-Untranslated region database. 149 protein sequences were mapped by BLASTX, 2,517 GO terms were
returned and distributed in biological process, molecular function and cell component. 66 KEGG pathways were also involved by
these novel miRNAs. The qRT-PCR based assay was performed to validate the authenticity of these novel miRNA candidates.
The results indicate the expressed sequence tags analysis is an efficient and affordable approach for identifying novel microRNA
candidates, and our study provides insight into the further researches of miRNAs and their functions in Capra hircus.
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complementary sites in 3'-untranslated regions (3'-UTRs) of
target genes, and extensively involved in almost all biological
and metabolic processes, such as cell proliferation and
apoptosis [3], viral defense [4], environment stress [5],
tumorigenesis [6], and the morphogenesis of specific organs [7].
There are several methods for identification of miRNAs, such
as biochemical method, direct cloning and sequencing method
and bioinformatics prediction method. The genetic screening
method is initially used in identification of lin-4 and let-7 in
Caenorhabditis elegans (C. elegans) [8, 9]. Soon afterwards,
the direct cloning method and sequencing was also used for the
discovery of novel miRNAs [10]. But these methods have
several disadvantages, they are expensive, time consuming,
inefficient and difficulty to find miRNAs expressed in specific
tissues or at specific times. More interestingly, many studies
have found that many miRNAs are highly evolutionarily
conserved among different organisms, the miRNA genes in one
species may have homologues or orthologues in other species,
and this conservation ranges a long distance, such as from
worms to humans in animals and from moss and ferns to high

1. Introduction

MicroRNAs (miRNAs) are a newly discovered family of
extensively endogenous non-coding small RNA molecules,
approximately 18~25 nucleotides (nt) in length. Mature
miRNAs are typically generated via a two-step processing
pathway. Primary miRNAs (pri-miRNA) transcribed by
polymerase II or III are processed by the nuclear enzyme
Drosha to produce precursor miRNA (pre-miRNA) with a
characteristic hairpin structure of around 70 nt in size, which are
then exported into the cytoplasm and further processed into
mature miRNAs by Dicer [1]. Finally, mature miRNAs are
predominantly incorporated in the RNA-induced silencing
complex (RISC) in which they negatively regulate gene
expression by inhibiting gene translation or degrading coding
mRNA by perfect or imperfect complement to target mRNAs
[2]. Increasing amounts of evidence shows that miRNAs
constitute a significant group of post-transcriptional regulators,
which can regulate the expression of target genes by binding to
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flowering plants [11, 12]. Following the development of
computational biology, bioinformatics and genomics, this
evolutionarily conserved property of the miRNAs provides a
powerful strategy to identify homologue miRNAs in a new
animal species using already known miRNAs in other species
through the use of a comparative genome-based homologue
search [13, 14]. Although it is deficient in the genome
information of Capra hircus, published Expressed Sequence
Tags (ESTs) databases in GenBank have made it possible to
obtain more genetic information. The ESTs are partially
expressed gene sequences that have been converted into cDNAs,
and the EST analysis is most well-known in the bioinformatics
strategy [15]. Up to now, the EST analysis based on
computational or bioinformatics approach to identify novel
miRNAs which are expressed only at a certain developmental
stage, specific tissues, or at less copy number that was not
possible with other approaches of sequencing and cloning, has
been proven to be an economical, feasible, and fast method for
gene discovery in species lacking a draft genome sequence [16].
Based on some strict parameter setting in computer tools, using
this method, many of miRNAs have been systematically
identified in both plants, such as soybean [17], wheat [18],
tobacco [19], potato [20], cotton [21], catharanthus roseus [22],
coffee [23] and blueberry [24].

Capra hircus is one of the most important agricultural
livestock for meat and milk production that is raised broadly in
the world and very popular in many countries. More important,
it is also an ideal model organism for biological and
comparative genomics studies. Although miRNAs have been
extensively studied in the past few years, no systematic study
has been performed on Capra hircus, there is limited
information compared with other mammals, and only 436
mature miRNAs were presented in miRBase v21. So much
effort is still needed to find potential novel miRNA genes in
the Capra hircus to better understand their roles in the
regulation of gene expression. Thus, in this study, we are
intended to predict and discover more miRNAs with EST
strategy and to analyze their target genes. Based on our
findings, 13 miRNAs were identified for the first time in
Capra hircus. Furthermore, 153 putative target genes for these
newly identified miRNAs were also identified. GO annotation
and KEGG pathways analysis shown that the putative target
genes are involved in various biological processes, such as
signal transduction, metabolism, and development.

2. Materials and Methods

2.1. Sequence Datasets

The capra hircus ESTs (expressed sequence tags, total
14,479 sequences) were downloaded from the NCBI GenBank
nucleotide database (National Center for Biotechnology
Information,
http://www.ncbi.nlm.nih.gov/nucest?term=est%20goat). The
non-redundant 3’-UTRs of Ovis aries were downloaded from
UTRdb database (http://utrdb.ba.itb.cnr.it/) [25] for target
genes prediction. All available animal miRNAs and their
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precursor sequences, totally 18,698 mature miRNAs and
15,828 pre-miRNAs in 97 species, were downloaded from
miRBase (Relase 20, August 2012 at http://www.mirbase.org/)
[26]. miRNAs from Bos taurus and Ovis aries (closest
homolog of Capra hircus, 858 mature miRNAs and 821
pre-miRNAs) were present as known miRNAs of Capra
hircus. The homologous miRNAs were eliminated and the
remaining sequences were defined as reference database and
were compared with the local ESTs for searching Capra
hircus new miRNA candidates. CD-HIT software [27] was
used to trim out the redundant sequences and created local
database for miRNAs and ESTs.

Computational identification of Capra hircus miRNA

Comparative software BLAST-2.2.27 was downloaded from
NCBI, the online BLASTX
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?’PROGR AM=blastx&B
LAST PROGRAMS=blastx&PAGE TYPE=BlastSearch&SH
OW_DEFAULTS=0on&LINK LOC=blasthome) was used to
search for protein coding sequences. EST contigs downloaded
from NCBI GenBank database were used as a local database to
BLAST against the local miRNAs dataset to identify potential
novel miRNA candidates with a expect value =1,000. Mfold
(http://mfold.rna.albany.edu/?q=mfold) [28] was used to
analyze the secondary structure of RNAs. A flow chart of our
prediction procedure for searching conserved Capra hircus
miRNA homologues is summarized in figure 1. Secondary
structures of resulting ESTs were calculated and their MFE
scores were recorded. A six-step prediction method was used to
identify Capra hircus miRNAs. First, alignment itself of known
miRNAs of animal was conducted by CD-HIT Suite to remove
redundant sequences with similarity >80%. Second, we used
remaining miRNAs as a query sequences database for local
BLAST searched against Bos Taurus and Ovis aries miRNAs,
which had the highest conserved genomic information with
Capra hircus, to remove the homologue miRNAs. Third, the
remaining miRNAs as second query sequences database for
local BLAST searched against the Capra hircus ESTs. The
parameter settings were as follows: E-value cut-off was 1, the
number of descriptions and alignments were 1000. Fourth, the
obtained ESTs which have >90% similarity (pairing number
>50, mismatch number <2) with the corresponding known
pre-miRNAs (precursor miRNAs) sequences were selected to
the BLAST searched against the protein database at NCBI by
BLASTX online program to remove protein-coding sequences.
The parameters were set to default value. The last step was to
apply Mfold program [28] to further identify the pre-miRNAs.
Four criteria were used according to Zhang et al. [29]: a) the
A+U content of the precursor sequences should range from
30~70%; b) the mature miRNAs should locate on one arm of
the hairpin structure; c) the minimum free energy of the
secondary structure for each potential pre-miRNA was less that
-18 Kcal/mol; d) the hairpin must include at least 16 bp within
the first 22 nt of the miRNA; ¢) miRNA had less than seven
mismatches with the opposite miRNA sequence in the other
arm; f) not loops or bulges in miRNA sequences, particularly
not large asymmetric bulges.
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All animal known mature miRNAs sequences in 97 species (18,698)

Remaining known mature miRNAs (17,840)

BLAST

Remove repeated miRNAs with 0.8 sequence identity
Remove known bovine and sheep miRNAs

All Capra hircus ESTs from NCBI (14,479)

ESTs with <2 mismatches against known miRNAs (14,319)

stem-loop sequences in miRBase (15,007)

BLAST

Protein databases

BLASTX

Remaining ESTs and not encoding proteins (16)

BLASTN

Align itself and remove repeated sequences

ESTs with <2 mismatches, match numbers >50 (21)

Remove the protein coding ESTs

Stem-loop sequences in miRBase

Search for potential stem-loop sequences

Candidated precursor sequences (15)

Predict secondary RNA structure by Mfold

Potential novel miRNA candidates (13)

Figure 1. The flow chart of potential novel miRNA candidates search. The prediction was performed by homologous BLAST between the ESTs database of Capra

hircus and previously known animal miRNAs in miRBase 20.

2.2. Target Genes Prediction for Novel miRNA Candidates

As for Capra hircus, because only few gene sequences
available and no 3'-UTR database is current available, we used
3’-UTR database of Ovis aries as a reference system for
finding the target genes of the novel miRNA candidates. The
targets were then predicted with the help of RNAhybrid 2.2
[30], the parameter settings are as follows: a) Helix constraint
(Seed match region) is 2~7; b) MFE percentage is 75%; c)
Energy cut-off is -25Kcal/mol; d) one G:U pair in the seed is
allowable; ¢) the size of max internal loop and bulge loop is 2.

This program is based on the criteria suggested by Allen et al.
[31] and Schwab et al. [32]. Briefly, the criteria are as follows:
a) no more than four mismatches between the SRNA and the
target (G-U bases count as 0.5 mismatches); b) no more than
two adjacent mismatches in the miRNA/target duplex; c) no
adjacent mismatches in positions 2-12 of the miRNA/target
duplex (5" of miRNAs); d) no mismatches in positions 10-11
of the miRNA/target duplex; ) no more than 2.5 mismatches
in positions 1-12 of the miRNA/target duplex (5’ of miRNAs);
and f) MFE of the miRNA/target duplex should be >75% of
the MFE of the miRNA bound to its perfect complement.



24 Zhibin Ji et al.:

2.3. GO Annotations and KEGG Pathways Analysis for
Target Genes

Gene ontology analyses were carried out with Blast2GO
(http://www.Blast2GO.com/b2ghome) [33] at AmiGO
(http://amigo.geneontology.org/cgi -bin/amigo /go.cgi) [34]
from three categories: molecular function, cellular component
and biological process. The 500 MB option of Blast2GO was
installed, the calculations consist of three key sequential steps:
a) BLAST, b) Mapping, and c) Annotation. In BLAST,
FASTA-formatted sequences of target genes were submitted to
the BLASTX server at the NCBI
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?’PROGRAM=Dblastx&
BLAST PROGRAMS=blastx&PAGE TYPE=Bla-stSearch
&SHOW_DEFAULTS=on&LINK LOC=blasthome) to
query the protein database, and generated hits and gene
names/accessions. The parameter settings were as follows:
Number of Blast hits is 20, Blast Expect Value is 0.001. The
mapping algorithm uses the parameters of the Blast Table to
search various databases to identify and retrieve Gene
Ontologies (GO) associated with the hits obtained from NCBI
BLAST searches. The annotation procedure selects the GO
terms from the GO pool obtained by the Mapping step and
assigning them to the query sequences. Every GO annotation
must provide valid evidence, known as Evidence Codes,
which encompass a broad range of empirical or other support
such as electronic annotation or direct assay. The results of
GO analysis are presented in the form of Directed Acyclic
Graph (DAG), a DAG is a hierarchical representation of
Ontology terms in a way that depicts the directional
relationships between parent-child GO term nodes. Enzyme
codes were also mapped with Blast2GO and downloaded from
KEGG (Kyoto Encyclopedia of Genes and Genomes,
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http://www.genome.jp/kegg/) [35] to wunderstand their

biological processed involved by novel miRNAs.
2.4. Quantitative Real-Time RT-PCR

miRNA was isolated using the miRcute miRNA isolation
kit (TTANGEN, DP501) according to the manufacturer’s
protocol. We examined the quality of RNA using an Agilent
2100 Bioanalyzer and stored at -80°C for further use.
Real-time quantitative PCR was performed with SYBR®
Premix Ex Taq"™ II (TaKaRa Biotechnology Co., Ltd., Japan,
DRRO81A) by Mx3000p™ SYBR® Green real-time
quantitative PCR Analyzer (Stratagene, USA). Briefly, 2 pg of
miRNA was reverse transcribed using the One Step
PrimeScript” miRNA c¢DNA Synthesis Kit (TaKaRa
Biotechnology Co., Ltd., Japan, D350A). The reverse
transcription reaction system included 10 puL of 2X miRNA
Reaction Buffer, 2 pL of 0.1% BSA, 2 puL of miRNA
PrimeScript” RT Enzyme Mix, 2 pL of total RNA (10
pg/uL~1 pg/ul), and RNase-Free dH,O to a final volume of
20 pL. The RT-PCR program was set to 37°C for 60 min
followed by 85°C for 5 sec. The cDNA products were stored at
-20°C. The reaction solution was prepared on ice, and
comprised 10 uL of 2X SYBR®™ Premix Ex Taq"™ II, 0.8 puL of
PCR Forward Primer (10 uM), 0.8 uL of Uni-miR qPCR
Primer (10 uM), 0.4 uL of 50X ROX Reference Dye II, 2 uL
of cDNA, and dH,O to a final volume of 20 pL. The reaction
mixtures were incubated in a 96-well plate at 95°C for 30 sec,
followed by 40 cycles of 95°C for 5 sec, 60°C for 30 sec and
72°C for 30 sec. All reactions were performed in triplicate.
The primers for the miRNAs had the same sequences as the
novel miRNA candidates with appropriate adjustments at their
5’ terminus (Table 1).

Table 1. Summary of miRNA primers used in real-time RT-PCR.

Primer Sequences (5'—3’') Length (nt) GC (%) Tm
U6 CAAGGATGACACGCAAATTCG 21 47.6 69
miR-4426 GGCGGAAGATGGACGTACTTT 21 52.4 63
miR-4680-5p CGAGAACTCTTGCAGTCTTAGATGT 25 44 61
miR-4680-3p GCGGTCTGAATTGTAAGAGTTGTTA 25 40 61
miR-5047 GCAGCTGCGGTTGTAAGGT 19 57.9 61
miR-3064-5p TCTGGCTGTTGTGGTGTGC 19 57.9 62
miR-3064-3p GCCACACTGCAACACCTTACA 21 52.4 62
miR-3661 CTGGGACTCGGACAGCTG 18 66.7 61
miR-6527 CGTGGACGAAGAGATGGGA 19 57.9 62
miR-1244 GCGTAGTTGGTTTGTATGAGATGGTT 26 423 64
miR-2904 ATATAAGCCTCGGTCGGCCTC 21 57.1 64
miR-2887 AATATACGGGGTCCGGTGCG 20 60 66
miR-716a ACGGTGAGCCTTGAAGCCT 19 57.9 62
miR-716b CGCGTGGTGGTAGTAGCAAATAT 23 47.8 62
3. Results of Bos taurus and Ovis aries, 17,840 mature miRNAs and

3.1. Identification and Characteristics of Potential miRNA
Candidates

To exploit the new miRNA candidates of Capra hircus, a
computational approach is used to search homologous
sequences in Capra hircus ESTs database. After removing the
identical or highly similar sequences (80% similarity) in
animal miRNAs database, getting rid of the known miRNAs

15,007 pre-miRNAs were remained, as local miRNAs
database respectively, for further BLAST to local ESTs
database. Following the strict filtering criteria (figure 1), we
finally identified 13 potential miRNA candidates of Capra
hircus, and the detailed characteristics such as sequences,
location on genome, size and minimal folding free energies of
precursor sequences and A+U content are tabulated in Table 2.
Among which, 7 mature miRNAs were located at the 5’ arm of
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the precursor, and the other 6 were located at the 3’ arm. 4
were located in the sense strand and the rest were in antisense
strand. 10 newly predicted miRNAs were perfectly matched

with the corresponding homologues, whereas the remaining 3
mature miRNA sequences (miR-3661, miR-2904, miR-716a)
differ by 1~2 nucleotides from their homologues.

Table 2. The characteristics of 13 predicted novel miRNA candidates in Capra hircus.

miRNA Sequence GenBank (ID) Size (nt) NM (nt) SP (nt) o-len (nt)
miR-4426 GAAGAUGGACGUACUUU 1292728 17 0 63 0
31088741
miR-4680-5p AGAACUCUUGCAGUCUUAGAUGU 152114074 23 0 66 3
miR-4680-3p UCUGAAUUGUAAGAGUUGUUA 152114074 21 0 66 3
miR-5047 UUGCAGCUGCGGUUGUAAGGU 152114634 21 0 101 1
152114644
. 152114634
miR-3064-5p UCUGGCUGUUGUGGUGUGCAAA 152114644 22 0 67 0
152116412
. 152114634
mir-3064-3p UGCCACACUGCAACACCUUACA 152114644 22 0 67 0
152116412
miR-3661 UCACCUGGGACUCGGACAGCUG 152116126 22 1 96 0
152125556
miR-6527 CACGUGGACGAAGAGAUGGGA 152117335 21 0 95 0
miR-1244 AAGUAGUUGGUUUGUAUGAGAUGGUU 152121951 26 0 86 1
152121952
miR-2904 GGGAGCCUCGGUCGGCCUC 152123978 19 1 70 0
miR-2887 CGGGACCGGGGUCCGGUGCG 152123978 20 0 57 0
miR-716b AGAUCUUGGUGGUAGUAGCAAAUAU 152124040 25 0 114 0
miR-716a GCGGUGAGCCUUGAAGCCU 152124040 19 2 149 0
Table 2. Continued.
miRNA Sequence GenBank (ID) A+U (%) Strand NT MFE (kcal/mol)
miR-4426 GAAGAUGGACGUACUUU 1292728 61.9 - 0 -14.5
31088741
miR-4680-5p AGAACUCUUGCAGUCUUAGAUGU 152114074 70.77 - 1 -21.4
miR-4680-3p UCUGAAUUGUAAGAGUUGUUA 152114074 70.77 - 0 -21.4
miR-5047 UUGCAGCUGCGGUUGUAAGGU 152114634 52.48 4 21 -30.3
152114644
. 152114634
miR-3064-5p UCUGGCUGUUGUGGUGUGCAAA 152114644 52.24 4 62 -23.8
152116412
. 152114634
mir-3064-3p UGCCACACUGCAACACCUUACA 152114644 52.24 4 4 -23.8
152116412
miR-3661 UCACCUGGGACUCGGACAGCUG 152116126 42.71 - 31 -32.8
152125556
miR-6527 CACGUGGACGAAGAGAUGGGA 152117335 69.23 4 -223
miR-1244 AAGUAGUUGGUUUGUAUGAGAUGGUU 152121951 68.6 - 13 -15.8
152121952
miR-2904 GGGAGCCUCGGUCGGCCUC 152123978 17.14 - 77 -39.6
miR-2887 CGGGACCGGGGUCCGGUGCG 152123978 15.79 - 74 -36.7
miR-716b AGAUCUUGGUGGUAGUAGCAAAUAU 152124040 38.93 - 16 -41.7
miR-716a GCGGUGAGCCUUGAAGCCU 152124040 38.93 - 13 -51.1

NM: the mismatch number of identified miRNA sequences compared to those of known miRNAs in related species. SP: Sequence length of pre-miRNAs. 8-len:
Dislocation number of mature miRNAs in their pre-miRNAs compared to their homologues/orthologues in related species. +: Sense strand. -: Antisense strand.
NT: Number of predicted target genes. MFE: Minimal fold free energy of pre-miRNAs.

The mature miRNA sequences predicted were 17~26 nt in
length centering on 20~22 nt. This is coincident with the
specificity of Dicer processing [36]. The length of these newly
identified miRNA precursors varied from 57~149 nt with an
average of 84 nt. The A+U content of 9 miRNAs were
evaluated ranging from 38.93% to 70.77%, which is in
agreement with the previous results [37], but 2 miRNA
(miR-2904, miR-2887) have lower A+U content than 30%
(Table 2). The miRNA precursors, unlike other non-coding

RNAs, have lower folding free energy than random sequence.
Minimal folding free energy is one of the important features to
identify new miRNA genes [38]. The analysis of these newly
identified miRNAs precursors shown that the minimal folding
free energies ranges from -14.5~-51.1 Kcal/mol with an
average of -28.9 Kcal/mol (Table 2). Two miRNAs (miR-4426,
miR-1244) have higher MFE than -18 Kcal/mol, these is
similar as their homologs in other species.
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3.2. Target Genes Prediction for Novel miRNA Candidates

To further understand the physiological functions and
biology processes involved by these miRNAs in Capra hircus,
target gene prediction was performed using RNAhybriad 2.2
[30]. Based on the criteria described in “Materials and
methods”, using the newly identified miRNA sequences, we
scanned the 3’-UTR database of Ovis arise, a total of 153
non-redundant potential target genes were identified for 11
novel miRNA candidates based on their complementarity with
their target sequences (Table 2 and S 1). As seen in Table 2,
each miRNA has multiple target genes, there are 77 target
genes for miR-1904, and only one target gene for
miR-4680-5p, no target gene was detected for two miRNAs
(miR-4426, miR-4680-3p) in our study, may be due to the
imperfect 3"-UTRs database of Ovis aries.

3.3. GO Annotation and KEGG Pathway Analysis of Target
Genes

To better understand the biological functions and molecular
interaction networks involved by these novel miRNAs, GO
annotation and KEGG pathway analysis were performed in
our study. Firstly, we blasted 153 target gene sequences to
protein databases at NCBI with BLASTX, 151 sequences

A Annotation Results

Total sequences
Annotated sequences
With mapping results
With blast results
Without blast hits
Without blast Results

0 20 40 60 80 100 120 140 160
Sequence number
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were retrieved and used for GO annotation and KEGG
pathway analysis (figure 2: A), the corresponding hit
distribution in species was shown in figure 2: B. Secondly, 151
sequences were mapped on AmiGO database, and 149
sequences were retrieved with GO terms, a total of 2,517
ontology terms were returned (figure 2A and S 2). Of which,
140 target gene sequences were assigned to the GO terms of
“biological process” ontology, of which, “cellular process”,
“metabolic process” and “biological regulation” were
over-represented, occupied for 69.29%, 67.14% and 66.43%,
respectively. 144 sequences were assigned to the “molecular
function” ontology, most of which were found to take part in
the functions of “binding” (84.03%) and “catalysis” (41.67%).
143 sequences were assigned to the “cellular component”, and
mainly distributed in cell (90.91%), organelle (57.69%),
and/or membrane (49.23%) (figure 3 and S 3). KEGG
pathway analysis showed that 118 target genes were
distributed to 66 biological pathways. Most of these genes
were involved in cellular metabolism, biosynthesis, diseases
and signal transduction (S 4). The most commonly pathway
was the metabolic pathway, with 57 genes representing 48.31%
of the total. Further analysis for target genes is needed to help
us gain insight into the roles of these newly identified
miRNAs in Capra hircus.

B Top-hit species distribution

Papio anubis |#1
NaDP %1
Nomascus leucogenys | "1
Macaca mulatta | %1
Ubiguinone "1
Onyx gazella |®1
Mus musculus |#1
Ailuropoda melanoleuca | %1
Homo sapiens | "1
Bubalus bubalis |*1
Capra hircus | %1
Saimiri boliviensis |#1
Unknown |#1
Sus scrofa | ™2
Bos taurus | 6
Ovis aries |/ = = = E - = 130

0 20 40 60 80 100 120 140

Figure 2. The results of mapping and annotation at AmiGO database. A: Results of annotation at AmiGO database. For 153 targets genes, 149 were annotated,
2 were not blasted at nucleotide database. B: Distribution of Top-hit sequences in species based on BLASTX. Most sequences distributed in Ovis aries species,

followed by Bos taurus, only 15 sequences distributed in other species.

GO distribution and score

¥ Sequence

=Score

Molecular Function

Biological Process

Cellular Component

Figure 3. The distribution of part GO terms at three categories: biological process, molecular function, cellular component. A total of 2,517 ontology terms were
assigned for 149 target genes, 140 target gene sequences were annotated to “biological process” ontology, 144 sequences were annotated to the “molecular

function” ontology, 143 sequences were annotated to the “cellular component”.
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3.4. Validation of Potential miRNAs by gRT-PCR

To validate the novel miRNA candidates predicted in our
study, we performed a qRT-PCR based assay to support the
existence of these miRNAs. Mammary gland tissues were
used for total RNA extraction. Each sample was replicated for
three times. By this approach, 11 predicted miRNAs were
confirmed (figure 4), and 2 miRNAs (miR-6527, miR-716a)

were not detected under the conditions of the present study,
which require further validation. The reason for it may be
result from the facts: a) the abundance of the missed miRNAs
might be too low to be detected in the tissues; b) they might be
inducible miRNAs whose expression is under the control of
some factors; and c) expression of these miRNA may be time-
or tissue-specific. d) the primers for them are not suitable.

Novel miRNA expression

30 -
E 20 -
S
R d
O 10 -
0 T T T T T T T T T T 1
@ A A > A
o N3 > <R R ) » N\ ) &
& ¢ ¢ & ¢ & & & & & ¢
& N N N
Novel miRNAs

Figure 4. qRT-PCR validation of the identified novel miRNA candidates. Total RNA was extracted respectively from mammary gland tissues and used for
qRT-PCR, the relative expression abundance were expressed as Ct value, each sample was replicated for three times.

4. Discussion

miRNAs are single-stranded non-protein coding small RNA
regulating  target ~ mRNAs expression  at  the
post-transcriptional levels [39]. miRNAs are evolutionarily
conserved from species to species within the same kingdom,
and miRNAs in one species may exist as orthologs or
homologues in other species [40]. This suggests a powerful
strategy for bioinformatics identification of the homologues or
orthologs of miRNA genes in other species. Currently, a large
number of miRNAs were identified through a series of method
and deposited in miRBase. With the availability of sequence
resources in public databases, miRNA identification methods
based computational homology search are increasingly
concerned in recent years due to its advantages of feasible
operation, low cost and high efficiency. At present, several
databases, such as Genome, GEO (Gene Expression
Omnibus), GSS (Genome Survey Sequences) and EST are
mainly used for miRNA mining. Considering the
unavailability of genome and genomic survey sequences of
Capra hircus, ESTs database was mined for the identification

of miRNAs [41]. Sequence and structure homology are the
main theory behind the computer-based approach for miRNAs
prediction [13, 40, 42]. In this study, using computer-based
homologous sequences search, we found 13 novel miRNA
candidates, and the results were verified by qRT-PCR (figure
4), and these miRNAs (miR-4426, miR-3064-5p,
miR-3064-3P, miR-6527, miR-1244, miR-716b, miR-1887,
miR-2904) were also found in our previous studies by
high-throuthput sequencing [43, 44]. The miRNA precursors
exhibited various sizes in length and MFE, 13 identified
miRNA precursors could be folded into the typical secondary
structure of miRNAs one example are shown in figure 5 (all
miRNA secondary structure are also shown in S 5). MFE is
one of the important features to identify new miRNA genes
[45], unlike other noncoding RNAs, miRNAs have lower
MFE than random sequence. The analysis by Mfold revealed
these newly identified miRNA precursors have negative
minimal folding free energies lower than -18 Kcal/mol (except
for miR-4426 and miR-1244, they are similar to their
homologs in other species), implying that these miRNA
precursors are positive.
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Figure 5. The secondary structure characteristics predicted for miR-3064-3p using RNAfold software. A: the interactive drawing of the MFE structure based on
the base-pair probabilities. B: a mountain plot representation of the MFE structure, the thermodynamic ensemble of RNA structures, and the centroid structure,

the positional entropy for each position was also presented.

The miRNA target gene identification is an important step
for understanding the role of miRNAs in gene regulatory
networks. miRNAs can regulate gene expression by binding to
complementary sites on the target mRNAs, usually located in
the 3’-UTR. It was found that conserved motifs of 3-UTR
were likely under regulation mediated by miRNAs [46]. In our
study, we used the conservative 3'-UTRs of Ovis aries for
target genes prediction, which make our results more
convictive than previous studies, which used mRNA
sequences for target genes prediction. Based on the
complementarity between the seed region and 3'-UTR and the
strict parameter settings, a total of 153 potential target genes
were identified for the 11 identified miRNA candidates (two
miRNAs, miR-4426 and miR-4680-3p, have no results, S 1).
By analysis of these target genes, we found that most target
genes encode transcription factors that regulate individual
development, signaling transduction, metabolism, and binding
functions. miR-4680-5P targeted SLC25A19, which is an
important regulatory protein controlling development [47].
miR-1244 targeted IL-10, which mainly encoded a cytokine
possessing pleiotropic effects in immune-regulation and
inflammation, and is involved in the regulation of the
JAK-STAT signaling pathway [46]. miR-2094 targeted
PANK?2, which is a key regulatory enzyme in the biosynthesis
of coenzyme A (CoA) in mammalian cells. It catalyzes the
first committed step in the universal biosynthetic pathway
leading to CoA and is itself subject to regulation through

feedback inhibition by acyl CoA species [48].

The analysis of target genes revealed that more than one
gene was regulated by individual miRNAs, which suggested
that miRNA research should be focused on networks rather
than individual connections between miRNA and strongly
predicted targets [49, 50]. GO (Gene Ontology) annotation
and KEGG (Kyoto Encyclopedia of Genes and Genomes)
pathway analysis are essential tool to understand the functions
of target genes. GO is a universal standard terminology used
for unifying the representation of gene and gene product
attributes across all species, the annotations are classified
from three categories: biological process, molecular function
and cellular component. For GO annotations, as discussed in
the Materials and methods, with critical parameter settings:
E-value hit filter is 1.0E'6, Annotation cut-off is 55, GO weight
is 5, we observed various degrees of GO terms from various
databases at AmiGO (figure 6: A), and the corresponding
Evidence code were shown in figure 6: B. In our study, we also
observed GO enrichment, such as in the biological process,
most terms were enriched at 6, 7 and 8 GO levels. In
molecular function and cellular component, 4, 5 and 6 GO
levels were more enriched (figure 7). The results show that
unambiguous annotations were accurately assigned to each
target genes. KEGGQ is a database resource for understanding
high-level functions and utilities of the biological system from
molecular-level information. KEGG pathways are used to
illustrate the molecular interaction networks of genes and/or



International Journal of Data Science and Analysis 2016; 2(2): 21-31

proteins. KEGG analysis showed that approximately 48.31%
of the genes were committed to a metabolic pathway, 19.50%
of genes were committed to biosynthesis pathway. These
results indicated that various miRNAs might be involved in
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physiology processes in goat. Further experiment validations
are needed to verify the biological pathways involved by the
miRNAs.
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Figure 6. The database sources and evidence code distribution of mapping on AmiGO. A: GO terms at different databases. B: Distribution of Evidence code for
each GO terms by mapping. IEA: inferred from electronic annotation. IDA: inferred from direct assay. TAS: traceable author statement. ISS: inferred from
sequence or structural similarity. IMP: inferred from mutant phenotype. IPI: inferred from physical interaction. IEP: inferred from expression pattern. ISO:

inferred from sequence orthology. NAS: non-traceable author statement. ND: no

biological data available. IC: inferred by curator. IGI: inferred from genetic

interaction. IBA: inferred from biological aspect of ancestor. ISA: inferred from sequence alignment.
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5. Conclusion

In this study, based on local BLAST with ESTs database of
Capra hircus, we used previously known animal miRNAs to
search for new miRNAs. A total of 13 novel miRNAs were
detected and validated, 153 target genes were also identified
using 3’-UTRdb of Ovis aries. GO annotations enrichment
and KEGG pathways analysis indicate that miRNAs are
extensively involved in the regulation of various biological
processes. The current results confirm that the approach of
EST analysis is a relatively efficient means of identifying
miRNAs to those species whose genomes are not available,
and will pave the way for understanding the function and
processing of miRNAs in future. Moreover, these findings are
the good functional genomic resources for understanding the
gene regulatory mechanism in Capra hircus.
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Appendix

S 1: Target genes predicted for 11 novel miRNA candidates.
Target gene prediction was performed using RNAhybrid 2.2,
the parameter settings as follows: Helix constraint (Seed
match region) is 2~7. MFE percentage is 75%. Energy cut-off
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is -25Kcal/mol. one G:U pair in the seed is allowable. The size
of max internal loop and bulge loop is 2.

S 2: The results of GO annotation for 149 target genes at
AmiGO database. A total of 2,517 ontology terms were
assigned to 149 target genes.

S 3: The distribution of part GO terms at three categories:
biological process, molecular function, cellular component.
140 target gene sequences were annotated to “biological
process” ontology, 144 sequences were annotated to the
“molecular function” ontology, 143 sequences were annotated
to the “cellular component”.

S 4: Pathway involved in by target genes. 118 target genes
were distributed to 66 biological pathway, most of these genes
were involved in cellular metabolism, biosynthesis, diseases
and signal transduction.

S 5: Secondary structure predicted by Mfold software for
novel miRNAs.
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