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Translon: a single term for translated regions

D
uring translation, ribosomes 
synthesize polypeptides using 
RNA molecules as templates. All 
cellular proteins are products of 
translation, and the identifica-

tion of protein-coding regions is the primary 
goal of genome annotation. Beyond protein 
synthesis, translation has long been known 
to have regulatory functions independent of 
its products1,2. However, only with the advent 

of ribosome profiling was the broad scale 
and complexity of translated regions fully 
appreciated.

Recent interest in pervasive translation 
has exposed a lack of general terminology for 
translated regions that does not depend on the 
properties of their products or their sequence. 
In the absence of such terminology, a range 
of inconsistently defined terms are used to 
describe them. These terms are typically 

variations on ‘open reading frame’ (ORF) — 
for example, non-canonical ORF (ncORF), 
RiboSeq ORF, alternative ORF (altORF), trans-
lated ORF (tORF), small ORF (smORF), short 
ORF (sORF) and others. Such terms largely 
overlap and redundantly describe the same 
core concept: that the region in question is 
translated.

Denoting translated regions with ORF-based 
terms is problematic for two main reasons. 
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Fig. 1 | Open reading frames (ORFs) and translated regions. a, Any nucleotide 
sequence can be represented as three sequences of nucleotide triplets (codons); 
that is, triplets read in three different reading frames. An ORF is defined as a 
sequence of sense codons bounded by a stop codon (purple bar) or from a 
start (most commonly ATG) to a stop (light blue bar). Below are examples of 
how different translated regions (translons) relate to ORFs. b, A representation 
of human PEG10 annotation zoomed in on the ribosomal frameshifting site. 
Two different transcripts represent two different proteins synthesized during 

translation of PEG10 mRNA. c, A fragment of Macaca thibetana thibetana 
OAZ1 gene transcript (XM_050770746.1) annotation illustrating automatic 
‘correction’ of mRNA sequences relative to the genomic sequence. The alignment 
of predicted RNA and genomic source is shown below, with the conserved stop 
codon at the OAZ1 frameshifting site shown in red and the deleted T in bold.  
d, Relationship of the translon to other terms used when interpreting genome 
information (top) and to ORF and CDS (bottom).
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First, in sequence analysis, ORFs are defined 
purely by the nucleotide sequence and the 
relevant genetic code (starts and stops; 
Fig. 1a). Thus, ORFs are found everywhere in 
the genome, including regions that are not 
even transcribed. ORF by this definition is used 
in the prediction of protein-coding regions. 
For example, as stop codons are avoided in 
coding regions, longer ORFs are more likely to 
contain sequences encoding proteins. Thus, 
reusing the same term, ORF, to specify regions 
that are known or confidently predicted to 
be translated leads to confusion. Indeed, for 
annotated protein-coding regions, a different 
technical term, CDS (historically, from ‘coding 
DNA sequence’), is commonly used.

The second problem is that, although most 
known protein-coding regions in the major-
ity of model organisms conform to an ORF, 
starting at an AUG and terminating at the first 
in-frame stop, there are many alternatives. In 
addition to AUG, other triplets can also initi-
ate translation3 (Fig. 1a), making it challeng-
ing to determine start codons purely from 
the nucleotide sequence. The incorporation 
of non-standard proteinogenic amino acids 
(selenocysteine or pyrrolysine) usually occurs 
at stop codons within the CDS, with over a hun-
dred in CDSs encoding selenoproteins in some 
species4 (Fig. 1a). Furthermore, in some organ-
isms, termination codons are defined not only 
by their sequence, but also by their position 
within an mRNA5.

Ribosomal frameshifting (Fig. 1a), which 
involves translation of two different reading 
frames to produce a single protein, is common 
in viruses. It also occurs in nuclear-encoded 
genes of most organisms — in some species, 
in 5–20% of the genes6. Because the products 
of translation of CDSs containing frameshift-
ing cannot be derived automatically by con-
verting nucleotide triplets to amino acids, 
current annotation practice is to introduce 
a ‘pseudo-intron’ between two partial ORFs 
in the annotation of these genes. In the case 
of the specific example shown in Fig. 1b, con-
ceptual translation of the sequence containing 
such a 2-nt pseudo-intron gives a polypep-
tide sequence that differs from the full-length 
product of actual translation by one amino 
acid. Most concerning is the practice of auto-
matically modifying RNA sequences inferred 
from the genome to obtain a full-length pro-
tein product via triplet translation (Fig. 1c). 
Such artificial fitting of well-established trans-
lation mechanisms to a simplified model 
reinforces a widespread fallacy that every 
translated region can be represented by a 
single ORF. This leads to an inaccurate and 

oversimplified representation of genetic 
information and molecular composition of the 
cells, with potentially serious consequences 
for those unaware of the underlying make-
shift solutions. Similar terminological confu-
sion, such as the routine conflation of ‘exons’ 
and ‘protein-coding regions’7, highlights the 
need for precise vocabulary relating to gene 
expression.

The above problems can be alleviated with 
the introduction of a specific term for a trans-
lated region that would be defined without 
reference to the product of translation or to 
the sequence of the region. For this purpose, 
we suggest using the term ‘translon’ (short 
for ‘translated region’), which has previously 
been introduced but failed to gain traction8. It 
aligns well with other terms describing gene 
structures: intron (‘intragenic region’) and 
exon (‘expressed region’)9.

We intend the term translon to denote any 
region that is decoded by the ribosome. This 
ranges from minimal sequences with detect-
able translation (AUG followed by a stop) to 
sequences encoding long proteins in multi-
ple reading frames, and even those disrupted 
by non-coding sequences, as in translational 
bypassing10 (Fig. 1a). It will also facilitate 
efforts to characterize unannotated transla-
tion: newly identified translated regions can 
be described as novel translons. Their biologi-
cal roles, if any, can remain enigmatic until 
specific information is obtained. These roles 
can be purely regulatory, independent of 
the translation products, or involving those 
products, such as short peptides modulating 
functions of other proteins, signaling peptides 
or antigens; some translons could encode neu-
tral or even harmful ‘protein junk’.

Translon would fill the gap in the vocabulary 
used to describe units of genetic information 
(Fig. 1d). Unlike the existing terminology, 
translon is defined directly, by the process it 
aims to capture, instead of indirectly, through 
sequence or function. Most ORFs are not trans-
lons because they are not translated (Fig. 1d). 
All CDSs are translons, but not all translons 
are ORFs. We expect that the term translon 
will reduce confusion when discussing trans-
lated regions and will facilitate development 
of more biologically realistic annotations.
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