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Abstract MicroRNAs (miRNAs) are small RNAs (sRNAs)
that regulate gene expression in development and adaptive
responses to the environment. The early days in the sRNA
field was one of the most exciting and promising moments
in modern biology, attracting large investments to the under-
standing of the underlining mechanisms and their applica-
tions, such as in gene therapy. miRNAs and other sRNAs have
since been extensively studied in animals and plants, and are
currently well established as an important part of most gene
regulatory processes in animals and as master regulators in
plants. Here, this review presents the critical discoveries and
early misconceptions that shaped our current understanding of
RNA silencing by miRNAs in most eukaryotes, with a focus
on plant miRNAs. The presentation and language used are
simple to facilitate a clear comprehension by researchers and
students from various backgrounds. Hence, this is a valuable
teaching tool and should also draw attention to the discovery
processes themselves, such that scientists from various fields
can gain insights from the successful and rapidly evolving
miRNA field.
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In most eukaryotes, RNA silencing is triggered by double-
stranded RNA (dsRNA) that is processed into sRNAs by a
member of the dicer protein family (Meister and Tuschl 2004).
These sRNAs are in turn loaded into a member of the
argonaute (AGO) protein family to form the catalytic core of
the RNA-induced silencing complex (RISC) (Hutvagner and
Simard 2008). Endogenous or exogenous transcripts carrying
complementary sequences to the AGO-loaded sRNA are
targeted by RISC, which, depending on the AGO family
member at its catalytic core, mediates expression inhibition
at either the transcriptional or posttranscriptional level
(Hutvagner and Simard 2008). Plant sRNAs also require the
activity of the sRNA-specific methyltransferase, HUA
ENHANCER1 (HEN1), to stabilise the sRNA post dicer pro-
cessing and prior to AGO loading, via 2′-O-methylation of the
3′ terminal nucleotide (Yu et al. 2005). sRNAs can be derived
from various sources of dsRNAs, defining different silencing
pathways such as antisense RNA, small-interfering RNAs
(siRNAs) and miRNAs, each being a substrate for a dicer
protein upon formation of dsRNA through base pairing with
sense RNA, formation of antisense RNA (synthesised by host
enzymatic amplification) and stem loop interactions, respec-
tively. Here, the main discoveries that have led to our current
understanding of RNA silencing by miRNAs are discussed,
with a focus on plant miRNAs.

Co-suppression and homology-dependent virus
resistance in plants

RNA silencing was probably first reported in 1928 (reviewed
by Baulcombe 2004), when tobacco plants infected with
Tobacco ring spot virus (TRV) became progressively less
symptomatic over time. Intriguingly, new leaves that emerged
post TRV infection appeared to have ‘recovered’ from the
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initial infection and were shown to be resistant to the second-
ary infection with either the same, or to closely related, viruses
(Wingard 1928). Half a century later, plant virologists started
to uncover the molecular mechanisms behind virus-induced
resistance. Two related theories led to the first advance
towards our current understanding of RNA silencing: co-
suppression and homology-dependent virus resistance.

Silencing of a selectable marker gene, introduction to the
plant via Agrobacterium tumefaciens (Agrobacterium)-medi-
ated transformation was observed upon the introduction of a
second plant expression vector, carrying a different selectable
marker gene, when the expression of both selectable marker
genes was driven by the same strong viral promoter (Matzke
et al. 1989). In addition, the constitutive expression of
reintroduced copies of endogenous genes via the use of viral
promoters was shown to result in silencing of both the endog-
enous and transgene-introduced copy (Napoli et al. 1990; van
der Krol 1990). Further variations of these initial co-
suppression experiments were repeatedly confirmed in subse-
quent studies (Smith et al. 1990; de Carvalho et al. 1992;
Vaucheret et al. 1995). Similarly, homology-dependent virus
resistance was observed with transformed plants harbouring
viral-derived transgenes, which, upon plant genome integra-
tion, mediated resistance to viruses with homologous
sequences to those present in the integrated transgene
(Lindbo et al. 1993; Mueller et al. 1995). It did not take long
for researchers to realise that a similar mechanism was under-
pinning the phenomena observed in silencing endogenous
genes as well as with plant-acquired resistance to viruses
(Ratcliff 1997). Both phenomena shared high target specificity
leading to the hypothesis that they may be guided by a nucleic
acid molecule. Several independent groups concluded that ‘si-
lenced’ plants failed to accumulate gene products encoded by
homologous genes, even though the corresponding loci
remained transcriptionally active. This suggested that the
observed silencing was occurring at the posttranscriptional
level, and was thus termed posttranscriptional gene silencing,
or PTGS (Carr and Zaitlin 1991; Baulcombe 1996; Metzlaff
et al. 1997; Ratcliff 1997; Angell and Baulcombe 1997; Ruiz
1998). At this time, however, it remained a matter of debate as
to whether it was a DNA- or RNA-based molecule that was
directing the observed posttranscriptional regulation (reviewed
by Baulcombe and English 1996).

Antisense RNAs in Animals

By the mid-1990s, the use of antisense RNA as a tool to
repress complementary gene expression was commonplace
in animal research, but an understanding of the molecular
mechanism(s) that led to this repression remained unknown
(Nellen and Lichtenstein 1993). It was well-established that
natural antisense RNAs, endogenous transcripts with

sequences complementary to sense transcripts were widely
distributed amongst prokaryote genomes, and that they con-
trolled numerous biological functions, including transposi-
tion, plasmid replication and regulation of gene expression
(reviewed by Wagner and Simons 1994). Moreover, in
eukaryotes, additional evidence of natural antisense RNAs
strongly suggested that antisense RNAwas part of a general,
evolutionary-conserved mechanism for the control of gene
expression, as opposed to solely acting as a defence mecha-
nism against invading exogenous nucleic acids (Vanhée-
Brossollet and Vaquero 1998).

dsRNA: the trigger of RNA silencing

The breakthrough that has enabled our current understanding
of RNA silencing as a widespread eukaryote regulatory mech-
anism came in the year 1998. Fire et al. (1998) demonstrated
that dsRNA was the sole trigger required to initiate RNA
silencing. The authors reported highly robust and specific
RNA silencing of complementary genes that was readily and
reproducibly achievable following the injection of dsRNA
into the nematode Caenorhabditis elegans (C. elegans). The
gene silencing by dsRNA-triggered RNA silencing was,
hence, termed RNA interference (RNAi). Interestingly, this
discovery was inspired by the puzzling observation that sense
and antisense RNA are equally effective in RNA silencing
(Guo and Kemphues 1995). The paradox was resolved by
showing that the preparations of sense and antisense RNA
contained small amounts of dsRNA, enough to trigger RNA
silencing (Fire et al. 1998). Therefore, the authors concluded
that the observed RNA silencing was likely a consequence of
dsRNA formation in the cell.

By the mid 1990s, an understanding of the molecular mech-
anisms of RNA silencing in plants had already started to form.
The identification and characterisation of a tomato RNA-
DEPENDENT RNA POLYMERASE (RDR) (Schiebel et al.
1993) led to the hypothesis that the role of RDRs was to tran-
scribe complementary RNAs (cRNAs) from transgene-
encoded transcripts (Baulcombe 1996). The RDR-transcribed
cRNA could hybridise with a corresponding target RNA to
form a hybrid substrate for dsRNA-specific RNases, leading
to the arrest of translation (Baulcombe 1996; Waterhouse et al.
1998). In this context, the breakthrough demonstration in
plants was provided byWaterhouse et al. (1998), showing that
PTGS is also induced by a dsRNA trigger. In the same year
that the Fire and Waterhouse studies were published, mole-
cules of dsRNA were shown to be also effective triggers of
RNA silencing in other organisms, such as flies (Kennerdell
and Carthew 1998) and protozoa (Ngô et al. 1998). It is inter-
esting to note that dsRNAs, as silencing triggers, were the
starting pistols for a race that led to the creation of one of the
most exciting and promising fields in modern times.
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The discovery of small-interfering RNAs (siRNAs)

Although dsRNA was rapidly established as the trigger for
eukaryote RNA silencing, the molecular mechanisms that
led to the repression of gene expression remained unknown.
The first definitive piece of this puzzle came from plants: the
identification of small-interfering RNAs (siRNAs). Hamilton
and Baulcombe (1999) showed that transgene- or virus-
induced PTGS resulted in the accumulation of small RNA
(sRNA) molecules of an approximately uniform length of 25
nucleotides (nt). Furthermore, the authors showed that the
level of 25 nt sRNA accumulation tightly correlated with the
degree of RNA silencing. However, it remained uncertain
whether these 25 nt sRNAs were responsible for directing
the observed silencing itself, or whether they were just
byproducts resulting from the RNA silencing process. Long
molecules of dsRNAwere later shown to be processed into a
population of 21–23 nt sRNAs in vitro, and targeted mRNA
was only cleaved in regions complementary to the triggering
dsRNA (Zamore et al. 2000). Moreover, the mRNA was
cleaved at approximately 21–23 nt intervals, the same size
as the detected sRNAs. These findings suggested that
sRNAs, or siRNAs, derived from processing of the triggering
dsRNA, were able to direct cleavage of complementary
mRNAs. Several subsequent studies revealed siRNA-
directed repression of gene expression across eukaryotes
(Wianny and Zernicka-Goetz 2000; Parrish et al. 2000;
Elbashir et al. 2001a). Thus, a siRNA was derived from a
dsRNA molecule and, further, it could silence transcripts with
complementary sequence. Consequently, there should be at
least three enzymatic steps to be uncovered: the production
of dsRNAs, their cleavage to produce siRNAs and siRNA-
guided cleavage of target transcripts.

RNA-dependent RNA polymerases unites
the kingdoms

The first cellular component required for siRNA-directed
RNA silencing was identified in a screen for mutants defective
in transgene-induced RNA silencing in the filamentous fun-
gus Neurospora crassa, with the identified mutants termed
quelling-defective (qde) (Cogoni and Macino 1997; Cogoni
and Macino 1999). The gene product encoded by QDE1 (the
mutated locus in the qde1 mutant background) was found to
be similar to the previously characterised RNA-dependent
RNA polymerase (RDR) in tomato (Cogoni and Macino
1999). Furthermore, the silencing-impaired C. elegans and
Arabidopsis thaliana (Arabidopsis) mutants ego-1 and sgs2/
sde1, respectively, were also determined to harbour mutations
in genes encoding orthologs of the tomato RDR (Smardon
et al. 2000; Dalmay et al. 2000; Mourrain et al. 2000). The
identification of RDR orthologs, as conserved components in

the RNA silencing pathways, provided experimental evidence
for the previously proposed model based on RDR-catalysed
cRNA production (Baulcombe 1996; Waterhouse et al. 1998).
More importantly, RDR gene identification across eukaryotes
established that PTGS and RNAi phenomena were mechanis-
tically related (Cogoni and Macino 2000). The RDR-based
model did, however, raise three major questions: (i) Are
RDRs necessary to produce large molecules of dsRNA from
aberrant single-stranded RNA (ssRNA) templates (ii) How are
long dsRNA molecules processed into siRNAs (siRNA bio-
genesis) and (iii) How are siRNAs effective in repressing gene
expression (siRNA activity).

In plants, the demonstration that the RDR, SDE1/SGS2,
produces dsRNA using the targeted RNA as a template also
revealed spreading of the siRNA silencing signal from the
original target site of the triggering dsRNA into adjacent 5
and 3 regions (Vaistij et al. 2002). This work also further
identified RDRs as central components of siRNA-directed
RNA silencing mechanisms across diverse species. It is worth
noting that these findings were critical to validate the potent
silencing achieved using minute amounts of dsRNA Fire et al.
(1998), as RDRs amplify and spread silencing signals.

siRNA biogenesis: dicer proteins

Bernstein et al. (2001) showed in an elegant experiment that
siRNA production and siRNA action are separate processes,
and that a RNase III-like endonuclease is required for siRNA
production from the dsRNA trigger. The authors applied dif-
ferential centrifugation to show that the activity of the previ-
ously identified RISC (Hammond et al. 2000) and the siRNA
generating enzyme of the same RNA silencing pathway did
not co-fractionate. Therefore, a nuclease specific for process-
ing of the triggering dsRNA, such as an RNase III endonucle-
ase, was suggested to be a central requirement for dsRNA
processing and siRNA production. The Drosophila
melanogaster (Drosophila) RNase III CG4792 was demon-
strated to produce siRNA guide sequences of approximately
22 nt in length from much longer, almost perfectly dsRNA
triggers. Due to the ability of CG4792 to ‘dice up’ the
dsRNA trigger into siRNAs, CG4792 was renamed
Dicer (Bernstein et al. 2001). Dicer was subsequently
shown to be evolutionarily conserved across several
eukaryote species, including Arabidopsis (SIN1/SUS1/
CAF), C. elegans (K12H4.8) and mammals (Helicase-MOI)
(Bernstein et al. 2001). In the tale of the blind men and an
elephant, a group of blind men touch an elephant to learn what
it is like, but each one feels a different and unique part in such
a way that they come to different conclusions as to the nature
of an elephant. This tale vividly describes the identification of
a Dicer homologue in Arabidopsis (Schauer et al. 2002). The
SHORT INTEGUMENTS1 (SIN1), SUSPENSOR1 (SUS1)
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and CARPEL FACTORY (CAF) alleles had been previously
extensively studied in embryo, ovule and flower development,
respectively, as individual loci thought to encode different
proteins (Errampalli et al. 1991; Robinson-Beers et al. 1992;
Jacobsen et al. 1999). However, it was later determined that
SIN1/SUS1/CAF were all mutant alleles of a single locus
encoding a RNase III-like endonuclease similar to the
Drosophila Dicer protein, and that this locus was therefore
renamed DICER-LIKE1 (DCL1) (Golden et al. 2002;
Finnegan et al. 2003).

Dicer proteins often belong to multimember families, with
each family member characterised by RNase III, PAZ, RNA
helicase and dsRNA binding domains. For example, the
Arabidopsis genome encodes four Dicer proteins, DCL1 to
DCL4, which differ in the size of the protein and the presence
and organisation of each functional domain (Schauer et al.
2002; Liu et al. 2009). The diversity in sRNA biogenesis pro-
teins in Arabidopsis and other eukaryotes suggested that the
dsRNAs processed, as well as the resulting sRNA species pro-
duced, act through multiple parallel RNA silencing pathways.
The first experimental evidence that Dicer proteins have dis-
tinct roles in RNA silencing was obtained in an a study on
Arabidopsis where DCL1 was shown to be not an essential
protein component for PTGS or siRNA production
(Finnegan et al. 2003).

sRNA activity: argonaute proteins

The core protein component of the siRNA effector complex,
RNA-induced silencing complex (RISC), was revealed via a
biochemical approach. A Drosophila ribonucleoprotein com-
plex (~500 kDa) with RISC activity was purified and micro-
sequenced to reveal the presence of an AGO protein
(Hammond et al. 2001). However, the first AGO to be isolated
was the Arabidopsis AGO1. As outlined for Arabidopsis
DCL1, the Arabidopsis AGO1 gene was initially identified
via a mutagenesis screening, and was named after the appear-
ance that resembles the molluscs known as argonaut (a group
of pelagic octopuses) (Bohmert et al. 1998). Although, mem-
bers of the AGO protein family had been shown to affect the
dsRNA response in Neurospora (QDE-1), C. elegans (RDE-
1) and Arabidopsis (AGO1) (Tabara et al. 1999; Fagard et al.
2000; Macino et al. 2000), the ‘slicer’ activity of an AGO
protein was not realised until after the crystal structure of the
Pyrococcus furiosus AGO protein was resolved (Song et al.
2004) and an extensive mutational analysis of human Ago2
had been performed (Liu et al. 2004).

AGO family members are characterised by the presence of
three conserved functional domains, namely, the PAZ (similar
to Dicer), MID and PIWI domains. Arabidopsis and human
genomes are known to encode ten and four AGO proteins,
respectively, indicating large functional diversification of the

action stage of the parallel RNA silencing pathways in eukary-
otes (Song et al. 2004). Indeed, by the time AGO’s slicer
activity had been experimentally validated, Dicer and AGO
mutant characterisation had already revealed that sRNA-
directed RNA silencing was central to a diverse array of bio-
logical processes (reviewed by Carmell et al. 2002).

miRNAs: a specific class of small RNAs

TheC. elegans lin-4RNA is recognised as the foundingmem-
ber of an extensive and highly specific class of small regula-
tory RNAs, termed microRNAs (miRNAs) (Bartel 2004).
Curiously, the approximately 22 nt lin-4 (Lee et al. 1993)
and let-7 (Reinhart et al. 2000; Slack et al. 2000) sRNAs
had been studied as the only two examples of small temporal
RNA (stRNA) products for almost a decade until the identifi-
cation of over one hundred stem loop-structured RNAs that,
upon Dicer cleavage, generate 21 to 24 nt non-coding small
regulatory RNAs similar to stRNAs, which were later collec-
tively called miRNAs (Lagos-Quintana et al. 2001; Lau et al.
2001; Lee and Ambros 2001). miRNAs have been shown to
be evolutionary conserved, similar to the lin-4 and let-7
stRNAs, and are typically (i) derived from independent tran-
scriptional units; (ii) processed from stem loop precursor
RNAs by Dicers, and (iii) able to regulate the expression of
a large set of genes via RISC-mediated mechanisms (Fig. 1)
(Bartel 2004; Budak and Akpinar 2015).

In contrast to siRNAs, miRNAs do not trigger the amplifi-
cation and spreading of secondary silencing signals via the
activity of an RDR (Lagos-Quintana et al. 2001; Lau et al.
2001; Lee and Ambros 2001). Furthermore, miRNA-
directed RNA silencing was initially shown to lead exclusive-
ly to translation repression in animals, and to solely mediate
mRNA cleavage in plants (Llave et al. 2002; Tang et al. 2003).
In animals and flies, siRNA- and miRNA-loaded RISC,
termed siRISC and miRISC, have different complementarity
requirements for target transcript recognition. siRISC recog-
nises and regulates the expression of target transcripts that
harbour target sequences with high complementarity to the
loaded siRNA. miRISC target regulation, on the other hand,
has been shown to be based on low miRNA:mRNA comple-
mentarity requirements (Elbashir et al. 2001a; Elbashir et al.
2001b). Furthermore, it has since been demonstrated that
mammalian miRNAs bearing high complementarity to their
targeted transcript(s) also guide mRNA cleavage and, con-
versely, that exogenously supplied siRNAs can inhibit the
expression of lowly complementary mRNAs without induc-
ing any detectable transcript cleavage (Doench et al. 2003;
Zeng et al. 2003). It is now well established that the AGO
protein, assembled with either a miRNA or siRNA, deter-
mines which mechanism of RNA silencing the loaded sRNA
will direct in animals and insects (Filipowicz et al. 2005).
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Plant miRNAs were initially thought to act through a
mechanism similar to siRNAs, because of the extensive
miRNA:mRNA base pairing requirement and, as it was
thought then, to solely mediate mRNA cleavage (Tang et al.
2003). However, the authors concluded that plant miRNAs,
since they lacked RdRP-dependent amplification and spread-
ing steps, act through a similar mechanism to that in animals
and insects. Nevertheless, it was widely accepted by the plant
sRNA research community at that time that AGO1, at the
catalytic core of plant miRISCs, was mechanistically similar
to cleavage-competent human Ago2, as opposed to directing
translation inhibition (Tang et al. 2003; Filipowicz et al.
2005). Thus, although plant and animal miRNA pathways
were clearly related (RdRP-independent), they were thought
to be mechanistically different (Millar and Waterhouse 2005).
This paradigm that plant miRNAs direct only transcript cleav-
age was initially challenged by Xuemei Chen’s work on the
Arabidopsis miR172-AP2 silencing module. miR172 was
shown to regulate the expression of its targeted gene,
APETELA2 (AP2), predominantly via translation repression
(Chen 2004). Later, other workers demonstrated that transla-
tion repression is a widespread silencing mechanism directed
by either miRNAs or siRNAs (Brodersen et al. 2008; Reis
et al. 2015a). It is currently well established that plant
miRNAs can act through either transcript cleavage or transla-
tion repression, a process determined by DRB1 and DRB2,
DCL1 partnering proteins. It has been shown that the depen-
dence of DCL1 on DRB1 for miRNA biogenesis is only re-
quired for miRNA-guided transcript cleavage, whereas, DRB2
determines miRNA-guided translational inhibition and re-
presses DRB1 expression, thereby allowing the active selec-
tion of miRNA regulatory action (Reis et al. 2015a) (Fig. 1).

It is interesting to note that, although RDRs were the first
cellular component to exhibit the evolutionary conservation of
RNA silencing, the demonstration that miRNAs act indepen-
dently of RDR activity in plants, in which AGO1 was consid-
ered impaired in translation inhibition, was also respon-
sible for setting apart the plant miRNA pathway from
those of other organisms. It is therefore not surprising

that plant miRNA-guided translation repression had been
discounted for many years.

Plant miRNAs as a highly specific gene silencing tool

In plants, RNA silencing has been artificially achieved since
the early 1990s via the introduction of exogenous sequences
into their genome through the use of modified Agrobacterium
transfer-DNA (T-DNA) expression vectors. Initially, PTGS
was achieved via the use of T-DNA constructs encoding either
antisense (Hamilton et al. 1990) or co-suppression RNAs
(Jorgensen 1995). However, such an approach typically re-
sulted in a low efficiency of silenced individuals within gen-
erated transformant populations. The identification of
dsRNA-triggered PTGS led to the subsequent development
of much more powerful tools that offered almost 100 %
PTGS efficiency via the introduction of T-DNA constructs
encoding hairpin RNAs (hpRNAs) (Chuang and
Meyerowitz 2000; Wesley et al. 2001). Later, the expression
of modified miRNA stem loop precursor transcripts, which
incorporate artificial miRNA (amiRNA) sequences targeting
genes of interest, has enabled the silencing of highly specific
target genes (Schwab et al. 2006).

To date, the over-expression of endogenous miRNA precur-
sor transcripts has been widely documented to be a useful tool
for the characterisation of native miRNA target genes and to
study the effects of miRNA misexpression (Llave et al. 2002).
Conversely, studying the consequences of miRNA target gene
misexpression has been largely achieved via expression of
endogenous miRNA target genes harbouring silent mutations
within the miRNA binding site (Baker et al. 2005; Mallory
et al. 2005). More recently, via an indirect approach, the
over-expression of non-cleavable miRNA target mimic
sequences, to either sequester (Franco-Zorrilla et al. 2007) or
completely degrade (Yan et al. 2012a) the regulating endoge-
nous miRNA, has been used to study miRNA/mRNA target
interactions in vivo. In contrast to animalmiRNAs, the require-
ment of plant miRNAs for extensive base pairing to their target

Fig. 1 Plant miRNA guide either
cleavage or translation inhibition.
Primary miRNAs (pri-miRNAs)
are processed by DCL1 into a
miRNA duplex (not shown) with
the assistance of its partnering
proteins, DRB1 or DRB2.
Through a yet unknown
mechanism, DRB1 promotes
loading of the mature miRNA
onto an argonaute (AGO) protein
that targets transcript for cleavage.
DRB2, however, promotes
translation inhibition and
represses transcription of DRB1
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mRNA(s), has enabled such a specific transgene-based ap-
proach for the determination of their biological function.
Together, these approaches have revealed that plant miRNAs
play an important role throughout plant development (Rubio-
Somoza and Weigel 2011), as well as to mediate tolerance or
adaptation responses to biotic and abiotic stress (Ding et al.
2013; Khraiwesh and Zhu 2012; Sunkar et al. 2012).
Therefore, plant miRNAs are obvious targets for molecular
modification of plants to increase current crop yield and im-
prove food security (Li et al. 2013). Indeed, several successful
examples of biotechnological applications of amiRNAs have
been reported (reviewed by Khraiwesh et al. 2012).

Conclusion and current challenges in the plant
miRNA field

Silencing triggered by dsRNA (siRNA, RNAi and miRNA) is
a process found in both animals and plants. Their discovery
led to a revolution in biology and great promises for clinical
treatments and crop improvement. Interestingly, the discovery
race initially had both animal and plant scientists benefiting
from each other’s findings until they, wrongly, realise that the
miRNA pathway is fundamentally different between these
two kingdoms. For almost a decade, which coincided with a
peak in interest and use of miRNAs in crop improvement,
scientists assumed that plant miRNAs only lead to target
cleavage, whereas translation inhibition was exclusive to ani-
mals. It is now known that plant miRNAs can guide either
cleave or translation inhibition, but its consequence for crop
improvement and our mechanistic knowledge is poorly under-
stood (Fig. 1) largely as a consequence of the split’ between
plant and animal scientists in this field.

A recent work demonstrated that these two mode of actions
(cleavage or translation inhibition) play different roles, and
that miRNA-guided translational repression appears biased
towards response to environmental stresses (Reis et al.
2015b). In addition, a large-scale transfection of protoplast
using amiRNAs and epitope-tagged targets showed that opti-
mal amiRNAs predominantly mediated highly specific trans-
lational repression with limited mRNA decay or cleavage (Li
et al. 2013). These and other works go against the still persis-
tent paradigm that miRNA-guided translation inhibition is the
secondary and minor silencing mechanism, and transcript
cleavage can almost solely be used to study and modify
plants—a paradigm particularly persistent among researchers
working with crop plants. This can be largely explained by
three main factors, i.e, (1) the widespread use of RNA-Seq, (2)
very limited availability of antibodies against plant proteins
and (3) challenges to obtain transgenic crop plants expressing
tagged proteins. This context makes it difficult to study post-
transcriptional regulations that do not alter transcript levels, as
it is normally the case with translation inhibition. A thorough

study of miRNAs and amiRNAs effects on translation of their
targets is, thus, the main challenge that plant researchers are
currently facing in this field.
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