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Abstract: Nonsense-mediated mRNA decay (NMD), a cellular RNA turnover pathway targeting
RNAs with features resulting in aberrant translation termination, has recently been found to restrict
the replication of positive-stranded RNA ((+)RNA) viruses. As for every other antiviral immune
system, there is also evidence of viruses interfering with and modulating NMD to their own
advantage. This review will discuss our current understanding of why and how NMD targets
viral RNAs, and elaborate counter-defense strategies viruses utilize to escape NMD.
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1. Introduction

Virus Infections and Cellular mRNA Quality Controls

For their efficient replication, viruses rely on the host cell’s replicative machinery and must avoid
being recognized by cellular antiviral responses. Having co-evolved with their hosts for millions
of years, viruses have developed means to modulate cellular functions and redirect the metabolic
resources of the infected cell to their advantage. Antiviral defense mechanisms, on the other hand, have
arisen to counteract pathogen infections. Recent evidence indicates that cellular RNA quality control
systems, such as the nonsense-mediated mRNA decay (NMD) pathway, can restrict viral infections by
different mechanisms [1,2], suggesting that the cellular RNA decay machinery could act as an ancestral
form of intrinsic antiviral immunity [3]. Supporting this hypothesis, there is increasing evidence that
viruses have evolved mechanisms to interfere with or modulate NMD at different post-entry stages of
their replication cycle. In this review, we will analyze current evidence that supports a role of NMD
in counteracting virus infections. To set the stage, we first describe the known features that make a
cellular mRNA a substrate for NMD. Next, we apply this knowledge on viral RNAs and discuss how
viral mRNAs could be recognized and attacked by the NMD surveillance machinery. Additionally, we
will discuss which counter-defense strategies viruses utilize to ensure stability of their transcripts.

2. The Nonsense-Mediated mRNA Decay (NMD) Pathway

Eukaryotic cells possess numerous RNA quality control systems that degrade faulty mRNAs and
so prevent the production of aberrant proteins. These mechanisms, including the NMD, the non-stop
mRNA decay (NSD), and the no-go decay (NGD) pathways, are important for dynamically shaping
the transcriptome and the proteome of eukaryotic cells to variable physiological conditions [1].
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Of these mechanisms, NMD is arguably the best characterized [2]. NMD modulates the RNA levels of
about 10% of all genes in diverse eukaryotes [3,4].

NMD was originally identified as an mRNA degradation pathway targeting transcripts that
harbor a premature termination codon (PTC) [5–7]. However, in the last decade, it has become clear
that NMD targets include a much broader number of substrates with different features. Transcripts
targeted by NMD include those with PTCs in an internal exon or sometimes also in the terminal exon,
as well as transcripts with long 3’-untranslated regions (UTRs), introns downstream a termination
codon (TC) or upstream open reading frames (uORFs; Figure 1) [8–11]. The molecular details of how
NMD is regulated and how NMD factors are recruited to target transcripts are not yet fully understood.
It is clear that translation is a prerequisite for NMD and converging evidence suggests that a failure to
terminate translation correctly triggers NMD [2]. This implies that any RNA molecule that engages
with ribosomes to undergo translation is a potential target for NMD, including viral RNAs.
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Figure 1. Different types of cellular mRNAs that can be substrates for nonsense-mediated mRNA decay
(NMD). (A) An mRNA with a normal termination codon (TC) positioned in a context that does not
trigger NMD: the termination codon is at the end of the last exon followed by a short 3’-untranslated
region (3’-UTR). (B–F) NMD targets comprise mRNAs with a truncated ORF due to a premature
termination codon (PTC) in an internal (B) or terminal (C) exon. The presence of protein complexes
known as exon junction complexes (EJCs) downstream the TC increases, but it is not necessary for,
NMD (see Section 3). Upstream ORF (uORF), (D), the presence of EJC-associated introns in the 3’-UTR
(E), and long 3’-UTR (F), all act as RNA destabilizing factors and trigger NMD. White boxes denote
translated ORFs; gray boxes denote the fraction of the ORF that is not translated due to the presence of
a PTC. Ribosomes are indicated in black, EJC in purple.
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