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During translation, ribosomes synthesise polypeptides using RNA molecules as templates. All 
cellular proteins are products of translation, and the identification 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 currently used to 
describe them. These terms are typically variations on Open Reading Frame (ORF), for example, 
non-canonical, RiboSeq, alternative, translated, small, short, and other xORFs-based labels. 
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.  First, in 
sequence analysis, ORFs are defined purely by the nucleotide sequence and the relevant genetic 
code (starts/stops; Fig. 1a). Thus, ORFs are found everywhere in the genome, including regions 
that are not transcribed. This ORF definition is useful for the prediction of potential protein-coding 
regions. However, using the same term 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 majority of model 
organisms conform to an ORF, starting at an AUG and terminating at the first in-frame stop, there 
are numerous alternatives. In addition to AUG, other triplets can also initiate translation3 (Fig. 1a), 
making it challenging to determine start codons purely from sequence. The incorporation of non-
standard proteinogenic amino acids (selenocysteine/pyrrolysine) usually occurs at stop codons 
within the CDS, with over a hundred in CDSs encoding selenoproteins in some species4 (Fig. 1a). 
Furthermore, in some organisms, termination codons are defined not only by their sequence, but 
also by their position within mRNA5. 

Ribosomal frameshifting (Fig. 1a), which involves translation of two different reading frames to 
produce a single protein, is common in viruses and also occurs in nuclear-encoded genes of 
most organisms, in some species, in 5-20% of the genes6.  Because the products of translation of 
frameshifted CDSs cannot be derived automatically by converting nucleotide triplets to amino 
acids, current annotation practice is to introduce a “pseudo-intron” between two partial ORFs in 
the annotation of these genes (Fig. 1b). Most concerning is the practice of automatically 
modifying RNA sequences inferred from the genome to obtain full-length protein product via 
triplet translation (Fig. 1c). Such artificial fitting of well-established translation mechanisms to a 
simplified model reinforces a widespread fallacy that all translated regions can be represented 
as single ORFs. 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 makeshift solutions. Similar terminological confusion, 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 solved or at least alleviated with the introduction of a specific term 
for a translated 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.  

The term translon denotes any region that is decoded by the ribosome. This ranges from minimal 
sequences with detectable translation (AUG followed by a stop) to sequences encoding long 
proteins in multiple reading frames, and even those disrupted by non-coding sequences as in 
translational bypassing10 (Fig. 1a). It also facilitates the efforts to characterise unannotated 
translation: newly identified translated regions can be described as novel translons. Their 
biological 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, signalling peptides or antigens; 
some translons could encode neutral 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 directly defined by the process it aims to capture 
instead of doing so indirectly, through sequence or function. We expect that this term will reduce 
confusion when discussing translated regions and facilitate development of more biologically 
realistic annotations. 

ACKNOWLEDGMENTS  

We wish to thank the participants of 2024 EMBO Workshop “Recoding and the diversity of genetic 
decoding” and of 2024 Dagstuhl Seminar “Deep Learning for RNA Regulation and 
Multidimensional Transcriptomics” as well as the members of TransCODE consortium and 
TRANSLACORE network (supported by COST action CA21154) for invaluable discussions that led 
to the development of this proposal. 

AUTHOR CONTRIBUTIONS 

M.I.S., J.A.S.T, E.V., and P.V.B developed the concept and drafted the correspondence. M.M.A., D. 
E.A., J.L.A., J.F.A., M.B.S., M.J.B., S.B., K.B.-L., M.Borodovsky, I.B., M.Brook, M.A.B., J.M.B., N.C., 
L.Calviello, A.-R.C., J.H.D.C., C.C., K.Y.C., Y.C., S.C., J.S.C., P.L.C, J.C., L.Cooley, E.D., K.D., J.J. D., 
C.D., R.D., J.D.D., S. E.D., O.A.D., C.M.D., S.M.E., P.J.F., P.F., I.F. -M., A.E.F., D.G., F.G., M.S.G., N. 
K.G., R.G., C.H.H., Y.-M.H., N.H., Z.I., P.I., S.I., R.J., A.J., M.J., I.J., M.K., J.S.K., A.V.K., E.V.K., A.A.K., 
J.K., I.V.K., L.K., D.L.J.L., O.L., G.L., J.L, M.Mariotti, E.S.M.-U., T.F.M., A.M., J.McManus, 
J.Medenbach, S.V.M., G.M., C.M., M.Mikl, W.A.M., O.M., O.N., D.D.N., J.N., S.O., P.O., M.P., D.D.P., 
L.R, D.R., X.R., M.P.R., J.R.-O., A.S., S.L.S., L.A.S., C.S., P.V.S., P.S., N.Shirokikh, S.A.S., 
N.Sonenberg, T.J.S., R.J.S., T. Tamm, M.T., I.T., M.L.T., T.Tuller, I.U., L.S.V., P.V.D., G.V., J.A.V., C.V., 
E.W.J.W., J.S.W, E.W., N.W., D.N.W, Z.X., J.W.Y., M.M.Y., C.-H.Y., V.Y., and B.Z. critically discussed 
the concept and/or edited the manuscript at different stages of its development.  

ETHICS DECLARATION 

Competing interests 

A.-R.C. is on the scientific advisory board of ProFound Therapeutics. G.L. & P.V.B. are co-founders 
and shareholders of Eirnabio Ltd. The remaining authors declare no competing interests. 

REFERENCES 

1. Miller, P. F. & Hinnebusch, A. G. cis-acting sequences involved in the translational control 
of GCN4 expression. Biochim Biophys Acta 1050, 151–154 (1990). 



2. Orbach, M. J., Sachs, M. S. & Yanofsky, C. The Neurospora crassa arg-2 locus. Structure and 
expression of the gene encoding the small subunit of arginine-specific carbamoyl 
phosphate synthetase. J Biol Chem 265, 10981–10987 (1990). 

3. Andreev, D. E. et al. Non-AUG translation initiation in mammals. Genome Biol 23, 111 
(2022). 

4. Baclaocos, J. et al. Processive Recoding and Metazoan Evolution of Selenoprotein P: Up to 
132 UGAs in Molluscs. J Mol Biol 431, 4381–4407 (2019). 

5. Zinshteyn, B. & Green, R. When stop makes sense. Science 354, 1106 (2016). 

6. Lobanov, A. V. et al. Position-dependent termination and widespread obligatory 
frameshifting in Euplotes translation. Nat Struct Mol Biol 24, 61–68 (2017). 

7. Aspden, J. L., Wallace, E. W. J. & Whiffin, N. Not all exons are protein coding: Addressing a 
common misconception. Cell Genom 3, 100296 (2023). 

8. Goel, S. C. Transcription Unit. Nature 245, 397–397 (1973). 

9. Gilbert, W. Why genes in pieces? Nature 271, 501 (1978). 

10. Nosek, J., Tomaska, L., Burger, G. & Lang, B. F. Programmed translational bypassing 
elements in mitochondria: structure, mobility, and evolutionary origin. Trends Genet 31, 
187–194 (2015). 

 

FIGURE LEGEND 

Figure 1| Open Reading Frames (ORFs) and translated regions. a. Any nucleotide sequence can 
be represented as three sequences of nucleotide triplets (codons), i.e. 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 ORF. b. Graphical 
representation of human PEG10 annotation zoomed in the area of ribosomal frameshifting site. 
Two different transcripts are used to represent two different proteins synthesised during 
translation of PEG10 mRNA. The one representing the full-length protein is artificially modified 
with a two-nucleotide “pseudo-intron”. As a result of this modification, the product of conceptual 
translation differs from the full-length product of actual translation by one amino acid c. A 
fragment of macaca 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 deleted T in bold. d. Relationship of the translon to other 
terms used when interpreting genome information. Translon fills a missing step in the description 
of genetic information flow in the cells. Below is a relationship of translon to ORFs and CDSs: 
most ORFs are not transcribed. Of those that are, most are not translated; all CDSs are translons, 
but not all translons and CDSs are ORFs. 

 



 


