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Supplementary Fig. 1. Correlations between D and functional payoff, translational cost or fitness

Using the same raw data as Figure 3b, d and e, the Spearman’s Correlation Coefficient p (the color
scale bar to the right) between D and the indicated metric (y axis) is calculated for data obtained in LB
media supplemented with 0-180 pg/ml gentamicin (x axis). The statistical significance for each tile is
indicated as *: P<0.1, **: P <0.05, or ***: P <0.01. The two-tailed Spearman’s Correlation
Coefficient p of the raw data (N=53), as well as the corresponding P value, are indicated. For each
strain, we performed three biological and three technical replicates. Source data are provided as a

Source Data file.
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Supplementary Fig. 2. Grouping by D of GmR strains remains unchanged if high-throughput

tRNA sequencing data are used to estimate tRNA supply

The D values of designed GmR synonymous variants were calculated with tRNA supply based on
either transcriptomic codon usage of the top 10% highly expressed genes (x axis) or tRNA transcript
abundance derived from high-throughput tRNA sequencing (y axis). The black lines indicate the
grouping, which is identical for both types of D values. Please note that each dot has up to three unique

sequences (see Supplementary Data 1). Source data are provided as a Source Data file.
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Supplementary Fig. 3. Slowed decoding as a result of GmR translation

The decoding time of each codon in endogenous E. coli genes was measured by Ribo-Seq in wildtype
and four E. coli strains expressing GmRs of different D (see Methods). The two-tailed Spearman’s
correlation coefficient between GmR’s consumption of a codon and its relative decoding time as
compared to the same codon in wildtype E. coli (y axis) is calculated for endogenous genes above a
given minimum value of translational activity (x axis) (see Methods). The data are presented as mean +

standard deviation. Source data are provided as a Source Data file.
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Supplementary Fig. 4. Fitness change upon manipulating tRNA supply

(a) A schematic illustration of the expression vector structure with (bottom) or without (top) the
additional tRNA gene argW. (b) Our model’s prediction for fitness changes following an increase in
argW supply. This is essentially same as the bottom panel of Figure 3a. (¢ and d) The relative fitness of
two GmR variants in cultures with 10, 120, and 180 pg/ml gentamicin before and after argW tRNA
overexpression, which resulted in D values change from 0.328 to 0.338 (¢) and from 0.778 to 0.632 (d).
The statistical significance of two-tailed Wilcoxon Rank Sum Tests are indicated. The rightmost bar in
d indicates no observable growth for the native strain under 180 pg/ml gentamicin. The data are
presented as mean= standard error. For each strain, we performed three biological and three technical

replicates. Source data are provided as a Source Data file.
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Supplementary Fig. 5. The optimal D for AmpR

(a) A total of 47 synonymous AmpR variants with different D values were designed, which were
categorized into three equal-sized groups of minimum (N=16), small (N=16) and large (N=15) D. (b)
The relative fitness of cells expressing different AmpR synonymous variants in LB media
supplemented with 100, 2000, or 4000 pg/ml ampicillin. The statistical significance of two-tailed
Wilcoxon Rank Sum Tests are indicated as *: P<0.1, **: P < 0.05, or ***: P < (0.01. The data are
presented as mean + standard error. For each strain, we performed three biological and three technical

replicates. Source data are provided as a Source Data file.



b 0.2
1 ]
® 1}
goo) +F mul puf g
5 §o00{ T T I
= 4 E T F
s} I}
a = 5 a.
£ < £ . %
= & = s B p=-022" ~
< X ; < .. P<0.003 =
2 8 . 2 8 ~
£0218 / §-02{52{. : ~
E & / E |z 3 g
3 £ 3 £ -
P * g E. coli s L il N S. cerevisiae
Genes subsetted 5 . _ - - Genes subsetted
01 02 03 04 05 atrandom 07T 02 03 04 05 atrandom
-04 D M by expression -0.4 D M by expression
100% 50% 30% 10% 5% 4% 3% 100% 50% 30% 10% 5% 4% 3%
Fraction of top expressed genes (top expression percentile) Fraction of top expressed genes (top expression percentile)

Supplementary Fig. 6. The effect of functional payoff on native codon usage of top expressed

endogenous genes is recapitulated by tRNA expression-based D

These panels are similar to Figure 4a-b, except that the tRNA supply (X;; in D) is estimated using
tRNA expression level instead of the codon usage of the 10% most highly expressed genes. Source data

are provided as a Source Data file.
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Supplementary Fig. 7. The correlation between D and expression for endogenous genes is

recapitulated by tRNA expression-based D

These panels are similar to Figure 5b-e, except that the tRNA supply (X;; in D) is estimated using

tRNA expression level instead of the codon usage of the 10% most highly expressed genes. Source data

are provided as a Source Data file.



[}

04

controlling for A%

-02

Partial spearman’s p (Expression ~ D)

—

04

controlling for A%

Partial spearman's p (Expression ~ D)
&

H

0 X

06

04

or

,p 4
controlling for A%

04

-0 O

02

controlling for A%

(e

(9]

o

o

E ool 06|E ol 0] E 000 0] E000 6] E 000
Genes subseted 5 Genes subsetted &5 Genes subsetted &5 Genes subsetted & Genes subseted
at random 7 7 7 at 7 atrandom
by oxpression 5 g |Mbyerprosson § g Mbresesson § | Mbveresson § g Mbyeuresson
4 2 ] 22
8= £ g2 88
sF 80 80 58
8502 & 5oz 8502 8oz
i a2 Y] i Iy} F$-4 i
Egue }Eée.o égoo }Eioo
g £ £
Lt ST LR I CEEN RN
2 g g g
& -0z 5 02 & -02 & -0z
i I ] 5 THRT T I I k] I [ 3 I I
H o W W B H o o o o o B
,_‘u‘_._‘%u,“ & o o o o oo & g & 4z N N A
0% 50% 30% EA 00% 50% 30% 10% EQ 00% 50% 3% E) 0% 50% 30% E 0% 50% 0% 10% 5% 4% 3%
Fraction of top expressed genes Fraction of top expressed genes Fraction of top expressed genes. . Fraction of top expressed genes . Fraction of top expressed genes.
(top expression percentile) g (top expression percentile) h (top expression percentile) ] (top expression percentile) J (top expression percentile)
. cervvisiae 06 . corevisize 06| S coravisiae 06 S corovisae
Genes subseted 5 Genes subsetied s Genes subsetied 5 Genes subsetied 5
t random T atrandom . ndor : atrandom '
by oxpression 5 0.41Mbyexpression 5 0.4{Mbyexpression 5 0.4]Mbyexpression H
H H H H
8 FE3 8 FE
gF o2 50 02 50 02 58
&t 3z 3% a3
a5 o5 a5 ds
S 200 200 Sgo0 3
58 52 58 §
I3 i 5
3 Ty Tg~ TT Tgo® -0 T 1T
LR BN [ T o o o o 8 e wgew
& 06 & s e s & i ? 2 3
0% 50% 0% 10% 56 4% 3 0% 50% 0% 10% 5% 4% % 0% 50% 0% 10% 56 4% % 0% 0% 0% 10% % 4% 3% 0% 50% 0% 10% 56 4% %
Fraction of top expressed genes. Fraction of top expressed genes Fraction of top expressed genes. Fraction of top expressed genes Fraction of top expressed genes.
(top expression percentile) | (top expression percentile) m (top expression percentile) n (top expression percentile) (o] (top expression percentile)
D. molanogaster 0.6 D. melanogaster 0. D. metanogaster 06 D. metanogaster 06| D melanogaster
Genes subsetted a Genes subsetted a Genes suhseﬂed a Genes subsetted a Genes. suhse
at random atrandom v atrand ' atrandom v
Wby oxoression 0.4 Wby oxpression 04 /mOY oressn 0.4 Wby expression o4 o oaression
= 2 2
43 1 55
502 502 & 5oz
i : i 2 i 1 |
- E800 58 o0 - E300 L]
| § 5
S T f T E e ,_, T T P YT TR e .
| I - B ¥ = " B R o -
W W e e 04 -04 04 -04
0% 0% 0% 10% 5% 4% % 00% 50% 30% 1% % 00% 50% 3% 10% 5% E W00% 50% 30% 10% 5% 4% 3% 0% 0% % 0% 5% 4% 3%
Fraction of top expressed genes. Fraction of top expressed genes Fraction of top expressed genes. Fraction of top expressed genes Fraction of top expressed genes.
(top expression percentile) q (top expression percentile) r (top expression percentile) S (top expression percentile) t (top expression percentile)
H.sapions H.sapiens H.sapiens H.sapiens.
Gones subsatod s Genes subsetted 5 Genes subsetted s Genes ubseted 5 Genes subsetted
T 02| Hatrandor T 02{Hatrandom T 02 T 02]Hatrandom
oy prossion by expression Mby expression By enprssin by expression
" F o 2501 2% 01
s 55 &)
2 2 & 2
g3go00 £g00 - 500 -
H , 1 8 - 8 . u
!1 - I o T 9
ks o ot o oo B o o o e B s
g 2 g =W = W W § g
e '_' L LRy Ly & o2
0% 0% 0% 10% 5% 4% % 0% 50% 30% 1% EQ 0% 50% 0% 10% 5% 4% 3% 05% 50% 30% 10% 5% 4% 3% 0% 50% 0% 10% 5% 4% 3%

Fraction of top expressed genes
(top expression percentie)

Fraction of top expressed genes
(top expression percente)

Fraction of top expressed genes
(top expression percentie)

Fraction of top expressed genes
(top expression percentle)

Fraction of top expressed genes.
(top expression percentie)

Supplementary Fig. 8. The correlation between D and expression for endogenous genes is not

confounded by base composition bias

Each column of panels is similar to Figure 5b-e, except that the Spearman’s correlation in Figure Sb-e

is replaced with partial Spearman’s correlation controlling for the percentage of Adenine (A%, in

panels a/f/k/p), Thymine (T%, in panels b/g/l/q), Guanine (G%, in panels ¢/h/m/r), Cytosine (C%, in

panels d/i/n/s) or G+C% (in panels e/j/o/t) in the sequences. Source data are provided as a Source Data

file.
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Supplementary Fig. 9. The correlation between D and expression for endogenous genes is

consistent across amino acids

Each column of panels is similar to Figure Sb-e, except that D is replaced by D;, i.e. the mismatch
between synonymous codon usage and tRNA supply within one amino acid. There are therefore 18
columns, each for one amino acid encoded by >1 synonymous codons. Source data are provided as a

Source Data file.
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Supplementary Fig. 10. The fraction of D-increasing mutations is significantly higher than

random expectation among genes with minimal D, but not among weakly expressed genes

(a) This is similar to Figure 6¢ and f, except that mutations among genes with 15% lowest D values
were analyzed. This is a positive control for Figure 6c¢ and f, demonstrating that the observation therein
is not due to insufficient statistical power. See Methods for details. (b) This is similar to panel a,
except that tRNA supply (X;; in D) is estimated using tRNA expression level instead of the codon
usage of the 10% most highly expressed genes. (c-d) These are similar to panel a-b, except that a group
of lowly expressed genes (defined as 20% least expressed genes) that matched the highly expressed
genes in Figure 6¢ and f were analyzed as a control. The number of genes, number of mutations of
each type in a gene and GC content of a gene (+15%) were matched. Source data are provided as a

Source Data file.
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Supplementary Fig. 11. More results comparing D-decreasing and D-increasing mutations

Violin plots showing the changes in D due to the mutations listed in Figure 6j. The effect size of

D-decreasing and D-increasing mutations are similar (Wilcoxon rank sum test P = 0.10). Source data
are provided as a Source Data file.
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Supplementary Fig. 12. Selective maintenance of the mismatch between endogenous gene’s codon

usage and cellular tRNA supply is recapitulated by tRNA expression-based D

These panels are similar to Figure 6c-h, except that the tRNA supply (X;; in D) is estimated using
tRNA expression level instead of the codon usage of the 10% most highly expressed genes. Source data

are provided as a Source Data file.
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Supplementary Fig. 13. Copy number of GmR genes identified by quantitative real-time PCR.

(a) The dots and error bars represent the average and standard error of the copy number of GmR genes
relative to dxs as measured by qPCR. The strains growing in LB medium supplemented with 0 pg/ml
(left panel) or 60 pg/ml (right panel) gentamicin is analyzed. The Spearman’s Rank Correlation
Coefficient (p) and corresponding P value are shown at the top left corner. For each strain, we
performed three technical replicates. (b) The partial Spearman’s correlation between D and functional
payoff/translational cost/fitness controlling for the measured plasmid copy number. (c) The abundance
of YFP mRNA in different strains, as determined by quantitative RT-PCR (see Methods), is not
correlated with codon usage of GmR. The Spearman’s Correlation Coefficient p of the raw data, as well
as the corresponding P value, are indicated. For each strain, we performed three technical replicates.

Source data are provided as a Source Data file.



Supplementary Table 1. Designed sequence of template reporter cassette

\

PUC57-GmR vector expression system: forward (-
-—RBS-GmR—linker—-—terminator) - - - inverse (-
PEGHIBIRH- R BS- Y FP-terminator) — selection marker (SHpPR)
tcgegegtttcggtgatgacggtgaaaacctetgacacatgeagetcceggagacggtcacagettgtetgtaageggatgecgggageagacaag
ccegtcagggegegtcagegggtgttggcggatatcggggctggcttaactatgeggeatcagageagattgtactgagagtgcaccagatgeggt
gtgaaataccgcacagatgegtaaggagaaaataccgeatcaggegecattcgecattcaggetgegeaactgttgggaagggcgatcggtecgg
gectettegetattacgecagetggegaaagggggatgtgctgcaaggegattaagttgggtaacgecagggttttcccagtcacgacgttgtaaaac
gacggecagtggtac IIGNONGOINGOIOAGIOCTAGCIATARIGOIAGE 2 2accacaacggtiiceetetagty
ccggctecggagagctcetttaattaagecggecgecctgcagaaataat I TTGTTTAACTTTAAGA AGGA GAtatagatatcctcte
atcctccaacggcageageggatccATGTTACGCAGCAGCAACGATGTTACGCAGCAGGGCAGTCGCCCT
AAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTAGGCTCGGCCCTGACC
AAGTCAAATCCATGCGGGCTGCTCTTGATCTTTTCGGTCGTGAGTTCGGAGACGTAGCCAC
CTACTCCCAACATCAGCCGGACTCCGATTACCTCGGGAACTTGCTCCGTAGTAAGACATTCA
TCGCGCTTGCTGCCTTCGACCAAGAAGCGGTTGTTGGCGCTCTCGCGGCTTACGTTCTGCC
CAAGTTTGAGCAGCCGCGTAGTGAGATCTATATCTATGATCTCGCAGTCTCCGGAGAGCACC
GGAGGCAGGGCATTGCCACCGCGCTCATCAATCTCCTCAAGCATGAGGCCAACGCGCTTGG
TGCTTATGTGATCTACGTGCAAGCAGATTACGGTGACGATCCCGCAGTGGCTCTCTATACAA
AGTTGGGCATACGGGAAGAAGTGATGCACTTTGATATCGACCCAAGTACCGCCACCGAAAA
CCTGTACTTCCAATCCAATATTGGTAGTGGGAGCAACGGCAGCAGCGGATCCETICANAG

>
Q
—
@)
:’é
Q
Q
@)
—
Q
Q
Q
Q
—
Q
Q
Q
>
Q
Q
(@)
—
—
—
=
(@)
>
ﬁ

atctcattggttaccttgggctatcgaaacttaatta
actgcaggAGTCAAAAGCCTCCGACCGGAGGCTTTTGACTTTAGCGGTACGTCTCCAGGTCAAC
TGCCTTGATCACCTCAACAATGTTCAAATGGTCACGGTGATCGGTGACGTCTTTAGACAGG
GTAACATGATACGTAATGTGGTGGTACTCCGGCACGTGCACCGGACCACCACCAATCGGGG
TATTCATTTGGGTGTGATCGGCAACAATGAAATCCTCTTTGGAGCCGGTGATCTCATGCATG
ATTTTGAACGCGCTCTTCAGGCCATGATTCGCTTGGTCACCCCAAATGTACAAACAATGAGG
GGTAAAGTTAAACTCCAGATTTTTGCCCAGCACGTGGCCGTCCTTCTTGAAACCCTGGCCG
TTCAGTTTTACACGGTTGTACACGCTGCCATTTTCAAAGGTGACTTCCGCACGGGTCTTGAA
CACGCCATCACCCTCAAAGGTGATGGTGCGCTCTTGGACGTAACCTTCCGGCATGCAGCTT
TTGAAGAAATCCGCAATGTGGCGCGGATACTTGGCAAAGCACTGAGCACCATACGTCAGCG
TGGTGACCAGCGTGCTCCACGGAACCGGAACGTCGCCCGTGGTACAAATGAACTGAGCAT



CCACTTTACCGACGCTCGCGTCACCGGTGCCTTCACCCTTGATGATAAACTTCATACCTTCA
ACGTCACCTTCCAGCTCAGTGATATATGGGATTTCTTTCTCGAACAGTTTTGCGCCTTCAGTC
AGTGCCGTGGCCATactagtTTTCTCCTCTTTagatc

B o 22 ccgaggtaactggcttggtgataagetgteaaaccagateaattcgeactagtetgeagacgtaaaaaaageggegtggttageeg
cttttttaattgccggagegeaataaaaaageccecggaaggtgatettcegggggctttetcatgegttgcttgtattgaaaatgggggccatgectac

tcgagggcgtaatcatggtcatagetgtttcetgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaageataaagtgtaaagect
ggggtecctaatgagtgagetaactcacattaattgegttgegeteactgecegetttccagtcgggaaacctgtegtgeccagetgceattaatgaateg
gecaacgegeggggagaggeggtttgegtattgggegetettecgcttectegetcactgactegetgegeteggtegtteggetgeggegageggt
atcagctcactcaaaggeggtaatacggttatccacagaatcaggggataacgeaggaaagaacatgtgageaaaaggecageaaaaggeeagg
aaccgtaaaaaggecgegttgetggegtttttccataggeteccgeececctgacgageatcacaaaaatcgacgetcaagtcagaggtggegaaac
ccgacaggactataaagataccaggcegtttcccectggaagetcectegtgegetetectgttcegacectgeegettaccggatacetgtecgecettt
cteecttegggaagegtggegctttetcatagetcacgetgtaggtatctcagttcggtgtaggtegttcgetecaagetgggcetgtgtgcacgaacce
ccegttcageccgaccgetgegecttatceggtaactategtettgagtccaacceggtaagacacgacttatcgecactggeageagecactggtaa
caggattagcagagcgaggtatgtaggeggtgctacagagttcttgaagtggtggectaactacggetacactagaagaacagtatttggtatctgeg
ctctgetgaagecagttaccttcggaaaaagagttggtagetettgatccggeaaacaaaccaccgetggtageggtggtttttttgtttgcaageagea
gattacgcgcagaaaaaaaggatctcaagaagatectttgatcttttctacggggtctgacgeteagtggaacgaaaactcacgttaagggattitggte

atgagattatcaaaaaggatcttcacctagatccttitaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtetgacagliaeed

actcttcctttttcaatattattgaagcatttatcagggttattgtet
catgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegeacatttccccgaaaagtgecacetgacgtctaagaaaccatt

attatcatgacattaacctataaaaataggcgtatcacgaggecctttcgte

>  PUCS7-argW-GmR  vector expression system: forward _---argW
terminator)-forward (_-RBS-GmR-linker---terminator) - - — inverse
(_-RBS-YFP-terminator) — selection marker (-)
Tegegegttteggtgatgacggtga BRINNAICOOOACOGTTIANCOAATCGACOCCOAGOCTACTIACE

CCCCTCCTAAGGGCTAATTGCAGGTTCGATTCCTGCAGGGGACACCATTTAATCCTTAGCGA

AAGCTAAGGATTTTTTTTCCTGACTGCTCAAGAACTTAcggcatcagagcagattgtactgagagtgcaccagat
geggtgtgaaataccgeacagatgegtaaggagaaaataccgeatcaggegecattcgecattcaggetgegeaactgttgggaagggegatcggt
gegggcctcettecgetattacgecagetggegaaagggggatgtgctgcaaggegattaagttgggtaacgecagggttttcccagtcacgacgttgt
aaaacgacggccagtggtaccONONGOIAGOIOAGTICCIAGGIATAATGEIAGE 2 2accacaacggtttcecte
tagtgccggcetecggagagcetcetttaattaageggecgeectgecagaaataat TTTGTTTAACTTTAAGAAGGA GAtatagatat
cctetcatccteccaacggeageageggatccATGTTACGCAGCAGCAACGATGTTACGCAGCAGGGCAGTCG
CCCTAAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTAGGCTCGGCCCT
GACCAAGTCAAATCCATGCGGGCTGCTCTTGATCTTTTCGGTCGTGAGTTCGGAGACGTAG
CCACCTACTCCCAACATCAGCCGGACTCCGATTACCTCGGGAACTTGCTCCGTAGTAAGACA



TTCATCGCGCTTGCTGCCTTCGACCAAGAAGCGGTTGTTGGCGCTCTCGCGGCTTACGTTCT
GCCCAAGTTTGAGCAGCCGCGTAGTGAGATCTATATCTATGATCTCGCAGTCTCCGGAGAGC
ACCGGAGGCAGGGCATTGCCACCGCGCTCATCAATCTCCTCAAGCATGAGGCCAACGCGCT
TGGTGCTTATGTGATCTACGTGCAAGCAGATTACGGTGACGATCCCGCAGTGGCTCTCTATA
CAAAGTTGGGCATACGGGAAGAAGTGATGCACTTTGATATCGACCCAAGTACCGCCACCGA
AAACCTGTACTTCCAATCCAATATTGGTAGTGGGAGCAACGGCAGCAGCGGATCCHNION
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atctcattggttaccttgggctatcgaaactta
attaactgcaggAGTCAAAAGCCTCCGACCGGAGGCTTTTGACTTTAGCGGTACGTCTCCAGGTC
AACTGCCTTGATCACCTCAACAATGTTCAAATGGTCACGGTGATCGGTGACGTCTTTAGAC
AGGGTAACATGATACGTAATGTGGTGGTACTCCGGCACGTGCACCGGACCACCACCAATCG
GGGTATTCATTTGGGTGTGATCGGCAACAATGAAATCCTCTTTGGAGCCGGTGATCTCATGC
ATGATTTTGAACGCGCTCTTCAGGCCATGATTCGCTTGGTCACCCCAAATGTACAAACAATG
AGGGGTAAAGTTAAACTCCAGATTTTTGCCCAGCACGTGGCCGTCCTTCTTGAAACCCTGG
CCGTTCAGTTTTACACGGTTGTACACGCTGCCATTTTCAAAGGTGACTTCCGCACGGGTCTT
GAACACGCCATCACCCTCAAAGGTGATGGTGCGCTCTTGGACGTAACCTTCCGGCATGCAG
CTTTTGAAGAAATCCGCAATGTGGCGCGGATACTTGGCAAAGCACTGAGCACCATACGTCA
GCGTGGTGACCAGCGTGCTCCACGGAACCGGAACGTCGCCCGTGGTACAAATGAACTGAG
CATCCACTTTACCGACGCTCGCGTCACCGGTGCCTTCACCCTTGATGATAAACTTCATACCT
TCAACGTCACCTTCCAGCTCAGTGATATATGGGATTTCTTTCTCGAACAGTTTTGCGCCTTCA

GTCAGTGCCGTGGCCATactagt TTTCTCCTCTTTagatc GOINGOATIGIACOIAGCGACTGAGOIA

gaaccgaggtaactggcttggtgataagetgtcaaaccagatcaattcgeactagtetgeagacgtaaaaaaageggegtggtta

gecgcttttttaattgccggagegeaataaaaaagececcggaaggtgatettccgggggcttictcatgegttgcttgtattgaaaatgggggccatg
cctactcgagggcegtaatcatggtcatagetgtttectgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaageataaagtgtaa
agcctggggtgcctaatgagtgagetaactcacattaattgegttgegeteactgecegetttccagtcgggaaacctgtegtgecagetgceattaatga
atcggccaacgegeggggagaggeggtttgcgtattgggegetettcegettectcgetcactgactegetgegeteggtegttecggetgeggegag
cggtatcagctcactcaaaggeggtaatacggttatccacagaatcaggggataacgeaggaaagaacatgtgagcaaaaggecageaaaaggcc
aggaaccgtaaaaaggecgegttgetggegtttttccataggeteccgeeceectgacgageatcacaaaaatcgacgetcaagtcagaggtggega
aacccgacaggactataaagataccaggcegtttcceectggaagetcectegtgegetetectgttcegacectgeegettaccggataccetgteege
ctttetcecttcgggaagegtggegetttctcatagetcacgetgtaggtatcteagttcggtgtaggtegticgetccaagetgggetgtgtgeacgaac
cceccgttcageecgaccgetgegecttatceggtaactategtettgagtccaacceggtaagacacgacttatcgecactggeageageeactggt
aacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggcetacactagaagaacagtatttggtatctg
cgctetgetgaagecagttacettcggaaaaagagttggtagetettgatccggeaaacaaaccaccgetggtageggtggtttttttgtitgcaageag



actcttcctttttcaatattattgaagcatttatcagggttattgte

tcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegeacatttccccgaaaagtgecacctgacgtctaagaaaccat

tattatcatgacattaacctataaaaataggcgtatcacgaggecctttcgte

PUC57-AmpR vector expression system: forward (-
-—RBS-AmpR-linker—_—terminator) - - - inverse (-
-—RBS-YFP—terminator) — selection marker (-)

tcgegegtttcggtgatgacggtgaaaacctetgacacatgeageteccggagacggtcacagettgtetgtaageggatgecgggageagacaag

ccegtcagggegegteagegggtgttggegggtgtecggggctggcttaactatgeggeatcagageagattgtactgagagtgcaccagatgeggt
gtgaaataccgcacagatgegtaaggagaaaataccgeatcaggegecattcgecattcaggetgegeaactgttgggaagggegateggtgegg

\

gectettegetattacgecagetggegaaagggggatgtgctgcaaggegattaagttgggtaacgecagggttttcccagtcacgacgttgtaaaac
gacggccathGTACC_gagaccacaacggtttccctcta

gtgceggcetecggagagcetetttaattaagecggecgecctgeagaaataattttgtttaactttaagaaggagatatagatatcctctcatectccaacgg
cagcagcggatccatgagtattcaacatttccgtgtecgeccttatteccttttttgeggcattttgecttectgtttttgetcacccagaaacgetggtgaaag
taaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacageggtaagatcettgagagttttcgecccgaagaacgtt
ttccaatgatgagceacttttaaagttctgetatgtggcgeggtattatcecegtattgacgececgggcaagageaactcggtecgecgeatacactattctcag

aatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgetgccataaccatgagtgataac




CATCACEICIAIAAAIAA A GTCAAAAGCCTCCGGTCGGAGGCTTTTGA CTCATTCC T T TART
AT
CTCATTGGTTACCTTGGGCTATCGAAACTTAATTAACTGCAGGAGTCAAAAGCCTCCGACCG
GAGGCTTTTGACTTTAGCGGTACGTCTCCAGGTCAACTGCCTTGATCACCTCAACAATGTTC
AAATGGTCACGGTGATCGGTGACGTCTTTAGACAGGGTAACATGATACGTAATGTGGTGGTA
CTCCGGCACGTGCACCGGACCACCACCAATCGGGGTATTCATTTGGGTGTGATCGGCAACA
ATGAAATCCTCTTTGGAGCCGGTGATCTCATGCATGATTTTGAACGCGCTCTTCAGGCCATG
ATTCGCTTGGTCACCCCAAATGTACAAACAATGAGGGGTAAAGTTAAACTCCAGATTTTTGC
CCAGCACGTGGCCGTCCTTCTTGAAACCCTGGCCGTTCAGTTTTACACGGTTGTACACGCT
GCCATTTTCAAAGGTGACTTCCGCACGGGTCTTGAACACGCCATCACCCTCAAAGGTGATG
GTGCGCTCTTGGACGTAACCTTCCGGCATGCAGCTTTTGAAGAAATCCGCAATGTGGCGCG
GATACTTGGCAAAGCACTGAGCACCATACGTCAGCGTGGTGACCAGCGTGCTCCACGGAA
CCGGAACGTCGCCCGTGGTACAAATGAACTGAGCATCCACTTTACCGACGCTCGCGTCACC
GGTGCCTTCACCCTTGATGATAAACTTCATACCTTCAACGTCACCTTCCAGCTCAGTGATATA
TGGGATTTCTTTCTCGAACAGTTTTGCGCCTTCAGTCAGTGCCGTGGCCATACTAGTTTTCT
CCTCTTTAGATCECIAGEATICTACCTACCACTICACETAGEORTAMAG A ACCGAGGTAACTG
GCTTGGTGATAAGCTGTCAAACCAGATCAATTCGCACTAGTCTGCAGACGTAAAAAAAGCG
GCGTGGTTAGCCGCTTTTTTAATTGCCGGAGCGCAATAAAAAAGCCCCCGGAAGGTGATCT
TCCGGGGGCTTTCTCATGCGTTGCTTGTATTGAAAATGGGGGCCATGCCTACTCGAGCATGG
TCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGG
AAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTG
CGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCC
AACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTC
GCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGG
TTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAG
GCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACG
AGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGAT
ACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACC
GGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAG
GTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTT
CAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACG
ACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGG
TGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTA
TCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAA
ACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAA

AAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTA
AATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGHGHSe8




A atacascapiateciogaceai A CTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTA
TTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGC
GCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACC
TATAAAAATAGGCGTATCACGAGGCCCTTTCGTC



Supplementary Table 2. MIC of GmR strains

Strain D of GmR MIC (pg/mL)
0.967 3 0.967 20
0.300_1 0.300 80
0.528 3 0.528 80
0.719 1 0.719 80
0.828 2 0.828 80
0.127 1 0.127 160
0.192 3 0.192 160
0.278 3 0.278 160
0.328 3 0.328 160
0.378 2 0.378 160
0.428 3 0.428 160
0.478 2 0.478 160
0.478 3 0.478 160
0.628 2 0.628 160
0.678 1 0.678 160
0.678 2 0.678 160
0.778 1 0.778 160
0.778 2 0.778 160
0.828 3 0.828 160
0.967 2 0.967 160
0.078 1 0.078 >160
0.078 2 0.078 >160
0.078 3 0.078 >160
0.127 2 0.127 >160
0.127 3 0.127 >160
0.192 1 0.192 >160
0.192 2 0.192 >160
0.228 1 0.228 >160
0.228 2 0.228 >160
0.228 3 0.228 >160
0.278 1 0.278 >160
0.278 2 0.278 >160
0.328 1 0.328 >160
0.328 2 0.328 >160
0.378 1 0.378 >160
0.378 3 0.378 >160
0.428 2 0.428 >160
0.528 1 0.528 >160
0.528 2 0.528 >160
0.578 1 0.578 >160



0.578 2
0.578 3
0.628 1
0.628 3
0.678 3
0.778 3
0.828 1
0.878 1
0.878 2
0.878 3
0.926_1
0.926 2
0.926 3

0.578
0.578
0.628
0.628
0.678
0.778
0.828
0.878
0.878
0.878
0.926
0.926
0.926

>160
>160
>160
>160
>160
>160
>160
>160
>160
>160
>160
>160
>160




Supplementary Table 3. MIC of AmpR strains

D of AmpR MIC (pg/mL)
0.4412127 >100
0.3939022 >2000
0.3939386 >2000
0.4867892 >2000
0.6256856 >2000
0.6432589 >2000
0.1520398 >4000
0.1830521 >4000
0.1891276 >4000
0.1910427 >4000
0.2123167 >4000
0.2195083 >4000
0.2554561 >4000
0.2663515 >4000
0.2668172 >4000
0.2979173 >4000
0.3219447 >4000
0.3231296 >4000
0.3555402 >4000
0.3586054 >4000
0.3668593 >4000
0.3690677 >4000
0.3968076 >4000
0.3999948 >4000
0.4086403 >4000
0.4103535 >4000
0.4113387 >4000
0.4118842 >4000
0.4138739 >4000
0.4283306 >4000
0.4313274 >4000
0.4366902 >4000
0.4489568 >4000
0.452766 >4000
0.4843855 >4000
0.5033768 >4000
0.5035456 >4000
0.5101515 >4000
0.5269234 >4000

0.5278113 >4000



0.5390567
0.5476983
0.5555651
0.5735878
0.5852674
0.6110103
0.6523893

>4000
>4000
>4000
>4000
>4000
>4000
>4000




Supplementary Table 4. Primers used

N  Names Sequence Details

0.

1 GmRn-F AGTCGCCCTAAAACAAAGTT Used for construction of
2 GmRn-R TGGATTGGAAGTACAGGTTT GmR strains

3  PUC-F AAACCTGTACTTCCAATCCA

4  PUC-R AACTTTGTTTTAGGGCGACT

1 MCRI1-F CATGAGACAATAACCCTGATAAATGCTTCAAT Used for construction of

AATATTGAAAAAGGAAGAGTatggtccagcatactcct  AmpR strains
gtg
2  MCRI-R GAGTAAACTTGGTCTGACAGtcagcggatgaatgecgg
t
PUC-F2 tcagggttattgtctcatg
PUC-R2 ctgtcagaccaagtttactc

5 AMP-F ctcatcctccaacggcagceageggatccatgagtattcaacatttcegtgt
cgcccttattcecttttttgeggcattttgecttee

6 Amp-R GATTGGAAGTACAGGTTTTCCC

7  PUC-F3 GAAAACCTGTACTTCCAATCCA

8 PUC-R3 ctgcegttggaggatgag

1 argW-F gcgtttcggtgatgacggtgaCATAAATGGCGAGGGTTT Used for construction of
AAG argW-GmR strains

2 argW-R tacaatctgcetctgatgccg TAAGTTCTTGAGCAGTCAG
G

3 PUC-F4 cggcatcagagcagattgta

4  PUC-R4 tcaccgtcatcaccgaaac

1 BlaF CTACGATACGGGAGGGCTTA Used for determining the

2  Bla-R ATAAATCTGGAGCCGGTGAG copy number of GmR

3 Dxs-F CGAGAAACTGGCGATCCTTA genes

4  Dxs-R CTTCATCAAGCGGTTTCACA

1 YFP-F CCATGATTCGCTTGGTCAC Used for determining the

2  YFP-R CTTCATCAAGCGGTTTCACA expression level of YFP

3 Dxs-F CGAGAAACTGGCGATCCTTA genes

4  Dxs-R CTTCATCAAGCGGTTTCACA




