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MicroRNAs (miRNAs) function
to post-transcriptionally regulate
target RNAs, including long non-
coding RNAs andmRNAs. A recent
study demonstrates that Arabi-
dopsis miRNAs are enriched at
the rough endoplasmic reticulum
(ER). This enrichment is a surprise,
given that most known miRNA
targets are not expected to be
translated at the rough ER.
Like many other eukaryotes, plants use
endogenously produced small RNAs to
regulate gene expression. These small
RNAs form the specificity determinants
of RNA-induced silencing complexes
(RISC), with Argonaute (AGO) proteins
at their cores. RISC selects target RNAs
based on target-small RNA complemen-
tarity. Three of the major types of plant
endogenous small RNAs are microRNAs
(miRNAs), Pol IV-dependent siRNAs (p4-
siRNAs), and phased siRNAs (phasiR-
NAs) [1]. miRNAs repress gene activity
at the post-transcriptional level by damp-
ening protein output from mRNAs, and
sometimes can also initiate phasiRNA
production from both mRNAs and long
non-coding RNAs (lncRNAs). P4-siRNAs
repress gene activity at the transcriptional
level by recruiting chromatin-modifying
enzymes to sites transcribed by RNA
polymerase V. PhasiRNAs depend upon
an initial targeting event by a miRNA or
phasiRNA on a primary transcript. The
targeted transcript is then used as
the template for phasiRNA production.
PhasiRNAs can act both like miRNAs
(post-transcriptional repressionofmRNAs)
and like P4-siRNAs (transcriptional
repression in the nucleus).
Because they interact with spliced, poly-
adenylated mRNAs and lncRNAs, it has
long been assumed that miRNAs function
in the general cytoplasm, but whether
miRNAs have a distinct locale within the
general cytoplasm has not been clear. Li
[30_TD$DIFF]et al. [2] studied the sub-cellular localiza-
tion of miRNAs and phasiRNAs using
density gradient fractionation of lysates
from Arabidopsis thaliana seedlings.
miRNAs were enriched in microsomal
fractions (crude membrane vesicles,
many of which are derived from the endo-
plasmic reticulum), membrane-bound
polysome fractions (MBP; polysomes
are mRNAs complexed with multiple
attached ribosomes), and in immunopre-
cipitations targeting an endoplasmic
reticulum (ER)-localized marker (Figure 1).
P4-siRNAs were, [31_TD$DIFF]by contrast, depleted
from these three fractions. There are sev-
eral AGO proteins, each with specialized
functions. AGO1, a major miRNA and
phasiRNA-specific AGO protein, was also
found in microsomes and MBPs and was
required for the observed microsomal
enrichment of miRNAs. Altogether these
data argue that AGO1-miRNA complexes
are enriched in a membrane-rich, poly-
some-containing area of the cell; most
likely the rough ER.

Enrichment of miRNAs on the rough ER is
[32_TD$DIFF]surprising. Rough ER is peppered with
membrane-associated ribosomes, which
are the sites of translation for proteins that
are targeted for the secretory pathway,
organellar delivery, or which contain one
or more membrane-spanning domains
[3]. However, the proteins encoded by
many well-characterized and highly con-
served miRNA targets have none of these
features; these include targets encoding
several DNA-binding transcription factor
families, F-box proteins, and various
enzymes [4]. In addition, other well-
known targets of miRNAs, such as the
precursors for phasiRNAs, do not encode
long proteins at all. So why would AGO1
and miRNAs be enriched at a location
where many of their targets should [33_TD$DIFF]not
be present? A surprising answer provided
by Li [30_TD$DIFF]et al. [2] is that maybe the target
mRNAs indeed are at the rough ER.
RNA-seq from fractionated MBPs dem-
onstrated that many mRNAs encoding
non-transmembrane proteins are present
at approximately equal levels in MBP vs
free polysomes. This includes many pre-
dicted miRNA targets, a few of which are
even enriched on MBPs relative to free
polysomes. This observation challenges
the basic understanding of the rough
ER’s function by suggesting that MBPs
are not limited to membrane proteins and
golgi cargo.

A final key finding of Li [30_TD$DIFF]et al. [2] is that
several phasiRNA precursor RNAs are in
fact bound by ribosomes, based on ribo-
somal footprint sequencing from purified
MBPs (Figure 1). Several well-studied
A. thaliana phasiRNA precursor RNAs
lack long open-reading frames, so their
engagement by ribosomes was not
expected. Ribosome occupancy on these
nominally non-coding RNAs peaks imme-
diately upstream of the 50-most miRNA
complementary sites, strongly suggesting
a mechanistic link between ribosome
occupancy and the initiation of phasiRNA
biogenesis. This finding confirms and
extends the results of Hou [30_TD$DIFF]et al. [5],
who found the same pattern of ribosome
occupancy upstream of the 50-most
miR390 complementary site in the con-
served phasiRNA-generating TAS3. The
AGO specific for miR390, AGO7, is also
localized in membrane-containing cyto-
plasmic foci [6]. Based on these obser-
vations, and the enrichment of known
phasiRNA-triggering miRNAs at MBPs,
the conclusion is that phasiRNA biogen-
esis occurs on MBPs, presumably at
the rough ER, and is connected to
engagement by the ribosome.

Like any seminal study, Li [26_TD$DIFF]et al.’s [2]
results raise more questions than they
answer. Perhaps the first order of busi-
ness should be directly visualizing the
sub-cellular localization of miRNAs and
AGO1with high-resolutionmethods under
native conditions. Direct visualization of
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Figure 1. Arabidopsis miRNAs are [25_TD$DIFF]Enriched at the Rough Endoplasmic Reticulum. Schematic
summarizing Li [26_TD$DIFF]et al.’s [2] observation of AGO1 and microRNA enrichment (yellow circles with red lines) at
membrane-bound polysomes relative to free polysomes. Certain long non-coding RNAs (blue) that give rise to
AGO1 associated phased siRNAs (yellow circles with gray lines) were also enriched on membrane-bound
polysomes. Abbreviations: AGO1, [27_TD$DIFF]ARGONAUTE1; ER, endoplasmic reticulum; lncRNA, long non-coding
RNAs; phasiRNAs, phased siRNAs.
miRNAs and/or AGO1 on the rough ER
would strengthen the conclusion of rough
ER localization, which at present is based
mostly on fractionation of cellular lysates
using density-gradient centrifugation. In
previously published work, Li [30_TD$DIFF]et al. [7]
showed that YFP-tagged AGO1 localized
to punctate foci that overlapped ER
in transiently transformed Nicotiana
benthamiana leaves. However, it remains
possible that this localization was
influenced by the non-physiological
conditions associated with transient
expression and/or the large protein
fusion. In the fractionation experiments
reported in the current work [2], native
AGO1 appears present at microsomes
and MBPs, but is not particularly enriched
in those fractions compared to control
integral and luminal ER proteins.

Even more important is to discover the
biological significance of why AGO1 and
associated miRNAs are enriched at
MBPs. Sub-cellular enrichment of small
RNAs and their guide proteins is
not unique to plants: for instance the
Drosophila Piwi proteins AGO3 and
Aubergine are found in the ‘nuage’, a
perinuclear compartment of nusrse cell
in the Drosophila ovary [8]. Association
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of plant AGO1 with general polysomes
has been known for some time [9], and
is not surprising given that miRNA-AGO1
complexes by nature need to ‘scan’ the
mRNA population to identify targets; pol-
ysomes are where themRNAs are, and so
that [34_TD$DIFF]is where we would expect to find
scanning AGO1-miRNAs. In addition,
plant miRNAs can cause AGO1-depen-
dent translational inhibition of target
mRNAs [10], which logically implies close
proximity of AGO1-miRNA complexes to
ribosomes. The question is, why the
enrichment specifically on membrane-
bound polysomes [35_TD$DIFF]versus total poly-
somes? Earlier work from the same group
might offer a clue; AMP1, an integral ER
membrane protein, binds to AGO1 and is
required for miRNA-mediated transla-
tional repression [7]. It [36_TD$DIFF]is possible there-
fore that the enrichment of miRNAs at
the rough ER reflects a stable tethering
between AGO1, miRNAs, targets, and
AMP1 required for repression. The diffi-
culty with this otherwise attractive
hypothesis is that wild-type AGO1 does
not co-immunoprecipitate with known
target mRNAs to any appreciable degree;
only when catalytic residues from AGO1’s
endonuclease domain are mutated can a
stable AGO1-target mRNA association
be observed [37_TD$DIFF]in vivo [11]. An alternative
idea to ternary AGO1-miRNA-target com-
plexes is that the rough ER-enrichment of
miRNAs represents a ‘scanning’ pool of
AGO1-miRNA complexes. It [36_TD$DIFF]is unknown
what fraction of AGO1-miRNA complexes
are actively engaged with true targets
[38_TD$DIFF]versus scanning the transcriptome at
any given time, but it [39_TD$DIFF]is possible a large
fraction are in the scanning mode. Per-
haps the rough ER is a location that is
particularly well-suited for target searches
by AGO-miRNA complexes.

Li [40_TD$DIFF]et al.’s findings place miRNAs where
they were not expected to be, based on
their known targets and the conventional
understanding of rough ER function.
Understanding the biological function for
the unexpected location of plant miRNAs
should be a productive and illuminating
area of future research.
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