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A B S T R A C T

RNA splicing, the process through which intervening segments of noncoding RNA (introns) are excised from pre-mRNAs to allow for the formation of a mature mRNA
product, has long been appreciated for its capacity to add complexity to eukaryotic proteomes. However, evidence suggests that the utility of this process extends
beyond protein output and provides cells with a dynamic tool for gene regulation. In this review, we aim to highlight the role that intronic RNA plays in mediating
specific splicing outcomes in pre-mRNA processing, as well as explore an emerging class of stable intronic sequences that have been observed to act in gene
expression control. Building from underlying flexibility in both sequence and structure, intronic RNA provides mechanisms for post-transcriptional gene regulation
that are amenable to the tissue and condition specific needs of eukaryotic cells. This article is part of a Special Issue entitled: RNA structure and splicing regulation
edited by Francisco Baralle, Ravindra Singh and Stefan Stamm.

1. Introduction

Pre-mRNA splicing is a key post-transcriptional process in which
non-coding introns are excised from transcripts allowing for coding
exons to be ligated together to generate a mature mRNA product [1].
Through alternative usage of splice sites, this process can lead to the
inclusion or exclusion of exons, termed alternative splicing, or potential
redefinitions of the boundaries between introns and exons in mRNA
isoforms. In addition to dramatically diversifying the proteome [2–5],
these differences have the potential to affect mRNA stability, localiza-
tion, and translation, offering a unique regulatory mechanism to eu-
karyotic cells [6,7]. Since their initial identification [8,9], introns have
emerged as distinctive features of eukaryotic genomes, with the overall
abundance and length of introns varying greatly between organisms.
Yet, their potential functions, as well as the evolutionary constraints
that drive their maintenance in genomes remains poorly understood.

Splicing is regulated through an extensive network of protein-RNA
interactions involving the recognition of cis elements within the pre-
mRNA by trans-acting factors [10,11]. Among these cis elements, the
most conserved sequences are the 5′ and 3′ splice sites (5ss and 3ss),
which define the intron boundaries, as well as the branch point site
(bps) and polypyrimidine tract which typically reside within a confined
distance upstream of the 3ss [10,11] (Fig. 1A). Additionally, auxiliary
cis elements within the intron or flanking exons can either act as en-
hancer or silencer elements to promote or repress exon splicing through
interactions with trans-acting splicing regulators. The precise recogni-
tion of splice sites and splicing reaction is catalyzed by a massive

ribonucleoprotein (RNP) complex, termed the spliceosome, which is de
novo assembled onto each intron [12,13] cotranscriptionally [14–16].
The core of the spliceosome consists of five U-rich small nuclear RNPs
(snRNPS), which are named for their small nuclear RNA (snRNA)
components: U1, U2, U4, U5, and U6. The snRNPs coordinate dynamic
base pairing between the different snRNAs and between snRNAs and
the pre-mRNA to obtain secondary and tertiary structures that define
the catalytic center of the spliceosome [13,17]. Hundreds of additional
proteins are required for spliceosomal function [13,18]. Pre-mRNA
splicing takes place through a two-step transesterification reaction, in
which the 5ss, the branchpoint, and the 3ss are the substrates for
splicing catalysis [19–21] (Fig. 1A). In the first step, the 2′OH of the
branchpoint carries out a nucleophilic attack on the 5ss, generating a 5′
exon with a free 3′OH and a branched intron lariat that is attached to
the 3′ exon. In the second step, the 3′OH of the 5′ exon attacks the first
nucleotide downstream of the 3ss, releasing a ligated 5′ exon-3′ exon
product as well as the excised intron lariat. Following splicing, the in-
tronic lariat is debranched and rapidly degraded, which has led to the
perception that they are largely composed of superfluous sequence.
However, emerging research suggests that intronic RNA may serve as a
dynamic mediator of gene regulation; operating to both coordinate
specific splicing outcomes and provide post-transcriptional feedback in
response to environmental and cellular cues. This new role for introns
will be the subject of this review.
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2. Introns as regulators of alternative splicing

2.1. The cis-acting splice code

Genome-wide studies estimate that 90–95% of human genes un-
dergo some level of alternative splicing [2,3]. Differences in isoform-
specific read densities indicate that the majority of alternative splicing
events vary between tissues, whereas variation between individuals is
significantly less common [3]. The relative abundance of these different
isoforms is thought to be dependent on splice site strength, the

influence of cis-acting enhancer and repressor elements, and the ex-
pression level of trans-acting factors (such as RNA binding proteins
(RBPs) and splicing factors). Regardless of the expression of trans-acting
factors, combinations of RNA features associated with the regulation of
splicing have been proposed to make up a ‘splicing code’ which dictates
outcomes in a cell and condition specific manner [11,22]. While strong
splice sites contain sequences that are reliably recognized by the spli-
cing machinery leading to ‘constitutive splicing’ in of exons, weak splice
sites are dependent on the presence of additional cis-acting sequence
elements and recognition of splicing-factors for their use. Extensive

Fig. 1. The role of RNA structure in pre-mRNA splicing. A) Canonical consensus sequences with a pre-mRNA that mediate splicing: The 5ss (purple), Branchpoint
sequence (maroon), polypyrimidine tract (blue), and 3ss (orange). Splicing proceeds through a two-step transesterification reaction. In the first step the 2′OH of the
branchpoint carries out a nucleophilic attack (represented by red arrow) on the 5ss, while in the second step the 3′OH of the 5′ exon attacks the first nucleotide
downstream of the 3ss. B) Diagram of structures with inhibitory effects on splicing. Local stem loops repress the binding of U1 and U2 snRNPs at the 5ss and 3ss
respectively, by pairing cis-elements within the double stranded structures. C) Diagram of structures that promote efficient splicing. Local stem loops serve to bring
important cis-elements (such as the 5ss and branchpoint, as well as the branchpoint and 3ss) into closer proximity to one another, which promotes the interaction
between snRNPs. D) Diagram of long range intra-intronic repeat elements (yellow) which pair flanking ends of intron to promote efficient splicing. Such pairings are
suggested to obviate the need for essential splicing elements (such as the U2AF heterodimer). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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coordination of splicing outcomes are observed throughout develop-
ment and cell differentiation, often relying on tight regulation of RBP
expression rather than alterations in the overall transcription rates of
alternatively spliced genes [23]. In this way, underlying flexibility in cis
sequences can be exploited by the cell to generate global shifts in gene
expression.

While extensive emphasis has been placed on the sequence features
that define intron-exon boundaries (including splice sites, the poly-
pyrimidine tract, and accessory silencers and enhancers), the identifi-
cation, selection and regulation of branchpoints has remained largely
unexplored. This is in large part due to the technical challenges posed in
identifying branch points. Excised lariats, which represent the most
direct record of branch point selection, are quickly degraded following
splicing and are low abundance RNAs in sequencing data sets.
Additionally, computational prediction of branchpoints is complicated
by the low information content of the human branchpoint consensus
sequence [24–27]. Beyond these technical challenges, the essential
nature of branchpoints in splicing catalysis has led to the assumption
that they occupy a basal, rather than regulatory, role in splicing.
However, studies within specific introns suggest that branchpoint se-
lection may contribute to the regulation of splice site recognition. Both
alternative and constitutive introns can possess multiple branchpoints,
which allows competing branchpoints to influence 3ss recognition
[28–30], 5ss recognition [31], cassette exons [25,27], and mutually
exclusive exons [32,33]. Moving beyond studies of isolated introns,
Taggert et al. (2012) took advantage of the unusual inverted alignment
of intronic reads generated when reverse transcriptase traverses the
branch point nucleotide in cDNA libraries to identify de novo branch
points [34]. Such a genome-wide approach was subsequently scaled up
to both enrich for lariat cDNA using RNase R digestion [35] and include
more extensive sequencing data sets encompassing diverse human tis-
sues [36]. In this way, it was shown that the vast majority of human
introns (95%) have multiple branchpoints which display tissue-specific
usage in almost three-quarters of constitutive introns [36]. Such find-
ings suggest that branchpoint recognition represents a major source of
gene regulation, extending the role of intronic cis-elements in mediating
splicing outcomes.

2.2. RNA structure – adding layers to cis-acting splice regulation

Beyond the direct sequence of cis-acting splicing elements, RNA
structure within pre-mRNAs can also play a major role in mediating
splicing outcomes (Fig. 1). The ability of RNA to form transient sec-
ondary structures allows it to influence splicing through both regulation
of access to splicing signals and by altering the physical spacing among
sequence elements [37]. Splicing enhancers and silencers that reside
within double-stranded sequences have been shown to exert reduced
influence over splicing outcomes, as many sequence-specific RBPs are
unable to recognize their corresponding binding sites within double-
stranded structures [38]. Additionally, a systematic analysis of regional
variations in GC composition demonstrated an association between
increased RNA secondary structure and alternatively spliced exons
[39], suggesting that control of splice site accessibility may be a me-
chanism for regulating alternative splicing.

RNA structures often work to inhibit splicing by disrupting the re-
cognition of pre-mRNA by snRNPs, an initiating event in spliceosome
assembly and function (Fig. 1B). Stem structures at splice sites weaken
exon inclusion [40–47], often in a dosage-dependent manner [48,49].
Such pairings at either the 5ss or the branchpoint obstruct recruitment
of the U1 and U2 snRNPs [44,46,47,50]. Similarly, structures that ac-
cumulate within the polypyrimidine tract and 3ss can disrupt binding of
the accessory U2AF heterodimer (composed of U2AF65 and U2AF35,
which bind the polypyrimidine tract and 3ss, respectively), which in
turn prevents recruitment of the U2 snRNP to the branchpoint [51]
(Fig. 1B). In vitro splicing assays demonstrate limited accumulation of
free upstream exon or lariat RNA for pre-mRNA containing structured

3ss, suggesting that splicing inhibition through this method may not
solely disrupt the second catalytic step of splicing, but rather may
function to disrupt earlier steps in splicing [29,41]. Beyond core cis
sequences, RNA secondary structure has the potential to obscure ad-
ditional splicing enhancers and prevent the accumulation of key ac-
cessory factors. In this way, RNA secondary structure provides a sen-
sitive mechanism to regulate alternative splicing by repressing exon
usage.

RNA structure also holds the potential to positively effect splicing,
often by bringing important cis-acting sequences into closer proximity
to one another (Fig. 1C). In the yeast Saccharomyces cerevisiae, sec-
ondary structure between the 5ss and branchpoint facilitate splicing by
minimizing the physical distance between the U1 and U2 complexes
[52–54]. Similarly, branch points, which are often restricted in their
distance from the 3ss, can circumvent these physical limitations
through structured regions that minimize the effective distance be-
tween more distal branchpoints (in some cases extending hundreds of
nucleotides away from the 3ss) in order to reinforce efficient splicing
[55–57] (Fig. 1C). Interestingly, work in yeast has shown that the
spliceosome uses all available 3ss within a defined window from the
branchpoint, and that ~70% of all possible 3ss selections are mediated
by pre-mRNA structure [58]. One such stem structure was shown to be
sensitive to changes in temperature, effectively serving as a thermo-
sensor for alternative 3ss selection; suggesting a more direct role for
pre-mRNA in mediating splicing outcomes in response to environmental
cues [58].

Work by Lin, Taggart, and Lim et al. (2016) further expanded the
role of RNA structure in splicing to include the influence of longer range
base-pairings [59] (Fig. 1D). Long, evolutionarily conserved stretches of
AC and GT repeats were identified co-occurring at the ends of introns in
both fish and lamprey. Pairing of these terminal elements greatly re-
duces the distance between the 5ss and 3ss and greatly enhances spli-
cing. AC and GT repeat-containing introns contain significantly weaker
polypyrimidine tracts and are insensitive to U2AF2 disruption, sug-
gesting that these long range interactions overcome the need for es-
sential splicing factors [59] (Fig. 1D). While efforts to identify a com-
parable mechanisms in humans is ongoing, pairing of G and C triplets at
the 5′ and 3′ ends of introns have been observed [59]. Additionally,
extended stretches of G and C rich intronic sequence appearing across
conditionally skipped exons has been proposed as a secondary struc-
ture-based mechanism for regulating exon skipping [60] and further
efforts to identify conserved RNA structures that extend beyond in-
dividual introns has suggested that such long range interactions could
play regulatory roles in alternative splicing [61].

Sequence variations that disrupt secondary structure have the po-
tential to be deleterious, potentially causing structural changes that can
alter a host of post-transcriptional processing events [62,63]. In some
instances, such mutations can lead to the expression of disease-specific
mRNA isoforms [64,65]. Recent efforts to profile the landscape and
variation of RNA secondary structure in human transcriptomes identi-
fied as much as 15% of all transcribed single nucleotide variants alter
local RNA structure [66]. These variants were shown to be more likely
to result in splicing changes relative to variants that do not alter sec-
ondary structure, with a unique RNA secondary structure signature at
exon-exon junctions appearing to favor more accessible AG dinucleo-
tides at the end of the 5′ exon and more structured nucleotides at the
start of the 3′ exon [66]. Additionally, computational analyses of
genomic variants determined that intronic disease mutations within 30
nucleotides of a splice site are significantly more likely to disrupt
splicing outcomes than common variants [67]. These findings suggest
that variants that alter RNA secondary structure may play a more
prominent role in human disease than has been previously appreciated.
Work by Soemidi et al. (2017) using a Massively Parallel Splicing Assay
(MaPSy), which allows for direct comparison of splicing outcomes be-
tween thousands of mutant and wildtype substrates in vivo [68], de-
monstrated that mutations that cause changes in RNA secondary
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structure can significantly alter splicing outcomes [69]. While MaPSy
originally focused on exonic variants, expansion into intronic variants
holds the potential to greatly expand our understanding of the role of
intronic RNA and RNA structure in mediating splicing outcomes under
a host of physiological and disease states.

3. Functional roles for excised introns beyond splicing

In general, lariat RNAs derived from excised introns are rapidly
recognized and linearized by the debranching enzyme (DBR) and de-
graded by exonucleases [70–73] (Fig. 2A). This turnover is thought to
both free up nucleotides to be used during subsequent rounds of tran-
scription, as well as recycle splicing factors that remain bound to the
spliced intronic lariat [74]. Failure to process intronic lariats causes a
dramatic reduction in fitness leading to impaired growth in the yeast
Schizosaccharomyces pombe [75] and embryonic lethality in both plants
[76] and animals [77]. While the vast majority of intronic RNA is ra-
pidly degraded, a number of exceptions have emerged which hint at an
extended function for introns in post-transcriptional gene regulation.

The observation that many families of non-coding RNAs (such as small
nucleolar RNAs (snoRNAs), microRNAs (miRNAs), small interfering
RNAs (siRNAs), and long non-coding RNAs (lncRNAs)) are pre-
ferentially associated with introns in humans suggests that introns may
undergo additional post-splicing processing to generate functional RNA
species [78]. And indeed such processing of excised lariats has been
observed [79–83]. Additionally, a growing number of lariats have been
shown to accumulate under physiological conditions [84–88], hinting
that such accumulation is evolutionarily conserved and may potentially
hold as yet unknown functions in the cell. Moreover, two landmark
studies in yeast have demonstrated that introns promote cell survival in
yeast under saturated growth or stress conditions, by selectively stabi-
lizing a subset of excised intronic RNAs [89,90]. Given that lariats re-
present a direct readout of transcription, they have the potential to
serve as a highly responsive layer in gene regulation and represent an
emerging class of functional RNA species.

3.1. Stable intronic RNAs

While early detection of lariat RNAs relied on the ability of reverse
transcriptase to read through branchpoints in targeted RT-PCR reac-
tions [91], advancements in high-throughput sequencing technologies
and bioinformatic analyses have allowed for genome-wide screens for
stable intronic lariats [34]. Using this approach, work out of the la-
boratory of Joseph Gall reported the first genome-wide identification of
intronic RNAs in the extracted oocyte germinal vesicle (GV or nucleus)
of Xenopus tropicalis [92] (Fig. 2A). These ‘intronic sequences’ represent
more than 90% of actively transcribed genes during oogenesis and are
highly stable; still detected two days post transcriptional inhibition
[92]. In many cases these ‘intronic sequences’ are significantly shorter
than the full-length introns from which they are derived [92]. Follow
up work demonstrated that similar stable intronic sequence RNAs
(sisRNAs) are also present in the cytoplasm of Xenopus tropicalis
(Fig. 2A) and in fact are concentrated at a higher molar ratio than their
nuclear counterparts [85]. These cytoplasmic sisRNAs are resistant to
RNase R treatment and are believed to be stable excised lariat mole-
cules. Contrary to nuclear sisRNAs, cytoplasmic sisRNAs represent only
a subset of genes expressed in the Xenopus transcriptome, but similarly
encompass both coding and noncoding genes related to virtually all
known cellular functions [85]. Further examination of the host genes
from which cytoplasmic sisRNAs are generated revealed a bias towards
their excision from smaller introns [85]. Despite their differences, both
nuclear and cytoplasmic sisRNAs persist in mature oocytes from early
embryogenesis through the start of zygotic transcription at the blastula
stage [85]. This persistence throughout early development strongly
suggests that sisRNAs may play a regulatory role in gene expression.

Additional studies identified cytoplasmic lariats in human, mouse,
chicken, and zebrafish cells [86]. These lariats continued to be re-
stricted in size (mostly 100–500 nucleotides in length) and tended to
use an unusual cytosine branchpoint [86]. Cytosine branchpoints are an
unfavorable target for DBR1 recognition and debranching [93], which
provides a possible mechanism through which cytoplasmic sisRNAs
escape debranching. Interestingly, stable lariats are suggested to be
selectively exported from the nucleus to the cytoplasm by the NXF1/
NXT1 system, suggesting that their accumulation is not due to simple
leakage from the nucleus [86] (Fig. 2A). One possible explanation for
their behavior centers around the idea that they remain stably asso-
ciated to the mRNA from which they are derived, acting in a regulatory
capacity to control translation in the cytoplasm. However, such a stable
association between mRNA and cognate sisRNAs is not observed [86].

Several examples of sisRNAs assuming a direct role in gene reg-
ulation have been identified in Drosophila melanogaster, where both
circular and linear sisRNAs are found to persist throughout early de-
velopment and into adult tissues [94] (Fig. 2A). One such sisRNAs, sisR-
1, was shown to regulate the expression of its host gene regena, by
binding to a cis-natural antisense transcript, ASTR. While association

Fig. 2. Schematic of Lariat Processing and sisRNA Accumulation/Function. A)
Following splicing both a ligated exon product and intronic lariat are produced.
The lariat is typically debranched by the debranching enzyme (DBR1:light
purple) and processed for degradation in the nucleus by exonucleases (green).
However, some stable lariats persist in both the nuclease and cytoplasm. Export
to the cytoplasm proceeds through the NXF1/NXT1 system (dark purple) and
leads to the accumulation of both stable lariat RNAs with trimmed tails and
linearized intronic segments. B) sisRNAs have been show to work in trans (left
hand portion of the panel) to control post-transcriptional processing by acting
as molecular sponges, or sinks, for proteins (orange hexagons) including splice
and RNA processing factors. Additionally the accumulation of snRNPs on stable
lariats is suggested to cause global changes in RNA splicing efficiency. sisRNAs
are also known to function in cis (right hand portion of the panel) to both
positively and negatively mediate the expression of their host genes through
feedback loops. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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between ASTR and regena promotes regena expression, disruption of this
interaction by sisR-1 binding to ASTR generates a negative feedback
loop which results in down regulation of host gene expression. This
repression is developmentally regulated and continues throughout
embryogenesis [94]. Additional sisRNAs with inhibitory roles, in-
cluding sisR-2 and sisR-3 (which repress dFAR1 and the lncRNA
CR44148, respectively) were also identified in Drosophila [94,95], and
seem to possess a common predicted secondary structure. In each case,
these linear sisRNAs are highly paired and possess an exposed 3′ tail
which has been hypothesized to play a role in both mediating intronic
stability and function [96]. Also acting in cis, expression of the stable
lariat RNA sisR-4, has been shown to upregulate expression of its host
gene, deadpan [87], suggesting that sisRNAs do not act exclusively to
down-regulate gene expression. sisR-4 activates an enhancer present
within a common host intron, which in turn promotes transcription of
the deadpan locus in a positive feedback loop [87]. Such cis-acting
means of regulation, in which introns are utilized to self-regulate their
parental genes, allows for direct pairing of transcriptional rates with
feedback loops in a particularly efficient and responsive manner
(Fig. 2B).

In addition to operating in cis, some sisRNAs have been observed to
function as molecular sinks or sponges, affecting post-transcriptional
regulation of broader gene regulatory networks by sequestering trans-
acting factors from their normal functions (Fig. 2B). In Arabidopsis,
stable intronic lariat RNAs compete with pre-miRNAs for binding with
the DCL1/HYL1 dicing complex [97]. Over expression of nuclear
sisRNAs effectively inhibits miRNA processing, with potentially broad
implication for gene regulation [97]. Similarly, in human cell lines it
was shown that linear sisRNAs derived from the 15q11-q13 genomic
region (distinctive for their snoRNA terminal sequences) accumulate in
the nucleus (outside of snoRNA associated nuclear bodies), where they
sequester the alternative splicing factor Fox2 [83]. This interaction is
shown to specifically regulate the splicing profile of Fox2 sensitive
genes [83]. Lastly, the over accumulation of intronic lariat RNAs in the
cytoplasm of yeast was shown to sequester the RNA binding protein
TDP-43 [98]. This inhibition disrupts the potentially toxic effects of
TDP-43 mutations associated with Amyotrophic Lateral Sclerosis (ALS)
[98], suggesting that the role of sisRNAs as a molecular sink could be an
attractive point for therapeutic intervention. However, this provocative
finding is yet to be supported by follow up experiment confirming an
influence of lariat levels in ALS.

In light of the emergence of sisRNAs as regulators of gene expres-
sion, recent landmark papers examining the function of introns in yeast
cells [89,90] stand out as particularly exciting. Parallel work by the
Bartel and Elela laboratories identified a subset of excised introns,
which selectively accumulate as linear RNAs during periods of TORC1-
mediated stress. These sisRNAs function to reduce growth rates, pro-
moting cell survival under starvation conditions and offering significant
growth advantages to yeast cells upon reentry into log-phase growth
[89,90]. This accumulation is independent of host gene expression and
leads to a shift in global splicing patterns [89,90]. As ribosomal mRNAs
are the substrate of a disproportionate number of splicing events in
yeast cells, this shift leads to a corresponding repression of ribosomal
protein genes [89,90]. Interestingly, the predicted structure of starva-
tion responsive introns features extensive base-pairing between the
intron (typically encompassing either the 5ss or branchpoint) and the 5′
UTR [90]. Mutations that disrupt these structures were found to impact
endogenous control over growth rates, suggesting that gene context,
and in particular host 5′ UTR, may influence intron stability and
function [90]. Regulation of such conserved structures represents an
attractive mechanism for mediating conditional intron stability. The
capacity to regulate the stability of excised introns in response to dy-
namic environmental cues in order to mediate global gene expression
patterns, suggests that intronic RNA may hold tremendous utility in
post-transcriptional gene regulation.

Understanding sisRNAs as conditionally regulated opens up exciting

possibilities for gene regulation. However, efforts to shift focus from
yeast to other, more intron-rich, eukaryotic species presents challenges.
An attractive approach to gaining insights into potential roles for sta-
bilized lariats is to characterize cells in which ‘normal’ lariat processing
has been disrupted. By promoting the overaccumulation of intronic
lariat molecules, cells lose the capacity to selectively enrich for
sisRNAs. One such study in patients harboring mutations in DBR1 re-
vealed tissue specific and cell intrinsic susceptibility to the herpes
simplex virus 1 (HSV1) [99]. Over accumulation of lariats lead to in-
creased vulnerability to viral infection of the brainstem in patients
harboring the HSV1 virus [99]. Such an outcome suggests that control
over lariat accumulation impairs virus recognition by host cells, po-
tentially damaging cellular defenses against viral invasion. This is in
fitting with the observation that HSV-1 infection itself increases lariat
accumulation. Alternatively, control over viral RNA lariats may be
disrupted, which have been shown to mediate the switch between lytic
and latent infection [100]. In either case, control over lariat accumu-
lation underlies a shift in cellular homeostasis that implies a function
for sisRNAs and furthers the broadening field of intronic RNA function.

4. Concluding remarks

Moving beyond the image of intronic RNA sequence as ‘junk’ ma-
terial whose primary function is to add complexity to the protein coding
content of the genome, eukaryotic introns are emerging as regulators of
cellular function. Both through mediation of specific RNA splicing
events and through the regulated stability of functional intronic RNAs,
introns serve a key role in post-transcriptional gene regulation.
Research aimed at better understanding intronic RNA structure as a
dynamic component of gene expression seem destined to provide in-
sights into how cells are able to respond to a diversity of external sti-
muli and further our understanding of the coding potential inherent to
eukaryotic gene architecture.
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