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Sequence

tRNA
Arg_TCT_4-1 GUCUCUGUGGCGCAAUGGACGAGCGCGCUGGACUUCUAAUCCAGAGGUUCCGGGUUCGAGUCCCGGCAGAGAUG
|

Asp_GTC_2-1 GGPCCUCGUUAGUA AGUGGUGAGUAUCCCCGCCUGUCACGCGGGAGACCGGGGUUCGAUUCCCCGACGGGGAGCCA
GIn_TTG_3-1 bGCCCCAUGGUG AAUGGUUAGCACUCUGGACUUUGAAUCCAGCGAUCCGAG!/UCAAAUCUCGGUGGGACCUCCA

|
Glu_TTC_4-1 GGUCCCUGGUGGUCUAGUGGCUAGGAUUCGGCGCUUUCACCGCCGCGGCCCGGG UCGAUUCCCGGUCAGGGAACCA
|

Gly_CCC_2-1 FCGCCGCUGGUG AGUGGUAUCAUGCAAGAUUCCCAUUCUUGCGACCCGGGUUCGAUUCCCGGGCGGCGCACCA
His_GTG_1-1 FsCCGUGAUCGUA AGUGGUUAGUACUCUGCGUUGUGGCCGCAGCAACCUCGG! /UCGAAUCCGAGTCACGGCACCA

Lys TTT_3-1 ‘bCCCGGAUAGCUCAGUCGGUAGAGCAUCAGACUUUUAAUCUGAGGGUCCAGGGUUCAAGUCCCUGUUCGGGCGCCA
Pro_TGG_3-1 bGCUCGUUGGUCUAGGGGUAUGAUUCUCGCUUUGGGUGCGAGAGGUCCCGGGUUCAAAUCCCGGACGAGCCCCCA
Ser_TGA_1-1 G:GCAGCGAUGGCCGAGUGGUUAAGGCGUUGGACUUGAAAUCCAAUGGGGUCUCCCCGCGCAGGUUCGAACCCUGCUCGCUGCGCCA
Val_TAC_4-1 GF‘:UUUCCGUGGUGUAGUGGUUAUCACAUUCGCCUUACACGCGAAAGGUCCUCGGGUCGAAACCGAGCGGAAACACCA
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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
(W13 orange, W27/28 blue, W39 green, Ws4 yellow, Wss 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 tRNA®Yccc. A
representative micrograph is shown (top right) together with indicated positions of the finally
selected particles (white circles); scalebar = 100 A. 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 tRNA®"yyg.
A representative micrograph is shown (top right) together with indicated positions of the finally
selected particles (white circles); scalebar = 100 A. 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 tRNAS"yyg.
A representative micrograph is shown (top right) together with indicated positions of the finally
selected particles (white circles); scalebar = 100 A. 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 tRNASYccc.
A representative micrograph is shown (top right) together with indicated positions of the finally
selected particles (white circles); scalebar = 100 A. 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.



tRNAS" unmodified

Motion correction
=—p CTF estimation
(4,331 micrographs)

Data collection
(9,001 movies)

2D classifications ” Blob picking
(2 rounds) (1,000 micrographs)

!

Template picking » 2D classifications » Template picking » 2D classifications
(1,000 micrographs) (2 rounds}) (full dataset) 3 rounds)

Topaz
training & picking
(584,640 plcks)
2D classifications
(2 rounds)

| 279,427 particles (100%)

...................

Ab-initio Q
reconstruction : ' :

(2x binned) =

.
s,
tanmmmnnns

140,396 particles 33,667 particles 105,364 particles
(50.2%) (12.1%) (37.7%)

Homogenous refinement I

...................

A 4

: ] 1
3D classification : : s
simple mode : : - %
(2x binned) : : ¢
68,863 particles 37,038 particles 34,495 particles
(24.6%) (13.3%) (12.3%)
Re-extraction (unbinned)
2D classification 109 — no mask
v — loose mask
N — tight mask
Homogenous 06
& non-uniform o s
refinement 041
(unbinned) 53 A . 53A
Rl o0 @A 1A TEA 54h 4sA a8k
(23.90/0) Resolution

Appendix Figure S6. Cryo-EM reconstruction pipeline for unmodified tRNA"yyc. A
representative micrograph is shown (top right) together with indicated positions of the finally
selected particles (white circles); scalebar = 100 A. 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 tRNA®"yyc.
A representative micrograph is shown (top right) together with indicated positions of the finally
selected particles (white circles); scalebar = 100 A. 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 tRNAA®gyc. A
representative micrograph is shown (top right) together with indicated positions of the finally
selected particles (white circles); scalebar = 100 A. 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 tRNA**gyc.
A representative micrograph is shown (top right) together with indicated positions of the finally
selected particles (white circles); scalebar = 100 A. 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 W formation on tRNAHSgyc,
tRNAYSyyy, tRNASTyga, tRNAA™cy. The reverse-transcribed ¢cDNA products were
resolved in a 15% urea gel and the CMC-Y¥Y mediated short cDNAs are indicated by double-
arrows (W13 orange, V27,28 blue, W39 green, Wss 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
tRNA®Ycee. A representative micrograph is shown (top right) together with indicated
positions of the finally selected particles (white circles); scalebar = 100 A. 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 tRNA%"yuc (A)
and tRNASYccc (B). The relative resolution scale is shown in the inset. Below each model, a
plot shows local resolution estimation for each residue. Introduced W sites are highlighted by
circles (W13 orange, W39 green, ¥'ss 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 tRNA“Yccc. The relative resolution scale is shown in the
inset. W sites are highlighted by circles (W13 orange, W39 green, Wss red). The arrows indicate

the local conformational changes. All cryo-EM maps are contoured to RMSD = 8.
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