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How to characterise 
not annotated but functional 

RNA structures?
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A form of recoding= programmed exceptions to the genetic code

1 mRNA

2 protein isoforms

Stop Codon Readthrough (SCR)
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main ORF second ORF

AUG 1st stop 2nd stop
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Annotated stop codon

Gene 2
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SCR is very abundant in insects



We study stop codon readthrough (SCR) in insects

● SCR is particularly abundant in insects

● What is the role of SCR in biological processes?

● In which genes and which tissues is SCR activated?

● What sequence elements are responsible for it?
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How we detect SCR in ribosome profiling data? 
Pipeline 1 - manual selection
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The landscape of Drosophila SCR 

● We detect 1052 genes with SCR (up to 3250 with relaxed 
criteria)

● Includes SCR genes detected by conservation + others

● SCR is gene specific and tissue/dev.stage specific

Heatmap legend
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The SCR landscape

split this slide in multiple slides to have pseudo 
animation, add highlight/transparency

Heatmap legend

● For others, SCR is present any 
time the gene is expressed:

● For some genes, SCR is activated 
in specific tissues/dev.stages:

 These depend on SCR factors?



Classification of SCR events
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Ribo-Seq +     Conservation +

Ribo-Seq -      Conservation +

Ribo-Seq +     Conservation -

Ribo-Seq -      Conservation -  non SCR

Accidental or young SCR

Functional SCR undetected

Functional SCR

SCR detected by:
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Example of functional structure in 3UTR

TGA

A form of recoding= programmed exceptions to the genetic code

SECIS

Selenocysteine



Whole Genome 
Alignment of 

23 drosophilas

Conserved RNA structures in SCR genes

main ORF second ORF
AUG

Evolutionary conserved 
RNA structure elements

RNAz

main ORF second ORF
AUG
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simplify, less text: just put RNAz in bottom right
spell out WGA. The whole point: We use evolutionary 
methods to detect functional RNA structures, meaning: 
conserved in Drosophilas



SCR genes have more conserved RNA structures, 
located in the 3' UTR near the stop
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recycle color legend from previous slide.
Add blue plot from next slide. Point: maybe RNA structures 
are responsible for SCR. There's more, located close to 
stop and/or 3UTR

Ribo-seq -
Cons - 

Ribo-seq +
Cons - 

Ribo-seq -
Cons + 

Ribo-seq +
Cons + 



Localisation of
 the structure

SCR genes have more conserved RNA structures, 
located in the 3' UTR near the stop
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recycle color legend from previous slide.
Add blue plot from next slide. Point: maybe RNA structures 
are responsible for SCR. There's more, located close to 
stop and/or 3UTR
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How we assay SCR 
stimulator sequences

Katushka2s  eGFP

XXX*

T2AT2A

 TGATAAA  TTC

* TAAA - frameshift
* TTC - no stop codon
* TGA - WT stop codon of Tj gene

= 31%= 100%= 0%

Karki et al. Rodnina, 2022



gene4

gene3 gene1

gene7
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Tj_TGA

We discover new SCR candidates!

SCR rate = log10(GFP)
log10(Katushka2s)

  gene2

SCR rate
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Genes RNA structures Mechanism

● ~200 genes ● ~400 
structures

● tRNAsup
● Rfam
● sequence similarity



S2 cells

Ongoing: 
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Pooled screening of SCR stimulators

genomic 
integration
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If we can not assign 
RNA structure to any known ones, 

can we try to group them based on the 
structure?
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How to compare structures?

RNAalifold prediction

Alignment

Infernal model building. cmbuild

Infernal model calibration. cmcalibrate

Infernal structure search. cmsearch

database of structures

Use score to cluster 
structures
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Infernal score

SECIS 
elements
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Tj_TGATj_TAAA Tj_TTC

Our candidates exhibit SCR in mammalian cells

gene1 gene3

Hek293, 
transfection

gene2



Conclusions

● Both programmed and accidental SCR are abundant in insects  

● The landscape of SCR shows gene and tissue/dev.stage specificity

● We found RNA structures sufficient for SCR stimulation
○ some SCR stimulators work autonomously
○ others require unknown cell-specific machinery

● Insect SCR is an essential layer of gene regulation, and a potential 
asset for biotechnology
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