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Abstract Abiotic stresses such as drought, cold, and high salinity are among the most adverse factors that affect plant
growth and yield in the field. MicroRNAs are small RNA molecules that regulate gene expression in a sequence-specific
manner and play an important role in plant stress response. Identifying abiotic stress-associated microRNAs and
understanding their function will help develop new strategies for improvement of plant stress tolerance. Here we
highlight recent advances in our understanding of abiotic stress-associated miRNAs in various plants, with focus on

their discovery, expression analysis, and evolution.
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Due to their sessile nature, plants face a myriad of adverse
factors in their natural environment, affecting cellular growth,
development, and productivity. Suboptimal abiotic condi-
tions, such as drought, flooding, cold, heat, below and above
normal illumination, low oxygen availability, heavy metals,
radiation, nutrient deficiency, high salinity, and mechanic
damage, are among the main factors that cause stress to
plants, either alone or in combination (Boyer, 1982). To cope
with these stresses, plants have evolved highly complex and
well-honed responses that include reprogramming gene
expression, readjusting metabolism and water relations, and
protecting cellular structures from the damages of stresses
(Zhu, 2002). The expression of a large set of genes is usually
affected in response to abiotic stresses, indicating that stress
responses involve a complex regulatory network (Seki et al.,
2002). Within this network, gene expression is temporally
and spatially coordinated at the transcriptional, post-tran-
scriptional, and translational levels. MicroRNAs (miRNAs)
are an integral component of the stress response network
because they regulate the expression of their target protein
coding genes, many of which encode transcription factors that
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regulate the expression of other genes. In addition, the
expression of miRNA genes themselves is regulated by
upstream transcription factors.

Biogenesis of miRNAs and other small
RNAs

Jacob and Monod (1961) had anticipated that gene products,
probably RNA molecules, could act as repressors of genes at
the DNA level or directly over mRNAs. Nowadays it has
been proven that 20-24 nt small RNA molecules perform
active roles as regulators of gene expression. Small RNAs
mediate processes such as RNA interference, gene silencing,
co-suppression and quelling, via repression of target mRNAs
or translation inhibition (Dalmay, 2006; Jones-Rhoades et al.,
2006). During these processes, small RNAs recognize target
mRNAs via sequence complementarity.

In plants, small RNAs (sRNAs) are classified into two
groups based on their biogenesis and function (Vaucheret,
2006; Vazquez et al., 2010). The first group contains various
small interfering RNAs (siRNAs), including heterochromatic
siRNAs (hc-siRNAs) (Reinhart and Bartel, 2002), trans-
acting siRNAs (ta-siRNAs) (Vazquez et al., 2004), natural
antisense siRNAs (nat-siRNAs) (Borsani et al., 2005), and
long siRNAs (Katiyar-Agarwal et al., 2007). The second
group contains miRNAs (Jones-Rhoades et al., 2006) and
natural antisense miRNAs (nat-miRNAs) (Lu et al., 2008a).
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Whereas hc-siRNAs are involved in DNA methylation and
histone modification in a process known as transcriptional
gene silencing (TGS) (Chinnusamy and Zhu, 2009), ta-
siRNAs and nat-siRNAs function at the postranscriptional
level by mediating the cleavage or translational repression of
target mRNAs. Ta-siRNAs are sSRNAs that are generated in
phase from a single-stranded primary transcript that is
targeted by a miRNA. The products of this cleavage are
then converted to double-stranded RNAs by RDR6 and
processed by DCL4 to produce ta-siRNAs (Allen et al,
2005). Nat-siRNAs are generated by overlapping genes that
are transcribed in opposite directions. The transcripts of
overlapping genes hybridize in the overlapping region and
form double-stranded RNAs that are further processed by
DCL proteins into SRNAs (Borsani et al., 2005). Nat-siRNAs
generated by one member of the pair may target the antisense
gene and downregulate its expression (Jin et al., 2008; Ron et
al., 2010).

The biogenesis of miRNAs is different from that of
siRNAs. MiRNA genes are first transcribed by RNA
polymerase II into single-stranded primary miRNAs (pri-
miRNAs), which then fold into stable hairpin structures
(Bartel, 2004). DCL1 or DCL4 proteins cleave pri-miRNAs
into miRNA precursors (pre-miRNAs), and then excise
further to produce double stranded RNAs that are typically
21 nt long and methylated at the 3’ end by HEN1 (Chen,
2005). After being exported into cytoplasm by HASTY, one
strand (miRNA¥*) is degraded and the other strand (mature
miRNA) is incorporated into Argonaut (AGO) proteins,
which are part of the RNA-induced silencing complex
(RISC). In RISC, target mRNAs are recognized through
their nearly perfect sequence complementarity to miRNAs
(Rhoades et al., 2002). The binding of miRNAs to target
mRNAs would lead to degradation or translation repression
of mRNAs. Recently another class of miRNAs, ImiRNAs,
was found in plants. These ImiRNAs are typically 24nt long,
and are cleaved by DCL3 and sorted into AGO4 clade
proteins. ImiRNAs regulate gene expression by directing
DNA methylation of target genes (Wu et al., 2010).

Approaches for plant miRNA discovery

The approaches for miRNA discovery in plants can be
roughly classified into two categories: direct cloning and
bioinformatics. The method of choice for miRNA discovery
has been cloning and sequencing the expressed mature
miRNAs. The basic procedure includes cloning and sequen-
cing of small RNAs, mapping small RNAs to reference
genomic sequences, examining the secondary structure of
candidate precursors, and checking for precise cleavage of
precursors (Barrera-Figueroa et al., 2011). Early application
of cloning and capillary sequencing led to the discovery of
dozens of miRNAs in Arabidopsis (Llave et al., 2002; Sunkar
and Zhu, 2004) and rice (Sunkar et al., 2005). To overcome

the laborious cloning procedure and the expense of capillary
DNA sequencing, and to increase throughput, next-genera-
tion sequencing techniques such as massively parallel
signature sequencing (MPSS) and 454 pyrosequencing have
been used for small RNA profiling. The deep coverage from
these techniques makes it possible to identify miRNAs that
are expressed in rare conditions or at low abundance, leading
to the identification of many novel miRNAs (Lu et al., 2005a;
Lu et al., 2006; Rajagopalan et al., 2006; Fahlgren et al.,
2007; Johnson et al., 2007; Nobuta et al., 2007; Lu et al.,
2008a; Sunkar and Jagadeeswaran, 2008; Sunkar et al.,
2008). Recently, researchers began to apply the Illumina
sequencing platform for miRNA discovery (Wei et al., 2009;
Zhang et al., 2009a; Barrera-Figueroa et al., 2011). The
[llumina sequencing platform produces millions of reads from
a single run and thus provides two orders of magnitude
greater depth than prior high-throughput sequencing techni-
ques and allows better miRNA identification and profiling.

Cloning of small RNAs is straightforward. Small RNAs
(sRNAs) are first separated from total RNA or pre-purified
low-weight RNA fractions, by resolution in a gel. Small
RNAs of 18-30nt long are excised and eluted from the gel
and sequentially ligated to 5’ and 3’ adaptors. The ligation
products are then reverse-transcribed, amplified, and
sequenced (Lu et al., 2007). In addition to miRNAs, cloned
sRNAs include rRNAs, mRNAs, tRNAs, siRNAs, and
chloroplastic sSRNAs. Discrimination of miRNAs from other
kinds of sRNAs is a key step in the discovery of genuine
miRNAs.

To enhance the efficiency of miRNA cloning, the cloning
procedure has been subject to several modifications and
improvements. During the process of sSRNA cloning, it is
critical to reduce the amount of undesirable ligation products,
in which sRNAs or adaptors are ligated in tandem.
Specifications were included in the first protocols for SRNA
cloning to prevent self-ligations of adaptors (Llave et al.,
2002). The 3’ adapter is phosphorylated at the 5’ end so that it
can be ligated to the 3’ end of sRNAs. The 3’ end of the 3’
adaptor is modified to an inverted deoxythymidine (idT) to
avoid self-ligation of 3’ adaptors. The 5’ adaptors are
hydroxylated at both 5 and 3’ ends to prevent their self-
ligation. The formation of empty products by ligation of 3'and
S'adaptors is prevented by a purification procedure after the
ligation of each adaptor to eliminate residual adaptor
molecules (Lu et al., 2007). To prevent SRNA-sRNA self-
ligation, the 3’ adaptor may be preadenylated at the 5’ end
(Lau et al., 2001; Pak and Fire, 2007). Preadenylation permits
the ligation of adaptor to SRNAs in absence of ATP. Without
ATP, 5' phosphate of sRNAs cannot be adenylated and
SRNA-sRNA self-ligation cannot occur (Vigneault et al.,
2008).

Once small RNA sequences are obtained, computational
tools such as SOAP (Li et al., 2009) and BOWTIE
(Langmead et al., 2009) are used to map small RNA reads
to reference genomic sequences. For each mapped small
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RNA, the segments around the mapping location are
extracted and fold into secondary structure. A series of
established criteria can be applied to determine whether the
extracted segment is likely a miRNA precursor (Ambros et
al., 2003; Meyers et al., 2008). These criteria discriminate
miRNAs from other small RNAs or mRNA degradation
products. A distinct feature of miRNAs is that mature
miRNAs are expressed predominantly from one strand and
precisely excised from a hairpin region.

The second approach for miRNA discovery is the
bioinformatics approach (Mendes et al., 2009). Because it is
not a prerequisite to obtain mature miRNA sequences, the
bioinformatics approach remains a useful complement to the
cloning-based approach, especially for identifying miRNAs
that are rarely or lowly expressed and miRNAs in plants with
limited genomic resources. Homology search can be used to
identify miRNAs that are conserved between two plant
species. Mature miRNAs from one species are used to query
genomic sequences, expressed sequence tags (ESTs), or small
RNA sequences from another species to find miRNAs that
match the known miRNAs, usually allowing up to two
mismatches. Homology search has been used to identify
miRNAs that exist in ESTs, genomic survey sequences, and
genome assemblies in diverse plant species (Dezulian et al.,
2006; Zhang et al., 2006; Sunkar and Jagadeeswaran, 2008;
Zhang et al., 2009b). An obvious limitation of this approach is
that it cannot identify novel miRNAs that have not been
found in any species yet.

Attempts have also been made to make de novo
identification of miRNAs. They can be classified into two
types. The first type takes advantage of the structural features
of miRNA genes. It first identifies all potential hairpin
structures that exist in the genome, and then uses a set of
filters such as loop length, number of mismatches between
putative miRNA and the corresponding miRNA* sequence,
and GC content to find hairpins that are most likely real
miRNA genes. The conservation of hairpin sequences
between two plants may be required. Using this approach,
some of known miRNAs were confirmed and new candidates
were suggested (Bonnet et al., 2004; Jones-Rhoades and
Bartel, 2004; Wang et al., 2004). Features of pre-miRNA
structures can also be used to build support vector machine
(SVM), which is trained with a set of known plant miRNAs
and then used to select real miRNAs from candidate hairpin
sequences with high accuracy (Xuan et al., 2011). The second
approach for de novo miRNA identification takes advantage
of the fact that plant miRNAs and their target regions have
nearly perfect match (up to 4 mismatches) (Rhoades et al.,
2002). It first detects a match between an intergenic region
and an annotated protein coding gene transcript, and then
expands the matched intergenic region and evaluates it for
characteristics of miRNA genes (Adai et al., 2005; Lindow
and Krogh, 2005).

Direct cloning and bioinformatics approaches start with
different data sets and use different rules. However, they are

by no means separate or exclusive from each other. These two
approaches work synergistically in the miRNA discovery
process. On the one hand, when small RNAs are sequenced in
the direct cloning approach, bioinformatics tools and methods
are needed to analyze high throughput data sets. On the other
hand, after miRNA candidates are identified through
bioinformatics approach, small RNA data can be used to
validate these candidates (Zhang et al., 2009b). In addition,
experimental procedures such as northern blots remain to be
the most reliable way for validating the expression of
candidate miRNAs.

Finding abiotic stress-associated miRNAs

A few years after the discovery of miRNAs in plants, a
pioneer study reported the involvement of miRNAs in the
molecular response to abiotic stresses. Sunkar and Zhu (2004)
found that miRNA393, miR402, and miR319¢ were induced
by cold, dehydration, salt, and plant stress hormone abscisic
acid (ABA), whereas miR398 was downregulated. It was later
revealed that miR398 was also downregulated by oxidative
stress (Sunkar et al., 2006). MiR398 regulates the expression
of two homologous Cu/Zn superoxide dismutase genes that
are involved in protecting cells from damage of toxic
superoxide radicals. Further studies showed that miR399
was upregulated by inorganic phosphate starvation (Chiou et
al., 2006), miR169 was downregulated by drought stress (Li
et al., 2008) and nitrogen starvation (Zhao et al., 2011) in
Arabidopsis, and several miRNAs were regulated by
mechanical stresses in Populus (Lu et al., 2005b). These
early studies established that miRNAs play active roles in
plant response to abiotic stresses. Because traditional
sequencing technology yielded very limited depth, read
counts did not provide reliable measure for miRNA
expression. In these early studies, northern blot assays were
the only feasible way to determine whether a miRNA was
regulated by a stress. Due to the low resolution of northern
blot analysis, it was hard to identify stress-associated
miRNAs that were expressed at relatively low abundance.
The general principle for identifying stress-regulated
miRNAs is simple: the expression levels of miRNAs are
measured and compared in stress-treated and control samples,
and miRNAs that show significantly higher or lower
expression in the stress-treated samples are up- or down-
regulated miRNAs, respectively. Illumina and other next-
generation sequencing platforms provide deep coverage of
mature miRNAs and thus make it feasible to detect
differentially expressed miRNAs based on comparison of
normalized read counts in stress and control libraries. This is
also known as digital expression analysis and was used before
next-generation sequencing to analyze expression patterns in
cDNA libraries (Audic and Claverie, 1997). Because
sequence depths in SRNA libraries are much higher than
those in cDNA libraries, the statistical test tends to identify
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significant expression among too many miRNAs. In practice,
more criteria such as minimum fold change and minimum
expression level are used to narrow down number of stress-
regulated miRNAs (Barrera-Figueroa et al., 2011). Due to
high sequencing cost, deep sequencing of SRNA libraries are
usually performed without biologic replicates. As the
sequencing capacity keeps improving with the use of more
powerful sequencing machines such as Illumina HiSeq2000,
and sequencing cost going down, it will be feasible to
sequence sRNA libraries with biologic replicates (McCor-
mick et al., 2011). With biologic replicates, we can more
reliably identify differentially expressed miRNAs with soft-
ware packages such as EdgeR (Robinson et al., 2010).

Genome-wide analysis of miRNA expression can also be
achieved with microarray technology (Liu et al., 2008; Lu et
al., 2008b; Ge et al., 2010; Ding et al., 2011; Kantar et al.,
2011). Mature sequences of known miRNAs are placed on a
microarray chip and stress and control samples are labeled
and hybridized to the microarray. MiRNAs that differ
significant in hybridization signal intensities are detected as
stress-regulated miRNAs. Comparing to digital expression
analysis through deep sequencing, miRNA microarray can be
more cost-effective when number of samples is large.
However, expression analysis is limited to known miRNAs
that have been placed on the chip. Therefore, microarray
approach is only feasible for plants species that have been
subject to extensive miRNA discovery (Liu et al., 2008). In
some studies, especially those using plants that have not been
investigated before, known miRNAs belonging to different
species are included in the microarray to expand the analysis
(Jia et al., 2009; Valdés-Lopez et al., 2010). However, this
approach can only used for detecting miRNAs that are well
conserved between species. A recent comparison study
showed that digital expression analysis is usually consistent
with miRNA microarrays (Pradervand et al., 2010), hence we
expect that both approaches will continue to be widely used.

After putative stress-regulated miRNAs are detected with
sequencing data or microarrays, the next step is detailed
expression analysis of individual miRNAs. Northern blotting
is often the preferred method. However, it may not be an
option if the miRNA is lowly expressed or the amount of
RNA sample is limited. Real-time qPCR may also be used for
confirmation of differential miRNA expression through
quantification of miRNA precursors or mature sequences
(Chen et al., 2011).

Identification of miRNA targets

MiRNAs perform cellular functions through regulation of
their target protein-coding genes. To illustrate molecular
mechanisms of plant stress response and delimit exact
functional roles of stress-regulated miRNAs, it is necessary
to identify miRNA targets. Because of nearly perfect
complementarity between miRNAs and their targets in plants,

computational prediction of miRNA targets can achieve
decent accuracy (Rhoades et al., 2002; Dai et al., 2011).
Nonetheless, subsequent validations through experiments are
necessary to eliminate false positives and to find targets that
are missed by computational prediction. The standard method
for target validation is a modified procedure of Rapid
Amplification of cDNA Ends (RACE) (Llave et al., 2011).
However, this low throughput, laborious procedure does not
scale well if many targets need to be validated.

In recent years a new approach based on next-generation
sequencing has been developed for genome-wide identifica-
tion or validation of miRNA targets. Because target mRNAs
are recognized by corresponding miRNAs in specific
complementary region, they are cleaved at specific locations.
The 5’ end portion of the cleavage or degradation products
can be cloned and sequenced with next-generation sequen-
cing technology. When sequencing reads are mapped back to
mRNA targets, they are predominantly accumulated at the
cleavage location. This procedure, termed PARE (Parallel
Analysis of RNA Ends) or degradome analysis, has been used
successfully to validate hundreds of miRNA targets in several
plants, including Arabidopsis (Addo-Quaye et al., 2008;
German et al., 2008), rice (Wu et al., 2009; Li et al., 2010),
soybean (Song et al., 2011), Populus euphratica (Li et al.,
2011a), Medicago truncatula (Devers et al., 2011), and Vitis
vinifera (Pantaleo et al., 2010). However, because most of
these degradome analyses were performed using plants that
grew under control conditions, we would not be able to
validate a miRNA target if either the miRNA or the target
gene was expressed only or predominantly in plants that grew
under stress conditions. To validate targets of tissue- or stress-
specific miRNAs, we need to perform degradome analyses
with specific tissues from plants that grow under specific
conditions.

Evolution and functional diversification of
stress-associated miRNAs

Like protein coding genes, miRNA genes are subject to the
same evolutionary processes such as substitution, insertion,
deletion, recombination, and natural selection. Extensive
miRNA discovery in a diverse set of plant lineages makes it
possible to investigate their evolutionary patterns. Comparing
to protein coding genes, miRNAs display much faster
evolutionary rate. Among a large number of miRNA families,
only around 20 families are conserved in angiosperms (Axtell
and Bowman, 2008). The majority of miRNA families show
very limited taxonomic distributions (Cuperus et al., 2011).
For example, a detailed study of miRNA gene catalogs in
Arabidopsis thaliana and Arabidopsis lyrata showed that at
least 13% of miRNA genes in each species are unique, despite
that the two species diverged only around 10 million years
ago (Fahlgren et al., 2010). Indeed, it has been a common
theme to find a high proportion of species-specific miRNAs in
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almost all miRNA discovery projects in plants (Axtell et al.,
2007; Sunkar et al., 2008; Szittya et al., 2008; Zhu et al., 2008;
Barrera-Figueroaetal., 2011). These data suggest that miRNA
genes are frequently created and lost. In the Arabidopsis
lineage, it has been estimated that the rate of flux is 1.2 to 3.3
miRNA genes per millions years (Fahlgren et al., 2010).

How did miRNA genes originate in plants? A couple of
mechanisms have been proposed. MiRNA genes may be
created from duplicated protein coding genes that were
arranged in tandem and in inverted directions (Allen et al.,
2004). A strong support for this hypothesis is that the
homology between some young miRNA genes and their
targets extended beyond mature miRNA region (Allen et al.,
2004; Fahlgren et al., 2010). Another rich sources for miRNA
origination are inverted repeats that are found abundantly in
plant genomes (Jones-Rhoades and Bartel, 2004; de Felippes
et al., 2008). Some of these repeats belong to non-
autonomous DNA transposons or miniature inverted-repeat
transposable elements (MITEs) (Bureau and Wessler, 1992;
Jiang et al., 2004). These inverted repeats, if transcribed, can
form hairpin structures that may be cleaved by DCL proteins
into short double strand RNAs. Some small RNAs that were
generated from inverted-repeat loci have been shown to
possess typical miRNA characteristics (Piriyapongsa and
Jordan, 2008; Li et al., 2011b).

Once miRNAs were created, their fate depended on how
they would function in the cellular system. The majority of
young miRNAs did not find a target gene or did not regulate
targets in such a way that plant fitness was enhanced, and they
were quickly lost during evolution. This was supported by
recent evolutionary analysis of miRNAs in Arabidopsis
thaliana and Arabidopsis lyrata where most young miRNAs
were weakly expressed, lacked targets, and appeared to be
selectively neutral (Fahlgren et al., 2010). Only a small
number of young miRNAs were favored by natural selection
and became conserved miRNAs.

Not surprisingly, among abiotic stress-associated miRNAs

discovered in various plants (Supplemental Materials Table
S1), most are conserved miRNA families. These miRNAs
were conserved through natural selection because they helped
plants to cope better with abiotic stresses. However, this does
not mean conserved miRNAs always perform their function
in exactly the same way. Although most conserved miRNAs
target the same set of homologs (Axtell and Bowman, 2008),
functional diversifications are evident at several levels.

First, orthologous miRNAs may function quite differently
under the same stress in different species. For example, we
compared the list of miRNAs that were identified as drought-
associated miRNAs in six plants that have been subject to
genome-wide miRNA expression profiling under drought
stress conditions (Fig. 1). It is apparent that conserved
miRNAs function quite differently under the same stress:
conserved miRNAs were often not only regulated in some
species but not in others, but also regulated in different
directions (upregulated in one species, but downregulated in
another species). Although part of the difference can be
attributed to different expression profiling approaches or
different criteria for selecting stress-regulated miRNAs,
functional diversification of conserved miRNAs most likely
plays a major role.

Second, orthologous miRNAs may function differently
under the same stress even in different genotypes of the same
species. For example, we compared the expression profiles of
drought-associated miRNAs in a drought-tolerant genotype
and a drought-sensitive genotype in cowpea and found that
nine miRNAs were predominantly or exclusively expressed
in only one genotype and that 11 miRNAs were drought-
regulated in only one genotype, but not the other (Barrera-
Figueroa et al., 2011).

Lastly, different members of the same miRNA family may
function differently after duplication. For example, Lelan-
dais-Briére et al. (2009) have shown that several miRNA
isoforms had tissue-specific expression patterns, suggesting
functional diversification of different isoforms.
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Figure 1 Functional diversification of drought-associated miRNAs. Six plants have been subject to genome-wide surveys for drought-
associated miRNAs and only conserved miRNAs that were regulated by drought in at least one plant were shown. Only conserved
miRNAs shown in Figure 1 of Cuperus et al. (2011) were considered. Boxes were colored according to range of conservation. The absence
of a miRNA in a species was denoted with white color and presence was denoted with other colors. Up- and down-arrows in the boxes
indicate whether miRNAs were up- or down-regulated by drought stress. Two arrows in a single box means the expression of the same
miRNA family changed in different directions under drought stress in the same species from two or more independent studies.
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Future directions

The studies of abiotic stress-associated plant miRNAs in the
last few years have focused on miRNA discovery, especially
at the whole genome scale. We now have a long list of abiotic
stress-associated miRNAs under different stresses and in a
variety of plants. These efforts clearly demonstrated the
important roles that miRNAs play in stress response and built
a solid foundation for future research. Whereas genome-wide
expression profiling will likely to continue in the near future,
there is an urgent need for detailed functional characteriza-
tions of individual miRNAs. Mutants can be created with
altered expression of a particular miRNA and effects of the
mutation are observed at the molecular and phenotypic levels.
So far, only a few miRNAs have been investigated in details
in the model plant Arabidopsis (Sunkar et al., 2006; Li et al.,
2008; Gou et al., 2011). Additional functional studies of
miRNAs are needed, especially in economically important
crops, with the aim to find ways to modify crops genetically
for better stress tolerance.

Like other molecules in the cellular system, miRNAs do not
act alone, but as an integral part of complex gene regulation
network. Like protein coding genes, the transcription of
miRNA genes are regulated by upstream transcription factors.
However, very little is known about upstream regulators and
regulatory motifs of miRNA genes, as well as miRNA-
mediated regulatory circuits. Recently the upstream boundaries
of a few dozen miRNAs genes were determined in Arabidopsis
(Xie et al., 2005) and maize (Zhang et al., 2009b). Several
attempts have been made to find regulatory motifs in the
upstream regions of plant miRNAs (Megraw et al., 2006;
Joung and Fei, 2009; Liu et al., 2010). Further investigations
on upstream regulatory motifs and transcription factors and
continuous validation of targets of stress-associated miRNAs
will allow us to construct a detailed miRNA-mediated gene
regulatory network (Meng et al., 2011), which is critical for full
understanding of plant stress response.

Closely related plant species or different genotypes of the
same species often differ appreciably in their capacities of
stress tolerance. Comparative analysis of the expression of
miRNAs in these plants may allow us to detect differential
expression of some stress-associated miRNAs (Barrera-
Figueroa et al., 2011). Functional analysis of these miRNAs
may provide clues to the mechanisms of natural variation in
stress tolerance and may allow us to find new means for crop
improvement.
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