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Abstract MicroRNAs (miRNAs) are small, highly con-

served, non-coding RNAs that regulate gene expression of

target mRNAs through cleavage or translational inhibition.

Computer-based approaches for miRNA gene identification

are being considered as indispensable in miRNAs research.

Similarly, experimental approaches for detection of miR-

NAs are crucial to the testing and validating of computa-

tional algorithms. The detection of miRNAs in tissues or

cells can supply valuable information for investigating the

biological function of these molecules. Selective and

highly sensitive detection methods will pave the way for

extended understanding of miRNA function within organ-

isms. In this review, we summarize the various computa-

tional methods for identification of miRNAs as well as the

methodologies that have been developed to detection

miRNAs.
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Introduction

miRNAs are endogenously encoded and produced small

(*22 nucleotides) non-coding RNA molecules, which

negatively regulate expression of target genes at the post-

transcriptional level [1, 2]. miRNAs are initially tran-

scribed as longer primary transcripts (pri-miRNAs) and

processed first by the RNase enzyme complex, and then by

Dicer, leading to incorporation of a single strand into the

RNA-induced silencing complex (RISC) [3]. miRNAs

guide RISC to mRNAs that results in post-transcriptional

repression. Recently, numerous studies have demonstrated

that many miRNAs are involved in the regulation of gene

expression through the targeting of mRNAs during cell

proliferation, apoptosis, the control of stem cell self

renewal, differentiation, metabolism, development, and

tumor metastasis [4, 5]. Up to date, more than 10,000

miRNAs have been reported in animals, plants and viruses

by using computational and experimental detected methods

in miRNAs database (http://www.mirbase.org/) [6]. Since

miRNA has the ability to regulate many vital biological

functions, it formulates a plethora of opportunities for

miRNA research [7].

The identification of new miRNAs is the founda-

tion of miRNA research. This led to the development

of increasingly sophisticated computational prediction

approaches of miRNAs and the biological detection tech-

niques [8]. An overview of the current advances in this

area is presented here with a view to stimulate the reader

to explore the diverse and exciting field of miRNA

research.
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Biochemical approaches to miRNA discovery

Classic forward genetics

Forward genetic experiments, whereby mutant genes are

isolated from an organism showing abnormal phenotypic

characteristics. The first known miRNA, lin-4, was dis-

covered in 1993 by Victor Ambros and his colleagues

through the study of heterochronic gene lin-14 in worms by

classic forward genetics. They discovered that lin-4 in

C. elegans did not code for a protein but instead produced a

pair of short RNA transcripts that each regulate the timing

of larval development by translational repression of lin-14,

which encodes for a nuclear protein [9]. They postulated

the regulation was due in part to sequence complementarity

between lin-4 and unique repeats within the 30 UTR of the

lin-14 mRNA. In 2000, almost 7 years after the second

miRNA, let-7, was discovered, also using forward genetics

in worms. The let-7 encodes a temporally regulated

21-nucleotide small RNA that controls the developmental

transition from the fourth larval into the adult stage

[10–12]. Similar to lin-4, let-7 performs its function by

binding to the 30 UTR of lin-41 and hbl-1 (lin-57), and

inhibiting their translation [13, 14]. The lin-4 and let-7 are

nonhomologous and act in a similar manner to trigger the

transition to late-larval and adult stages. However, this

method is also tedious, time-consuming and costly for

miRNA discovery, primarily owing to the enormous effort

required to identify each gene responsible for a particular

phenotype [15].

MiRNA cloning

Subsequently, a breakthrough in miRNA identification was

made when directional cloning was used to construct a

cDNA library for endogenous small RNAs [16]. Direct

cloning and sequencing of short RNA molecules has

enabled the identification of many miRNAs. Several labs

identified more than a hundred miRNAs by cDNA cloning

and subsequent sequence analysis [16, 17]. This approach

has the advantage that it can be applied to any organism,

even if little or no genomic information is available. In

addition, miRNAs can be identified independent of their

function, thus also allowing the identification of redundant

miRNAs. By cDNA cloning, miRNAs have now been

identified in diverse animals, plants and viruses [18–22].

The miRNA cloning procedure requires size selection of

18–24 nt RNA purified by polyacrylamide gel electro-

phoresis (PAGE) (Fig. 1). The small RNA is to enable

directional ligation of an adapter sequence, first to the 50

end of the RNA, and, after PAGE purification of ligated

products and rephosphorylation of the 30 terminus, ligation

of a second adapter to the 30 end. The resultant miRNA

sequence is inserted between two known sequences and can

be amplified by standard RT-PCR from a cDNA library

enriched for small RNAs [23]. Individual clones are then

sequenced and analyzed to determine the genomic origin of

the small RNA. To prevent self-circularization of the

mature miRNAs and the adapter, small RNAs are usually

dephosphorylated before ligation and the 30-hydroxyl

terminus of the 30 adapter is blocked by incorporating a non-

nucleotide group during chemical synthesis of the oligo-

nucleotide [24]. A limitation of this approach, however, is

that miRNA expressed at a low level or only in a specific

condition or specific cell types would be difficult to find.

Next generation sequencing

Direct cloning, on the other hand, may not detect miRNAs

that have very low expression levels or that are expressed

only in specific conditions and tissue types. A new genera-

tion of sequencing technologies (also called deep sequenc-

ing), from Illumina/Solexa, ABI/SOLiD, 454/Roche, can

detect many small RNAs with a higher degree of reliability

and has provided unprecedented opportunities for high-

throughput detection of miRNAs [25]. These technologies

produce a number of sequence fragments in the 20–300 base

pair range and open the door to detecting and profiling known

and novel miRNAs at unprecedented sensitivity [26]. Their

applications in the field have also included gene expression

profiling, genome annotation, and detection of aberrant

Fig. 1 Methods for cloning miRNA
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transcription [27]. Current three main technologies for dis-

covery of miRNAs sequencing platforms are pretty different

and summarized in Table 1.

For example, the Illumina/Solexa technology is the most

successful and widely-adopted next-generation sequencing

platform worldwide. It supports massively parallel

sequencing using a proprietary reversible terminator-based

method that enables detection of single bases as they are

incorporated into growing DNA strands. A fluorescently-

labeled terminator is imaged as each dNTP is added and

then cleaved to allow incorporation of the next base. The

Illumina/Solexa utilizes a unique ‘‘bridged’’ amplification

reaction that occurs on the surface of the flow cell [28]. In

this process, one end of single DNA molecule is attached to

a solid surface using an adapter; the molecules subse-

quently bend over and hybridize to complementary adapt-

ers (creating the ‘‘bridge’’), thereby forming the template

for the synthesis of their complementary strands. After the

amplification step, a flow cell with more than 40 million

clusters is produced, where the cluster station amplifies

DNA on the flow cell surface to create clusters contain-

ing 500–1,000 clonal copies of each molecule (Fig. 2).

Single-stranded, adapter-ligated fragments are bound to the

surface of the flow cell exposed to reagents for polyermase-

based extension. The first cycle of sequencing consists first

of the incorporation of a single fluorescent nucleotide,

followed by high resolution imaging of the entire flow cell.

These images represent the data collected for the first base.

Any signal above background identifies the physical loca-

tion of a cluster (or polony), and the fluorescent emission

identifies which of the four bases was incorporated at that

position. And then, genome analyzer is capable of gener-

ating 26–50 bases reads and producing at least 1 Gb of

sequence per run in 2–3 days [29, 30].

The Illumina/Solexa technology was recently used to

sequence small RNA libraries from human embryonic stem

cells before and after their differentiation into embryonic

bodies [31]. The results generated more than six million

short sequence reads from each library and identified 334

known and 104 novel miRNA genes in one of the most

comprehensive miRNA profiling exercises to date [31].

The drawbacks in the use of this platforms sequencing

include the extensive amount of data necessary to organize

from a collection, because each sequence read can align to

multiple areas on the genome even without consideration

of a possible nucleotide error within the read [32, 33].

Computational approaches to miRNA discovery

The highly constrained tissue and time-specific expression

patterns, presence of degradation products from mRNAs,

Table 1 Comparison of three sequencing platforms

Platform Approach Read length

(bases)

Gb per run Run time

(days)

Company name References

Illumina/Solexa Sequencing by synthesis with reversible

terminators

75–100 18–100 2–3 Illumina, Inc [34]

ABI/SOLiD Massively parallel sequencing by ligation *50 1–3 8 Applied Biosystems [35]

454/Roche Pyrosequencing on solid support 200–300 0.08–0.12 0.4 Roche Applied Science [36]

Fig. 2 Solid-phase

amplification of the Illumina/

Solexa approach
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and other noncoding RNAs, has made it difficult and

incomplete to clone miRNAs. Computational methods play

important roles in the identification of new miRNAs [37].

This led to the development of increasingly sophisticated

computational approaches to predict miRNAs. Computa-

tional approaches have been developed to comple-

ment experimental methods in discovery of miRNAs that

express restrictively in specific environmental conditions

or cell types. At present, several major computational

finding methods of miRNAs were summarized below. The

other approaches for finding miRNAs are summarized in

Table 2.

MiRscan

Lim et al. [38] developed a method for the identification of

miRNAs, called MiRscan to find miRNA genes conserved

in more than one genome. Briefly, it slides a 110-nt win-

dow along both strands of the C. elegans genome and

folding the window with RNAfold to identify predicted

stem–loop structures ([25 bp) and a folding free energy of

at least -25 kcal/mol. Each conserved hairpin, considered

as a potential pre-miRNA, was further evaluated for the

location of miRNA within it by passing a 21-nt window

along each stem–loop, assigning a loglikelihood score to

each position for its similarity to known miRNAs, the

training set for the algorithm being 50 published miRNAs

from C. elegans and C. briggsae. They identified 30 novel

miRNAs in C. elegans and 38 novel human miRNAs [38].

The method uses an RNA folding algorithm RNAFold to

locate potential hairpin structures in sequences that are

evolutionarily conserved among C. elegans and C. brigg-

sae [39]. Subsequently, the accuracy of MiRscan program

was further improved by considering sequence conserva-

tion about 200 bp upstream of the miRNA fold-back and a

highly significant sequence motif [40, 41].

miRSeeker

Lai et al. [42] using a detection program called miRseeker,

estimated that Drosophila genomes contain around 110

miRNA genes and identified 48 miRNA candidates which

does not simply use conservation but recognizes conser-

vation patterns specific to miRNAs. The method represents

the first attempt to identify conserved stem–loops due to

selection, and not as an artefact of considering genomes

that are not sufficiently distant. The authors aligned the

non-annotated intergenic and intronic sequences of the

genomes of Drosophila. The conserved regions were then

folded in order to identify and score potential stem–loop

structures. The miRseeker described so far and variations

there of have been able to recover a substantial part of the

known miRNAs and have been useful in identifying several

new regulators [43]. The sensitivity of this method was also

demonstrated by the presence of 75% (18 of 24) of pre-

viously identified Drosophila miRNAs within the top 124

candidates. In total, 48 novel miRNA candidates identified

by miRseeker were strongly conserved in more distant

insect, nematode, or vertebrate genomes. Of these, the

expression of a total of 24 novel miRNA genes was

experimentally verified. This approach effectively prevents

the identification of non-conserved candidates, and makes

several assumptions in the absence of a clear evolutionary

model for these structures.

Phylogenetic shadowing

Berezikov et al. [44] identified 16 novel human miRNAs,

using a phylogenetic-based approach. Phylogenetic shad-

owing is a powerful genomic-conservation assessment

technique, which determines the level of conservation of

each nucleotide in the assessed sequence [44]. Phyloge-

netic shadowing overcomes the limitation of classical

Table 2 Resources of the others computational approaches for miRNA predictions

Name of Program Website References

proMiR II http://cbit.snu.ac.kr/*ProMiR2/ [47]

mir-abela http://www.mirz.unibas.ch/cgi/pred_miRNA_genes.cgi [48]

triplet-SVM http://bioinfo.au.tsinghua.edu.cn/mirnasvm/ [49]

Vmir http://www.hpi-hamburg.de/fileadmin/downloads/VMir.zip [50]

RNA micro http://www.bioinf.uni-leipzig.de/*jana/software/index.html [51]

mirCoS Based on LIBSVM library package [52]

BayesMiRNAFind https://bioinfo.wistar.upenn.edu/miRNA/miRNA/login.php [53]

One-ClassMirnaFind http://wotan.wistar.upenn.edu/OneClassmiRNA/ [54]

miPred http://www.bioinf.seu.edu.cn/miRNA/ [55]

Srnaloop http://arep.med.harvard.edu/miRNA/pgmlicense.html [56]

findMiRNA http://sundarlab.ucdavis.edu/mirna/ [57]
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phylogenetic footprinting and allows unambiguous

sequence alignments and accurate conservation determi-

nation at single nucleotide resolution level. Using this

approach, Berezikov et al. found that nucleotides in the

stem of miRNA hairpins precursors are significantly more

conserved than in sequences flanking the hairpin, and in the

hairpin_s loops. They then used this distinctive property, in

conjunction with other known properties of miRNAs, as

described above. The 976 candidate miRNAs by scanning

whole-genome human/mouse and human/rat alignments,

most of the novel miRNA candidates being conserved in

other vertebrates (dog, cow, chicken, opossum, and zeb-

rafish) were predicted. Northern blot analysis confirmed the

expression of mature miRNAs for 16 out of 69 represen-

tative candidates.

miRank

Xu et al. propose and develop a novel miRNA prediction

method, miRank, based on a random walk through a graph

consisting of known miRNA examples and unknown can-

didate sequences [45]. Each miRNA is a vertex connected

to its neighbor by an edge that is weighted by its similarity

of miRNA features. The score or relevance of a vertex

increases with its number of connections. The vertices are

then ranked by relevance score, and an arbitrary cut-off of

the ranked list includes both the positive examples and the

most similar of the predicted unknowns. The strength of

miRank is its ability to identify novel miRNAs in newly

sequenced genomes where there are few annotated miR-

NAs (positive examples). The authors found miRank to be

superior to SVM classifiers, and attribute its success to the

fact that it structures the list and ranks the candidate

examples, as well as the query sequences, during the

training and classification steps. They first tested on Homo

sapiens genome by their method; using a very few known

human miRNAs as samples, the method achieved a pre-

diction accuracy greater than 95%. They then applied this

method to predict 200 miRNAs in Anopheles gambiae. The

further study showed that 78 out of the 200 putative

miRNA precursors encode mature miRNAs that are con-

served in at least one other animal species.

miRDeep

miRDeep was developed which uses a probabilistic algo-

rithm to score features of miRNA candidates by using

bayesian statistics. First, the secondary RNA structure and

energetic stability is investigated. Second, the compatibil-

ity between the sequenced RNA and miRNA biogenesis by

enzymatic cleavage is scored. Third, since miRNAs are

often conserved across large phylogenetic distances, can-

didate miRNA sequences can be compared with reference

sequences or with candidate sequences from other animal

species. It gets its accuracy and robustness from published

C. elegans data and data generated by deep sequencing

human and dog RNAs. miRDeep also reports altogether

*230 previously unannotated miRNAs, of which four

novel C. elegans miRNAs are validated by northern blot

analysis [25]. The miRDeep algorithm is that after the

sequencing reads are aligned to the genome, the algorithm

excises genomic DNA bracketing these alignments and

computes their secondary RNA structure. Plausible miR-

NA precursor sequences are then identified and, in the core

part of the miRDeep algorithm, scored for their likelihood

to be real miRNA precursors. The output is therefore a

scored list of known and novel miRNA precursors and

mature miRNAs in the deep-sequencing sample, as well as

estimates for the number of false positives.

MiRanalyzer

MiRanalyzer implements all necessary methods for a

comprehensive analysis of deep-sequencing experiments of

small RNA molecules. It detects all known miRNA

sequences annotated in miRBase, finds all perfect matches

against other libraries of transcribed sequences. The algo-

rithm is based on the random forest classifier and was

trained on experimental data. This high accuracy is

important for the identification of novel miRNAs, a process

which usually results in high false positive rates. MiRan-

alyzer predicts new miRNAs basing on a random forest

machine learning algorithm and good performances are

obtained (area under the curve [AUC] of 97.9%). Fur-

thermore, the tool detects matches of the reads against

other libraries of transcribed sequences [46].

In practice, all these prediction methods require a suf-

ficient number of characterized miRNAs as training sam-

ples and rely on genome annotation to reduce the number

of predicted putative miRNAs. Although each of these

methods has their own unique advantages, they have not

been perfected yet. No consensus has been reached on the

problem of verification. Each miRNA prediction program

has sought to verify its computational conclusions by dif-

ferently methods of experimental detection.

Experimental detection of miRNAs

Experimental detection of miRNAs is technically chal-

lenging because of their small size, sequence similarity

among various members, low level, and tissue-specific or

developmental stage-specific expression. Each technique

has its advantages along with some limitations over its

application at the moment. A suitable method should be

chosen based on the requirements of the investigation and
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the experimental conditions in order to get accurate

information on miRNA expression. An increase in the

amount of detection methods available have been devel-

oped and applied in miRNAs exploration. The main con-

ventional miRNA detection and new methods, have been

summarized blow.

Northern blotting detection

Northern blotting is a technique for locating specific RNA

sequences in a solution of mixed RNAs and a robust

technique that can provide information on the size and

expression of predicted miRNAs and precursor miRNAs. It

is also frequently used to assess accumulation levels of

miRNAs of interest from size-fractionated cDNA libraries

[58].The sample containing miRNA is run on an electro-

phoresis gel. Next, the miRNA is transferred to a nitro-

cellulose membrane, followed by soaking in a solution

containing a fluorescent or radiolabeled oligonucleotide

probe which is complementary to the target miRNA for

hybridization to occur. After unhybridized DNA has been

removed, the miRNA target can be detected [59]. Although

this method offers confirmation of the highest quality,

however, it is time-consuming, low sensitivity and a large

amount of total RNA per sample which is required. Locked

nucleic acid (LNA)-modified oligonucleotide probes were

used to enhance the efficiency of hybridization for solving

the sensitivity problem of miRNA Northern blotting tech-

nology [60]. The technique can be extremely beneficial

when small amounts of samples are available, expression

levels of target miRNAs are low, or subtle discrimination

of related miRNAs (differing only by a few nucleotides) is

necessary. LNA probes exhibit unprecedented thermal

stability and show improved hybridization properties

against complementary RNA targets.

Microarray detection

miRNA microarray technology is actually based on nucleic

acid hybridization between target molecules and their

corresponding complementary probes. Liu et al. [61] pub-

lished the first report of genome wide miRNA expression

profiling by a microarray in human and mouse tissues. The

microarray detection was probed with a radioisotope-

labeled low molecular weight fraction (\60 nt) of total

RNA. MiRNA oligonucleotide probes that usually have

amine-modified 50 termini are immobilized onto glass

slides through covalent crosslinking between the amino

groups and the SAM (self-assembling monolayer), forming

a ready-to-use miRNA microarray. The isolated miRNAs

are labeled with fluorescent dye and then hybridized with

the miRNA microarray, resulting in specific binding of the

labeled miRNAs to the corresponding probes. The

fluorescence emission from labeled miRNAs bound at

different positions on the slides can be detected. Conse-

quently, the kinds of miRNAs and their relative quantities

in the studied sample can be evaluated by analyzing the

fluorescence signal data. However, small size of miRNAs

poses difficulties for this technique, as it is difficult to

create a single hybridization condition suitable for all

miRNAs because of having positive non-specific hybrid-

ization. The recent developments in microarray analysis is

involves more sensitive and specific methods [62]. The

microarray platform miChip is based on LNA-modified,

Tm-normalized capture probes spotted onto NHS (N-hy-

droxysuccinamide)-coated glass slides and can discrimi-

nate between miRNAs with single nucleotide differences

[62].

In situ hybridization detection

In situ hybridization (IHS) for miRNA detection has been

developed recently [63]. It may be used to locate the cellular

and subcellular distribution and determine the spatio-tem-

poral expression patterns of candidate miRNAs [63]. How-

ever, the normal DNA or RNA probes may not work well in

this method owing to their poor binding affinity to target

miRNA. To increase the affinity, Kloosterman et al. [64]

introduced LNA into the ISH probes and successfully

observed the expression of 115 conserved vertebrate miR-

NAs in zebrafish embryos by ISH. They found that most

miRNAs were expressed in a tissue-specific manner during

segmentation and the later stages, but not early in develop-

ment, which demonstrated that their function was not

involved in tissue fate establishment but in differentiation or

maintenance of tissue identity [64]. Use of the probes suc-

cessfully detected conserved vertebrate miRNAs in zebra-

fish, mice, and frog embryos [65]. Nelson et al. demonstrated

coordinated miRNA expression on archival formalin-fixed

paraffin-embedded (FFPE) human brains and oligoden-

droglial tumors by using RAKE (RNA-primed, array-based,

Klenow Enzyme) miRNA microarray platform in conjunc-

tion with LNA-based in situ hybridization [66]. Deo et al.

[67] have recently improved the specificity by using RNA

oligonucleotide probes linked to a fluorescein hapten

and highly specific washing conditions with tetra-methyl

ammonium chloride (TMAC). The method could directly

detect mature miRNAs in tissue sections from developing

mouse embryos, adult brain, and the eye. ISH can precisely

locate a specific miRNA within tissue, but it is not suitable

for high-throughput profiling [68].

Invader miRNA assay

A called the invader miRNA assay method was developed

for the sensitive and specific detection and quantitation of
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miRNAs or siRNAs [69]. The invader assay is based on

enzymatic cleavage by a structure-specific 50nuclease

(Cleavase) of a synthetic oligonucleotide (the probe) that is

in an appropriate overlap-flap structure. This method is

shown in Fig. 3. The firstly, primary reaction of the

invader mRNA assay: Annealing of the invasive and probe

oligonucleotides to an RNA target forms an overlap-flap

structure that is a substrate for the structure-specific 50

nuclease, Cleavase (Fig. 3a). Secondary reaction to gen-

erate quantifiable signals: a secondary overlap-flap

structure is formed by hybridizing both the 50 flap that had

been released in the primary reaction and a FRET (fluo-

rescence resonance energy transfer) oligonucleotide to a

secondary reaction template (SRT). The FRET oligonu-

cleotide is labeled with a fluorophore (F) and a quencher

(Q) so cleavage between them generates the fluorescences

signal (Fig. 3b). Invader miRNA assay primary reaction:

The overall structure of the substrate resembles that shown

in A, except that the short size of the miRNA target

requires the inclusion of extra structures derived from the

invasive and probe oligonucleotides, forming a dumbbell-

like structure. The noncomplementary 50-flap is hatched

and the arrow indicates the site of cleavage, which releases

the 50 flap (Fig. 3c). The Invader miRNA assay has the

ability to detect and quantitate as few as 20,000 molecules

of an individual miRNA. Its specificity allowed for dis-

crimination between miRNAs differing by a single nucle-

otide, and between precursor and mature miRNAs. This

assay was used successfully in the analysis of several

miRNAs, using as little as 50 * 100 ng of total cellular

RNA or as few as 1,000 lysed cells [69].

Real-time RT-PCR

Currently, there are three methods for quantitative PCR of

miRNAs. One of the advantages of three type of detection

is that it can verify miRNAs that are expressed at low

levels, but it is limited by high cost. The first method is that

primer-extension (PE), real-time PCR method [70]. The

PE-qPCR assay involved two steps (Fig. 4a). In the first

step, a tailed, gene-specific primer (GS) was used (1) to

convert the RNA template into cDNA; (2) to introduce a

Fig. 3 Schematic representation of the invader miRNA assay

Fig. 4 Schemes of two kinds of RT-PCR methods for assay of miRNAs. a Primer-extension b Cloning miRNAs with stem–loop RT primers. c

Cloning miRNAs with 30 adaptor
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‘‘universal’’ PCR binding site to one end of the cDNA

molecule; and (3) to extend the length of the cDNA to

facilitate subsequent monitoring by qPCR. In the second

step, the resulting primer-extended, full-length cDNA was

quantified by real-time PCR using a combination of an

LNA-containing, miRNA/siRNA-specific ‘‘reverse’’ pri-

mer (LNA-R primer) and a generic universal primer

common to all assays. Amplification of this chimeric

cDNA was monitored in the real-time PCR reaction by

SYBR green fluorescence. The assay has a high dynamic

range and provides linear readout over differences in

miRNA concentrations that span 6–7 orders of magnitude.

It is capable of discriminating between related miRNA

family members that differ by subtle sequence differences.

The author used the method for quantitative analysis of six

miRNAs across 12 tissue samples. The data confirm

striking variation in the patterns of expression of these

noncoding regulatory RNAs [70].

The second method is to use real-time PCR by specific

stem–loop primers for quantifying both the precursor and

mature miRNAs [71]. It included two steps: RT and real

time PCR. First, the stem–loop RT primer is hybridized to

a miRNA molecule and then reverse transcribed with a

multiscribe reverse transcriptase (Fig. 4b). Next, the RT

products are quantified using conventional TaqMan PCR.

The assays method was specific for mature miRNAs and

discriminated among related miRNAs that differ by as little

as one nucleotide. Furthermore, they are not affected by

genomic DNA contamination. The assay is achieved rou-

tinely with as little as 25 pg of total RNA for precise

quantification of most miRNAs [71].

The third methods is that total RNA was polyadenylated

by poly (A) polymerase and then cDNA was synthesized

by an RT primer and reverse transcriptase using the

30-tailed total RNA as templates [72]. The cDNAs of

miRNAs for real-time PCR, with miRNA-specific forward

primer and reverse primer complementary to 30 adapter

(Fig. 4c). It was demonstrated that can readily discriminate

the expression of miRNAs having as few as one nucleotide

sequence difference using as little as 100 pg total RNA for

miRNAs sequence [72].

Rolling circle amplification detection

Jonstrup et al. [73] presented a simple miRNA detection

protocol based on padlock probes and rolling circle

amplification (RCA). Padlock probes are linear DNA

probes where the terminal sequences are designed to

hybridize to two adjacent target sequences. Under right

conditions, DNA ligase will ligate the termini of the pad-

lock probe on a perfectly matching RNA template, accu-

rately distinguishing matched and mismatched substrates.

The miRNA, used as a template, can subsequently be used

as primer for rolling circle amplification, thereby linearly

amplifying the target sequence in a quantitative manner. It

can be performed without specialized equipment and is

capable of measuring the content of specific miRNAs in a

few nanograms of total RNA [73].

Radiolabeled splinted ligation detection

In 2007, Maroney et al. [74, 75] developed the splinted-

ligation technique for detection of miRNAs. It is a nucleic

acid hybridization assay that uses a bridge oligonucleotide

with perfect base pairing complementarity to a target small

RNA and a 50-end-radiolabeled ligation oligonucleotide

(Fig. 5). Simultaneous base pairing between both the

small RNA and ligation oligonucleotide to the bridge

oligonucleotide yields a double-stranded structure with a

nick on one strand, which can be ligated with T4DNA

ligase, thus labeling the target small RNA. In addition,

because the labeled phosphate provided by the ligation

oligonucleotide is rendered insensitive to phosphatase

activity, the label present on the unligated oligonucleotide

can be removed by incubation with phosphatase after the

ligation step. Following the splinted-ligation reaction,

labeled small RNAs carrying a nucleotide extension

equivalent to the length of the ligation oligonucleotide

and any residual-labeled ligation oligonucleotides can

then be separated by denaturing gel electrophoresis and

visualized by autoradiography or phosphorimaging. This

method has been successfully used to study expression of

various classes of biological small RNAs from nanogram

to microgram amounts of total RNA without an amplifi-

cation step. It is significantly simpler to perform and more

sensitive than either northern blotting or ribonuclease

protection assays [74].

Concluding remarks

Since the first lin-4 miRNA of C. elegans was discovered in

1993, the increased interest in miRNAs, and concerns that

miRNAs are known to play important roles in living

organisms, have attracted many molecular researchers to

study miRNAs [10]. Bioinformatics approaches and

detection methods of miRNAs contributed greatly to

understanding these tiny molecules. Technologies such as

NGS will boost the discovery of many expressed small

RNAs and will undoubtedly result in the identification of

more candidate miRNAs. We believe that the growth of the

quantity and quality of experimentally determined miRNA

genes will be the driving force for next generation of

computational miRNA tools. Although the detection

methods of miRNA mentioned above have their own

advantages and disadvantages, with the availability of
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reliable, quantitative, and sensitive methods of miRNA

measurement, the analysis of differential expression of

miRNAs will be able to improve and provide. An inte-

grated detection approach, which combines computational

prediction together with high-throughput biological detec-

tion, has been most effective in discovery of miRNAs [76].

Interested readers can find out more about them from the

corresponding literature.
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