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Abstract: Small open reading frames (sORFs) are ubiquitous in the genomes of living
organisms, which are generally not fully annotated and studied due to their short length and
difficulty in detection of their encoded small proteins (also termed microproteins or
miniproteins). With the advancement of high-throughput sequencing, translatomics and mass
spectrometry, increasing sSORFs have been identified in different living organisms. At the same
time, specific bioinformatic tools have also contribute to the mining of sORFs. Small proteins
encoded by sORFs as well as translational regulation mediated by sORFs have been applied in
medicinal development and exploration of mechanisms underlying plant disease resistance.
However, the studies and applications of sSORFs in microorganisms remain limited. This review
summarizes the latest progress in the identification of small proteins encoded by sORFs, the
annotation of upstream open reading frames (UORFs), as well as uORF-mediated regulation on
mRNA translation. In particular, we reviewed the identification and functional analysis of
sORFs in microbial genomes, especially budding yeast and filamentous fungi. This review
provides a basis for understanding the function and mechanism of sORFs, as well as studies on
microproteins and translation regulation in other organisms including plans and animals.
Keywords: small open reading frames (sORFs); small proteins (microproteins); upstream open
reading frames (uORFs); translational regulation; Microbial genomes
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Figure 1 Classification of sORFs based on their localization on transcripts and classification by their

post-translational functions. uORF: Upstream sORF; dORF: Downstream sORF; CD-sORF: Coding

sequence-sORF.
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Figure 2 High-throughput screening methods for sORFs via multiple omics techniques.
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Table 1 Examples of small proteins encoded by sORFs in Saccharomyces cerevisiae

Function Gene name Systematic name Length (amino acids) References
Aiding in chromosome segregation DAD3 YBR233W-A 94 [48]
Thermos-sensitivity smORF2 YBLO71W-A 82 [53]
Resistance to dehydration STF2 YGRO008C 84 [54]
Resistance to high sugar and alcohol concentrations EGO4 YNRO34W-A 98 [56]
ER to Golgi transport YoS1 YERO74W 87 [57]
Pseudouridylation and processing of pre-18S rRNA NOPI10 YHRO72W 58 [58]
Mitochondrial protein required for outer membrane MIM?2 YLRO99W-A 87 [59]
protein import

Potentially function in the secretory pathway KSHI YNLO024C-A 72 [60]
Splicing and for assembly of SF3b SF3 YNLI38W-A 85 [61]
DNA damage and growth TSC3 YBRO58C-A 80 [62]
Subunit of the mitochondrial inner membrane peptidase SOM1 YELO59C-A 74 [63]
Cytochrome oxidase assembly factor Cc0A42 YPL189C-A 68 [64]
Phospholipid-binding hydrophilin SIP18 YMRI175W 79 [65]
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