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Supplementary Figure 1 | Validation of LuxAB reporter and engineered qtRNAs. a)
Constitutive LuxAB reporters bearing all twenty canonical amino acids show limited preference
at positive S357, with the exception of arginine which shows a five-fold reduction in
luminescence activity. S1 corresponds to the UCG serine codon and S2 corresponds to the
ACG serine codon at position S357. (n = 4 biologically independent samples except for A, K, L,
Q, TandV n =38, as well as G, P and S1 n = 16.) b) Comparison of the engineered pProk-lacO
promoter to the rhamnose operon-derived pRHA promoter. In all cases, reporter data is
normalized to an otherwise wild-type protein. (n = 4 biologically independent samples except for
pProK-lacO (-) n = 3.) Data represents the mean and standard deviation as appropriate. AU:
arbitrary units.
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Supplementary Figure 2 | Validation of LacZ library-cross-library selection and
discovered hits. a) To ensure that gtRNAs were discovered in an amino acid-specific manner,
we first nominated positions within the lacZ gene for functional selections. Functional lacZ
genes can be easily selected via plating on lactose. Degenerate (NNN) codon libraries were first
incorporated in /lacZ at all the indicated positions and plated on minimal medium plates with
either glucose (“Total”) or lactose + Bluo-Gal (“LacZ™). Functional amino acid incorporation
results in growth on minimal media plates supplemented with lactose as the sole carbon source,
and Bluo-Gal was added to confirm that colony formation was indeed dependent on LacZ. If the
sizes of the total library and the lactose-catabolizing population are similar, then the position
under investigation was deemed non-specific to a given amino acid. However, if the ratio of
LacZ+ to total cells was <1, then this indicated that only a subset of the library led to a functional
lacZ gene. This result would indicate that this position may be amino acid specific. b)
Comparison of glucose- and lactose-derived populations can be used to calculate the % LacZ
(% LacZ = LacZ*/Total *100) and the % expected LacZ* CFUs assuming complete coverage of
all 64 triplet codons. If the position under investigation is likely to be amino acid-specific, then
we would expect both values to be comparable. In cases where both values are comparable
(underlined and bold), single clone Sanger sequencing confirmed that only the cognate amino
acid was present in all blue (lactose catabolizing) colonies. ¢) Amino acid-specific positions
were used as the basis of a library-cross-library selection, wherein each lacZ position was
randomized to all possible quadruplet codons (NNNN) and each tRNA scaffold was
concomitantly randomized at the anticodon loop (NNNN). Co-transformation of both libraries
resulted in colony growth on minimal medium plates supplemented with lactose + Bluo-Gal in all
cases except N461. Single clone sequencing at the codon (/lacZ) and anticodon (qtRNA)
showed the identical sequences in most cases. The reported sequences were discovered as
anticodons (reverse complement), where red letters indicate mismatches found in the lacZ
codon. CFU: colony forming unit.



a
QRNA®Y_ /SIGFP(Y151>GGGG)

B . o o SO o = o =
oo 18 o - e
i ’ g o | L
:y 15 b - .‘\?.) 0
<l [ = 2 i ,J ; j> g
I Jlu‘u | T Ll b U Al IH‘ AL
b
QtRNAYS, . ISTGFP(Y151>AGGA)
e o e S — P 2
g 18 3 i Ao
4
e
| s

QtRNA™, __ /S{GFP(Y151>ACCA)
e e .
oo 1 [E o 2 |

o -

bue e | B
e ) Ll JJ Ml bt L)
/STGFP(Y151>CGGU)

Tl L

A
1o 0

e
Y151>UAGA)

SRR z — S =

Supplementary Figure 3 | LC-MS/MS analysis of lacZ selection-derived hits. Mass spectra
of sfGFP fragments resulting from gtRNA®Ygsac (@), GtRNAMAcea (b), GtRNA™acca (€),
qtRNAC®"csau (d), and gtRNA™ uaca () suppression of cognate quadruplet codon at Y151.
Multiple peptides were observed in some cases and are shown for completeness. Summary LC-
MS/MS results are reported in Supplementary Table 8.
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Supplementary Figure 4 | Benchmarking PACE-evolved qtRNA SPs using progressively
stringent APs. a) Schematic representation of the accessory plasmid design, wherein either AP
copy number was modified (L = wild-type RepA ~4 copies/cell; H = RepAE9 ~27 copies/cell) or
the number of quadruplet codons in plll was progressively increased. In all cases, clonal SPs
encoding the indicated engineered or evolved qtRNAs were challenged to form plaques in
S3489 cells. For each SP, the threshold for plaque formation is visualized for serine (b),
arginine (c), glutamine (d), tryptophan (e), and tyrosine (f).
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Supplementary Figure 5 | Analysis of engineered and evolved qtRNAs in bacterial RF1
knockout strains. a) Engineered and evolved UAGA-decoding qtRNAs assayed using an
endpoint fluorescence reporter assay using two RF1 knockout strains (C321.AA" and JX33?)
with one RF1+ strains (C321). In all cases, tRNAs were assayed alongside a reporter
incorporating the quadruplet codon UAGA at sfGFP position Y151. b) Extension of the sfGFP
reporter assay in JX33 and S3489 (control RF+) to all rationally engineered UAGA-decoding
gtRNAs (n = 6 biologically independent samples except for Asn, Gly, His, lle, Phe, Pro, Thr, and
Val where n = 5). In all cases, reporter data is normalized to an otherwise wild-type protein.
Data represents the mean and standard deviation as appropriate.
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Supplementary Figure 6 | Models of engineered and evolved qtRNAs. Cloverleaf models of
engineered UAGA qtRNAs and evolved variants: arginine (a), glutamine (b), serine (c),
tryptophan (d), and tyrosine (e). In all cases, the engineered UAGA codon is highlighted in gray,
and PACE-acquired mutations are highlighted in red. gtRNA®®"yaca-Evo1 was used to initiate the
experiment that produced qtRNA®®"yaca-Evo2 and qtRNAS®yaca-Evo3.
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Supplementary Figure 7 | LC-MS/MS analysis of engineered and evolved qtRNAs. Mass
spectra of the resultant sSfGFP fragments from the suppression of UAGA quadruplet codon at
sfGFP Y151 by the engineered and subsequently evolved qtRNAs: gtRNA*9aca (a-c),
qtRNA®aca (d-F), gtRNAS®yaca (g-)), GtRNA™uaca (k,1), and gtRNA™ yaca (m,n). Multiple
peptides were observed in some cases and are shown for completeness. Summary LC-MS/MS
results are reported in Supplementary Table 8.
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Supplementary Figure 8 | Analysis of gtRNA/codon specificity and crosstalk. Evolved
UAGA-qtRNAs were tested using mismatched codon reporters to assess instances of decoding
crosstalk. LuxAB reporters encoding quadruplet codons with modifications at the third position
(a-e) or fourth position (f-j) showcase absolute requirement for guanine at the third position and
preference for adenine at the fourth position. k-o) Evolved UAGA-qtRNAs continue to crosstalk
with amber (UAG) stop codons, with a moderate preference for purines at the first position of
the subsequent codon. In all cases, LuxAB reporter data is normalized to an otherwise wild-type
protein. Data represents the mean and standard deviation of 4 biologically independent samples
except for Trp-UAGA-Evo1 UAGA/UAGA/UAGC/UAGU and Tyr-UAGA-Evo1
UAAA/UAGC/UAGG/UAGU/UAG.a/UAG.g where n = 3 as well as Ser-UAGA-Evo3
UAG.g/UAG.u, Trp-UAGA-Evo1 UAG.c, and Tyr-UAGA-Evo1 UAG.c where n = 2).
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Supplementary Figure 9 | Translation using orthogonal ribosome. a) Translation of a
reporter containing a UAGA codon at either residue 357 or residue 164, in comparison to
translation of a luciferase containing UAGA codons at both locations (n = 4 biologically
independent samples). b) Using the H3 0-RBS/0-antiRBS pair (5’-AUAUGU/5’-AUGUUC),
qtRNAS*"aca-Evo1 translates UAGA quadruplet codons at both S357 and S164 more efficiently
than when using the host ribosome, especially for reporters with multiple frameshifts (n = 4
biologically independent samples except for S357/S164+tRNA-Ser-UCG where n = 2). ¢)
Orthogonal ribosomes incorporating the described RiboQ1 mutations
(U531G/U534A/A1196G/A1197G)* show comparable luminescence to the host wildtype
ribosome for quadruplet codon translation (n = 4 biologically independent samples except for
S357/S164+tRNA-Ser-UCG where n = 2). In all cases, the average wild-type (triplet) LuxAB
reporter activity is shown as a dashed line. Data represent the mean and standard deviation as
appropriate. OD optical density, AU arbitrary units.
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Supplementary Figure 10 | LC-MS/MS analysis of evolved qtRNA translating a linker
containing adjacent UAGA quadruplet codons. Mass spectra of sfGFP-linked-mCherry
fragments resulting from qgtRNAS®"aca-Evo3 (a) and qtRNA™ yaca-Evo1 (b) suppression of a
linker containing six adjacent UAGA quadruplet codons, and qtRNA®"yaca-Evo2 (c) suppression
of a linker containing five adjacent UAGA quadruplet codons. Mass spectra of the linker
fragment resulting from qtRNA*9yaca-Evo1 and gtRNA™™yaca-Evo1 were unable to be identified,
likely due to peptide hydrophobicity limiting chromatographic separation. Multiple peptides were
observed in some cases and are shown for completeness. Summary LC-MS/MS results are
reported in Supplementary Table 8.
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Supplementary Figure 11 | LC-MS/MS analysis of qtRNA translating cognate quadruplet
codons at positions throughout sfGFP. Mass spectra of sfGFP fragments resulting from
qtRNAMS,cca suppression of its cognate quadruplet codon at H148 (a), qgtRNA®Ygece
suppression of its cognate quadruplet codon at G174 (b), qtRNAS®"yaca-Evo3 suppression of its
cognate quadruplet codon at S202 (¢), and qtRNA®"cscu suppression of its cognate quadruplet
codon at E213 (d). Multiple peptides were observed in some cases and are shown for
completeness. Summary LC-MS/MS results are reported in Supplementary Table 8.
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gtRNAs were tested alongside cognate quadruplet codons at positions in sfGFP to assess
optimal plasmid copy number (in parentheses). In all cases, reporter data is normalized to an
otherwise wild-type protein. Data represents the mean and standard deviation of 8 biological
replicates.
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Supplementary Figure 13 | Quantification of multicistronic qtRNA scaffold-based
suppression. All gtRNA scaffolds were assayed against quadruplet codons introduced at
position Y151 of sfGFP. In all cases, reporter data is normalized to an otherwise wild-type
protein. Data represents the mean and standard deviation of 5 biological replicates.
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Supplementary Figure 14 | LC-MS/MS analysis of qtRNA scaffold translating quadruplet
codons at positions throughout sfGFP. Mass spectra of sfGFP fragments resulting from
qtRNA scaffold #2 (composed of qgtRNA®Ygecs, GtRNASyaca-Evo3, qtRNAC cseu, and
qtRNAMS,sca stitched together) suppression of cognate quadruplet codons at H148, G174, and
S202 (a), H148, G174, and E213 (b), H148, S202, and E213 (c), and G174, S202, and E213
(d). Multiple peptides were observed in some cases and are shown for completeness. Summary
LC-MS/MS results are reported in Supplementary Table 8.
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Supplementary Figure 15 | Amino acid incorporation analysis corresponding to
translation of three quadruplet codons in sfGFP. Amino acid composition analysis of gtRNA
scaffold #2 (composed of qtRNAGIyeeeg, qtRNASQFUAGA-EVOB, qtRNAGIUCGGu, and qtRNAHiSAGGA
stitched together) suppression of cognate quadruplet codons at H148, G174, and S202 (a),
H148, G174, and E213 (b), H148, S202, and E213 (c), and G174, S202, and E213 (d).
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Supplementary Figure 16 | LC-MS/MS analysis of qtRNA scaffold translating four
quadruplet codons at positions throughout sfGFP. Mass spectra of sfGFP fragments
resulting from qtRNA scaffold #2 (composed of gtRNA®Ysecs, GtRNAS®yaca-Evo3, gtRNA® ccau,
and qtRNA™S,cca stitched together) suppression of cognate quadruplet codons at H148, G174,
S202 and E213. Multiple peptides were observed in some cases and are shown for
completeness. Summary LC-MS/MS results are reported in Supplementary Table 8.
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Supplementary Figure 17 | Amino acid incorporation analysis corresponding to
translation of four quadruplet codons in sfGFP. Amino acid composition analysis of gtRNA
scaffold #2 (composed of qtRNAGIyGGGG, qtRNAserUAGA-EVO3, qtRNAGIUCGGu, and qtRNAHiSAGGA
stitched together) suppression of cognate quadruplet codons at H148 (a), G174 (b), S202 (c),
and E213 (d).



Class AA Gene Codon Suppressor  Suppressed Codon Source Organism Reference

Elongator Leu leuX uUuG sué UAGN Escherichia coli Moore 2000
Elongator Val valUu GUU hopR1 GUUA Escherichia coli O’Connor 1989
Elongator Val valu GUA hopR513 GUAA Escherichia coli O’Connor 1989
Elongator Gin troT UGG su7 UAGN Escherichia coli Curran 1987
Elongator Gly glyu GGG sufD GGGG Salmonella typhimurium Riddle 1973
Elongator Pro proL CCC sufB CCccC Salmonella typhimurium Sroga 1992
Elongator Gin ginw CAA sufG CAAA Salmonella typhimurium O’Connor 2002
Elongator Thr thrT ACC sufJ ACCH Salmonella typhimurium Bossi 1984
Elongator Gly SUF16 GGC suf16 GGGC Saccharomyces cerevisiae Gaber 1982

Supplementary Table 1 | Previously reported quadruplet-decoding tRNAs discovered in
bacterial isolates. Spontaneous mutations in the tRNA which expand the anticodon by 1 base
enable the decoding of quadruplet codons. Differences between the natural codon and the
suppressed quadruplet codon are shown in red. AA: amino acid.



E. coli DH10B coordinates

Class Amino Acid Gene Sequence (tRNA, anticodon) Start
Elongator A alaX -TTGGTACGTAAACGCATCGTGGGGCTATAGCTCAGCTGGGAGAGCGCTTGCATGGCATGCAAGAGGTCAGCGGTTCGATCCCGCTTAGCTCCACCAAATTTCCAACCCTCGCTGCA- 2607923
Elongator C cysT CTGAAAGGCCTGAAGAATTTGGCGCGTTAACAAAGCGGTTATGTAGCGGATTGCAAATCCGTCTAGTCCGGTTCGACTCCGGAACGCGCCTCCACTTTCTTCCCGAGCCCGGAT- 2081039
Elongator D aspU -TGGTTGTAAAAGAATTCGGTGGAGCGGTAGTTCAGTCGGTTAGAATACCTGCCTGTCACGCAGGGGGTCGCGGGTTCGAGTCCCGTCCGTTCCGCCACTTATTAAGAAGCCTCGAGT- 203012
Elongator E gtT GCGTGATAAGCAATTTTCGTGTCCCCTTCGTCTAGAGGCCCAGGACACCGCCCTITCACGGCGGTAACAGGGGTTCGAATCCCCTAGGGGACGCCACTTGCTGGTTTGTGAGTGAA. 2819251
Elongator F pheV CAGGTTTAATGCGCCCCGTTGCCCGGATAGCTCAGTCGGTAGAGCAGGGGATTGAAAATCCCCGTGTCCTTGGTTCGATTCCGAGTCCGGGCACCACTAATTCTTAAGAACCCGCCmmmmmmmmemmemmm e 3207951
Elongator G glyu -AATGCCTTACGCATCTCGAAGCGGGCGTAGTTCAATGGTAGAACGAGAGCTTCCCAAGCTCTATACGAGGGTTCGATTCCCTTCGCCCGCTCCAATTTATCTTCGCCGTAATAC—————— 3090969
Elongator H hisR GCGTAACAAGATTTGTAGTGGTGGCTATAGCTCAGTTGGTAGAGCCCTGGATTGTGATTCCAGTTGTCGTGGGTTCGAATCCCATTAGCCACCCCATTATTAGAAGTTGTGACAAT- 4079433
Elongator | ileT -ATGAGCAGTAAAACCTCTACAGGCTTGTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCGGTGGTTCAAGTCCACTCAGGCCTACCAAATTTGCACG: 4134064
Elongator K lysQ ~——CTGAATGATTAAGGCAGCATAATCCCGCAAGGGGTCGTTAGCTCAGTTGGTAGAGCAGTTGACTITTAATCAATTGGTCGCAGGTTCGAATCCTGCACGACCCACCAATGTAAAAAAGCGCCCTAAAGGCGCTTTTTTGCTATCTGCGATACTCAAAGATTCG 833361
Elongator L leux -TTTCCGCATACCTCTTCAGTGCCGAAGTGGCGAAATCGGTAGACGCAGTTGATTCAAAATCAACCGTAGAAATACGTGCCGGTTCGAGTCCGGCCTTCGGCACCAAAAGTATGTAAATAGACCTC———em 4596216
Elongator M metU CCCCAGCCATCGAAGAAACAATCTGGCTACGTAGCTCAGTTGGTTAGAGCACATCACTCATAATGATGGGGTCACAGGTTCGAATCCCGTCGTAGCCACCAAATTCTGAATGTATCGAATATGTTCGGCAAATT Cormrmmmmmmmemeeee 748579

Initiator ™ metZ GTATAGTGCGCATCCACGGACGCGGGGTGGAGCAGCCTGGTAGCTCGTCGGGCTCATAACCCGAAGGTCGTCGGTTCAAATCCGGCCCCCGCAACCAATTAAAATTTGATGAAGTAA. 3039259
Elongator N asnT ~eree—-ATTCGCCCCGTTCACACGATTCCTCTGTAGTTCAGTCGGTAGAACGGCGGACTGTTAATCCGTATGTCACTGGTTCGAGTCCAGTCAGAGGAGCCAAATTCTAAAAATTCGCTTTT- 2133561
Elongator P proK ——e—-AGTAAGATGCGCCCCGCATTCGGTGATTGGCGCAGCCTGGTAGCGCACTTCGTTCGGGACGAAGGGGTCGGAGGTTCGAATCCTCTATCACCGACCAAATTCGAAAAGCCTGCTCAA 3804312
Elongator Q ginX -ACCTTGTAAGTGCACCCAGTTGGGGTATCGCCAAGCGGTAAGGCACCGGATTCTGATTCCGGCATTCCGAGGTTCGAATCCTCGTACCCCAGCCACATTAAAAAAGCTCGCTTCG: 748225
Elongator R argQ GTAGAATAAGTTTTCCCGATGCATCCGTAGTTCAGCTGGATAGAGTACTCGGCTACGAACCGAGCGGTCGGAGGTTCGAATCCTCCCGGATGCACCATATTCTCCGTAACCTTCAGC e 2908444
Elongator s serU -ATCATGGCAACCATCTGAACGGAGAGATGCCGGAGCGGCTGAACGGACCGGTCTCGAAAACCGGAGTAGGGGCAACTCTACH " TTCAAATCCCCCTCTCTCCGCCACTTTATCAATGACTTATCTC: 2132609
Elongator T thriw CGTGAACATGTCCTTTCAGGGCCGATATAGCTCAGTTGGTAGAGCAGCGCATTCGTAATGCGAAGGTCGTAGGTTCGACTCCTATTATCGGCACCATTAAAATCAAATTGTTACGT- 236179
Elongator v valw -CCAATTGAACGCACCATCCTGCGTCCGTAGCTCAGTTGGTTAGAGCACCACCTTGACATGGTGGGGGTCGGTGGTTCGAGTCCACTCGGACGCACCAGATTTTCTTAATCTGGTCTT- 1835091
Elongator w tmpT CGCGGGTTCGAGTCCCGTCCGTTCCGCCACCCTAATTAGGGGCGTAGTTCAATTGGTAGAGCACCGGTCTCCAAAACCGGGTGTTGGGAGTTCGAGTCTCTCCGCCCCTGCCAGAAATCATCCTTAGCGAAAG: 4043863
Elongator Y tyrU -TAGTCGGCACCATCAAGTCCGGTGGGGTTCCCGAGCGGCCAAAGGGAGCAGACTGTAAATCTGCCGTCACAGACTTCGAAGGTTCGAATCCTTCCCCCACCACCAATTTCGGCCACGCGATGG 4273171

End

2607808

2080926

203128

2819136

3207836

3090856

4079548

4134170

833523

4596340

748445

3039375

2133676

3804196

748339

2908328

2132480

236294

1835207

4043995

4273293

Supplementary Table 2 | Sequences of all natural E. coli tRNA scaffolds used for qtRNA engineering. In all cases, tRNA

sequences are shown in magenta, and the anticodon is shown in purple. Flanking sequences (black) were included in vector design
to ensure efficient gtRNA maturation. All coordinates derive from E. coli DH10B genome.



Amino Acid
tRNA Anticodon

Doubling time * standard
deviation (min)

tRNAM3 ¢
QtRNAM 56
tRNAA o
qtRNAAS
QtRNA acaevor
GtRNArcaevo2
tRNAM ¢
QtRNAM" 56
tRNAMP G,
QtRNAPan
tRNASYS ¢
QtRNA®®yaca
tRNA®" 5
QtRNA" 56
GtRNA®"yaca£vor
qtRNA®"jacaevoz
tRNA®YGan
QtRNA® 56
tRNA®Y 556
QtRNA% 56
tRNA™S ¢
tRNA™ 6
tRNA" ¢
qtRNA"®sca
tRNA" 0
QtRNA" 5 ca
tRNAY® 0
AtRNAY®jaca
tRNAMeY, o
GtRNA™M s
tRNAYSY 6
QtRNAM xca
tRNA™ ¢
GtRNAP™ s 6a
tRNA" 6
QtRNA"™aca
tRNAS®" e
QtRNAS" 56
qtRNA®*jaca£vor
qtRNA®jaeaevo2
GtRNAS s £vo3
tRNA™, o
QtRNA™aca
tRNA™ 6
QtRNA™aca
GtRNA™aca 2001
tRNAY oA
QtRNA™ aga
qtRNAY yaca-£vo1
tRNAY ¢
QtRNA a6

21.7+0.3
20404
228+04
21.7+05
21.9+0.3
220+04
223143
259+4.2
20.7+0.5
23.2+41
21.0+05
220+34
248+29
21.5+0.6
234+03
21.3+0.7
245+3.7
245+ 41
220+04
249+52
21.7+05
250%4.2
216104
225+0.3
23104
235105
211106
23.0+£0.2
19.2+04
222+47
213106
25.0+4.0
244 +44
249+48
242+50
214105
20.3+23
21.7+35
20.2+22
194+04
19.8+1.2
228145
23.0+05
19.9+0.7
214115
202+15
244 +4.4
229+34
221+33
19.3+£0.2
21.2+05




Supplementary Table 3 | Doubling time analysis for all natural, engineered, and evolved
qtRNAs. All doubling time analyses used S3489 cells with tRNA expression plasmids encoding
the shown tRNA under induced conditions. Data represents the mean and standard deviation of
4 - 8 biological replicates.



AA Occupancy at sfGFP

qtRNA Mutations Position 151 (%)
GtRNAYS aca - Arg (100)
qtRNA*Yaca-Evol G44U Arg (100)

qtRNAaca-Evo2

qtRNAGmUAGA
qtRNA®" 5 ca-Evol
qtRNA®" jaca-Evo2

qtRNASEIUAGA
qtRNAS® 5 ca-Evol
qtRNAS® 5 ca-Evo2
qtRNAS® 5ca-Evo3

QtRNA™ aca
qtRNA™sca-Evol

QtRNA™ Uaca
GtRNA" " sca-Evo1

C11U, U26C, G44U

u3ic
U31C, AU45

C33A, A39C
C33A, A39C, C53U
U32G, C33A, A39C, A40C, G52A

G24A, A38U, U72C

C33A, T34C

Arg (99.9), Trp (0.1)

Gln (100)
Gln (100)
Gln (100)

Ser (100)
Ser (99.95), Asp (0.05)
Ser (99.96), Asp (0.04)
Ser (100)

Trp (5.9), GIn (81.7), Tyr (12.4)
GlIn (99.99), Tyr (0.01)

Tyr (100)
Tyr (100)

Supplementary Table 4 | Amino acid abundance at position Y151 of sfGFP in response to
UAGA quadruplet codon translation. Mutations are indicated for each variant using universal
tRNA nomenclature. AA: amino acid.



Doubling time * standard deviation (min)

tRNA # Plasmids
Uninduced Induced
qtRNA"S  5ea 1 19.4+0.6 224+0.2
qtRNA® 5o 1 20.0+0.6 196+04
QtRNAS®" 5 6a£vos 1 20.9+3.2 20.1+0.4
qtRNA® o 1 21.5+0.5 21.9+0.2
qtRNA™S . con  gtRNA®Y goss 2 19.9+0.9 272+ 1.1
qtRNA® e GtRNAS jacarvor 2 195+0.7 188+ 05
qtRNA® 556 qtRNA® o 2 21.1+0.8 20.8+0.8
qtRNA™®, coa GtRNAS® A ca.£vos 2 18.8+0.5 21.5+0.3
qtRNA™S, 56a qtRNA®" e 2 22.3+0.5 23.9+0.9
qtRNAS® acarves  GtRNA®Y ey 2 222+0.8 20.6 + 0.6
qtRNA"S s 5ca qtRNAS® acarver  GtRNA®Y ey 3 22.5+0.6 23.9+1.0
qtRNA"S . cen GtRNA® oo GtRNAS Jaca£vos 3 18.8+0.7 23.9+0.6
qtRNA™S . cen gtRNA®Y o6 qtRNA® o, 3 209+0.8 29.6+0.6
gtRNA® 5see GtRNAS jacarvos  GRNAcoqy 3 20.6+0.7 19.7+ 0.6
gtRNA"S . con gtRNA®Y oo qtRNAS acaevos  GtRNA®Y ooy 4 20.8+0.7 25.1+0.9
gtRNA™ . cen GtRNA®Y oo GtRNAS® acarvo: GtRNA®Ycoqy 1 (scaffold #2) 19.3+0.5 19.3+0.3

Supplementary Table 5 | Strain doubling time analysis. Orthogonal gtRNA expression plasmids or an engineered qtRNA scaffold
were used to quantify cellular burden under uninduced and induced conditions. Data represents the mean and standard deviation of
4 - 12 biological replicates.



tRNA
scaffold

Sequence (tRNA)

E. coli MG1655 coordinates

Start

End

ctctccctataatgcgactccacacagcgggggtgattagectcagetgggagagcacctececcttacaaggagggggtecggeggttecgateccegtcatea
cccaccaactactttatgtagtctccgecgtgtagcaagaaattgagaagtgggtgattagectcagetgggagagecaccteecttacaaggagggggte
ggcggttcgatcccgtcatcacccaccactttctcgeccagctaaatttcttgtaaaaatgtgaagtaccgaagtgggtgattagectcagetgggagage
acctcccttacaaggagggggtcggcecggttcgatccecgtcatcacccaccacttegggtecgttagetcagttggtagagcagttgacttttaatcaatt
ggtcgcaggttcgaatcctgcacgacccaccaatgtaaaaaagcgccctaaaggecgettttt

tatcaaacaaaccgaaagcaacgaaaaagtgggtcgttagctcagttggtagagcagttgacttttaatcaattggtcgcaggttcgaatcctgecacga
cccaccaatcgctaaggtggaagecggtagtaaaacgtgaaggataacgttgcatgagcaacggcccgaagggcgagacgaagtcgagtcatcectgeacyg
acccaccactaacatagttagttgtagtatccagcgtagtatcgggtgattagctcagectgggagagcacctecccttacaaggagggggteggeggtte
gatcccgtcatcacccaccaccgggtcgttagectcagttggtagagcagttgacttttaatcaattggtcgcaggttcgaatcctgcacgacccaccag
ttttaacatcgaagacagatgttaagcgtgtaggataacgttgcgtcagcaacggcccgtagggcgagegaagegagtcatectgecacgacccaccact
aatgacggtgggttcggtggaagtagtttgtagtatccagcgcagtatcgggtgattagectcagetgggagagcacctececcttacaaggagggggtegg
cggttcgatcccgtcatcacccaccactcgggtcgttagectcagttggtagagcagttgacttttaatcaattggtegcaggttcgaatecctgcacgac
ccaccagttttaacatcaaactcagatgttaagcgtgaaggataacgttgcgccagcaacggecccgtagggcgagecgaagcgagtcatcctgcacgace
caccaatcttaaagattggccccgagtaaaaatctttcaggtaacacccgtatgggtegttagetcagttggtagagcagttgacttttaatcaattgg
tcgcaggttcgaatcctgcacgacccaccaatttaaaggtggttactggtagagaacgtgaaggataacgttgecgttagcaacggcccgaagggcgaga
cgaagtcgagtcatcctgcacgacccaccatcctgaatgattaaggcagcataatcccgcaaggggtegttagectcagttggtagagcagttgactttt
aatcaattggtcgcaggttcgaatcctgcacgacccaccaatgtaaaaaagcgccctaaaggegettttt

catgtctccatagaatgcgcgctacttgatgecgacttagectcagtaggtagagcaactgacttgtaatcagtaggtcaccagttegatteccggtagte
ggcaccatcaagtccggtggggttcccgagecggeccaaagggagcagactgtaaatctgecgtcacagacttecgaaggttcgaatectteccecaccace
aatttcggccacgcgatggegtageccgagacgataagttegettaccggetecgaataaagagagettetetegatattcagtgcagaatgaaaatcag
gtagccgagttccaggatgegggcatcgtataatggctattacctcagecttccaagetgatgatgegggttegatteccegetgecegetecaagatgt
gctgatatagctcagttggtagagecgcacccttggtaagggtgaggteggcagttecgaatctgectatcagecaccacttcettttctectecectgttttt
tccttet

acgccgataaggtatcgcgaaaaaaaagatggctacgtagctcagttggttagagcacatcactcataatgatggggtcacaggttcgaatccegtegt
agccaccatctttttttgegggagtggecgaaattggtagacgcaccagatttaggttectggegeecgecaaggtgtgegagttcaagtetegecteecegea
ccattcaccagaaagcgttgtacggatggggtatcgccaagecggtaaggcaccggtttttgatacecggecatteccctggttegaatccaggtaccecage
catcttcttcgagtaagcggttcaccgcccggttattggggtatecgeccaageggtaaggcacecggtttttgatacecggcattececctggttecgaatecag
gtaccccagccatcgaagaaacaatctggctacgtagetcagttggttagagcacatcactcataatgatggggtcacaggttcgaateccegtegtage
caccaaattctgaatgtatcgaatatgttcggcaaattcaaaaccaatttgttggggtatcgeccaagecggtaaggcaccggattctgatteccggecatte
cgaggttcgaatcctcgtaccccageccaatttattcaagacgcttaccttgtaagtgcacccagttggggtatcgeccaageggtaaggcaccggattcet
gattccggcattccgaggttcgaatcctecgtaccccageccacattaaaaaagctcgettecggegagetttt

ccgtattatccaccceccgcaacggcgctaagegeccgtagetcagetggatagagegetgeecctecggaggcagaggtetcaggttegaateectgtegg
gcgcgccatttagtcccggecgettgagectgecggtggtagtaataccgegtaacaagatttgtagtggtggetatagetcagttggtagagecctggatt
gtgattccagttgtcgtgggttcgaatcccattageccaccccattattagaagttgtgacaatgecgaaggtggecggaattggtagacgegectagetteca
ggtgttagtgtccttacggacgtgggggttcaagtcccceccecectegecaccacgactttaaagaattgaactaaaaattcaaaaagcagtattteggega
gtagcgcagecttggtagegecaactggtttgggaccagtgggteggaggttegaatectetetegecgaccaattttgaaccecegetteggeggggtttt
tt

agttcttcgaagcactcgtaagaggcgtgtggtgaggtggeccgagaggctgaaggegetececectgetaagggagtatgeggtcaaaagetgcatecggg
gttcgaatcccecgectcaccgeccatttgecatcecgtagetcagectggatagagtactcggectacgaaccgagecggtecggaggttcgaatecctececggatg
caccatattctacgtactttcagcgatgaaggtatggaagaggtggcggtaataaccgcaggcaccagggaggataacgttgetttagcaacggeccga
agggcgagccgcaaggcgagtaatcctcccggatgcaccatctcttacttgatacggctttagtagecggtatcaaaaaatctgcagtaaagtaagttte
ccgatgcatccgtagctcagctggatagagtactcggctacgaaccgageggtcggaggttcgaatcctecccggatgcaccatctcttacttgatatgg
ctttagtagcggtatcaatatcagcagtaaaataaatttcccgatgcatccgtagetcagectggatagagtactcggctacgaaccgagecggtecggagg
ttcgaatcctceccggatgcaccatattctccgaaatcttcagcaatgaaggtatcgaagaggtageggaattaaccgcaggcactagggatgataacgt
tgctttagcaacggcccgaagggcgagccgcaaggcgagtaatcctcccggatgecaccatctcttaattgatatggectttagtagecggtatcaatatca
gcagtagaataagttttcccgatgcatccgtagttcagectggatagagtactcggctacgaaccgagecggtcggaggttcgaatcecctecececggatgeace
atattctccgtaaccttcagcaatgaaggta

2520901

780524

4175358

697163

3982345

2818675

2521358

781682

4175859

696400

3982841

2817754




Supplementary Table 6 | Sequences of multicisronic tRNA scaffolds. Endogenous tRNA sequences are highlighted in magenta
and flanking sequences are shown in black. All coordinates derive from E. coli MG1655 genome.



qtRNA
scaffold

Sequence (qtRNA)

cctataatgcgactccacacagcggGCGGGCGTAGTTCAATGGTAGAACGAGAGCTTCCCCAAGCTCTATACGAGGGTTCGATTCCCTTCGCCCGCTCCAacta
ctttatgtagtctccgccgtgtagcaagaaattgagaagtGGAGAGATGCCGGAGCGGCTGAACGGACCGGGATTCTAACCCCGGAGTAGGGACAACTCTACCG
GGGGTTCAAATCCCCCTCTCTCCGCCActttctcgccagctaaatttcttgtaaaaatgtgaagtaccgaagtGTCCCCTTCGTCTAGAGGCCCAGGACACCGC
CCTACCGACGGCGGTAACAGGGGTTCGAATCCCCTAGGGGACGCCACttGTGGCTATAGCTCAGTTGGTAGAGCCCTGGATTTCCTATTCCAGTTGTCGTGGGT
TCGAATCCCATTAGCCACCCCARAatgtaaaaaagcgccctaaaggcgce

tagtttgtagtatccagcgcagtatcGCGGGCGTAGTTCAATGGTAGAACGAGAGCTTCCCCAAGCTCTATACGAGGGTTCGATTCCCTTCGCCCGCTCCACctC
GGAGAGATGCCGGAGCGGCTGAACGGACCGGGATTCTAACCCCGGAGTAGGGACAACTCTACCGGGGGTTCAAATCCCCCTCTCTCCGCCAgttttaacatcaa
actcagatgttaagcgtgaaggataacgttgcgccagcaacggcccgtagggcgagcgaagcgagtcatecctgcacgacccaccaatcttaaagattggecccecg
agtaaaaatctttcaggtaacacccgtatGTCCCCTTCGTCTAGAGGCCCAGGACACCGCCCTACCGACGGCGGTAACAGGGGTTCGAATCCCCTAGGGGACGC
CAatttaaaggtggttactggtagagaacgtgaaggataacgttgcgttagcaacggcccgaagggcgagacgaagtcgagtcatcctgcacgacccaccatcece
tgaatgattaaggcagcataatcccgcaagGTGGCTATAGCTCAGTTGGTAGAGCCCTGGATTTCCTATTCCAGTTGTCGTGGGTTCGAATCCCATTAGCCACC
CCAatgtaaaaaagcgccctaaaggcgce

tctccatagaatgcgcgctacttgatGCGGGCGTAGTTCAATGGTAGAACGAGAGCTTCCCCAAGCTCTATACGAGGGTTCGATTCCCTTCGCCCGCTCCAtca
agtccGGAGAGATGCCGGAGCGGCTGAACGGACCGGGATTCTAACCCCGGAGTAGGGACAACTCTACCGGGGGTTCAAATCCCCCTCTCTCCGCCAatttcgge
cacgcgatggcgtagcccgagacgataagttcgecttaccggctcgaataaagagagecttctectecgatattcagtgcagaatgaaaatcaggtageccgagttcca
ggatGTCCCCTTCGTCTAGAGGCCCAGGACACCGCCCTACCGACGGCGGTAACAGGGGTTCGAATCCCCTAGGGGACGCCAagatgtGTGGCTATAGCTCAGTT
GGTAGAGCCCTGGATTTCCTATTCCAGTTGTCGTGGGTTCGAATCCCATTAGCCACCCCActtcttttctectececctgtttttte

ttatccaccccecgcaacggegectaaGCGGGCGTAGTTCAATGGTAGAACGAGAGCTTCCCCAAGCTCTATACGAGGGTTCGATTCCCTTCGCCCGCTCCAtctL
tttttGGAGAGATGCCGGAGCGGCTGAACGGACCGGGATTCTAACCCCGGAGTAGGGACAACTCTACCGGGGGTTCAAATCCCCCTCTCTCCGCCAttcaccag
aaagcgttgtacggaGTCCCCTTCGTCTAGAGGCCCAGGACACCGCCCTACCGACGGCGGTAACAGGGGTTCGAATCCCCTAGGGGACGCCAtcttecttecgagt
aagcggttcaccgcccggttatGTGGCTATAGCTCAGTTGGTAGAGCCCTGGATTTCCTATTCCAGTTGTCGTGGGTTCGAATCCCATTAGCCACCCCAtcgaa
gaaacaatctggctacgtag

ttatccaccccecgcaacggegectaaGCGGGCGTAGTTCAATGGTAGAACGAGAGCTTCCCCAAGCTCTATACGAGGGTTCGATTCCCTTCGCCCGCTCCAttta
gtcccggcgecttgagectgecggtggtagtaataccgecgtaacaagatttgtagtgGGAGAGATGCCGGAGCGGCTGAACGGACCGGGATTCTAACCCCGGAGTAG
GGACAACTCTACCGGGGGTTCAAATCCCCCTCTCTCCGCCAttattagaagttgtgacaatGTCCCCTTCGTCTAGAGGCCCAGGACACCGCCCTACCGACGGC
GGTAACAGGGGTTCGAATCCCCTAGGGGACGCCAcgactttaaagaattgaactaaaaattcaaaaagcagtatttGTGGCTATAGCTCAGTTGGTAGAGCCCT
GGATTTCCTATTCCAGTTGTCGTGGGTTCGAATCCCATTAGCCACCCCAattttgaaccccgecttcggecggggt

ttcgaagcactcgtaagaggcgtgt GCGGGCGTAGTTCAATGGTAGAACGAGAGCTTCCCCAAGCTCTATACGAGGGTTCGATTCCCTTCGCCCGCTCCALLLG
GAGAGATGCCGGAGCGGCTGAACGGACCGGGATTCTAACCCCGGAGTAGGGACAACTCTACCGGGGGTTCAAATCCCCCTCTCTCCGCCAtattctacgtactt
tcagcgatgaaggtatggaagaggtggcggtaataaccgcaggcaccagggaggataacgttgctttagcaacggcccgaagggcgagccgcaaggcgagtaat
cctcccggatgcaccatctcttacttgatacggctttagtagecggtatcaaaaaatctgcagtaaagtaagtttcccgatGTCCCCTTCGTCTAGAGGCCCAGG
ACACCGCCCTACCGACGGCGGTAACAGGGGTTCGAATCCCCTAGGGGACGCCAtctcttacttgatatggectttagtagecggtatcaatatcagcagtaaaata
aatttcccgatGTGGCTATAGCTCAGTTGGTAGAGCCCTGGATTTCCTATTCCAGTTGTCGTGGGTTCGAATCCCATTAGCCACCCCAtattctccgaaatett
cagcaatgaagg




Supplementary Table 7 | Sequences of multicisronic qtRNA scaffolds. All gtRNAs are visualized in magenta, with their
anticodons underlined in purple. Flanking sequences (black) were included in vector design to ensure efficient gtRNA maturation.
qtRNA order in each scaffold is as follows: gtRNA®Ysses, GtRNAS® yaca-EV03, gtRNA®cseu, then qtRNAMSAgsa



Reporter

AA abundance at

Supplementary Figure qtRNA (Position>Quadruplet respective Fragmentation sequence
Codon) position(s) (%)
K.LEYNFN(+.98)SHNVG(sub Y)ITADK.Q
. K.LEYNFNSHNVG(sub Y)ITADKQK.N
Suppl tary F 3 tRNASY fGFP (Y151>GGGG Gly (100
upplementary Figure Ja q cacs SfGFP( ) y (100) K.LEYNFNSHNVG(sub Y)ITADK.Q
K.LEYNFN(+.98)SHNVG(sub Y)ITADKQK.N
. ‘ . K.LEYN(+.98)FNSHNVH(sub Y)ITADK.Q
1 F RNAMS fGFP (Y151>AGGA His (1
Supplementary Figure 3b ot AGGA SfGFP (Y151>AGGA) is (100) K.LEYNFN(+.98)SHNVH(sub Y)I TADKQK.N
. K.LEYNFNSHNVT(sub Y)ITADK.Q
Supplementary Figure 3 tRNA™ fGFP (Y151>ACCA Thr (100
upplementary Figure 3¢ q Acea SIGFP (Y1S1>ACCA) r(100) K.LEYNFNSHNVT(sub Y)ITADKQK.N
K.LEYNFNSHNVR(sub Y).I
. K.LEYNFNSHNVE(sub Y)ITADK.Q
Supplementary Figure 3d tRNASH fGFP (Y151>CGGU)  Glu (98), Arg (2
Upplementary Figure g cee SFGFP (Y151> ) U(98). A9 (2) ¢ | EYNFNSHNVE(sub Y)ITADKQK.N
K.LEYNFN(+.98)SHNVR(sub Y).I
. K.LEYNFNSHNVYITADK.Q
Supplementary Figure 3 tRNAT fGFP (Y1515UAGA Tyr (100
upplementary Figure Sa q uAch SfGFP ( ) yr (100) K.LEYNFNSHNVYITADKQK.N
Supplementary Figure 7a GIRNAM s SIGFP (Y151>UAGA) Arg (100) Y.NFNSHNVR(sub Y)ITADKQKNGIKANF.K
Supplementary Figure 7o GtRNA*,.o-Evol  SfGFP (Y151>UAGA) Arg (100) Y.NFNSHNVR(sub Y)ITADKQKNGIKANF.K
. K.LEYNFNSHNVR(sub Y).I
Supplementary Figure 7c QtRNAAY,ca-EVO2 sfGFP (Y151>UAGA)  Arg (99.9), Trp (0.1) K.LEYNFNSHNVVV((sub Y)).I

Supplementary Figure 7d

Supplementary Figure 7e

Supplementary Figure 7f

Supplementary Figure 7g

Supplementary Figure 7h

Supplementary Figure 7i

Supplementary Figure 7j

Supplementary Figure 7k

Supplementary Figure 71

Supplementary Figure 7Tm

Supplementary Figure 7n

GtRNA®"y5ca

GtRNA®",ca-Evorl

GtRNA®" s ca-EVO2

QtRNApca

GtRNAS®",ca-Evorl

GtRNAS®" 5 ca-Evo2

qtRNAS®" s ca-Evo3

GtRNA™aca

GtRNA™ aca-Evol

QtRNA™Y aca

qtRNA™ aca-Evor

SfGFP (Y151>UAGA)

SfGFP (Y151>UAGA)

SfGFP (Y151>UAGA)

sfGFP (Y151>UAGA)

SfGFP (Y151>UAGA)

SfGFP (Y151>UAGA)

SfGFP (Y151>UAGA)

sfGFP (Y151>UAGA)

SIGFP (Y151>UAGA)

SIGFP (Y151>UAGA)

SfGFP (Y151>UAGA)

Gln (100)

Gln (100)

Gln (100)

Ser (100)

Ser (99.95), Asp
(0.05)

Ser (99.96), Asp
(0.04)

Ser (100)

Trp (5.9), GIn
(81.7), Tyr (12.4)

Gln (99.99), Tyr
(0.01)

Tyr (100)

Tyr (100)

K.LEYNFNSHNVQ(sub Y)ITADK.Q
K.LEYNFNSHNVQ(sub Y)ITADKQK.N

K.LEYNFNSHNVQ(sub Y)ITADK.Q
K.LEYNFNSHNVQ(sub Y)ITADKQK.N

K.LEYNFNSHNVQ(sub Y)ITADK.Q
K.LEYNFNSHNVQ(sub Y)ITADKQK.N

K.LEYNFNSHNVS(sub Y)ITADK.Q
K.LEYNFNSHNVS(sub Y)ITADKQK.N

K.LEYNFNSHNVD(sub Y)ITADK.Q
K.LEYNFNSHNVS(sub Y)ITADK.Q
K.LEYNFNSHNVS(sub Y)ITADKQK.N

K.LEYNFNSHNVD(sub Y)ITADK.Q
K.LEYNFNSHNVS(sub Y)ITADKQK.N
K.LEYNFNSHNVS(sub Y)ITADK.Q

K.LEYNFNSHNVS(sub Y)ITADK.Q
K.LEYNFNSHNVW(sub Y)ITADK.Q
K.LEYNFNSHNVYITADKQK.N
K.LEYNFNSHNVQ(sub Y)ITADKQK.N
K.LEYNFNSHNVQ(sub Y)ITADK.Q
K.LEYNFNSHNVQ(sub Y)ITADKQK.N
K.LEYNFNSHNVYITADKQK.N

K.LEYNFNSHNVYITADK.Q
K.LEYNFNSHNVYITADKQK.N

K.LEYNFNSHNVYITADKQK.N




Supplementary Figure

qtRNA

Reporter

(Position>Quadruplet

Codon)

AA abundance at
respective
position(s) (%)

Fragmentation sequence

STGFP-(6xUAGA-linker)-

K. TSHLNSSSSSSHASVSKGEEDNM(+15.99)AlIK.E

. Ser
Supplementary Figure 102 gIRNA™ysex-Evo3 mCherry Ser (100) K TSHLNSSSSSSHASVSKGEEDNM(+15.99)AlIKEFM(+15.99)R F
Supplementary Figure 10b  GtRNA™ga-Evo1 SfGFP'(g"CL:]’;ﬁC"'”ke”' Tyr (100) K.TSHLNYYYYYYHASVSKGEEDNM(+15.99)AlIK.E
) o SIGFP-(5xUAGA-linker)- K TSHLNQQQQQHASVSKGEEDNM(+15.99)AlIK.E
Supplementary Figure 10c  qtRNA™cs-Ev02 mCherry Gin (100) K. TSHLNQQQQQHASVSKGEEDNM(+15.99)AIIKEFM(+15.99)R.F
) o ) K.LEYNFNSHNVYITADKQK.N
Supplementary Figure 11a qtRNA™ sgea sfGFP (H148>AGGA) His (100) K.LEYNFNSHNVYITADK.Q
) RHNVEDGSVQLADH.Y
Supplementary Figure 11b tRNASY fGFP (G174>GGGG Gly (100
Upplementary Figure g 6000 SIGFP (G174 ) y (100) K.JIRHNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSVLSK.D
) N.TPIGDGPVLLPDNHYLSTQSVLSKDPNEKR.D
Supplementary Figure 11 {RNASuou-Evo3  SIGFP (S202-UAGA Ser (100
upplementary Figure 11¢ g wenEvo3 - SIGFP (S2022UAGA) er (100) N.TPIGDGPVLLPDNHYLSTQSVLSK.D
) \ K.DPNEKRDHM(+15.99)VLLEFVTAAGITHGM(+15.99)DELYK.G
Supplementary Figure 11d {RNAS fGFP (E213>CGGU Glu (100
upplementary Figure g ceeu SIGFP (E213> ) u (100) R HNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSVLSKDPNEK.R
qtRNA scaffold 2 .
"  SfGFP (H148>AGGA,  H148: His (100);
Supplementary Figure 14a (UGAESESO(;' ZTJ G174>GGGG, G174: Gly (100).  CLEYNFN(+98)SHNVYITADKQKN
* S202>UAGA) $202: Ser (100)

Supplementary Figure 14b

Supplementary Figure 14c

Supplementary Figure 14d

CGGU, His-AGGA)

qtRNA scaffold 2
(Gly-GGGG, Ser-
UAGA-Evo03, Glu-
CGGU, His-AGGA)

qtRNA scaffold 2
(Gly-GGGG, Ser-
UAGA-Evo3, Glu-
CGGU, His-AGGA)

qtRNA scaffold 2
(Gly-GGGG, Ser-
UAGA-Evo3, Glu-
CGGU. His-AGGA)

sfGFP(H148>AGGA,
G174>GGGG,
E213>CGGU)

sfGFP (H148>AGGA,
S202>UAGA,
E213>CGGU)

sfGFP (G174>GGGG,
S202>UAGA,
E213>CGGU)

H148: His (100);
G174: Gly (100);
E213: Glu (100)

H148: His (86), Arg
(14); S202: Ser
(100); E213: Glu

(100)

G174: Gly (100);
S$202: Ser (100);
E213: Glu (100)

K.IRHNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSVLSK.D

K.LEYNFNSHNVYITADK.Q

R.HNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSVLSK.D
K.DPNEKRDHMVLLEFVTAAGITHGMDELYK.G

K.LEYNFNSR(sub H).N
K LEYNFNSHNVYITADK.Q

R.HNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSVLSK.D
K.DPNEKRDHM(+15.99)VLLEFVTAAGITHGM(+15.99)DELYK.G
K.IRHNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSVLSK.D

K.DPNEKRDHM(+15.99)VLLEFVTAAGITHGM(+15.99)DELYK.G

Supplementary Figure 16

qtRNA scaffold 2
(Gly-GGGG, Ser-
UAGA-Evo3, Glu-
CGGU, His-AGGA)

sfGFP (H148>AGGA,
G174>GGGG,
S202>UAGA,
E213>CGGU)

H148: His (100);
G174: Gly (100);
S$202: Ser (100);
E213: Glu (100)

K.LEYNFNSHNVYITADKQK.N
K.LEYNFN(+.98)SHNVYITADK.Q
R.HNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSVLSKDPNEKR.D

Supplementary Table 8 | Summary LC-MS/MS results.
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