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Appendix Figure S1. Sequences and predicted 2D structures of tRNAs used in this study. 
(A) Sequences of in vitro transcribed tRNAs. The additionally introduced Gs at 5’end of the 
sequence are shown in bold. The naturally occurred pseudouridine sites are highlighted in color 
(Ψ13 orange, Ψ27/28 blue, Ψ39 green, Ψ54 yellow, Ψ55 red). (B) Predicted 2D structures of in vitro 
transcribed tRNAs. The interaction of G19-C56 is shown with a blue line while base pairings 
in each stem are indicated. (C) A native gel showing the mobility of each tRNA. (D) A urea gel 
showing the produced tRNA quality. (E) Melting temperatures (Tm) of the produced tRNAs.  
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Appendix Figure S2. Cryo-EM reconstruction pipeline for unmodified tRNAGlyCCC. A 
representative micrograph is shown (top right) together with indicated positions of the finally 
selected particles (white circles); scalebar = 100 Å. Representative 2D classes, ab-initio classes 
and further steps of 3D refinement are shown in the bottom part of the figure. Absolute numbers 
and percentages of particles are listed and the Fourier Shell Correlation blot (FSC) blot of the 
final reconstruction, highlighting the nominal resolution at FSC=0.143.  
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Appendix Figure S3. Cryo-EM reconstruction pipeline for PUS 4/7 modified tRNAGlnUUG. 
A representative micrograph is shown (top right) together with indicated positions of the finally 
selected particles (white circles); scalebar = 100 Å. Representative 2D classes, ab-initio classes 
and further steps of 3D refinement are shown in the bottom part of the figure. Absolute numbers 
and percentages of particles are listed and the Fourier Shell Correlation blot (FSC) blot of the 
final reconstruction, highlighting the nominal resolution at FSC=0.143.  
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Appendix Figure S4. Cryo-EM reconstruction pipeline for PUS3/7 modified tRNAGlnUUG. 
A representative micrograph is shown (top right) together with indicated positions of the finally 
selected particles (white circles); scalebar = 100 Å. Representative 2D classes, ab-initio classes 
and further steps of 3D refinement are shown in the bottom part of the figure. Absolute numbers 
and percentages of particles are listed and the Fourier Shell Correlation blot (FSC) blot of the 
final reconstruction, highlighting the nominal resolution at FSC=0.143. 
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Appendix Figure S5. Cryo-EM reconstruction pipeline for PUS4/7 modified tRNAGlyCCC. 
A representative micrograph is shown (top right) together with indicated positions of the finally 
selected particles (white circles); scalebar = 100 Å. Representative 2D classes, ab-initio classes 
and further steps of 3D refinement are shown in the bottom part of the figure. Absolute numbers 
and percentages of particles are listed and the Fourier Shell Correlation blot (FSC) blot of the 
final reconstruction, highlighting the nominal resolution at FSC=0.143. 
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Appendix Figure S6. Cryo-EM reconstruction pipeline for unmodified tRNAGluUUC. A 
representative micrograph is shown (top right) together with indicated positions of the finally 
selected particles (white circles); scalebar = 100 Å. Representative 2D classes, ab-initio classes 
and further steps of 3D refinement are shown in the bottom part of the figure. Absolute numbers 
and percentages of particles are listed and the Fourier Shell Correlation blot (FSC) blot of the 
final reconstruction, highlighting the nominal resolution at FSC=0.143. 
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Appendix Figure S7. Cryo-EM reconstruction pipeline for PUS4/7 modified tRNAGluUUC. 
A representative micrograph is shown (top right) together with indicated positions of the finally 
selected particles (white circles); scalebar = 100 Å. Representative 2D classes, ab-initio classes 
and further steps of 3D refinement are shown in the bottom part of the figure. Absolute numbers 
and percentages of particles are listed and the Fourier Shell Correlation blot (FSC) blot of the 
final reconstruction, highlighting the nominal resolution at FSC=0.143. 
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Appendix Figure S8. Cryo-EM reconstruction pipeline for unmodified tRNAAspGUC. A 
representative micrograph is shown (top right) together with indicated positions of the finally 
selected particles (white circles); scalebar = 100 Å. Representative 2D classes, ab-initio classes 
and further steps of 3D refinement are shown in the bottom part of the figure. Absolute numbers 
and percentages of particles are listed and the Fourier Shell Correlation blot (FSC) blot of the 
final reconstruction, highlighting the nominal resolution at FSC=0.143. 
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Appendix Figure S9. Cryo-EM reconstruction pipeline for PUS4/7 modified tRNAAspGUC. 
A representative micrograph is shown (top right) together with indicated positions of the finally 
selected particles (white circles); scalebar = 100 Å. Representative 2D classes, ab-initio classes 
and further steps of 3D refinement are shown in the bottom part of the figure. Absolute numbers 
and percentages of particles are listed and the Fourier Shell Correlation blot (FSC) blot of the 
final reconstruction, highlighting the nominal resolution at FSC=0.143. 
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Appendix Figure S10. Detection of PUS-dependent Ψ formation on tRNAHisGUG, 
tRNALysUUU, tRNASerUGA, tRNAArgUCU. The reverse‐transcribed cDNA products were 
resolved in a 15% urea gel and the CMC‐Ψ mediated short cDNAs are indicated by double-
arrows (Ψ13 orange, Ψ27/28 blue, Ψ39 green, Ψ55 red). The signal for each primer (indicated by 
triangles) is obtained from a short exposure shown in the dash lined box. 
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Appendix Figure S11. Cryo-EM reconstruction pipeline for PUS3/4/7 modified 
tRNAGlyCCC. A representative micrograph is shown (top right) together with indicated 
positions of the finally selected particles (white circles); scalebar = 100 Å. Representative 2D 
classes, ab-initio classes and further steps of 3D refinement are shown in the bottom part of the 
figure. Absolute numbers and percentages of particles are listed and the Fourier Shell 
Correlation blot (FSC) blot of the final reconstruction, highlighting the nominal resolution at 
FSC=0.143. 
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Appendix Figure S12. Local resolution in regions around the respective modification sites 
of tRNAs. (A-B) Atomic models colored by local resolution estimations for tRNAGlnUUG (A) 
and tRNAGlyCCC (B). The relative resolution scale is shown in the inset. Below each model, a 
plot shows local resolution estimation for each residue. Introduced Ψ sites are highlighted by 
circles (Ψ13 orange, Ψ39 green, Ψ55 red). tRNA domains are as indicated: acceptor arm (AAS, 
green); T-arm (yellow); D-arm (blue); variable loop (VL, grey); anticodon arm (ASL, pink). 
(C) Local resolution estimations for tRNAGlyCCC. The relative resolution scale is shown in the 
inset. Ψ sites are highlighted by circles (Ψ13 orange, Ψ39 green, Ψ55 red).  The arrows indicate 
the local conformational changes. All cryo-EM maps are contoured to RMSD = 8. 
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