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How to characterise
not annotated but functional
RNA structures?



Stop Codon Readthrough (SCR)

A form of recoding= programmed exceptions to the genetic code
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dmel_aa

No Change
Synonymous
Conservative
Radical

Ochre Stop Codon
Amber Stop Codon
Opal Stop Codon
In-frame ATG
Indel
Frame-shifted

HRSGY Y * L GRTFYYTNTFEFSTILUHTCYRTTCFS
dme CAC CGC AGT GGT TAC TAT TGA TTG GGG CGC TTT TAT TAT ACT AAT TTC AGT TTA CAC TGT TAC AGA ACT TGC TTC AGC
dbia CAT CGC AGT GGE TAC TAT TGA [ - - - IXEl§ TTT TAT TAT (€8] AAT TTC ACT TTA CAC TCT TAG AAA TTA CGT TTC AGC
dana YN ccc BGE BGE TAC TAT TAA [SR] [N] - -C EFT T -AT iR -AT TTC AGT TTA AT T6T TAC ¥ %" i7Ni 77 /3N

dbip (8 CGC AGE GGT TAC TAT TGA 1] TAG - -C TTT TAT TAT [f&i] Y] T7C AGE T7A EAT TGT T.

dele W8I E6T AT GGT TAC TAT [l [ TA- --- -TT TAA TGT TTT --- TTG GGT TTA CAG TGrGAAWTAATGTTTTTrr
dkik ™8I CGC AGT GGT AT TAT TGA [l GGG - -C TTT TAT T-T TTT -AT TTCAGT TT- --- ---MM.TGACGCATT

dtak [¥8I CGC AGT GGT TAC TAT TAA [fé GGG |8 TTT TAT TAT CCA -AT T7c [X&) T7A EAT (@] ~AC AAA TAT TEC CTE 6G6C
dpse [N €6A AcT G&E TAC TAT TGA [N GGG [WN] TTT TAT TAT CCA -AT TTC [§Rj TTA CAT CTT -AC AAA CAT TCA ETC GGC
dwil CAT CGC AGT GGT TAC TAT TGA ATC GTG GAC TTT TAT TAT CCA -AT T7c [Ji] T7A [N SR JY6 ¥ (@i T6A

dmoj [¥§] CGC AGT GGT TAC TAT TGAATG 1A ——CTTTATTT————XXXXTTCTTA————————————————AT
dalb MCGCAGTGGTTACTATTGAEM--CTTTATTT.. e
dgri GAT €66 AGT GGT TACTAG TGA e oee loen ne s TAATEECACTT- -GAAAA TTT TACATT ATT

A
Annotated stop codon
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dmel_aa

No Change
Synonymous
Conservative
Radical

Ochre Stop Codon
Amber Stop Codon
Opal Stop Codon
In-frame ATG
Indel
Frame-shifted
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dbia CAT CGC AGT GGE TAC TAT TGA [ - - - IXEl§ TTT TAT TAT (€8] AAT TTC ACT TTA CAC TCT TAG AAA TTA CGT TTC AGC
dana YN ccc BGE BGE TAC TAT TAA [SR] [N] - -C EFT T -AT iR -AT TTC AGT TTA AT T6T TAC ¥ %" i7Ni 77 /3N

dbip (8 CGC AGE GGT TAC TAT TGA 1] TAG - -C TTT TAT TAT [f&i] Y] T7C AGE T7A EAT TGT T.

dele W8I E6T AT GGT TAC TAT [l [ TA- --- -TT TAA TGT TTT --- TTG GGT TTA CAG TGrGAAWTAATGTTTTTrr
dkik ™8I CGC AGT GGT AT TAT TGA [l GGG - -C TTT TAT T-T TTT -AT TTCAGT TT- --- ---MM.TGACGCATT

dtak [¥8I CGC AGT GGT TAC TAT TAA [fé GGG |8 TTT TAT TAT CCA -AT T7c [X&) T7A EAT (@] ~AC AAA TAT TEC CTE 6G6C
dpse [N €6A AcT G&E TAC TAT TGA [N GGG [WN] TTT TAT TAT CCA -AT TTC [§Rj TTA CAT CTT -AC AAA CAT TCA ETC GGC
dwil CAT CGC AGT GGT TAC TAT TGA ATC GTG GAC TTT TAT TAT CCA -AT T7c [Ji] T7A [N SR JY6 ¥ (@i T6A

dmoj [¥§] CGC AGT GGT TAC TAT TGAATG 1A ——CTTTATTT————XXXXTTCTTA————————————————AT
dalb MCGCAGTGGTTACTATTGAEM--CTTTATTT.. e
dgri GAT €66 AGT GGT TACTAG TGA e oee loen ne s TAATEECACTT- -GAAAA TTT TACATT ATT

dmnel aa A P L A H M * EMA S A Y G A AG S SV SV S P P L

dmel GCG CCG CTG GCA CAC ATG TGA GAA ATG GCC AGC GCC TAT GGA GCA GCA GGC TCC AGT GTG AGC GTT TCG CCT CCACTG
dbia GCG CCG CTG GCA CAC ATG TGA GAA ATG GCC AGC GCC A€ GGA GCA GCA GGC TCC AGT [dag AGC GG TCG [6EE ccA CTG
dana GEA EEA cTG GET CAC ATG TGA GAA ATG GCC AGC GCC TAT GGA GCA GC- --C [dda FET GTG AGC GTE TCG CCG CcA TTA
dbip GEA EEA cTG GEE CAC ATG TGA GAA ATG GCC AGC GCC TAT GGA GCA GC- --C GTG AGC GTE TCG CCG CCACTG
dele GCG EEA CTG GCA AT ATG TGA GAA ATG GCC AGC GCC TAT GGA GCA GCA GGC TCC AGT GTG AGC GTA TCG [66E CCA CTG
dkik GEA cCG CTG GEE EAT ATG TGA GAA ATG GCC AGC GCC TAT GGA GCA GC- --C Tcc /X&) GTG AGC GTT TG €EG ECG FT6
dtak GCG CCG CTG GCA CAC ATG TGA GAA ATG GCC AGC GCC TAT GGA GCA [l GGC TCC AGT GTG AGC GTA TCG [6EE CCA CTG
dpse GCG CCG CTG GCA EAT ATG TGA GAA ATG GCC AGC GCC TAT GGA GCA GCA [dfds A IY&j TG AGC GTT TCG €6 cCA

dwil GET EEE cTG GCA EAT ATG TGA GAA ATG GCC AGC GCC B GGA === === === == -== === Acc [qyE ¥ ECG EC6 ¥

dmoj GCG CCG CTG GCA AT ATG TGA GAA ATG GCC AGC GCC TAT GGA GCA GEC [cfea GTT €T TG A-- --- -CG ECG ECq
dalb GCG GEE ETA GCA CAC ATG TGA GAA ATG GCC AGC GCC TAT GGA GEE GEC [Sfals GCC [FEE o7 [T 6TG TcG EEG EC6

dgri GCG €€ CTG GCA CAC ATG TGA GAA ATG GCC AGC GCC TAT GGA GEE GEE §ie TC- GEC GECA-- --- CCGCCG

A
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SCR is very abundant in insects
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We study stop codon readthrough (SCR) in insects

e SCRis particularly abundant in insects
e What is the role of SCR in biological processes?
e |n which genes and which tissues is SCR activated?

e What sequence elements are responsible for it?



How we detect SCR in ribosome profiling data?

Pipeline 1 - manual selection
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How we detect SCR in ribosome profiling data?

Pipeline 1 - manual selection

Ribosome mRNA
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The landscape of Drosophila SCR

Sample_category Heatmap legend
bodies mid_embryo
o early_embryo oocyte y SCR & expression detected
B heads ovaries Expression detected
M larvae pupae Not detected

" late_embryo [ S2 cells

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

e Includes SCR genes detected by conservation + others

e SCRis gene specific and tissue/dev.stage specific
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The SCR landscape

Heatmap legend

SCR & expression detected
Expression detected

Not detected

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

I

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

_

These depend on SCR factors?
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Classification of SCR events

SCR detected by:

Ribo-Seq + | Conservation +

Ribo-Seq -  Conservation +

Ribo-Seq + Conservation -

Ribo-Seq - | Conservation -

Functional SCR

non SCR
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Example of functional structure in 3UTR

A form of recoding= programmed exceptions to the genetic code
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Conserved RNA structures in SCR genes
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% of genes with
conserved RNA structures

SCR genes have more conserved RNA structures,
located in the 3' UTR near the stop
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% of genes with
conserved RNA structures

SCR genes have more conserved RNA structures,
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* TAAA - frameshift
*TTC - no stop codon
* TGA - WT stop codon of Tj gene
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How we assay SCR
X)j(i stimulator sequences
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We discover new SCR candidates!
SCR rate
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Genes

e ~200 genes

RNA structures

e ~400
structures

Mechanism

o tRNA_
e Rfam
e sequence similarity
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Ongoing:
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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?

Alignment

RNAalifold prediction

Infernal model building. cmbuild
Infernal model calibration. cmcalibrate

Infernal structure search. cmsearch

database of structures

~

Use score to cluster
structures
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Our candidates exhibit SCR in mammalian cells
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Conclusions

e Both programmed and accidental SCR are abundant in insects
e The landscape of SCR shows gene and tissue/dev.stage specificity
e \We found RNA structures sufficient for SCR stimulation

o some SCR stimulators work autonomously

o others require unknown cell-specific machinery

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