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ADARs are a family of enzymes, present in all animals, that convert adenosines to inosines
within double-stranded RNA. Inosine has different base-pairing properties from adenosine,
and thus, editing alters RNA structure, coding potential and splicing patterns. The first
identified ADAR substrates were edited in codons, and ADARs were presumed to function
primarily in proteome diversification. Although this is an important ADAR function, especially
in the nervous system, editing in coding sequences is rare compared to editing in non-coding
sequences. Introns and untranslated regions of mRNA are the primary non-coding targets, but
editing also occurs in small RNAs, such as miRNAs. Although the role of editing in non-coding
sequences remains unclear, ongoing research suggests functions in the regulation of a variety
of post-transcriptional processes.

Basics of RNA editing by ADARs
RNA editing is the alteration of RNA by nucleotide modification, insertion or deletion
(reviewed in [1]). In metazoans, a common type of RNA editing is a nucleotide modification
involving the hydrolytic deamination of adenosine (A) to inosine (I). This type of editing is
catalyzed by the Adenosine Deaminases that act on RNA (ADARs) family [2–4], which target
RNA that is completely, or largely, double-stranded. ADARs are likely present in all animals
and have been studied in squids, worms, flies and mammals. A single organism encodes
between 1–3 ADARs, and all family members contain a highly conserved catalytic domain at
their C-terminus, and variable numbers of N-terminal dsRNA binding motifs (dsRBMs).
Whereas ADARs are essential in mammals, invertebrates that lack ADARs are viable, but
exhibit behavioral defects [5–8].

Inosine is recognized as guanosine (G) by the translation and splicing machineries, and thus,
ADARs can alter the protein-coding information of an mRNA. In addition, because inosine
prefers to pair with cytidine (C), ADARs destabilize dsRNA by changing AU base-pairs to IU
mismatches [9,10], or increase its stability by changing AC mismatches to IC base-pairs [11];
while other changes to RNA structure have not been documented, conceivably, ADARs could
promote more complex structural rearrangements as well. In choosing which adenosines to
target, ADARs show slight sequence preferences [12,13], and in addition, the number of
adenosines targeted in a dsRNA is dependent on its length and structure. For example, in
vitro studies show that duplexes of about 15–40 bp are edited selectively, at very few sites,
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whereas those greater than 50 base-pairs are extensively, or non-selectively deaminated (50–
60% of adenosines) [12,14]. Selective deamination is also observed in dsRNA that is
interrupted by bulges, loops and mismatches [15,16].

The two modes of editing, selective and non-selective, are observed in endogenous ADAR
substrates. Coding regions of mRNAs typically undergo selective deamination (e.g. see [17–
20]), which is not surprising, given that non-selective editing would lead to multiple amino
acid changes, and likely, a nonfunctional protein. Non-coding regions of mRNA such as introns
and untranslated regions (UTRs) are also targeted by ADARs, usually within dsRNA formed
by pairing of inverted repetitive elements [2,21,22]. These structures are long and almost
completely base-paired, and correspondingly, are subject to non-selective deamination.

Although the first non-coding substrates of ADARs were identified a decade ago [23], and five
years have passed since the identification of over 10,000 non-coding editing sites in the human
genome [11,24–26], the function of these editing events remains intriguing, but unclear.
Indeed, studies point to a wide-range of effects on gene expression. Many provocative "proof
of principle” and in vitro studies have been performed, and although some of these will be
discussed, this review will focus on editing events identified in endogenous RNA.

Do edited 3’ UTR structures affect cellular localization?
Based on analyses of synthetic RNAs, an early and attractive hypothesis posited that inosines
within an RNA caused nuclear retention by promoting binding to the multifunctional RNA
binding protein, p54nrb [27,28]. mRNAs selectively deaminated in codons are clearly
translated in the cytoplasm [29,30], so nuclear retention was proposed to require the non-
selective deamination found in non-coding sequences (e.g., UTRs). However, endogenous
mRNAs with multiple inosines in their 3' UTRs have now been found in the cytoplasm, in both
mammalian cells and Caenorhabditis elegans, emphasizing that nuclear retention is not a
general phenomenon (Figure 1) [31–33]. Further, inosine is not required for in vivo binding of
p54nrb to RNA, as an interaction between p54nrb and NEAT1, a nuclear enriched non-coding
RNA that is not edited, was recently detected [34–36]. Interestingly, in earlier studies, cross-
linking of p54nrb to inosine-containing RNAs was efficiently competed by inosines in the
context of the 4 Watson-Crick nucleotides, but poorly by polyinosine; the latter emphasizes
that p54nrb binding to RNA involves more than recognition of inosine [27].

Although editing within a 3’ UTR clearly does not preclude an mRNA from reaching the
cytoplasm, it remains possible that some inosine-containing RNAs are retained in the nucleus,
and in this regard, data for mouse Cat2 Transcribed Nuclear-RNA (CTN-RNA) are compelling.
CTN-RNA was the first endogenous inosine-containing RNA found to be associated with
p54nrb [37]. It is produced using an alternative polyadenylation site that results in an extended
3’ UTR containing a large double-stranded region that is edited at multiple sites. Although the
extended 3’ UTR is essential for CTN-RNA nuclear enrichment, whether the inosines are
important for retention has not been tested.

All mRNAs with inosine-containing 3’ UTRs studied to date also contain double-stranded
structures within their 3’ UTRs, and some of these are cytoplasmic [31–33]. Thus, the mere
presence of a double-stranded structure in a 3' UTR does not preclude nuclear export of the
mRNA. Interestingly, both endogenous mammalian inosine-containing RNAs reported to be
retained in the nucleus, CTN-RNA and NICN-1, utilize alternative polyadenylation [32,37].
These transcripts have identical open-reading frames as other transcripts from the same gene
locus (mCAT2 for CTN-RNA; AJ299740 for NICN-1), but due to the use of a distal
polyadenylation site, contain extended 3’ UTRs. Similarly, at least one other nuclear enriched
mRNA, which lacks inverted repeats and inosines, is a product of alternative polyadenylation
[38]. It is intriguing to consider that the common feature, alternative polyadenylation, is
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important for nuclear retention. Possibly, the element or protein important for skipping the
proximal polyadenylation site confers nuclear retention. Interestingly, consistent with its
ability to recognize nucleotides other than inosine, p54nrb is important for binding and
regulating alternative polyadenylation of mRNAs [39]. Could the interaction of p54nrb with
CTN-RNA and NICN-1 be driven by elements important for alternative polyadenylation and
not inosine?

Although the elements within an RNA that cause nuclear retention are unclear, a discrete
territory within the nucleus, the paraspeckle, is critical for nuclear retention of certain RNAs
[40]. Correspondingly, in human embryonic stem cells, which do not contain paraspeckles, at
least one mRNA (PAICS1) found in the nucleus of other cell types is present in the cytoplasm
and translated [33]. The importance of paraspeckles to nuclear retention is not unexpected, as
the nuclear-enriched CTN-RNA co-purifies with these structures [37]. Given that multiple
studies point to the importance of paraspeckles in nuclear retention of RNA, analysis of other
mRNAs associated with these structures seems critical in determining the elements required
for nuclear retention, and what role, if any, inosines play in this process.

Do edited 3’ UTR structures affect translation?
Obviously, one of the best ways to evaluate effects of inosine on gene expression is to examine
mRNAs in animals that lack editing. C. elegans have been used for such studies as ADARs
are not essential for viability in this species [8]. Comparisons of endogenous and reporter
mRNAs with structured 3’ UTRs show no differences in mRNA translation between wildtype
animals and mutants that lack editing [31]. However, these studies revealed that, in both
wildtype C. elegans and mutants that lack editing, mRNAs with double-stranded 3’ UTR
structures associate with fewer ribosomes than mRNAs without these structures. Thus, in at
least some cases, double-stranded 3’ UTRs affect translational efficiency independent of
editing.

Although it is unclear how these UTR structures mediate effects on translation, it is possible
that a dsRNA binding protein (dsRBP) interacts with the UTR. As dsRBPs are not sequence-
specific, this possibility is consistent with the observation that structured UTRs affect
translation regardless of their length and sequence [31]. ADAR editing alters RNA structure,
and this hypothesis at first seems inconsistent with the fact that editing in UTRs does not alter
translation. However, at present, it is unclear how editing affects the in vivo binding of dsRBPs
to dsRNA. In vitro, both human ADAR2 [41] and a complex containing two dsRBPs, Dicer
and TRBP [42], bind similarly to unedited dsRNAs and selectively deaminated dsRNAs.
Although the structures in 3’ UTRs typically undergo nonselective deamination events, even
these may not be frequent enough to alter binding. Further, within non-coding regions of the
human transcriptome, ADARs often edit AC mismatches to create IC pairs that stabilize the
double-stranded structure, emphasizing that editing does not necessarily abrogate dsRBP
binding [11,25]. Further studies will be critical to determine what proteins bind to structured
UTRs in vivo and whether editing plays a role in regulating these interactions.

Do inosines target RNAs for degradation?
Tudor staphylococcal nuclease (Tudor-SN) is a eukaryotic protein associated with diverse
processes, including transcription [43,44,45], splicing [46], RNA interference (RNAi) [47] and
RNA editing [48]. In vitro studies indicate that Tudor-SN specifically binds dsRNA containing
runs of IU or UI base-pairs [48,49]. Whereas some studies indicate that Tudor-SN cleaves
inosine-containing RNA [50], others indicate that the nuclease function is provided by another,
as yet unidentified, factor [48]. Inosine and guanosine differ only in that the latter has an amino
group at N2, and both form wobble-pairs with uridine using an identical hydrogen bonding
scheme [3]. However, Tudor-SN does not bind runs of GU or UG base-pairs in dsRNA or
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inosines in single-stranded RNA [48]. These data suggest that cleavage by the Tudor-SN
complex requires a specific three-dimensional structure adopted by runs of IU and UI base-
pairs.

ADARs often target adjacent adenosines [12,13], so the properties of Tudor-SN are ideal for
degradation of ADAR products, alone or associated with another factor. However, there are
currently no known endogenous substrates of Tudor-SN. In fact, under normal growth
conditions, levels of endogenous C. elegans mRNAs with structured 3’ UTRs are unaffected
by the presence or absence of inosines, suggesting these mRNAs are not targeted by Tudor-
SN [31]. It is possible that endogenous RNA is targeted by Tudor-SN only in response to certain
environmental conditions. As Tudor-SN was originally purified from ribosomes [47], it is
interesting to speculate that it exerts translational control by promoting cleavage of inosine-
containing 3’ UTRs in response to specific stimuli.

Indeed, there is precedence for cleavage of an endogenous inosine-containing mRNA, CTN-
RNA, in response to cellular stimuli [37]. After treatment to induce stress, nuclear CTN-RNA
is cleaved to remove the structured 3’ UTR, presumably re-polyadenylated, and exported to
the cytoplasm for translation. The CTN-RNA stored in the nucleus provides the cell with a
rapid means to produce mCAT2 protein in response to stress. As yet, the exact cleavage site
in CTN-RNA is unknown, so it remains possible that inosines or UTR structures are important
for cleavage. However, as Tudor-SN localizes primarily to the cytoplasm, it is unlikely to be
the nuclease [48]. Regardless, these studies emphasize the importance of monitoring effects
of inosine under a variety of conditions.

Does editing of endogenous small RNAs affect their biological function?
Inosines have also been observed in endogenous small RNAs [51,52], primarily those of the
microRNA (miRNA) gene silencing pathway [53]. miRNAs are transcribed from long primary
transcripts (pri-miRNAs; Figure 1) that form intramolecular stem-loop structures that are
processed into smaller precursor miRNAs (pre-miRNAs) by the RNase III enzyme Drosha.
Following Drosha processing, pre-miRNAs are exported from the nucleus and processed into
mature miRNAs by Dicer. Mature miRNAs bind with partial complementarity to mRNA,
typically within the 3’ UTR, to inhibit translation and/or promote mRNA degradation.

The first searches for inosines in endogenous small RNAs focused on specific miRNA
precursors. Although editing events were detected in endogenous pri-miRNAs, editing at
specific adenosines was detected in only a small fraction of the RNA population (~5%) [50,
54]. Recent systematic approaches have revealed a larger pool of edited pri-miRNAs (greater
than 50) and higher levels of editing at specific adenosines (up to 70% of the RNA population)
[55,56]. These studies predict that 6–16% of human pri-miRNAs are edited, raising the
possibility that ADAR editing has a large impact on miRNA-mediated gene silencing.

Small RNAs also modulate gene expression by RNAi. In this pathway, siRNAs (~20–30
nucleotides), the products of dsRNA processing by Dicer, direct sequence-specific degradation
of mRNA [53]. RNAi refers to a process triggered by exogenous dsRNA, but the detection of
endogenous siRNAs (endo-siRNA) in a number of organisms indicates that endogenous
dsRNA triggers a similar pathway in vivo [57]. Edited endo-siRNAs have not been reported;
however, as this pathway was only recently discovered, it seems likely that inosines will also
be detected in endo-siRNAs and their precursors.

The key question is whether inosines in small RNAs or their precursors have a biological
function. Inosine has been proposed to affect processing of precursors, as well as allow
targeting of an alternate mRNA (Figure 2). Effects on precursors are thought to occur because
the conversion of AU base-pairs to IU mismatches prevents binding and/or cleavage by RNase
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III enzymes. Further, as inosine prefers to pair with cytidine, editing in small RNAs is proposed
to allow targeting of an entirely new set of mRNAs.

At present, there is only one example of an edited small RNA whose function has been validated
in vivo. While searching for edited miRNA precursors, Nishikura and colleagues identified the
first example of editing within an endogenous mature miRNA [58]. Although miRNAs do not
require complete sequence complementarity to bind to target mRNAs, contiguous base-pairing
of 7 nucleotides within their 5’ termini, the seed element, is critical [53]. The edited nucleotide
of miR-376a resides in the seed, and using bioinformatics, new target mRNAs that could base-
pair with the edited seed were predicted. Using an in vivo reporter assay, the authors
demonstrated that unedited and edited versions of miR-376a target distinct genes [58]. With
this knowledge in hand, the authors then demonstrated that endogenous expression of
PRPS1 mRNA, a target of edited miR-376a, increased in the absence of ADAR2. Further,
consistent with a role for PRPS1 in uric acid production, mice lacking ADAR2 had increased
uric acid levels.

One hint that ADARs function to antagonize the endo-siRNA pathway comes from work in
C. elegans. Worms lacking ADARs have defects in chemotaxis, the ability to seek out or avoid
chemicals [8]. Chemotaxis defects in adr mutant worms are rescued by mutations in genes
required for the endo-siRNA pathway, suggesting that ADARs normally “protect” chemotaxis
genes from gene silencing [59]. In future studies it will be interesting to determine whether
any endo-siRNAs target C. elegans genes involved in chemotaxis.

Do inosines in dsRNA affect its processing by Drosha or Dicer?
Almost as soon as dsRNA-meditated gene silencing was discovered, the question arose as to
whether inosine within dsRNA would affect these pathways [60]. As discussed above, in only
one case is there a clear biological function for an inosine in a small RNA. However, results
of many in vitro studies, and those that monitor expression of exogenous dsRNA in vivo,
provide proof-of-principle evidence that ADARs affect gene silencing.

For example, when compared to unedited dsRNA, dsRNA reacted with ADARs in vitro is less
effective in silencing a target gene in Drosophila extracts [61]. The loss of efficacy is
accompanied by a decrease in the processing of the dsRNA to siRNA, suggesting that the
presence of inosines precludes cleavage by Dicer (Figure 2b). A similar situation occurs when
repetitive transgenes, which give rise to dsRNA, are expressed in C. elegans. Whereas such
transgenes are expressed in wildtype animals, they are silenced in strains lacking the two C.
elegans ADARs, adr-1 and adr-2 [62]. Again, the most straightforward interpretation of these
experiments is that inosine-containing dsRNA cannot be cleaved by Dicer, and thus does not
yield the siRNAs required for gene-silencing. These proof-of-principle experiments raise the
possibility that ADARs regulate the in vivo expression of loci that give rise to dsRNA.

Inosines in pri-miRNAs also inhibit their processing in vitro, again presumably because the A
to I conversion alters RNA structure (Figure 2a). For example, in vitro editing and processing
studies demonstrate that Dicer and Drosha cleavage is inhibited by inosines present within pre-
miR-151 and pri-miR-142, respectively [42, 50]. Consistent with an inability of Dicer to
process inosine-containing pre-miR-151, all pre-miR-151 detected in human amygdala
contains inosine, and edited, mature miR-151 is undetectable [42]. Likewise, consistent with
a defect in miRNA processing, both Adar1 and Adar2 null mice have increased levels of mature
miR-142 [50]. Both studies showed that editing of two adenosines was sufficient to inhibit
precursor processing, and as the editing created mismatches, a change in RNA structure was
proposed to cause inhibition.
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Do ADARs affect silencing through competition for dsRNA?
Although several in vitro studies show that inosines in dsRNA inhibit its processing to small
RNAs, others show that simply by binding dsRNA, ADARs can antagonize gene silencing
[51]. The first hint that ADARs could cause effects simply by binding dsRNA came from the
study of C. elegans transgene silencing [62]. Of the two ADARs in C. elegans, only ADR-2
has the active site residues important for catalysis, and thus, worms lacking only adr-2, or both
adr-1 and adr-2, have no detectable editing [8]. If inosines were solely responsible for
antagonism of RNAi, all strains should have identical silencing phenotypes. However,
transgene silencing in adr-1;adr-2 animals is more severe than in adr-2 animals, suggesting
that binding of ADR-1 to dsRNA contributes to antagonism [62].

The idea that ADARs and RNAi components compete for dsRNA is further supported by
studies in mammalian cells and Drosophila melanoagaster [63,64]. By in vitro gel shift and
filter binding assays, a recombinant version of the cytoplasmic form of human ADAR1
(ADAR1-p150) shows a 15–30 fold stronger affinity for siRNAs than the nuclear form of
human ADAR1 (ADAR1-p110) or human ADAR2 [63]. Correspondingly, the efficacy of
RNAi in Adar1−/− mouse embryonic fibroblasts (MEFs) is three-fold higher than in wild type
MEFs. The increased efficacy of RNAi is restored to wildtype levels by expression of ADAR1-
p150, but not by a mutant version of ADAR1p-150 lacking the dsRBMs, consistent with a
model whereby cytoplasmic ADAR1p-150 binds siRNAs and prevents their ability to silence
mRNAs.

Similarly, when human ADARs and an RNAi reporter are co-expressed in the Drosophila eye,
ADAR1-p150, but not ADAR1-p110 or ADAR2, antagonizes silencing [64]. An editing
inactive ADAR1-p150 mutant also antagonizes RNAi, but to a lesser extent than wildtype,
suggesting that both deamination and binding play a role in this process. The high affinity
binding of ADAR1-p150 to siRNA, not just the cytoplasmic localization, seems important as
a mutant of ADAR2 that localizes to the cytoplasm does not antagonize RNAi. Interestingly,
a significant fraction of C. elegans ADR-1 is located in the cytoplasm [31], raising the
possibility that this protein could also affect dsRNA-mediated gene silencing by binding to
small RNAs.

Do ADARs and inosine-containing RNAs have general effects on gene
expression?

Eukaryotes express other dsRBPs in addition to those involved in gene silencing [65], and in
theory, ADARs could compete with these as well. In fact, ADARs are known to affect the
function of PKR, a dsRBP whose kinase activity is activated by binding to viral dsRNA. Once
activated, PKR phosphorylates the translation initiation factor, eIF2α, to shut down all
translation [66]. ADAR1 overexpression decreases PKR activation, leading to a general
increase in translation of a variety of co-transfected genes [67]. Expression of only ADAR1's
dsRBMs is sufficient for increasing translation, indicating that ADAR1 binding to dsRNA is
critical, presumably because ADARs compete with PKR for cytoplasmic dsRNA. Although
these studies show that overexpression of ADAR1 affects exogenous gene expression, effects
on endogenous gene expression were not detected, and the biological significance of these
observations remains unclear. However, the increasing number of edited dsRNAs detected in
the cytoplasm (Figure 1) raises the question of how these RNAs avoid eliciting a cellular
response to dsRNA.

Finally, an intriguing study indicates that short dsRNA containing multiple IU mismatches
actively decreases gene expression in trans [68]. Specifically, transfection of short dsRNAs
(~20 nucleotides) which harbor IU mismatches decreased mammalian gene expression by
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reducing mRNA levels and inhibiting translation. The mere presence of inosine was not
sufficient for reducing gene expression, but IU mismatches, and to a lesser extent GU
mismatches, produced the effect. Complementing the transfection studies, in cell lysates, IU
dsRNA, and to a lesser extent GU dsRNA, interacts with a complex of proteins that are
components of stress granules. During times of cellular stress, up to 50% of eukaryotic cellular
mRNAs are translationally repressed by sequestration in stress granules [69]. Together these
data support a model in which edited dsRNA in the cytoplasm leads to stress granule formation,
thus promoting a general decrease in gene expression [68]. Although the model is intriguing,
it is important to remember that the studies were performed with synthetic inosine-containing
RNAs, and it is unclear which cellular RNAs might serve as regulators of stress granules.
Furthermore, the ability of mismatches within dsRNA to promote stress granule formation
suggests that it is the structure of hyperedited RNAs, and not specifically the inosines, that is
important.

Concluding remarks
ADAR editing of RNA alters information content and structure of cellular RNAs. The first
identified endogenous substrates of ADARs revealed that editing in codons is essential for
generating diverse protein isoforms. Although codon editing is clearly important, it represents
only a small fraction of the editing events in the transcriptome. Editing sites in non-coding
regions of RNA are vastly more prevalent, and their identification has exponentially expanded
the number of known ADAR substrates. The biological function of editing in non-coding RNA
sequences remains mysterious (Box 1). Yet, as proposed previously [2], the non-selective
editing that occurs in these substrates likely reflects the primordial function of ADARs.

But what was that primordial function? Our favorite hypothesis is that ADARs evolved to
regulate levels of cellular dsRNA. If not kept in check, such molecules are potent triggers of
gene-silencing as well as signaling pathways such as the mammalian interferon response. By
changing AU base-pairs to IU mismatches, ADARs effectively lower dsRNA concentration,
and in-line with this idea, interferon-inducible genes are upregulated in Adar1−/− mice [70].
As new biological functions typically arise from existing pathways, it seems very likely that
inosines have additional roles in modern day cells. The numerous editing events now
documented in non-coding regions of endogenous RNAs set the stage for defining these
functions.

Box 1. Outstanding questions

1. Is there a function for inosine in 3’UTRs?
Only in C. elegans has the fate of edited 3' UTRs been compared in wildtype and mutants
that lack ADARs, and similar studies in other organisms would be helpful in answering this
question. Further, although inosines in 3’ UTRs had no effects on gene expression in C.
elegans grown under normal conditions, a variety of cellular conditions should be
monitored.

2. Do paraspeckles serve as reservoirs for edited cellular RNAs?
CTN-RNA provides a striking example of how nuclear retention, specifically in
paraspeckles, can regulate gene expression, in this case, in response to stress. However, it
is unclear what function inosine has, if any, in promoting the association of cellular RNAs
with paraspeckles. Identification of other paraspeckle-associated RNAs, and analysis of
how editing affects the cellular localization of known nuclear enriched inosine-containing
RNAs, will be key to understanding the function of paraspeckles.
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3. Is Tudor-SN involved in the metabolism of endogenous inosine-containing
RNAs?
In vitro studies convincingly show that Tudor-SN specifically binds dsRNA containing
multiple IU and UI mismatches, but the identification of endogenous substrates is essential
to confirm the biological relevance of these studies. Further, whether Tudor-SN itself is a
nuclease, or promotes degradation in concert with another factor, is not yet conclusively
determined.

4. How many endogenous small RNAs contain inosine?
A genome-wide study to identify inosines in small RNAs will be critical in answering this
question, and analyses comparing wildtype and ADAR mutants will be helpful in
distinguishing editing from sequencing errors. Such studies will reveal whether inosines
are present in endo-siRNAs, and identify additional editing events in miRNAs. Knowledge
of the identity of endogenous small RNAs that contain inosine will pave the way for
elucidating the effects of editing.

5. How many mRNAs and small RNAs do ADARs affect simply by binding?
Evidence from transgenic studies suggests that ADARs affect dsRNA-mediated gene
silencing pathways simply by competing for dsRNA. However, the impact of ADAR
binding in comparison to ADAR editing is unknown. Comparison of strains expressing
wildtype ADARs to those expressing catalytically-inactive versions will be informative in
this regard.
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Figure 1.
Endogenous RNAs edited by ADARs in non-coding sequences. The various types of
endogenous RNA targeted by ADARs in base-paired, non-coding sequences are depicted in
the subcellular compartment where they are observed (nucleus, purple oval; cytoplasm, beige
oval). Colored rectangles show open-reading frames (ORF), with twin circles representing
ribosomes translating an mRNA. In the cartoon, the exact sites of inosines (red stars) are not
meaningful, but selective deamination is denoted by a single star in an RNA and non-selective
deamination by multiple stars in an RNA. Small RNAs that are edited, including many pri-
miRNAs and at least one pre- and one mature miRNA, have been identified in human cell lines
[42,54–56,58]. In addition, a large (~800 nucleotides), polyadenylated, non-coding RNA,
rncs-1 (depicted with branched terminal structures), with multiple editing sites is present in
C. elegans and antagonizes Dicer function [71]. Although some mammalian mRNAs with
edited 3’ UTRs have been detected in the nucleus [32,37], in both worms and human cell lines,
mRNAs with edited 3’ UTRs are also present on translating ribosomes [31].

Hundley and Bass Page 12

Trends Biochem Sci. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Models proposed to explain effects of ADARs on dsRNA-mediated gene silencing. miRNA
(a) and siRNA (b) pathways are illustrated with precursors, intermediates and mature small
RNAs represented as base-paired molecules. Middle pathways (shaded in light brown) show
processing by Drosha (light blue oval) and/or Dicer (dark blue oval) in the absence of ADAR
(green hexagon), and outer panels show effects of ADARs on processing (right) or re-targeting
(left). Representative AU base-pairs are shown being converted to IU mismatches. (a) Drosha
processes pri-miRNAs into ~70 nucleotide pre-miRNAs that are then processed into ~22
nucleotide miRNAs by Dicer; as shown, the mature miRNA strand then pairs with the target
mRNA [53]. Editing events are detected at a variety of positions in pri-miRNAs, and inosines
within both pri- and pre-miRNAs inhibit in vitro cleavage by Drosha and Dicer, respectively
[42,50]. In addition, inosine in at least one endogenous mature miRNA affects binding to
mRNA targets [58]. (b) Transgenes that give rise to sense and antisense transcripts produce
dsRNA that is edited by ADARs [62]. Inosines within such exogenous dsRNA, or within in
vitro transcripts, inhibit processing by Dicer [61]. Although not yet experimentally validated,
inosines within siRNAs are predicted to affect binding of siRNAs to target mRNAs. Editing
has not been shown to affect the in vivo correlate of this pathway, the endo-siRNA pathway,
and there are no reports of endo-siRNAs that contain inosine. However, the characteristics of
ADARs make it likely to intersect with the endo-siRNA pathway.
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