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Abstract: Non-canonical proteins are translation products that arise from genomic regions
historically classified as “non-coding” or situated within the so-called “dark genome”. They also
encompass proteins or variants produced through atypical translational mechanisms within classical
protein-coding genes, such as alternative reading frames (aORFs), upstream open reading frames
(uORFs), non-AUG initiation, and ribosomal frameshifting. For a long time, these translational
products were largely overlooked because they tend to be short, expressed at low abundance, and lack
recognizable conserved domains, thereby evading detection by standard gene-prediction algorithms.
Over the past decade, methodological advances have dramatically altered this view. High-resolution
ribosome profiling, long-read and full-length translatome sequencing, single-cell transcriptomic and
translatomic approaches, improvements in high-sensitivity mass spectrometry and de novo peptide

sequencing, and integrated proteogenomic pipelines have collectively enabled robust identification
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and confident peptide assignment for numerous dark-proteome members and non-canonical isoforms.
Experimental validation, ranging from targeted proteomics and immunopeptidomics to functional
perturbation assays, now supports the biological existence and functional relevance of numerous such
peptides. A growing body of evidence indicates that non-canonical proteins are not mere translational
noise but can exert substantial biological effects: they rewire cellular metabolism, modulate canonical
signalling cascades, influence proteostasis and stress responses, remodel the tumour immune
microenvironment, and contribute to resistance against chemotherapy, radiotherapy and targeted
agents. Importantly, many non-canonical products exhibit tumour-restricted or tumour-enriched
expression patterns and include sequence elements absent from normal tissues. These properties make
them compelling candidates for tumour-specific biomarkers, neoantigens for personalized
immunotherapy, and novel molecular targets for precision interventions. Despite this promise, major
challenges remain for their routine clinical translation. These include heterogeneous and incomplete
annotation criteria, variable detection sensitivity and reproducibility across platforms, high false-
positive rates in peptide identification, a lack of scalable functional assays to assign mechanistic roles,
and unresolved questions around immunogenicity and safety of targeting these molecules. To move
the field forward, coordinated efforts are advocated to establish community standards for annotation
and reporting, to integrate complementary multi-omics datasets, to develop high-throughput
functional screening pipelines, and to design early-phase clinical studies prioritizing safety and
translational feasibility. This review synthesized the technological milestones and current mechanistic
insights into non-canonical proteins in cancer, evaluated their translational potential as biomarkers

and therapeutic targets, and outlined strategic priorities to accelerate their responsible integration into
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precision oncology practice.

Key words: noncanonical proteins; dark proteome; tumor markers; tumor neoantigens
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Table 2 Description of bioinformatics analysis tools

K SRl E= BTN Thhefiid

Name Website Reference Function description
DeepNovo https://github.com/nh2tran/DeepNovo [64] R T (MS/MS) Bt th 247 Sk

FEHE RIS, LISE LIk, FRE AT
sORFs.org http://www.sorfs.org [66] 5 | AP SORF By it 7
DeepRibo https://github.com/Biobix/DeepRibo [69] MARibo-seq Utk A i T 1E AL A MR TS BR
HERORF
ORFfinder https://www.ncbi.nlm.nih.gov/orffinder/ [69] AT BRI P91 vh 2 4857 7T BEFORF
PyPropel https://github.com/2003100127/pypropel [70] GRS A P 5 DL AT v R T 1 T A 3
Bl
CPC2 http://cpc2.cbi.pku.edu.cn [71] TR | R b TG SRR S 81 h X 43 B 1 B G
RNA 5E4iH5RNA
PhyloCSF/PhyloCSF++ https://github.com/cpockrandt/PhyloCSFpp [72] TEAG e S AR5 ELA 2R (1 T i v e

IRESfinder

OpenProt https://www.openprot.org/

https://github.com/xiaofengsong/IRESfinder

(73] PUBImRNA RS N SEHAE A AL 5 (IRES)

[74] RGMCRITA Tk A ZW A AE 2 MLORF &
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R R B T3 A R R I R, Bk 22 1 Al
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T, AT R ) MR AR 2B 1 L R R e ) S 2
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HAERIE h F S 5 FR TR L,
3.1 IRzhphERERE
Ak 25 28 7R iR e S EL A g A A g 1 2D

A8, IncRNAs AT 3 2 Z Ff AL il 3 45 3 PR e 3517,
—J7 1, i £ IncRNA &Y circRNA % i A4 33 ik
B UE S Sy 7 Y 08 9K Bl DR, T T e e A
L) 35 5 N AE IS R T o BN, H IncRNA B %™
1) UBAP1-AST6 & H £ 2w v T4 Mi#%, 78
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R R S N NITITE (iR O o2
RPN, AE X sl 2 R G R v, AR S SR (1 R RE
T E BRI SER . DR R, kIR
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Fig. 1 Processes involving non-canonical proteins in cancer
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AR, BLAk, 5 B R RNA B = A 1 Ak
28 R IR S 2 5 I AR DG A5 538 %
RGP A2 . 0, circAKT3 26 i AKT3-
174aa T3 Ik AT 38 5 3 S ME A ] PDK -4 5 AKT
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0 %) 240 L P 2 O bR S B i AZ X — AL

4 DA g o R S e 1) T A S PR R T i
Sb, ARG 1 SRR A R E S R e S 12 A
HREA, B2 5 TME Ml . Kk
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Table 3 Examples of non-classical proteins involved in tumorigenesis and tumor progression
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fE. EAPIREY], ZM KRS RNA f£ 78
TR, S 5 M (228, B
HEGE AR . BN, GASS B IE B AT 3 A 31 il
A B, R I g Y ETR YT RN, SRS
KB, 7EAE/ NIRRT (NSCLC) SR 1T, ANA
MALAT! 5 & 3R 3k, 1% 43 7] 38 2ok 400 1] 44 i 4
TR0 246 2 240 6 ) B0, o P R %) S A% A e s
A, A1 ik MALATI ] EVE M AE R AP A9
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