
Supporting Information 
 
Table S1: Flow cytometry labeling conditions. 

 
 
Table S2: Relative readthrough efficiency error as a percentage of the RRE magnitude for three 
reporter systems (yeast display, RFP-GFP dual-fluorescent protein reporter, sfGFP single-
fluorescent protein reporter). 

 
 
Table S3: Relative readthrough efficiency error as a percentage of the RRE magnitude for 
various dual-fluorescent protein reporters. 

 
 
  

Detection Primary label (dilution) Secondary label (dilution)

HA tag (displaying) Mouse anti-HA (1:500) Goat anti-mouse Alexa Fluor 488 (1:500)

c-Myc tag (full length) Chicken anti-CMYC (1:500) Goat anti-chicken Alexa Fluor 647 (1:500)

Detection Method LeuOmeRS + OmeY LeuOmeRS + AzF TyrOmeRS + OmeY TyrOmeRS + AzF
Yeast Display Flow Cytometry 13% 15% 17% 9.9%

RFP/GFP Flow Cytometry 5.6% 5.3% 19% 19%

GFP Flow Cytometry 10% 2.3% 16% 15%

RFP/GFP Plate Reader 20% 40% 20% 21%

GFP Plate Reader 19% 140% 22% 19%

Detection Method LeuOmeRS + OmeY LeuOmeRS + AzF TyrOmeRS + OmeY TyrOmeRS + AzF

RFP/GFP Flow Cytometry 5.6% 5.3% 19% 19%

BFP/GFP Flow Cytometry 15% 13% 7.6% 7.5%

GFP/BFP Flow Cytometry 43% 40% 32% 28%

RFP/GFP Plate Reader 20% 40% 20% 21%

BFP/GFP Plate Reader 21% 24% 23% 16%

GFP/BFP Plate Reader 37% 210% 76% 73%
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Table S4: One-way ANOVA with groupings via the Games-Howell method to evaluate the 
abilities of yeast display, RFP-GFP, and sfGFP reporters to discriminate between ncAA 
incorporation events of varying efficiencies (and wild-type controls) via flow cytometer. 

   



Table S5: One-way ANOVA with groupings via the Games-Howell method to evaluate the 
abilities of RFP-GFP, and sfGFP reporters to discriminate between ncAA incorporation events 
of varying efficiencies (and wild-type controls) via microplate reader. 

 



 
Table S6: One-way ANOVA with groupings via the Games-Howell method to evaluate the 
abilities of RFP-GFP, BFP-GFP, and GFP-BFP reporters to discriminate between ncAA 
incorporation events of varying efficiencies (and wild-type controls) via flow cytometry. 

 
  



Table S7: One-way ANOVA with groupings via the Games-Howell method to evaluate the 
reproducibility of GFP-BFP reporter performance via flow cytometry. 

    



Table S8: One-way ANOVA with groupings via the Games-Howell method to evaluate the 
abilities of RFP-GFP, BFP-GFP, and GFP-BFP reporters to discriminate between ncAA 
incorporation events of varying efficiencies (and wild-type controls) via microplate reader. 

 
 
 
 
 
  



Table S9: One-way ANOVA with groupings via the Games-Howell method to evaluate the 
extent to which BFP-GFP reporters (BXG, AltTAG, AltTAG2, AltTAG3, AltTAG4 and 2TAG) 
support statistically distinct levels of readthrough efficiency via flow cytometry. 

   



Table S10: One-way ANOVA with groupings via the Games-Howell method to evaluate the 
varying expression levels of N-terminal detection for the alternate BFP-GFP reporter (AltTAG) 
with various BY4741 single gene knockout strains via flow cytometry. 
 

   



Table S11: One-way ANOVA with groupings via the Games-Howell method to evaluate the 
varying expression levels of N-terminal detection for the BFP-GFP reporter (BXG) with various 
BY4741 single gene knockout strains via flow cytometry. 
 

  
 
 
  



Table S12: One-way ANOVA with groupings via the Games-Howell method to evaluate the 
varying expression levels of N-terminal detection for the drop-in yeast display reporter with 
various BY4741 single gene knockout strains via flow cytometry. 
 

 
  



Table S13: Primers used for cloning the various reporters. 
Primer Name Primer Sequence Intended Reaction DNA Template 

N-GFP-F GTCAAGGAGAAAAAACCCCGGATCG
AATTCCCTACTTCATACATTTTCAATT
AAGATGTCCAAGGGCGAGGAGCTCT
TTAC 

Cloning pCTCON2-
sfGFP/sfGFP151TAG and 
pCTCON2-GXB/GYB 

pCTCON2-BYG 

C-GFP-R CAGCAGCGGAGCCAGCGGATCCCAT
CTCGAGCTTATAGAGCTCATCCATGC
C 

Cloning pCTCON2-GXB/GYB pCTCON2-BYG 

N-BFP-FX ATGGGATCCGCTGGCTCCGCTGCTG
GTTCTGGCGAATAGATGAGCGAGCT
GATTAAGGAGAACATG 

Cloning pCTCON2-GXB pCTCON2-BYG 

C-BFP-R GTTACATCTACACTGTTGTTATCAGAT
CTCGAGCTATTATTAGTGGTGGTGGT
GGTGGTGATTAAGCTTGTGCCCCAGT
TTGCTAG 

Cloning pCTCON2-GXB/GYB pCTCON2-BYG 

N-BFP-FY ATGGGATCCGCTGGCTCCGCTGCTG
GTTCTGGCGAATACATGAGCGAGCTG
ATTAAGGAGAACATG 

Cloning pCTCON2-GYB pCTCON2-BYG 

mTagBFP2-F-pCT ATCGAGAATTCCCTACTTCATACATTT
TCAATTAAGATGAGCGAGCTGATTAA
GGAGAAC 

Cloning pCTCON2-BXG/BYG pBAD-mTAGBFP2 

mTagBFP2-R-pCT ATCGAGGATCCCATATTAAGCTTGTG
CCCCAGTTTGC 

Cloning pCTCON2-BXG/BYG pBAD-mTAGBFP2 

GFP-151F CTGGAGTATAATTTCAATTCCCATAAT
GTATAGATTACCGCAGATAAGCAAAA
GAATGGC 

Cloning pCTCON2-
sfGFP151TAG 

pCTCON2-BYG 

GFP-151R GCCATTCTTTTGCTTATCTGCGGTAAT
CTATACATTATGGGAATTGAAATTATA
CTCCAG 

Cloning pCTCON2-
sfGFP151TAG 

pCTCON2-BYG 

Rev-BglII-HIS GTTACATCTACACTGTTGTTATCAGAT
CTCGAGCTATTATTAGTGGTGGTGGT
GGTGGTG 

Cloning pCTCON2-
sfGFP151TAG and pCTCON2-
sfGFP 

pCTCON2-BYG 

pCTCON2-BFP-
Fwd 

TTAACGTCAAGGAGAAAAAACCCCGG
ATCG 

Amplify BFP-GFP from 
pCTCON2 construct 

pCTCON2-BXG 

pCTCON2-GFP-
Rev 

GAGCTCATCCATGCCATGAGTAATGC
CTGC 

Amplify BFP-GFP from 
pCTCON2 construct 

pCTCON2-BXG 

RCFwd_1TAG_BFP
GFP 

GCCCTTGGATGCGTATTCGCCAGAAC
CAGCAGCGGAGCCAG 
CCTATCCCATATTAAGCTT 

Amplify BFP segment with 
altTAG location 

pCTCON2-BXG 

Fwd_1TAG_BFPGF
P 

AAGCTTAATATGGGATAGGCTGGCTC
CGCTGCTGGTTCTG 
GCGAATACGCATCCAAGGGC 

Amplify GFP segment with 
altTAG location 

pCTCON2-BXG 

RCForward_AltTA
G2_BFPGFP 

GCCCTTGGATGCGTATTCGCCAGAAC
CAGCAGCCTAGCCAGCGGATCCCAT
ATTAAGCTT 

Amplify BFP segment with 
altTAG2 location 

pCTCON2-BYG 

Forward_AltTAG2_
BFPGFP 

AAGCTTAATATGGGATCCGCTGGCTA
GGCTGCTGGTTCTGGCGAATACGCAT
CCAAGGGC 

Amplify GFP segment with 
altTAG2 location 

pCTCON2-BYG 

RCForward_AltTA
G3_BFPGFP 

GCCCTTGGATGCGTATTCGCCAGAAC
CCTAAGCGGAGCCAGCGGATCCCAT
ATTAAGCTT 

Amplify BFP segment with 
altTAG3 location 

pCTCON2-BYG 

Forward_AltTAG3_
BFPGFP 

AAGCTTAATATGGGATCCGCTGGCTC
CGCTTAGGGTTCTGGCGAATACGCAT
CCAAGGGC 

Amplify GFP segment with 
altTAG3 location 

pCTCON2-BYG 

RCForward_AltTA
G4_BFPGFP 

GCCCTTGGATGCGTATTCGCCCTAAC
CAGCAGCGGAGCCAGCGGATCCCAT
ATTAAGCTT 

Amplify BFP segment with 
altTAG4 location 

pCTCON2-BYG 



Forward_AltTAG4_
BFPGFP 

AAGCTTAATATGGGATCCGCTGGCTC
CGCTGCTGGTTAGGGCGAATACGCA
TCCAAGGGC 

Amplify GFP segment with 
altTAG4 location 

pCTCON2-BYG 

RCFwd_2TAG_BFP
GFP 

GCCCTTGGATGCCTATTCGCCAGAAC
CAGCAGCGGAGCCAGCCTATCCCAT
ATTAAGCTT 

Amplify BFP segment with 
2TAG location 

pCTCON2-BXG 

Fwd_2TAG_BFPGF
P 

AAGCTTAATATGGGATAGGCTGGCTC
CGCTGCTGGTTCTGGCGAATAGGCAT
CCAAGGGC 

Amplify GFP segment with 
2TAG location 

pCTCON2-BXG 

pCTCON2-XbaI-
fwd-Gibson 

AGCTGGAGCTCCACCGCGGTGGCGG
CCGCTCTAGAGCTGGTACCAATTCCT
TGAATTTTC 

Amplify reporter from pCTCON2 
vector to pRS416 vector 

pCTCON2-BXG-altTAG, 
pCTCON2-BXG 

Gibson SalI Rev GCGAATTGGGTACCGGGCCCCCCCT
CGAGGTCGACCGAATTGGAGCTCAAT
TCTCTTAGG 

Amplify reporter from pCTCON2 
vector to pRS416 vector 

pCTCON2-BXG-altTAG, 
pCTCON2-BXG 

L1TAGfwd GCGGTAGCGGAGGCGGAGGGTCGG
CTAGCTAGATACAGATGACTCAAAGT
CCCAGTTCACTA 

Used to introduce a TAG codon 
on the L1 position 

pRS416-Aga1p-
FAPB2.3.6 

L1TAGrev TAGTGAACTGGGACTTTGAGTCATCT
GTATCTAGCTAGCCGACCCTCCGCCT
CCGCTACCGC 

Used to introduce a TAG codon 
on the L1 position 

pRS416-Aga1p-
FAPB2.3.6 

Aga1p-G2957A-
FWD 

ACCATTGATGAAGTTTGGTATTGTATG
GAGATTGAAGTAGT 
GGAAACTTCTGTAGTGGT 

Used to fix mutation in Aga1p 
for the WT constructs 

pRS416-Aga1p-
FAPB2.3.6 

Aga1p-G2957A-
REV 

TACCACTACAGAAGTTTCCACTACTTC
AATCTCCATACAATAC 
CAAACTTCATCAATGGT 

Used to fix mutation in Aga1p 
for the WT constructs 

pRS416-Aga1p-
FAPB2.3.6 

1-DROPIN-Rv3 AACCCTCACTAAAGGGAACAAAAGCT
GGGTACCTTAACTGAAAATTACATTG
CAAGCAAC 

Used to amplify Aga1p from YIP 
sHRPa-Aga1p 

YIP sHRPa-Aga1p 

2-DROPIN-Fv3 AATATTGCCTTGGCATCTGATCCAGA
AACGATTCTAGTGACGATAACCAAGA
CAAACGAT 

Used to amplify Aga1p from YIP 
sHRPa-Aga1p 

YIP sHRPa-Aga1p 

3-DROPIN-Rv3 ATCGTTTGTCTTGGTTATCGTCACTAG
AATCGTTTCTGGATCAGATGCCAAGG
CAATATT 

Used to amplify the region 
between GAL1-10 and Aga1p 
overlap in pCTCON2 

pCTCON2 

4-DROPIN-Fv3 AAAGTAAGAATTTTTGAAAATTCAATA
TAAATGACATTATCTTTCGCTCATTTT
ACCTAC 

Used to amplify the region 
between GAL1-10 and Aga1p 
overlap in pCTCON2 

pCTCON2 

pRS416Aga1pXbaI
JSFwd 

GCTGGAGCTCCACCGCGGTGGCGGC
CGCTCTAGAGGTACCTTAACTGAAAA
TTACATTGC 

Updated primer from KpnI 
forward for Aga1p cloning in 
pRS416 

pCTCON2-Aga1p-
FAPB2.3.6 

Con2seqfwd GTTCCAGACTACGCTCTGCAG Used to amplify FAPB2.3.6 and 
FAPB2.3.6L1TAG for cloning 
into pCTCON2-Aga1p 

pCTCON2-FAPB2.3.6 
and pCTCON2-
FAPB2.3.6L1TAG 

Con2seqrev GATTTTGTTACATCTACACTGTT Used to amplify FAPB2.3.6 and 
FAPB2.3.6L1TAG for cloning 
into pCTCON2-Aga1p 

pCTCON2-FAPB2.3.6 
and pCTCON2-
FAPB2.3.6L1TAG 

 
  



 
 
 

 
 
Fig. S1: Comparison of measurements of ncAA incorporation between two different flow 
cytometers (LSR-II and Attune NxT). Yeast display and BFP-GFP fluorescent reporter 
calculations of (A) relative readthrough efficiency (RRE) and (B) maximum misincorporation 
frequency (MMF) with four orthogonal translation system-ncAA combinations run on both the 
LSR-II and Attune NxT. Cells from the same induced cultures were run on each instrument in 
these experiments. For a summary of statistical analyses comparing the datasets obtained on 
the different instruments, see Table S13. 
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Fig. S2: Reporter performance comparison. Quantification of ncAA incorporation efficiency for 
four orthogonal translation system-ncAA combinations performed with yeast display, a RFP-
GFP dual-fluorescent protein reporter, and a sfGFP single-fluorescent protein reporter. 
Performance was evaluated with an alternative analysis method using the median fluorescence 
intensity of the gated single cell population (see Materials and Methods for details). The 
condition denoted by absence of ncAAs and a TAG codon is the wild-type reporter construct 
induced in the absence of ncAAs. 
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Fig. S3: Reporter performance comparison. Quantification of ncAA incorporation efficiency for 
four orthogonal translation system-ncAA combinations performed with yeast display, a RFP-
GFP dual-fluorescent protein reporter, and a sfGFP single-fluorescent protein reporter. 
Performance was evaluated with an alternative analysis method using the median fluorescence 
intensity of reporter-expressing cells with background subtraction. The condition denoted by 
absence of ncAAs and a TAG codon is the wild-type reporter construct induced in the absence 
of ncAAs. 
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Fig. S4: Reporter performance comparison. Quantification of ncAA incorporation efficiency for 
four orthogonal translation system-ncAA combinations performed with yeast display, a RFP-
GFP dual-fluorescent protein reporter, and a sfGFP single-fluorescent protein reporter. 
Performance was evaluated with an alternative analysis method using the median fluorescence 
intensity of reporter-expressing cells with background subtraction and normalization to the 
median fluorescence intensity of the cells expressing the wild-type construct induced in the 
absence of ncAAs (see Materials and Methods for details). 
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Fig. S5: Reporter performance comparison. Measurement of reporter expression level (either 
yeast display or a RFP-GFP dual-fluorescent protein reporter) with an alternative analysis 
method using the median fluorescence intensity of the cell population exhibiting above-
background reporter expression. The condition denoted by absence of ncAAs and a TAG codon 
is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S6: Reporter performance comparison. Quantification of ncAA incorporation efficiency for 
four orthogonal translation system-ncAA combinations performed with yeast display, a RFP-
GFP dual-fluorescent protein reporter, and a sfGFP single-fluorescent protein reporter. 
Performance was evaluated with an alternative analysis method using the mean fluorescence 
intensity of the single cell population. The condition denoted by absence of ncAAs and a TAG 
codon is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S7: Reporter performance comparison. Quantification of ncAA incorporation efficiency for 
four orthogonal translation system-ncAA combinations performed with yeast display, a RFP-
GFP dual-fluorescent protein reporter, and a sfGFP single-fluorescent protein reporter. 
Performance was evaluated with an alternative analysis method using the mean fluorescence 
intensity of reporter-expressing cells with background subtraction. The condition denoted by 
absence of ncAAs and a TAG codon is the wild-type reporter construct induced in the absence 
of ncAAs. 
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Fig. S8: Reporter performance comparison. Quantification of ncAA incorporation efficiency for 
four orthogonal translation system-ncAA combinations performed with yeast display, a RFP-
GFP dual-fluorescent protein reporter, and a sfGFP single-fluorescent protein reporter. 
Performance was evaluated with an alternative analysis method using the mean fluorescence 
intensity of reporter-expressing cells with background subtraction and normalized to the mean 
fluorescence intensity of the cells expressing the wild-type construct induced in the absence of 
ncAAs.  
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Fig. S9: Reporter performance comparison. Quantification of ncAA incorporation efficiency for 
four orthogonal translation system-ncAA combinations performed with a RFP-GFP dual-
fluorescent protein reporter, and a sfGFP single-fluorescent protein reporter and analyzed on a 
microplate reader. Performance was evaluated with an alternative analysis method using 
sample fluorescence normalized to sample OD600. The condition denoted by absence of ncAAs 
and a TAG codon is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S10: Reporter performance comparison. Quantification of ncAA incorporation efficiency for 
four orthogonal translation system-ncAA combinations performed with a RFP-GFP dual-
fluorescent protein reporter, and a sfGFP single-fluorescent protein reporter and analyzed on a 
microplate reader. Performance was evaluated with an alternative analysis method using 
sample fluorescence normalized to sample OD600 and followed by background subtraction to 
account for cellular autofluorescence. The condition denoted by absence of ncAAs and a TAG 
codon is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S11: Reporter performance comparison. Quantification of ncAA incorporation efficiency for 
four orthogonal translation system-ncAA combinations performed with a RFP-GFP dual-
fluorescent reporter, and a sfGFP single-fluorescent reporter. Performance was evaluated with 
an alternative analysis method using sample fluorescence normalized to sample OD600 with 
background subtraction and normalization to the cells expressing the wild-type reporter (also 
OD600 normalized) induced in the absence of ncAAs. 
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Figure S12: Conventional yeast display (YD) versus drop-in yeast display (DI-YD). 
Quantification of ncAA incorporation efficiency and fidelity for conventional display (in RJY100) 
and drop-in display (in multiple DTRP1 strains) in a pCTCON2 vector. 
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Figure S13: Evaluation of ncAA incorporation events in a series of single-gene knockout strains 
using two dual-fluorescent protein reporters and a drop-in yeast display (DI-YD) reporter. (A) 
Measurements of ncAA incorporation efficiency and fidelity in BY4741 and six single-gene 
knockouts of BY4741 using the BXG BFP-GFP reporter in a pRS416 (URA3 marker) plasmid 
backbone. (B) Measurements of ncAA incorporation efficiency and fidelity in BY4741 and six 
single-gene knockouts of BY4741 using the drop-in yeast display reporter in a pRS416 (URA3 
marker) plasmid backbone. (C) Complete set of ncAA incorporation measurements for efficiency 
and fidelity using the Alt-TAG BFP-GFP reporter, BXG BFP-GFP reporter, and drop-in yeast 
display reporter in pRS416 (URA marker) plasmid backbones. All conditions reported here were 
evaluated with end point measurements in biological triplicate. The statistical analyses for these 
data can be found in Tables S7-S12. 
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Fig. S14: Alternate analysis of BY4741 and six single-gene knockout strains using the Alt-TAG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated with median fluorescence intensity using single cell population analysis 
as described in Materials and Methods Section 2.11. The condition denoted by absence of 
ncAAs and a TAG codon is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S15: Alternate analysis of BY4741 and six single-gene knockout strains using the Alt-TAG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated using the median fluorescence intensity of reporter-expressing cells 
with background subtraction as described in Materials and Methods Section 2.11. The condition 
denoted by absence of ncAA and TAG codon is the wild-type reporter construct induced in the 
absence of ncAAs. 
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Fig. S16: Alternate analysis of BY4741 and six single-gene knockout strains using the Alt-TAG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated using the median fluorescence intensity of reporter-expressing cells 
with background subtraction and normalized to expression levels of cells expressing the wild-
type reporter induced in the absence of ncAAs. 
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Fig. S17: Measurement of reporter expression level in BY4741 and six single-gene knockout 
strains containing Alt-TAG BFP-GFP using the median fluorescence intensity of the cell 
population exhibiting above-background reporter expression. The condition denoted by absence 
of ncAAs and a TAG codon is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S18: Alternate analysis of BY4741 and six single-gene knockout strains using the Alt-TAG 
BFP-GFP dual-fluorescent protein reporter. Performance was evaluated using the mean 
fluorescence intensity of the single cell population. The condition denoted by absence of ncAAs 
and a TAG codon is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S19: Alternate analysis of BY4741 and six single-gene knockout strains using the Alt-TAG 
BFP-GFP dual-fluorescent protein reporter. Performance was evaluated using the mean 
fluorescence intensity of reporter-expressing cells with background subtraction. The condition 
denoted by absence of ncAAs and a TAG codon is the wild-type reporter construct induced in 
the absence of ncAAs. 
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Fig. S20: Alternate analysis of BY4741 and six single-gene knockout strains using the Alt-TAG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated using the mean fluorescence intensity of reporter-expressing cells with 
background subtraction and normalized to mean expression levels of cells expressing the wild-
type reporter induced in the absence of ncAAs. 
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Fig. S21: Alternate analysis of BY4741 and six single-gene knockout strains using the BXG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated with median fluorescence intensity using single cell population analysis 
as described in Materials and Methods Section 2.11. The condition denoted by absence of 
ncAAs and a TAG codon is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S22: Alternate analysis of BY4741 and six single-gene knockout strains using the BXG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated with median fluorescence intensity using reporter-expressing cells with 
background subtraction. The condition denoted by absence of ncAAs and a TAG codon is the 
wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S23: Alternate analysis of BY4741 and six single-gene knockout strains using the BXG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated using the median fluorescence intensity of reporter-expressing cells 
with background subtraction and normalized to expression levels of cells expressing the wild-
type reporter induced in the absence of ncAAs. 
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Fig. S24: Measurement of reporter expression level in BY4741 and six single-gene knockout 
strains containing BXG BFP-GFP using the median fluorescence intensity of the cell population 
exhibiting above-background reporter expression. The condition denoted by absence of ncAAs 
and a TAG codon is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S25: Alternate analysis of BY4741 and six single-gene knockout strains using the BXG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated with mean fluorescence intensity using single cell population analysis 
as described in Materials and Methods Section 2.11. The condition denoted by absence of 
ncAAs and a TAG codon is the wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S26: Alternate analysis of BY4741 and six single-gene knockout strains using the BXG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated with mean fluorescence intensity using reporter-expressing cells with 
background subtraction. The condition denoted by absence of ncAAs and a TAG codon is the 
wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S27: Alternate analysis of BY4741 and six single-gene knockout strains using the BXG 
BFP-GFP dual-fluorescent protein reporter. Measurements for the efficiency of ncAA 
incorporation calculated using the mean fluorescence intensity of reporter-expressing cells with 
background subtraction and normalized to mean expression levels of cells expressing the wild-
type reporter induced in the absence of ncAAs. 
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Fig. S28: Alternate analysis of BY4741 and six single-gene knockout strains using the drop-in 
yeast display reporter. Measurements for the efficiency of ncAA incorporation calculated with 
median fluorescence intensity using single cell population analysis as described in Materials 
and Methods Section 2.11. The condition denoted by absence of ncAAs and a TAG codon is the 
wild-type reporter construct induced in the absence of ncAAs. 
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Fig. S29: Alternate analysis of BY4741 and six single-gene knockout strains using the drop-in 
yeast display reporter. Measurements for the efficiency of ncAA incorporation calculated with 
median fluorescence intensity of reporter-expressing cells with background subtraction. The 
condition denoted by absence of ncAAs and a TAG codon is the wild-type reporter construct 
induced in the absence of ncAAs. 
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Fig. S30: Alternate analysis of BY4741 and six single-gene knockout strains using the drop-in 
yeast display reporter. Measurements for the efficiency of ncAA incorporation calculated using 
the median fluorescence intensity of reporter-expressing cells with background subtraction and 
normalized to expression levels of cells expressing the wild-type reporter induced in the 
absence of ncAAs.  
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Fig. S31: Measurement of reporter expression level in BY4741 and six single-gene knockout 
strains containing the drop-in yeast display reporter using the median fluorescence intensity of 
the cell population exhibiting above-background reporter expression. The condition denoted by 
absence of ncAAs and a TAG codon is the wild-type reporter construct induced in the absence 
of ncAAs. 
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Fig. S32: Alternate analysis of BY4741 and six single-gene knockout strains using the drop-in 
yeast display reporter. Measurements for the efficiency of ncAA incorporation calculated with 
mean fluorescence intensity using single cell population analysis. The condition denoted by 
absence of ncAAs and a TAG codon is the wild-type reporter construct induced in the absence 
of ncAAs. 
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Fig. S33: Alternate analysis of BY4741 and six single-gene knockout strains using the drop-in 
yeast display reporter. Measurements for the efficiency of ncAA incorporation calculated with 
mean fluorescence intensity using reporter-expressing cells with background subtraction. The 
condition denoted by absence of ncAAs and a TAG codon is the wild-type reporter construct 
induced in the absence of ncAAs. 
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Fig. S34: Alternate analysis of BY4741 and six single-gene knockout strains using the drop-in 
yeast display reporter. Measurements for the efficiency of ncAA incorporation calculated using 
the mean fluorescence intensity of reporter-expressing cells with background subtraction and 
normalized to expression levels of cells expressing the wild-type reporter in the absence of 
ncAAs. 
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