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Long ‘Non-Coding’ RNAs: coding or non-coding? that is the question
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Abstract:

We discuss the term “long non-coding RNA” in light of the discovery of peptides encoded by some of
them, interesting questions arising from the discovery and propose to use “long non-protein-coding

RNA” instead.

Keywords: IncRNA, peptides, protein
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Long ‘non-coding’ RNAs (IncRNAs) were originally defined as RNA longer than 200nt but exempt
from any open reading frame potentially leading to the production of a protein (Nagano and Fraser
2009; Rinn and Chang 2012). Thousands of these IncRNA genes have now been identified (Ulitsky and

Bartel 2013).

Some confusion has however been arising surrounding the adequacy of using the term ‘non-
coding’ to qualify some of these IncRNAs. Indeed, some translation products, even though shorter than

most proteins, might exist and be biologically important.

Functional short peptides are not something new. They include peptidic hormones such as insulin
(51aa), adrenocorticotropin (ACTH, 39aa) and melanocyte-stimulating hormones(12-22aa); even
though the latter two are processed from longer precursors. Short peptides have been proven not only
to fulfill potent and important physiological functions (Koeppen et al. 2010), but also to act as lethal

toxins (Gray et al. 1988; Becerril et al. 1996; Lewis and Garcia 2003).

It is therefore not surprising in this regard that recently identified short peptides encoded by two
‘IncRNAs’ have functional relevance in human and mouse cells(Anderson et al. 2015; Nelson et al.

2016).

In their articles, the authors demonstrated the existence of two peptides, myoregulin (MLN) and
dwarf open reading frame (DWORF), 46aa and 34aa long, which are specifically expressed in skeletal
muscle and heart/soleus tissues, respectively. Using the CRISPR/Cas9 system to disrupt the ORF (KO),

they found that loss of DWORF peptide expression, demonstrated by an absence of specific signal
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detectable by Western blot analysis of muscle proteins from homozygous mice, was paralleled by a

reduction SERCA effect on the calcium transients.

These observations raise several important questions regarding our current definition of IncRNA

or even ncRNA in general.

Are the functions currently attributed to known characterized IncRNAs solely depending on the
RNA molecule? In other words, could some of the peptides potentially encoded by these transcripts

contribute to the function observed, alone or in combination with the IncRNA considered?

The existence of genes leading to the production of a functional RNA as well as a protein have
been documented in multiple organisms(Ulveling et al. 2011). In drosophila for instance, the OSKAR
gene produces RNA sequences that do not require translation to regulate oocyte development(Jenny
et al. 2006), as well as a protein involved in the spatial distribution of its own RNA (Rongo et al. 1995;
Ryu and Macdonald 2015). In mammals, the Steroid Receptor RNA Activator gene (SRA1) generates a
functional non-coding RNA (SRA)(Lanz et al. 1999) involved in the regulation of multiple transcription
factors as well as a protein (SRAP), recently found to control the motility of cancer cell(Chooniedass-

Kothari et al. 2004; Leygue 2007; McKay et al. 2014; Yan et al. 2015).

The bi-faceted aspect of such systems, i.e the co-existence of a functional RNA and a protein,
obviously complicates the overall interpretation of experiments performed. It emphasizes the need for
designing experimental procedures that could clearly delineate the function of either protagonist.
When considering the RNA aspect of the system, it is therefore important to demonstrate function in
the absence of any translation product. For example, such approaches as treating cells with
cycloheximide or introducing mutations altering putative start codons or introducing multiple stop

codons have been successfully used to establish the functional role of SRA(Lanz et al. 1999).
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Interestingly, experiments involving silent mutations not altering the peptide sequence can be
interpreted to validate either the RNA function(Lanz et al. 2002) or the protein function(Chooniedass-
Kothari et al. 2010; Yan et al. 2015), depending on the experimental context. More importantly,
evidence from functional rescue with either RNA or peptide in cells deleted of a IcnRNA gene will

greatly help clarify their respective functions.

Are there more IncRNAs in the genome that encode peptides? Alba and colleagues have shown in
2014 that 28.6% of IncRNAs in yeast and 81.9% in humans are associated with ribosomes (Ruiz-Orera et
al. 2014). If even a portion of these ‘IncRNAs’ are destined for translation, this could dramatically
increase the wealth of coding potential of genomes/transcriptomes. Interestingly, Ulveling et al. have
considered the issue through an opposite angle, mostly by trying to identify open reading frames which
would be interrupted by retention of short introns(Ulveling et al. 2011). They hypothesized that such

transcripts might have functions remaining to be determined.

How many peptides per IncRNA could be potentially generated? Considering that peptides
potentially able to function as hormones or even toxins(Possani et al. 2000) can be short (30aa), it is
reasonable to suggest that more than one peptide could be encoded by some ‘IncRNAs’, further adding
to the complexity of the whole population of regulatory molecules. These peptides could be produced
by either separate or single translation (for instance, followed by cleavage as in POMC(Koeppen et al.

2010)).

Corollar to the existence of the peptides encoded by transcripts most still referred to as IncRNAs,
lay questions relating to their putative role in evolution and most importantly their implication in
diseases. It is indeed likely that mutations affecting IncRNAs, affecting RNA structures hence their

function or their peptidic outcome could alter phenotypes and cause diseases. As such, mutations in
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the SRA1 gene, encompassing regions evolutionarily well conserved of the transcript(Novikova et al.
2012), as well as SRAP(Cooper et al. 2011), have recently been pinpointed in families affected by

idiopathic hypogonadotrophic hypogonadism (IHH)(Kotan et al. 2016).

It is urgent to investigate throroughly the existence of peptides potentially encoded by IncRNAs.
As the size/sequence of these molecules might preclude the use of classical tool, their detection in
blood or other fluid as well as in tissues should remain a priority for proteomic researchers. One might
indeed foresee that these peptides have the potential to be used as markers of diseases, therapeutic

targets or even drugs.

Considering the current nomenclature, we suggest herein that ‘IncRNA’ is no longer adequate to
tag these transcripts that can encode and be translated for peptides. The term ‘IncRNA’ should refer to
‘long non-protein-coding RNA’ rather than ‘non-coding RNA’. In this context protein would mean
polypeptides with a molecular weight of more than 10kD according to the IUPAC guide(McNaught et al.

2000). This should cover most, if not all, IncRNAs at present.
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