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Supplemental Materials 

Fig. S1. SAGE cycle workflow and timeline. Example SAGE cycle workflow for an organism that forms visible colonies 
overnight. The same steps are taken for slower growing organisms, but with extended time for cultivation. *Competent cell 
preparation methods will vary from organism to organism.  



Fig. S2. Plasmid maps of replicating plasmids used in this study. Both (A) pJE354 and (B) pEYF2K contain the widely utilized 
broad host-range pBBR1 origin that enables autonomous replication in many Gram-negative bacterial hosts. (A) pJE354 is a 
derivative of pBTL-2(80) that contains a constitutive Ptac:mNeonGreen fluorescent protein reporter cassette, as well as the 
kanamycin resistance selection marker aph-I. (B) pEYF2K is a derivative of pBBR-MCS-2, contains a different kanamycin 
resistance marker than pJE354 (npt-II – of note, this is the same marker used in all KanR SAGE plasmids), a constitutive 
PJ23150:mKate2 fluorescent reporter cassette, an origin of transfer that enables conjugative transfer with the RK2/RP4 mobilization 
systems, and a lacZa fragment for blue-white screening when cloning.  



Fig. S3. FC31-integrase mediated excision of ‘target’ plasmid backbones enables selection marker recycling. (A) 
Diagram of the genome of JE4621 with pGW60 integrated at the Bxb1 attB site. (B) Diagram of pGW60 plasmid backbone 
excision using a temperature sensitive (ts) helper plasmid to deliver FC31-integrase. Colony PCR primers are indicated by 
arrows and red numbers. (C-D) Colony PCR validation of ts plasmid loss (C) and pGW60 plasmid backbone excision (D) 
following overnight cultivation of apramycin-resistant colonies at 34 °C. 



Fig. S4. Development of a conditionally-replicating plasmid for broad use in Pseudomonads. (A) Graphic diagram of 
the temperature-sensitive pGW26 plasmid and an initial assay for determining its sensitivity to replication at 34 °C in 
Pseudomonas fluorescens SBW25. pGW26 contains a pUC origin for high copy replication in E. coli, an aac gene for 
selection with apramycin in E. coli and Pseudomonads, and a temperature-sensitive Pseudomonad-specific origin of 
replication mSFts1. (B) Graphic diagram of a plasmid stability assay to determine the stability of pGW26 under growth without 
selection at temperatures that are ‘permissive’ and ‘non-permissive’ for plasmid replication. SBW25 containing pGW26 was 
cultivated with apramycin selection at 25 °C, and subsequently subcultured in selective or non-selective liquid medium at 
three temperatures. Each resulting culture was evaluated for total culture viability (cell viability with no apramycin) or plasmid 
maintenance (cell viability with apramycin) at each of the three temperatures. No growth was observed in subculture in 
selective medium at 34 °C so it is not included in the subsequent plasmid maintenance assay. (C) Charts displaying results 
of plasmid stability assay. Gray bars indicate viable cells per mL in each culture, and colored bars indicate viable cells with 
apramycin selection (i.e., cells hosting plasmid). Dots represent individual samples. Error bars represent the two-sided 
standard deviation in four biological replicates.  



Fig. S5. The SAGE toolkit plasmid set. We have developed a series of modular plasmids that can either be used directly to perform SAGE 
or that can be readily modified to address host-specific needs. Shown above are maps of these plasmids with the exception of poly-attP 
plasmids other than (A) pJE1818 (e.g., pGW60 in Fig 2c). This toolkit includes a modular collection of single attP ‘target’ plasmids, each which 
contains either the nptII (kanamycin resistance) marker (B) alone (pJH204-212) or (C) in combination with sacB for sucrose counter-selection 
(pJE1828-1836). Each component of the attP plasmids (e.g., selection marker, attP site, E. coli origin, cargo insertion site) is designed to be 
modular and is flanked by unique restriction sites to allow easy replacement of components, or for addition of genetic elements (e.g., oriT 
sequences for conjugation). The ‘cargo’ region in each plasmid is flanked by a pair of double rho-independent terminators (indicated by ‘T’ 
symbols) and contains several unique restriction sites – including a pair of BbsI recognition sites that are compatible with Golden Gate cloning. 
Additional terminator sequences insulate neighboring genomic DNA from plasmid cargo expression. Each attP plasmid contains a pair of 
FC31 attP / attB sites (TT att site variants) for plasmid backbone excision. (D) Plasmid pJE990 is a related plasmid that is designed to be 
used as a fluorescent reporter plasmid, with sites for modular integration and replacement of promoter (multiple), ribosomal binding site 
(NdeI/AflII), terminator sequences (XbaI/NotI), or reporter gene with any gene of interest (NdeI/XbaI)(68). Recombinase expression plasmids 
are available as both (E) suicide (non-replicating) and (F) mSFts1-based (temperature-sensitive Pseudomonas origin) plasmids. In addition to 
the reporter plasmids generated in this study, additional pJE990-based reporter plasmids containing the commonly used tac and T7 promoter 
(variants)(67), or the far-red fluorescent protein mKate2 are also currently available (31, 68). (G-I) Tables of plasmids described above. We 
anticipate that these tools and future expansions of the SAGE genetic toolkit will be broadly useful for genetic manipulation across the entire 
bacterial domain.  



Fig. S6. PCR validation of P. fluorescens strains generated by performing 3 consecutive SAGE cycles. (A) Map of the poly-attB cassette 
in P. fluorescens JE5117 – a derivative of P. fluorescens JE4621 generated by performing two cycles of plasmid integration and backbone 
excision with plasmids pJE1286 (mNeonGreen) and pJE1992 (mKate2). The binding location of primers for screening integration into 
each attB site are indicated by colored arrows and bind in 40 nt randomly generated DNA sequences that intersperse each of the attB sites. 
(B) Gel electrophoresis analysis of PCR products generated by amplification of 9 attB sites in both JE5117 and 7 of its derivatives. Each
derivative was generated by integration of an additional attP target plasmid at one of the remaining unused attB sites in JE5117. Primer sets
1F/1R and 6F/6R were used to screen for the mNeonGreen and mKate2 expression constructs found in the JE5117 chromosome at the Bxb1
and R4 attB sites, respectively. The sizes (kb) of select bands from the NEB 1 kb DNA ladder are indicated next to each image.



 Fig. S7. Transient expression of ɸC31 integrase with pGW30 excises the attP-plasmid backbone and enables 
selection marker recycling. (A-B) Colony PCR validation of plasmid backbone excision in sucrose-resistant (A) P.
fluorescens JE4621 and (B) R. palustris JE4632-based strains following incubation on sucrose-containing medium. Primer 
binding sites indicated in Fig 3. Expected band sizes are as follows: JE4866 (4741 bp), JE4866 with backbone excision (1152 
bp), JE4855 with backbone excision (1375 bp). Control PCR with JE4855 parent strain can be observed in Figure 3C, which 
was performed concurrently with these colony PCR reactions. 



Fig. S8. SAGE enables stable expression of heterologous genes in the absence of selection. Flow cytometry measurements of 
fluorescence in populations of R. palustris CGA009 containing either no heterologous expression construct (Parent Strain) or a non-replicating 
mNeonGreen expression vector that has been chromosomally integrated at the indicated attB site by the corresponding recombinase. Starter 
cultures except for the Parent Strain were cultivated in medium containing 200 µg/mL kanamycin sulfate. Passages were cultivated without 
antibiotic, each inoculated with a 128-fold dilution of its precursor culture (Starter -> Passage 1 -> Passage 2) to enable 7 generations of 
exponential growth per passage. The x-axis indicates the relative fluorescence of each cell. The y-axis represents the abundance of cells in 
the population with a given relative fluorescence value (RFU).  



Fig. S9. Stable maintenance of multi-cycle SAGE constructs containing two backbone excision sites. Flow cytometry measurements 
of mNeonGreen (x-axis) and mKate2 (y-axis) fluorescence in populations of P. fluorescens SBW25 containing either no heterologous 
expression construct (JE4621) or a dual-fluorescent mNeonGreen and mKate2 expression strain (JE5117) generated by successive SAGE 
cycles using recombinases Bxb1 and R4, respectively. JE5117 fluorescence shown at passage 1 (10 generations) and passage 10 (100 
generations). Full multi-passage fluorescence results for JE5117 shown in Table S4. 



Fig. S10. Flow cytometry evaluation of promoter strength distribution for pLibrary replicating in E. coli and for the five SAGE 
integrated promoter libraries. Background autofluorescence of wild-type R. palustris (CGA009), P. fluorescens (SBW25), and R. jostii 
(RHA1) are shown for reference. The y-axis represents the abundance of cells in the population with a given relative fluorescence value (RFU). 



Fig. S11. Consistent promoters.  Charts displaying the mean relative transcriptional activity for consistent (5’UTR and condition 
insensitive) promoters in each SAGE bacterial host. Error bars represent two-sided standard deviation of between 36-80 (SBW25), 
27-60 (TBS10, Gpo1, RHA1), or 18-40 (CGA009) samples (see source data file and Data 1 for exact numbers of replicates for 
each promoter).



Fig. S12. Evaluating consistency between microtiter plate reader experiments and RTP for Pseudomonas fluorescens 
SBW25. (A) Promoter performance for a subset of pLibrary promoters in microtiter plate growth assays during growth from various 
nitrogen sources. Error bars represent two-sided standard deviations in three replicates. Relative promoter strength is calculated 
by comparing mean RFU/OD600 values across all nitrogen sources, normalized to JEb2. (B) Correlation between relative 
expression levels determined by RTP (y-axis) and fluorescent protein reporter assay (x-axis) for the set of promoters used in panel 
a. Linear equation and coefficient of determination (box inset) as determined by Pearson correlation.



Fig. S13. Scatter plots comparing relative transcriptional activity of promoters between organisms. Scatter plot of data 
used to perform Pearson correlation and the linear equation and coefficient of determination generated using Pearson correlation. 
All charts generated using data set that includes all promoters regardless of their consistency. Data used to generate this figure is 
located in data file D1.  



Table S1. Strains and Plasmids used in this study. 

Name Relevant Genotype Source 

Strains 

NEB 5-alpha 
F'Iq 

Escherichia coli F´ proA+B+ lacIq ∆(lacZ)M15 zzf::Tn10 (TetR) / 
fhuA2∆(argF-lacZ)U169 phoA glnV44 Φ80Δ(lacZ)M15 
gyrA96 recA1 relA1 endA1 thi-1 hsdR17 

New 
England 
Biolabs 

Epi400 

Escherichia coli F- mcrA Δ(mrr-hsdRMS-mcrBC) 
Φ80dlacZΔM15 ΔlacX74 recA1 endA1 araD139 Δ(ara, 
leu)7697 galU galK λ- rpsL (StrR) nupG trfA tonA pcnB4 dhfr Lucigen 

QP15 

Escherichia coli  proA+B+ lacIq ∆(lacZ)M15 zzf::Tn10 (TetR) / 
mcrA Δ(mrr-hsdRMS-mcrBC) Φ80dlacZΔM15 ΔlacX74 recA1 
endA1 araD139 Δ(ara, leu)7697 galU galK λ- rpsL (StrR) 
nupG trfA tonA pcnB4 dhfr 

(68) 

SBW25 Pseudomonas fluorescens SBW25 (50) 

CGA009 Rhodopseudomonas palustris CGA009 (51) 

TBS10 Pseudomonas frederiksbergensis TBS10 this work 

Gpo1 Pseudomonas putida (oleovorans) Gpo1 (52) 

RHA1 Rhodococcus jostii RHA1 (53) 

JE4621 P. fluorescens SBW25 ampC:10x poly-attB this work 

JE4632 R. palustris CGA009 ∆RPA1300:10x poly-attB this work 

JE5029 P. putida Gpo1 attTn5:nptII:10x poly-attB:attTn5 this work 

JE5035 P. putida Gpo1 attTn5:10x poly-attB:attTn5 this work 

JE5031 P. frederiksbergensis TBS10 attTn5:nptII:10x poly-attB:attTn5 this work 

JE5041 P. frederiksbergensis TBS10 attTn5:10x poly-attB:attTn5 this work 

JE4689 P. fluorescens JE4621 attLBxb1:pGW60: attRBxb1 this work 

JE4866 P. fluorescens JE4621 attLBxb1:pJE1818: attRBxb1 this work 

JE4885 R. palustris JE4632 attLBxb1:pJE1818: attRBxb1 this work 

JE4763 P. fluorescens JE4621 attLBxb1:pJE1045: attRBxb1 this work 

JE4768 P. fluorescens JE4621 attLBxb1:pJE1281: attRBxb1 this work 

JE4770 P. fluorescens JE4621 attLBxb1:pJE1283: attRBxb1 this work 

JE4771 P. fluorescens JE4621 attLBxb1:pJE1284:attRBxb1 this work 

JE4772 P. fluorescens JE4621 attLBxb1:pJE1285:attRBxb1 this work 

JE4773 P. fluorescens JE4621 attLBxb1:pJE1286:attRBxb1 this work 

JE5117 
P. fluorescens JE4621 attLBxb1:PJEa3:mNeonGreen:attRBxb1 
attLR4:Ptac:mKate2:attRR4 

this work  

JE4670 E. coli QP15 + pLibrary this work 

AG5879 R. jostii RHA1_RS20555::10x poly-attB this work 

Plasmids 

pK18sB pUC origin, nptII, sacB (81) 

pJQ200SK p15a origin, sacB, gentR, mob (61) 

pJE354 pBBR1 origin, aphI, Ptac:mNeonGreen this work 

pEYF2K pBBR1 origin, nptII, mKate2, mob, lacZalpha this work 

pJE1610 pJQ200SK ∆RPA1300::10x poly-attB this work 



pJE1700 pK18sB ampC(PFLU3467):10x poly-attB this work 

pK18mobsacB pUC origin, nptII, sacB, oriT (30) 

pGW26 pUC origin, mSFts1, aac (AprR) this work 

pGW13 pGW26 Ptac:Bxb1 integrase this work 

pGW14 pGW26 Ptac:ɸBT1 integrase this work 

pGW16 pGW26 Ptac:ɸC1 integrase this work 

pGW17 pGW26 Ptac:A118 integrase this work 

pGW18 pGW26 Ptac:MR11 integrase this work 

pGW20 pGW26 Ptac:ɸ370 integrase this work 

pGW21 pGW26 Ptac:RV integrase this work 

pGW22 pGW26 Ptac:TG1 integrase this work 

pGW23 pGW26 Ptac:R4 integrase this work 

pGW24 pGW26 Ptac:BL3 integrase this work 

pGW30 pGW26 Ptac:ɸC31 integrase this work 

pGW31 pGW26 Ptac:Bxb1 integrase ∆mSFts1 this work 

pGW32 pGW26 Ptac:RV integrase ∆mSFts1 this work 

pGW33 pGW26 Ptac:ɸBT1 integrase ∆mSFts1 this work 

pGW34 pGW26 Ptac:ɸC1 integrase ∆mSFts1 this work 

pGW35 pGW26 Ptac:A118 integrase ∆mSFts1 this work 

pGW36 pGW26 Ptac:MR11 integrase ∆mSFts1 this work 

pGW37 pGW26 Ptac:ɸ370 integrase ∆mSFts1 this work 

pGW38 pGW26 Ptac:TG1 integrase ∆mSFts1 this work 

pGW39 pGW26 Ptac:R4 integrase ∆mSFts1 this work 

pGW40 pGW26 Ptac:BL3 integrase ∆mSFts1 this work 

pJE1817 pGW26 Ptac:ɸC31 integrase ∆mSFts1 this work 

pJE990 pUC origin, nptII, mNeonGreen (promoterless), Bxb1 attP (31) 

pLibrary pJE990 Plibrary:mNeonGreen this work 

pGW60 pJE990 Ptac-mod:mNeonGreen, 10x poly-attP cassette this work 

pJH204 pUC origin, nptII, Bxb1 attP this work 

pJH205 pUC origin, nptII, RV attP this work 

pJH206 pUC origin, nptII, ɸ370 attP this work 

pJH207 pUC origin, nptII, R4 attP this work 

pJH208 pUC origin, nptII, ɸBT1 attP this work 

pJH209 pUC origin, nptII, MR11 attP this work 

pJH210 pUC origin, nptII, TG1 attP this work 

pJH211 pUC origin, nptII, BL3 attP this work 

pJH212 pUC origin, nptII, A118 attP this work 

pJE1828 pUC origin, nptII-sacB, Bxb1 attP this work 

pJE1829 pUC origin, nptII-sacB, RV attP this work 

pJE1830 pUC origin, nptII-sacB, ɸ370 attP this work 

pJE1831 pUC origin, nptII-sacB, R4 attP this work 

pJE1832 pUC origin, nptII-sacB, ɸBT1 attP this work 

pJE1833 pUC origin, nptII-sacB, MR11 attP this work 



pJE1834 pUC origin, nptII-sacB, TG1 attP this work 

pJE1835 pUC origin, nptII-sacB, BL3 attP this work 

pJE1836 pUC origin, nptII-sacB, A118 attP this work 

pJE1045 pJE990 Ptac-mod:mNeonGreen (68) 

pJE1281 pJE990 PJEa1:mNeonGreen this work 

pJE1283 pJE990 PJEb2:mNeonGreen this work 

pJE1284 pJE990 PJEa2:mNeonGreen this work 

pJE1285 pJE990 PJEc3:mNeonGreen this work 

pJE1286 pJE990 PJEa3:mNeonGreen this work 

pJE1818 pJE990 Ptac-mod:mNeonGreen, 10x poly-attP cassette, sacB this work 

pGW28 pUC origin, nptII, 10x poly-attP cassette this work 

pGW63 pUC origin, aacC1 (gentR), 10x poly-attP cassette this work 

pJE1866 
pUC origin, aacC1 (gentR), 10x poly-attP cassette 
PJEa3:mNeonGreen this work 

pJE1854 pTwist_Amp_HC with EZ-Tn5-aac-attB cassette this work 

pJE1855 pTwist_Amp_HC with EZ-Tn5-nptII-attB cassette this work 

pQP425 pK18mobsacB RHA1_RS20555::10x poly-attB this work 

pJE1992 pJH207 Ptac:mKate2 this work 



Table S2. Phage integrase attachment (att) sequences. 
Integras

e Attachment sites 

phiC31 

attB-TT tgcgggtgccagggcgtgcccttgggctccccgggcgcgtactcc 

attP-TT gtgccccaactggggtaacctttgagttctctcagttggggg 

attB-CA tgcgggtgccagggcgtgccccagggctccccgggcgcgtactcc 

attP-CA gtgccccaactggggtaacctcagagttctctcagttggggg 

phiBT1  

attB gtccttgaccaggtttttgacgaaagtgatccagatgatccagctccacaccccgaacgc 

attP  ggtgctgggttgttgtctctggacagtgatccatgggaaactactcagcaccaccaatgttcc 

R4  

attB   gcgcccaagttgcccatgaccatgccgaagcagtggtagaagggcaccggcagacac 

attP  aggcatgttccccaaagcgataccacttgaagcagtggtactgcttgtgggtacactctgcgggtgatga 

BxB1  

attB     tcggccggcttgtcgacgacggcggtctccgtcgtcaggatcatccgggc 

attP  gtcgtggtttgtctggtcaaccaccgcggtctcagtggtgtacggtacaaaccccgac 

RV 

attB  tctcgtggtggtggaaggtgttggtgcggggttggccgtggtcgaggtggggtggtggtagccattcg 

attP gcacaggtgtagtgtatctcacaggtccacggttggccgtggactgctgaagaacattccacgccagga 

TG1 

attB gatcagctccgcgggcaagaccttctccttcacggggtggaaggtc 

attP  tcaaccccgttccagcccaacagtgttagtctttgctcttacccagttgggcgggatagcctgcccg 

phiC1 

attB atatttaaccgcttcccgaaaaatttcgcgtggatgagcaatactttgattcagtgaacctttgaaaatcgttttctgttggataa 

attP  attaaatataaattttagtacatagtgttatatacactaataaacaaaatcatatacctaaaatattacatt 

MR11 

attB 
acaggtcaacacatcgcagttatcgaacaatcttcgaaaatgtatggaggcacttgtatcaatataggatgtataccttcgaagacacttgtacat
gatggattagaaggcaaatccttt 

attP 
caaaataaaaaacattgatttttattaacttcttttgtgcggaactacgaacagttcattaatacgaagtgtacaaacttccatacaaaaataacc
acgacaattaagacgtggtttcta 

phi370 

attB tgtaaaggagactgataatggcatgtacaactatactcgtcggtaaaaaggca 

attP taaaaaaatacagcgtttttcatgtacaactatactagttgtagtgcctaaa 

A118 

attB tgtaactttttcggatcaagctatgaaggacgcaaagagggaactaaacacttaatt 

attP ttgtttagttcctcgttttctctcgttggaagaagaagaaacgagaaactaaaatta 

BL3 

attB caacctgttgacatgtttccacagacaactcacgtggaggtagtcacggcttttacgttagtt 

attP  gagaatactgttgaacaatgaaaaactaggcatgtagaagttgtttgtgcactaactttaa 



Table S3. Oligos used in study. 

Oligo Name Sequence (5'-3') Purpose 
Promoter library amplification 

oPNL824-
prom_lib_fwd2 

aacgtaccgagGAAGACaaGTCTgactgctgcgagtc Forward primer for amplification of promoter library 
from twist biosciences for cloning into pJE990 to 
construct pLibrary 

oPNL825-prom_lib_rev2 ttcttgcttGAAGACcataagCTTAcGAGACCggaccac Reverse primer for amplification of promoter library 
from twist biosciences for cloning into pJE990 to 
construct pLibrary  

Illumina sequencing library prep 

oPNL887-mNeon-RT TGCAGTTCATGCGTAGCTGGCAAC Reverse transcription from mNeonGreen 

oPNL888-3'-adaptor /5Phos/ NNATGTACTCTGCGTTGATACCACTGCTT /3SpC3/  Adaptor for 3'-cDNA end ligation 

oPNL889-DNA-amp1-F GAGTTCAGACGTGTGCTCTTCCGATCTGTCTGACTGCTGCGAGTC Fwd Primer for 1st amplification of DNA 

oPNL890-RNA-amp1-F GAGTTCAGACGTGTGCTCTTCCGATCTAAGCAGTGGTATCAACGC  Fwd Primer for 1st amplification of RNA 

oPNL891-Amp1-R-N3 CCTACACGACGCTCTTCCGATCT NNN 
CCTGTGTGAGTTAATCTTAAGCT  

Rev primer for 1st amplification of DNA and RNA 

oPNL892-Amp1-R-N4 CCTACACGACGCTCTTCCGATCT NNNN 
CCTGTGTGAGTTAATCTTAAGCT  

Rev primer for 1st amplification of DNA and RNA 

oPNL893-Amp1-R-N5 CCTACACGACGCTCTTCCGATCT NNNNN 
CCTGTGTGAGTTAATCTTAAGCT  

Rev primer for 1st amplification of DNA and RNA 

oPNL894-Amp1-R-N6 CCTACACGACGCTCTTCCGATCT NNNNNN 
CCTGTGTGAGTTAATCTTAAGCT  

Rev primer for 1st amplification of DNA and RNA 

oPNL895-Amp2-F-IT058 CAAGCAGAAGACGGCATACGAGAT ACAAAC 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL896-Amp2-F-IT008 CAAGCAGAAGACGGCATACGAGAT ACTTGA 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL897-Amp2-F-IT030 CAAGCAGAAGACGGCATACGAGAT CACCGG 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL898-Amp2-F-IT020 CAAGCAGAAGACGGCATACGAGAT GTGGCC 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL899-Amp2-F-IT091 CAAGCAGAAGACGGCATACGAGAT TGCCAT 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL926-Amp2-F-IT010 CAAGCAGAAGACGGCATACGAGAT TAGCTT 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL927-Amp2-F-IT076 CAAGCAGAAGACGGCATACGAGAT CGAGAA 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL928-Amp2-F-IT021 CAAGCAGAAGACGGCATACGAGAT GTTTCG 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL929-Amp2-F-IT028 CAAGCAGAAGACGGCATACGAGAT CAAAAG 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL930-Amp2-F-IT066 CAAGCAGAAGACGGCATACGAGAT AGCATC 
GTGACTGGAGTTCAGACGTGTGCTCTTC 

Fwd primer for 2nd amplification (P7) 

oPNL900-Amp2-R-IT055 AATGATACGGCGACCACCGAGATCTACAC AAGCGA 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 

oPNL901-Amp2-R-IT022 AATGATACGGCGACCACCGAGATCTACAC CGTACG 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 

oPNL902-Amp2-R-IT084 AATGATACGGCGACCACCGAGATCTACAC GCACTT 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 

oPNL903-Amp2-R-IT017 AATGATACGGCGACCACCGAGATCTACAC GTAGAG 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 



oPNL904-Amp2-R-IT095 AATGATACGGCGACCACCGAGATCTACAC TTCTCC 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 

oPNL931-Amp2-R-IT042 AATGATACGGCGACCACCGAGATCTACAC TAATCG 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 

oPNL932-Amp2-R-IT027 AATGATACGGCGACCACCGAGATCTACAC ATTCCT 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 

oPNL933-Amp2-R-IT037 AATGATACGGCGACCACCGAGATCTACAC CGGAAT 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 

oPNL934-Amp2-R-IT045 AATGATACGGCGACCACCGAGATCTACAC TCATTC 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 

oPNL935-Amp2-R-IT080 AATGATACGGCGACCACCGAGATCTACAC GACGGA 
ACACTCTTTCCCTACACGACGCTCTTCCGATCT 

Rev primer for 2nd amplification (P5) 

P. fluorescens poly-attB strain construction screening primers

oPNL611-3'ampC_fl_F CTCGGTGAGCAAAACCTTC flanking primers to screen for insertion of DNA 
downstream of ampC locus 

oPNL612-3'ampC_fl_R TGCTGATGATCGCGATCTA flanking primers to screen for insertion of DNA 
downstream of ampC locus 

R. palustris poly-attB strain construction screening primers

oPNL413-RPA1300_fl_F CTTGATGCCCGAAGCCTTCT primers flanking RPA1300 to screen for its deletion 
and replacement with poly-attB cassette in R. palustris 
CGA009 

oPNL414-RPA1300_fl_R TTCGTCGTCACCTTCGGTTC primers flanking RPA1300 to screen for its deletion 
and replacement with poly-attB cassette in R. palustris 
CGA009 

oPNL415-
RPA1300_int_F 

CAGTGGGCTGTCGATGTCTT primers internal to RPA1300 to screen for its deletion 
in R. palustris CGA009 

oPNL416-
RPA1300_int_R 

TGAGTTTCGTTTGCACTGCG primers internal to RPA1300 to screen for its deletion 
in R. palustris CGA009 

R. jostii poly-attB strain construction screening primers

oQP2195 GTCGGCGATCTCTCGACGTG Fwd Primer for verifying attB insertion flanking the 
attB site in R. jostii RHA1 

oQP2196 TTAACGAGTCTCTGCACTCGTCAAC Rev Primer for verifying attB insertion flanking the 
attB site in R. jostii RHA1 

oQP1722 CTAAATCCGCGTGATAGGGGATTTC Fwd primer internal to the attB insertion 

oQP1521 GTTCTGCAGCTGCGGGAAC Rev primer internal to the attB insertion 

Primers for screening ts plasmid loss and attP plasmid backbone excision 

oPNL556 AGCGAGTCAGTGAGCGA screening for pGW26/30 plasmid loss  

oPNL879 TTCTTAAGATTAACTCACACAGGAGA screening for pGW26/30 plasmid loss  

oPNL621 CATCGGCGTGGTGATATTGG screening for pGW60 and pJE1817 backbone excision 
by phiC31 integrase 

oPNL622 TGCCGTGGCTGATGATCC screening for pGW60 and pJE1817 backbone excision 
by phiC31 integrase 

Primers for generating DNA sequences in EZ-Tn5 transposomes 

oPNL1254 [pho]CTGTCTCTTATACACATCTattaatgcagctggcacgac amplification of Mini-Tn5 transposons designed to 
integrate poly-attB cassettes with EZ-Tn5 transposases 

oPNL1255 [pho]CTGTCTCTTATACACATCTagctagcttatcgccattcg amplification of Mini-Tn5 transposons designed to 
integrate poly-attB cassettes with EZ-Tn5 transposases 

Primers for screening excision of nptII / aac from Tn5 inserted poly-attB cassettes 



oPNL911 ATTAATGCAGCTGGCACGAC Forward primer that binds 5' end of the antibiotic 
marker / poly-attB cassette, pair with oPNL912 to 
amplify entire cassette. 

oPNL912 AGCTAGCTTATCGCCATTCG Reverse primer that binds 3' end of the antibiotic 
marker / poly-attB cassette, pair with oPNL911 to 
amplify entire cassette. 

oPNL623 CGTCCAAGCGGATGCAATGC partner with oPNL1011 primer to amplify fragment of 
10x poly-attB cassette.  

oPNL1011 AAGTACTGACGAGCTGCAAGA partner with oPNL623 primer to amplify fragment of 
10x poly-attB cassette.  

oPNL1147 CTTCCTCGTGCTTTACGGTATC alternate screening primer for use with oPNL912 to 
screen for presence of nptII-10x poly-attB cassette. 
Binds within nptII.  

Primers for screening attP plasmid insertion in P. fluorescens 

oPNL622 TGCCGTGGCTGATGATCC screening for attP plasmid insertion downstream of 
ampC in JE4621 

oPNL629 AAAACCGCCCAGTCTAGCTATCG screening of genomic integration of attP plasmids 

Primers for screening attP plasmid insertion in R. palustris 

oPNL819 GTGGCAGAAAGCTTTCACGG forward primer for screening attR side of pGW60 into 
∆RPA_1300::12x poly-attB cassette, binds in 
ColE1/pUC origin 

oPNL817 GAGGGGCAGGCAGAACATAG reverse primer for screening attR side of pGW60 into 
∆RPA_1300::10x poly-attB cassette, binds in R. 
palustris CGA009 genome 

Primers for screening attP plasmid insertion in P. frederiksbergensis, P. putida, R. jostii 

oPNL1010 TTGATCGAATTCTTTCATTTAAGACC 
Forward primer for screening insertion of attP 
plasmids into the 10x poly-attB cassette. Binds just 
inside the upstream terminator. 

oPNL816 AGCTCTTGATCCGGCAAACA 
Reverse primer for screening pGW60 insertion into 
attB sites. Binds in ColE1/pUC origin of pGW60. 

Primers for screening attP plasmid insertion into individual attB sites in the poly-attB cassette 

Bxb1_F TGATCGAATTCTTTCATTTAAGACCCT Forward primer that binds in the spacer upstream 
of the Bxb1 attB site in the poly-attB cassette and 
is used to specifically screen for integration into 
the Bxb1 attB site. (Primer 1F in Fig. S6) 

Bxb1_R GGCAGAATTTTGGGAGTGGCAT Reverse primer that binds in the spacer upstream 
of the Bxb1 attB site in the poly-attB cassette and 
is used to specifically screen for integration into 
the Bxb1 attB site. (Primer 1R in Fig. S6) 

BT1_F TCCCAAAATTCTGCCTAGAAAGTC Forward primer that binds in the spacer upstream 
of the BT1 attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
BT1 attB site. (Primer 2F in Fig. S6) 

BT1_R TAGTGGAGCGAACTTAAACAGC Reverse primer that binds in the spacer upstream 
of the BT1 attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
BT1 attB site. (Primer 2R in Fig. S6) 

phiC1_F GACTACGAGCGCCGGATCA Forward primer that binds in the spacer upstream 
of the phiC1 attB site in the poly-attB cassette and 
is used to specifically screen for integration into 
the phiC1 attB site. (Primer 3F in Fig. S6) 

phiC1_R TCCTCTTGAGGTAGAAACGGGG Reverse primer that binds in the spacer upstream 
of the phiC1 attB site in the poly-attB cassette and 
is used to specifically screen for integration into 
the phiC1 attB site. (Primer 3R in Fig. S6) 

RV_F GAATTCCGACATGGCAATAACCC Forward primer that binds in the spacer upstream 
of the RV attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
RV attB site. (Primer 4F in Fig. S6) 



RV_R GCCGACAGCAGTCATGTTAATAC Reverse primer that binds in the spacer upstream 
of the RV attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
RV attB site. (Primer 4R in Fig. S6) 

TG1_F AAGTATTAACATGACTGCTGTCGG Forward primer that binds in the spacer upstream 
of the TG1 attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
TG1 attB site. (Primer 5F in Fig. S6) 

TG1_R GGAGGATCGCATTGCATCCG Reverse primer that binds in the spacer upstream 
of the TG1 attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
TG1 attB site. (Primer 5R in Fig. S6) 

R4_F CGTCCAAGCGGATGCAATG Forward primer that binds in the spacer upstream 
of the R4 attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
R4 attB site. (Primer 6F in Fig. S6) 

R4_R GAAGTGTTCAACGCGTACGC Reverse primer that binds in the spacer upstream 
of the R4 attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
R4 attB site. (Primer 6R in Fig. S6) 

BL3_F TGGCGTACGCGTTGAACAC Forward primer that binds in the spacer upstream 
of the BL3 attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
BL3 attB site. (Primer 7F in Fig. S6) 

BL3_R CACCCGCGCTTATAGCTTCC Reverse primer that binds in the spacer upstream 
of the BL3 attB site in the poly-attB cassette and is 
used to specifically screen for integration into the 
BL3 attB site. (Primer 7R in Fig. S6) 

A118_F TAAGCGCGGGTGAGAGGGTA Forward primer that binds in the spacer upstream 
of the A118 attB site in the poly-attB cassette and 
is used to specifically screen for integration into 
the A118 attB site. (Primer 8F in Fig. S6) 

A118_R CCGTGCAACATCAGATGCTCAC Reverse primer that binds in the spacer upstream 
of the A118 attB site in the poly-attB cassette and 
is used to specifically screen for integration into 
the A118 attB site. (Primer 8R in Fig. S6) 

MR11_F TGAGCATCTGATGTTGCACGG Forward primer that binds in the spacer upstream 
of the MR11 attB site in the poly-attB cassette and 
is used to specifically screen for integration into 
the MR11 attB site. (Primer 9F in Fig. S6) 

MR11_R GAGTCGTGAGTACTGATAGTAGTGAG Reverse primer that binds in the spacer upstream 
of the MR11 attB site in the poly-attB cassette and 
is used to specifically screen for integration into 
the MR11 attB site. (Primer 9R in Fig. S6) 

phi370_F CGTTCAGGTAATGAGTGCAGC Forward primer that binds in the spacer upstream 
of the phi370 attB site in the poly-attB cassette 
and is used to specifically screen for integration 
into the phi370 attB site. (Primer 10F in Fig. S6) 

phi370_R AGCTGCAAGAACGAAATGCG Reverse primer that binds in the spacer upstream 
of the phi370 attB site in the poly-attB cassette 
and is used to specifically screen for integration 
into the phi370 attB site. (Primer 10R in Fig. S6) 



Table S4. Genetic stability of P. fluorescens with multiple heterologous DNA insertions 

Percentage of flow cytometry events (percentage of population) 

JE4621* 
JE5517 
Starter 

JE5117 Passage 
Lineage 

1 1 2 3 4 5 6 7 8 9 10 
both 

colors 0.01% 99.58% 99.92% 99.94% 99.94% 99.91% 99.93% 99.92% 99.96% 99.92% 99.93% 99.94% 

green 0.209% 0.347% 0.035% 0.022% 0.019% 0.025% 0.024% 0.032% 0.016% 0.035% 0.032% 0.026% 

red 0.29% 0.038% 0.02% 0.013% 0.013% 0.029% 0.015% 0.023% 0.019% 0.018% 0.02% 0.015% 

no color 99.49% 0.033% 0.028% 0.025% 0.026% 0.04% 0.034% 0.022% 0.009% 0.022% 0.021% 0.019% 

Percentage of flow cytometry events (percentage of population) 

JE4621* JE5517 
Starter 

JE5117 Passage 
Lineage 

2 1 2 3 4 5 6 7 8 9 10 
both 

colors 0.01% 99.64% 99.91% 99.93% 99.93% 99.89% 99.85% 99.94% 99.92% 99.86% 99.87% 99.9% 

green 0.209% 0.265% 0.034% 0.022% 0.026% 0.023% 0.026% 0.014% 0.02% 0.028% 0.033% 0.04% 

red 0.29% 0.045% 0.026% 0.036% 0.03% 0.042% 0.068% 0.044% 0.045% 0.081% 0.077% 0.027% 

no color 99.49% 0.049% 0.026% 0.017% 0.018% 0.044% 0.056% 0.0078% 0.01% 0.03% 0.02% 0.04% 

*data from a single non-fluorescent parent strain culture included in each table



Table S5. Overall promoter assay statistics. 

Organism 
num bc 

pass 

num 
prom 
in bc 
pass 

num 
prom 
suff 
data 

num bc 
pass 

outlier 
num UTR 

insensitive 
num Cond 
insensitive 

num 
consistent 

UTR 
cutoff 

Cond 
cutoff 

expression 
range 

Problematic 
percent 

Number of 
promoters 
w prob bc 

% 
barcodes 
that are 
outliers. 

RHA1 713 190 136 568 112 118 102 3 4 2574 23.76% 93 20.34% 

Pflu 930 221 186 797 156 184 154 3 4 4054 22.81% 128 14.30% 

TBS10 1205 260 241 1072 184 203 169 3 4 8930 24.91% 173 11.04% 

Gpo1 1116 250 218 957 159 148 103 3 4 18413 30.04% 167 14.25% 

CGA009 1061 254 205 874 92 159 85 3 4 55797 50.92% 185 17.62% 

num bc pass = number of barcodes that have the minimal amount of data for analysis. 

num prom in bc pass = number of promoters represented in the group of barcodes with the minimum amount of data (within an individual barcode promoter variant's data) for use 
in analysis 

num prom suff data = number of promoters with sufficient barcode variants for analysis. This involves having at least 3 barcode variants with sufficient data for analysis for a given 
promoter 

num bc pass outlier = number of barcodes that pass the barcode outlier test 

num UTR insensitive = number of promoters that are insensitive to 5' UTR sequence 

num Cond insensitive = number of promoters that are insensitive to tested conditions 

num consistent = number of promoters that are both insensitive to 5' UTR sequence and tested conditions 

UTR cutoff = fold expression difference between barcode variants that must be passed for a promoter to be considered insensitive to 5' UTR sequences 

Cond cutoff = fold expression difference between conditions that must be passed for a promoter to be considered insensitive to conditions 

expression range = range of expression generated by dividing RTA for strongest and weakest consistent promoters in the given organism 

Problematic percent = % of promoter barcode variants whose expression would have been outside of the UTR cutoff range had they been the sole promoter variant tested. This 
includes all promoters, including all promoters represented in num bc pass. 

Number of promoters w prob bc = number of promoters that had at least one problematic barcode variant. 

% barcodes that are outliers = % of barcodes whose expression was statistically distinct from the other barcode variants for the given promoter 



Table S6. Expression stats for SBW25 with different sensitivity cutoffs. 

Organism 

num 
bc 

pass 

num 
prom in 
bc pass 

num prom 
suff data 

num bc 
pass 

outlier 
num UTR 

insensitive 
num Cond 
insensitive 

num 
consistent 

UTR 
cutoff 

Cond 
cutoff 

Expression 
range 

SBW25 930 221 186 797 112 137 81 2 2 4054.09 

SBW25 930 221 186 797 112 169 101 2 2.5 4054.09 

SBW25 930 221 186 797 112 176 105 2 3 4054.09 

SBW25 930 221 186 797 112 183 109 2 3.5 4054.09 

SBW25 930 221 186 797 112 184 110 2 4 4054.09 

SBW25 930 221 186 797 112 184 110 2 5 4054.09 

SBW25 930 221 186 797 112 185 111 2 6 4054.09 

SBW25 930 221 186 797 112 185 111 2 7 4054.09 

SBW25 930 221 186 797 112 185 111 2 8 4054.09 

SBW25 930 221 186 797 112 186 112 2 10 4054.09 

SBW25 930 221 186 797 140 137 100 2.5 2 4054.09 

SBW25 930 221 186 797 140 169 126 2.5 2.5 4054.09 

SBW25 930 221 186 797 140 176 132 2.5 3 4054.09 

SBW25 930 221 186 797 140 183 137 2.5 3.5 4054.09 

SBW25 930 221 186 797 140 184 138 2.5 4 4054.09 

SBW25 930 221 186 797 140 184 138 2.5 5 4054.09 

SBW25 930 221 186 797 140 185 139 2.5 6 4054.09 

SBW25 930 221 186 797 140 185 139 2.5 7 4054.09 

SBW25 930 221 186 797 140 185 139 2.5 8 4054.09 

SBW25 930 221 186 797 140 186 140 2.5 10 4054.09 

SBW25 930 221 186 797 156 137 113 3 2 4054.09 

SBW25 930 221 186 797 156 169 141 3 2.5 4054.09 

SBW25 930 221 186 797 156 176 147 3 3 4054.09 

SBW25 930 221 186 797 156 183 153 3 3.5 4054.09 

SBW25 930 221 186 797 156 184 154 3 4 4054.09 

SBW25 930 221 186 797 156 184 154 3 5 4054.09 

SBW25 930 221 186 797 156 185 155 3 6 4054.09 

SBW25 930 221 186 797 156 185 155 3 7 4054.09 

SBW25 930 221 186 797 156 185 155 3 8 4054.09 

SBW25 930 221 186 797 156 186 156 3 10 4054.09 

SBW25 930 221 186 797 167 137 123 3.5 2 4054.09 

SBW25 930 221 186 797 167 169 152 3.5 2.5 4054.09 

SBW25 930 221 186 797 167 176 158 3.5 3 4054.09 

SBW25 930 221 186 797 167 183 164 3.5 3.5 4054.09 

SBW25 930 221 186 797 167 184 165 3.5 4 4054.09 

SBW25 930 221 186 797 167 184 165 3.5 5 4054.09 

SBW25 930 221 186 797 167 185 166 3.5 6 4054.09 



SBW25 930 221 186 797 167 185 166 3.5 7 4054.09 

SBW25 930 221 186 797 167 185 166 3.5 8 4054.09 

SBW25 930 221 186 797 167 186 167 3.5 10 4054.09 

SBW25 930 221 186 797 175 137 130 4 2 4054.09 

SBW25 930 221 186 797 175 169 159 4 2.5 4054.09 

SBW25 930 221 186 797 175 176 165 4 3 4054.09 

SBW25 930 221 186 797 175 183 172 4 3.5 4054.09 

SBW25 930 221 186 797 175 184 173 4 4 4054.09 

SBW25 930 221 186 797 175 184 173 4 5 4054.09 

SBW25 930 221 186 797 175 185 174 4 6 4054.09 

SBW25 930 221 186 797 175 185 174 4 7 4054.09 

SBW25 930 221 186 797 175 185 174 4 8 4054.09 

SBW25 930 221 186 797 175 186 175 4 10 4054.09 

SBW25 930 221 186 797 180 137 133 5 2 4054.09 

SBW25 930 221 186 797 180 169 164 5 2.5 4054.09 

SBW25 930 221 186 797 180 176 170 5 3 4054.09 

SBW25 930 221 186 797 180 183 177 5 3.5 4054.09 

SBW25 930 221 186 797 180 184 178 5 4 4054.09 

SBW25 930 221 186 797 180 184 178 5 5 4054.09 

SBW25 930 221 186 797 180 185 179 5 6 4054.09 

SBW25 930 221 186 797 180 185 179 5 7 4054.09 

SBW25 930 221 186 797 180 185 179 5 8 4054.09 

SBW25 930 221 186 797 180 186 180 5 10 4054.09 

SBW25 930 221 186 797 183 137 136 6 2 4054.09 

SBW25 930 221 186 797 183 169 167 6 2.5 4054.09 

SBW25 930 221 186 797 183 176 173 6 3 4054.09 

SBW25 930 221 186 797 183 183 180 6 3.5 4054.09 

SBW25 930 221 186 797 183 184 181 6 4 4054.09 

SBW25 930 221 186 797 183 184 181 6 5 4054.09 

SBW25 930 221 186 797 183 185 182 6 6 4054.09 

SBW25 930 221 186 797 183 185 182 6 7 4054.09 

SBW25 930 221 186 797 183 185 182 6 8 4054.09 

SBW25 930 221 186 797 183 186 183 6 10 4054.09 

SBW25 930 221 186 797 183 137 136 7 2 4054.09 

SBW25 930 221 186 797 183 169 167 7 2.5 4054.09 

SBW25 930 221 186 797 183 176 173 7 3 4054.09 

SBW25 930 221 186 797 183 183 180 7 3.5 4054.09 

SBW25 930 221 186 797 183 184 181 7 4 4054.09 

SBW25 930 221 186 797 183 184 181 7 5 4054.09 

SBW25 930 221 186 797 183 185 182 7 6 4054.09 

SBW25 930 221 186 797 183 185 182 7 7 4054.09 



SBW25 930 221 186 797 183 185 182 7 8 4054.09 

SBW25 930 221 186 797 183 186 183 7 10 4054.09 

SBW25 930 221 186 797 184 137 137 8 2 4054.09 

SBW25 930 221 186 797 184 169 168 8 2.5 4054.09 

SBW25 930 221 186 797 184 176 174 8 3 4054.09 

SBW25 930 221 186 797 184 183 181 8 3.5 4054.09 

SBW25 930 221 186 797 184 184 182 8 4 4054.09 

SBW25 930 221 186 797 184 184 182 8 5 4054.09 

SBW25 930 221 186 797 184 185 183 8 6 4054.09 

SBW25 930 221 186 797 184 185 183 8 7 4054.09 

SBW25 930 221 186 797 184 185 183 8 8 4054.09 

SBW25 930 221 186 797 184 186 184 8 10 4054.09 

SBW25 930 221 186 797 185 137 137 10 2 4054.09 

SBW25 930 221 186 797 185 169 168 10 2.5 4054.09 

SBW25 930 221 186 797 185 176 175 10 3 4054.09 

SBW25 930 221 186 797 185 183 182 10 3.5 4054.09 

SBW25 930 221 186 797 185 184 183 10 4 4054.09 

SBW25 930 221 186 797 185 184 183 10 5 4054.09 

SBW25 930 221 186 797 185 185 184 10 6 4054.09 

SBW25 930 221 186 797 185 185 184 10 7 4054.09 

SBW25 930 221 186 797 185 185 184 10 8 4054.09 

SBW25 930 221 186 797 185 186 185 10 10 4054.09 

num_bc_pass = number of barcodes that have the minimal amount of data for analysis. 

num_prom_in_bc_pass = number of promoters represented in the group of barcodes with the minimum amount of data for analysis 

num_prom_suff_data = number of promoters with sufficient data for analysis. This involves having at least 3 barcode variants with sufficient data 
for analysis for a given promoter 

num_bc_pass_outlier = number of barcodes that pass the barcode outlier test 

num_UTR_insensitive = number of promoters that are insensitive to 5' UTR sequence 

num_Cond_insensitive = number of promoters that are insensitive to tested conditions 

num_consistent = number of promoters that are both insensitive to 5' UTR sequence and tested conditions 
UTR_cutoff = fold expression difference between barcode variants that must be passed for a promoter to be considered insensitive to 5' UTR 
sequences 

Cond_cutoff = fold expression difference between conditions that must be passed for a promoter to be considered insensitive to conditions 

expression_range = range of expression generated by dividing RTA for strongest and weakest consistent promoters in the given organism 



Table S7. Expression stats for TBS10 with different sensitivity cutoffs. 

Organism 
num bc 

pass 

num 
prom in 
bc pass 

num 
prom 

suff data 

num bc 
pass 

outlier 
num UTR 

insensitive 
num Cond 
insensitive 

num 
consistent 

UTR 
cutoff 

Cond 
cutoff 

expression 
range 

TBS10 1205 260 241 1072 123 115 63 2 2 4491.80 

TBS10 1205 260 241 1072 123 155 82 2 2.5 4491.80 

TBS10 1205 260 241 1072 123 180 98 2 3 4491.80 

TBS10 1205 260 241 1072 123 196 111 2 3.5 7977.70 

TBS10 1205 260 241 1072 123 203 113 2 4 8929.99 

TBS10 1205 260 241 1072 123 214 116 2 5 8929.99 

TBS10 1205 260 241 1072 123 220 118 2 6 23096.74 

TBS10 1205 260 241 1072 123 227 119 2 7 23096.74 

TBS10 1205 260 241 1072 123 230 120 2 8 23096.74 

TBS10 1205 260 241 1072 123 232 122 2 10 23096.74 

TBS10 1205 260 241 1072 165 115 85 2.5 2 5572.04 

TBS10 1205 260 241 1072 165 155 114 2.5 2.5 8828.35 

TBS10 1205 260 241 1072 165 180 135 2.5 3 8828.35 

TBS10 1205 260 241 1072 165 196 149 2.5 3.5 8828.35 

TBS10 1205 260 241 1072 165 203 152 2.5 4 8929.99 

TBS10 1205 260 241 1072 165 214 156 2.5 5 8929.99 

TBS10 1205 260 241 1072 165 220 159 2.5 6 23096.74 

TBS10 1205 260 241 1072 165 227 160 2.5 7 23096.74 

TBS10 1205 260 241 1072 165 230 161 2.5 8 23096.74 

TBS10 1205 260 241 1072 165 232 163 2.5 10 23096.74 

TBS10 1205 260 241 1072 184 115 96 3 2 5572.04 

TBS10 1205 260 241 1072 184 155 129 3 2.5 8828.35 

TBS10 1205 260 241 1072 184 180 152 3 3 8828.35 

TBS10 1205 260 241 1072 184 196 166 3 3.5 8828.35 

TBS10 1205 260 241 1072 184 203 169 3 4 8929.99 

TBS10 1205 260 241 1072 184 214 173 3 5 8929.99 

TBS10 1205 260 241 1072 184 220 176 3 6 23096.74 

TBS10 1205 260 241 1072 184 227 178 3 7 23096.74 

TBS10 1205 260 241 1072 184 230 179 3 8 23096.74 

TBS10 1205 260 241 1072 184 232 181 3 10 23096.74 

TBS10 1205 260 241 1072 199 115 102 3.5 2 5572.04 

TBS10 1205 260 241 1072 199 155 136 3.5 2.5 8828.35 

TBS10 1205 260 241 1072 199 180 161 3.5 3 8828.35 

TBS10 1205 260 241 1072 199 196 175 3.5 3.5 8828.35 

TBS10 1205 260 241 1072 199 203 179 3.5 4 8929.99 

TBS10 1205 260 241 1072 199 214 185 3.5 5 8929.99 

TBS10 1205 260 241 1072 199 220 188 3.5 6 23096.74 

TBS10 1205 260 241 1072 199 227 191 3.5 7 23096.74 



TBS10 1205 260 241 1072 199 230 193 3.5 8 23096.74 

TBS10 1205 260 241 1072 199 232 195 3.5 10 23096.74 

TBS10 1205 260 241 1072 208 115 107 4 2 5572.04 

TBS10 1205 260 241 1072 208 155 141 4 2.5 8828.35 

TBS10 1205 260 241 1072 208 180 166 4 3 8828.35 

TBS10 1205 260 241 1072 208 196 180 4 3.5 8828.35 

TBS10 1205 260 241 1072 208 203 185 4 4 8929.99 

TBS10 1205 260 241 1072 208 214 192 4 5 8929.99 

TBS10 1205 260 241 1072 208 220 195 4 6 23096.74 

TBS10 1205 260 241 1072 208 227 199 4 7 23096.74 

TBS10 1205 260 241 1072 208 230 201 4 8 23096.74 

TBS10 1205 260 241 1072 208 232 203 4 10 23096.74 

TBS10 1205 260 241 1072 219 115 112 5 2 5572.04 

TBS10 1205 260 241 1072 219 155 148 5 2.5 8828.35 

TBS10 1205 260 241 1072 219 180 173 5 3 8828.35 

TBS10 1205 260 241 1072 219 196 189 5 3.5 9412.80 

TBS10 1205 260 241 1072 219 203 194 5 4 9412.80 

TBS10 1205 260 241 1072 219 214 202 5 5 14357.24 

TBS10 1205 260 241 1072 219 220 205 5 6 23096.74 

TBS10 1205 260 241 1072 219 227 209 5 7 23096.74 

TBS10 1205 260 241 1072 219 230 211 5 8 23096.74 

TBS10 1205 260 241 1072 219 232 213 5 10 23096.74 

TBS10 1205 260 241 1072 223 115 112 6 2 5572.04 

TBS10 1205 260 241 1072 223 155 151 6 2.5 8828.35 

TBS10 1205 260 241 1072 223 180 176 6 3 8828.35 

TBS10 1205 260 241 1072 223 196 192 6 3.5 9412.80 

TBS10 1205 260 241 1072 223 203 197 6 4 9412.80 

TBS10 1205 260 241 1072 223 214 206 6 5 14357.24 

TBS10 1205 260 241 1072 223 220 209 6 6 23096.74 

TBS10 1205 260 241 1072 223 227 213 6 7 23096.74 

TBS10 1205 260 241 1072 223 230 215 6 8 23096.74 

TBS10 1205 260 241 1072 223 232 217 6 10 23096.74 

TBS10 1205 260 241 1072 224 115 112 7 2 5572.04 

TBS10 1205 260 241 1072 224 155 151 7 2.5 8828.35 

TBS10 1205 260 241 1072 224 180 176 7 3 8828.35 

TBS10 1205 260 241 1072 224 196 192 7 3.5 9412.80 

TBS10 1205 260 241 1072 224 203 198 7 4 9412.80 

TBS10 1205 260 241 1072 224 214 207 7 5 14357.24 

TBS10 1205 260 241 1072 224 220 210 7 6 23096.74 

TBS10 1205 260 241 1072 224 227 214 7 7 23096.74 

TBS10 1205 260 241 1072 224 230 216 7 8 23096.74 



TBS10 1205 260 241 1072 224 232 218 7 10 23096.74 

TBS10 1205 260 241 1072 227 115 112 8 2 5572.04 

TBS10 1205 260 241 1072 227 155 151 8 2.5 8828.35 

TBS10 1205 260 241 1072 227 180 176 8 3 8828.35 

TBS10 1205 260 241 1072 227 196 192 8 3.5 9412.80 

TBS10 1205 260 241 1072 227 203 198 8 4 9412.80 

TBS10 1205 260 241 1072 227 214 207 8 5 14357.24 

TBS10 1205 260 241 1072 227 220 211 8 6 23096.74 

TBS10 1205 260 241 1072 227 227 216 8 7 23096.74 

TBS10 1205 260 241 1072 227 230 218 8 8 23096.74 

TBS10 1205 260 241 1072 227 232 220 8 10 23096.74 

TBS10 1205 260 241 1072 234 115 115 10 2 5572.04 

TBS10 1205 260 241 1072 234 155 155 10 2.5 8828.35 

TBS10 1205 260 241 1072 234 180 180 10 3 8828.35 

TBS10 1205 260 241 1072 234 196 196 10 3.5 9412.80 

TBS10 1205 260 241 1072 234 203 203 10 4 9412.80 

TBS10 1205 260 241 1072 234 214 213 10 5 14357.24 

TBS10 1205 260 241 1072 234 220 217 10 6 23096.74 

TBS10 1205 260 241 1072 234 227 222 10 7 23096.74 

TBS10 1205 260 241 1072 234 230 224 10 8 23096.74 

TBS10 1205 260 241 1072 234 232 226 10 10 23096.74 

num_bc_pass = number of barcodes that have the minimal amount of data for analysis. 

num_prom_in_bc_pass = number of promoters represented in the group of barcodes with the minimum amount of data for analysis 

num_prom_suff_data = number of promoters with sufficient data for analysis. This involves having at least 3 barcode variants with 
sufficient data for analysis for a given promoter 

num_bc_pass_outlier = number of barcodes that pass the barcode outlier test 

num_UTR_insensitive = number of promoters that are insensitive to 5' UTR sequence 

num_Cond_insensitive = number of promoters that are insensitive to tested conditions 

num_consistent = number of promoters that are both insensitive to 5' UTR sequence and tested conditions 
UTR_cutoff = fold expression difference between barcode variants that must be passed for a promoter to be considered insensitive to 
5' UTR sequences 
Cond_cutoff = fold expression difference between conditions that must be passed for a promoter to be considered insensitive to 
conditions 
expression_range = range of expression generated by dividing RTA for strongest and weakest consistent promoters in the given 
organism 



Table S8. Expression stats for Gpo1 with different sensitivity cutoffs. 

Organism 
num bc 

pass 

num 
prom in 
bc pass 

num 
prom 

suff data 

num bc 
pass 

outlier 
num UTR 

insensitive 
num Cond 
insensitive 

num 
consistent 

UTR 
cutoff 

Cond 
cutoff 

expression 
range 

Gpo1 1116 250 218 957 97 70 27 2 2 3927.49 

Gpo1 1116 250 218 957 97 97 43 2 2.5 3927.49 

Gpo1 1116 250 218 957 97 112 51 2 3 3927.49 

Gpo1 1116 250 218 957 97 132 54 2 3.5 3927.49 

Gpo1 1116 250 218 957 97 148 60 2 4 9733.06 

Gpo1 1116 250 218 957 97 161 64 2 5 9733.06 

Gpo1 1116 250 218 957 97 172 69 2 6 9733.06 

Gpo1 1116 250 218 957 97 179 72 2 7 9733.06 

Gpo1 1116 250 218 957 97 188 78 2 8 9733.06 

Gpo1 1116 250 218 957 97 191 81 2 10 9733.06 

Gpo1 1116 250 218 957 138 70 42 2.5 2 3927.49 

Gpo1 1116 250 218 957 138 97 60 2.5 2.5 3927.49 

Gpo1 1116 250 218 957 138 112 71 2.5 3 3927.49 

Gpo1 1116 250 218 957 138 132 78 2.5 3.5 3927.49 

Gpo1 1116 250 218 957 138 148 87 2.5 4 12813.96 

Gpo1 1116 250 218 957 138 161 94 2.5 5 19793.07 

Gpo1 1116 250 218 957 138 172 101 2.5 6 19793.07 

Gpo1 1116 250 218 957 138 179 105 2.5 7 19793.07 

Gpo1 1116 250 218 957 138 188 113 2.5 8 19793.07 

Gpo1 1116 250 218 957 138 191 116 2.5 10 19793.07 

Gpo1 1116 250 218 957 159 70 50 3 2 7429.86 

Gpo1 1116 250 218 957 159 97 71 3 2.5 7429.86 

Gpo1 1116 250 218 957 159 112 83 3 3 7429.86 

Gpo1 1116 250 218 957 159 132 94 3 3.5 7429.86 

Gpo1 1116 250 218 957 159 148 103 3 4 18412.57 

Gpo1 1116 250 218 957 159 161 112 3 5 19793.07 

Gpo1 1116 250 218 957 159 172 120 3 6 19793.07 

Gpo1 1116 250 218 957 159 179 124 3 7 19793.07 

Gpo1 1116 250 218 957 159 188 132 3 8 19793.07 

Gpo1 1116 250 218 957 159 191 135 3 10 19793.07 

Gpo1 1116 250 218 957 172 70 56 3.5 2 13942.65 

Gpo1 1116 250 218 957 172 97 78 3.5 2.5 13942.65 

Gpo1 1116 250 218 957 172 112 91 3.5 3 13942.65 

Gpo1 1116 250 218 957 172 132 105 3.5 3.5 18390.70 

Gpo1 1116 250 218 957 172 148 114 3.5 4 24286.63 

Gpo1 1116 250 218 957 172 161 124 3.5 5 24286.63 

Gpo1 1116 250 218 957 172 172 132 3.5 6 24286.63 

Gpo1 1116 250 218 957 172 179 137 3.5 7 24286.63 



Gpo1 1116 250 218 957 172 188 145 3.5 8 24286.63 

Gpo1 1116 250 218 957 172 191 148 3.5 10 24286.63 

Gpo1 1116 250 218 957 180 70 58 4 2 13942.65 

Gpo1 1116 250 218 957 180 97 82 4 2.5 13942.65 

Gpo1 1116 250 218 957 180 112 95 4 3 13942.65 

Gpo1 1116 250 218 957 180 132 111 4 3.5 18390.70 

Gpo1 1116 250 218 957 180 148 121 4 4 24286.63 

Gpo1 1116 250 218 957 180 161 131 4 5 24286.63 

Gpo1 1116 250 218 957 180 172 139 4 6 24286.63 

Gpo1 1116 250 218 957 180 179 144 4 7 24286.63 

Gpo1 1116 250 218 957 180 188 152 4 8 24286.63 

Gpo1 1116 250 218 957 180 191 155 4 10 24286.63 

Gpo1 1116 250 218 957 193 70 63 5 2 13942.65 

Gpo1 1116 250 218 957 193 97 88 5 2.5 13942.65 

Gpo1 1116 250 218 957 193 112 102 5 3 13942.65 

Gpo1 1116 250 218 957 193 132 120 5 3.5 18390.70 

Gpo1 1116 250 218 957 193 148 132 5 4 24286.63 

Gpo1 1116 250 218 957 193 161 143 5 5 24286.63 

Gpo1 1116 250 218 957 193 172 151 5 6 24286.63 

Gpo1 1116 250 218 957 193 179 157 5 7 24286.63 

Gpo1 1116 250 218 957 193 188 165 5 8 24286.63 

Gpo1 1116 250 218 957 193 191 168 5 10 24286.63 

Gpo1 1116 250 218 957 201 70 65 6 2 13942.65 

Gpo1 1116 250 218 957 201 97 90 6 2.5 13942.65 

Gpo1 1116 250 218 957 201 112 104 6 3 13942.65 

Gpo1 1116 250 218 957 201 132 124 6 3.5 18390.70 

Gpo1 1116 250 218 957 201 148 136 6 4 24286.63 

Gpo1 1116 250 218 957 201 161 148 6 5 24286.63 

Gpo1 1116 250 218 957 201 172 157 6 6 24286.63 

Gpo1 1116 250 218 957 201 179 164 6 7 24286.63 

Gpo1 1116 250 218 957 201 188 172 6 8 24286.63 

Gpo1 1116 250 218 957 201 191 175 6 10 24286.63 

Gpo1 1116 250 218 957 209 70 67 7 2 13942.65 

Gpo1 1116 250 218 957 209 97 92 7 2.5 13942.65 

Gpo1 1116 250 218 957 209 112 106 7 3 13942.65 

Gpo1 1116 250 218 957 209 132 126 7 3.5 18390.70 

Gpo1 1116 250 218 957 209 148 140 7 4 24286.63 

Gpo1 1116 250 218 957 209 161 152 7 5 24286.63 

Gpo1 1116 250 218 957 209 172 163 7 6 24286.63 

Gpo1 1116 250 218 957 209 179 170 7 7 24286.63 

Gpo1 1116 250 218 957 209 188 179 7 8 24286.63 



Gpo1 1116 250 218 957 209 191 182 7 10 24286.63 

Gpo1 1116 250 218 957 210 70 67 8 2 13942.65 

Gpo1 1116 250 218 957 210 97 92 8 2.5 13942.65 

Gpo1 1116 250 218 957 210 112 106 8 3 13942.65 

Gpo1 1116 250 218 957 210 132 126 8 3.5 18390.70 

Gpo1 1116 250 218 957 210 148 140 8 4 24286.63 

Gpo1 1116 250 218 957 210 161 153 8 5 24286.63 

Gpo1 1116 250 218 957 210 172 164 8 6 24286.63 

Gpo1 1116 250 218 957 210 179 171 8 7 24286.63 

Gpo1 1116 250 218 957 210 188 180 8 8 24286.63 

Gpo1 1116 250 218 957 210 191 183 8 10 24286.63 

Gpo1 1116 250 218 957 213 70 68 10 2 13942.65 

Gpo1 1116 250 218 957 213 97 93 10 2.5 13942.65 

Gpo1 1116 250 218 957 213 112 108 10 3 13942.65 

Gpo1 1116 250 218 957 213 132 128 10 3.5 18390.70 

Gpo1 1116 250 218 957 213 148 143 10 4 24286.63 

Gpo1 1116 250 218 957 213 161 156 10 5 24286.63 

Gpo1 1116 250 218 957 213 172 167 10 6 24286.63 

Gpo1 1116 250 218 957 213 179 174 10 7 24286.63 

Gpo1 1116 250 218 957 213 188 183 10 8 24286.63 

Gpo1 1116 250 218 957 213 191 186 10 10 24286.63 

num_bc_pass = number of barcodes that have the minimal amount of data for analysis. 

num_prom_in_bc_pass = number of promoters represented in the group of barcodes with the minimum amount of data for analysis 

num_prom_suff_data = number of promoters with sufficient data for analysis. This involves having at least 3 barcode variants with sufficient 
data for analysis for a given promoter 

num_bc_pass_outlier = number of barcodes that pass the barcode outlier test 

num_UTR_insensitive = number of promoters that are insensitive to 5' UTR sequence 

num_Cond_insensitive = number of promoters that are insensitive to tested conditions 

num_consistent = number of promoters that are both insensitive to 5' UTR sequence and tested conditions 
UTR_cutoff = fold expression difference between barcode variants that must be passed for a promoter to be considered insensitive to 5' UTR 
sequences 

Cond_cutoff = fold expression difference between conditions that must be passed for a promoter to be considered insensitive to conditions 

expression_range = range of expression generated by dividing RTA for strongest and weakest consistent promoters in the given organism 



Table S9. Expression stats for CGA009 with different sensitivity cutoffs 

Organism 
num bc 

pass 

num 
prom in 
bc pass 

num 
prom suff 

data 

num bc 
pass 

outlier 
num UTR 

insensitive 
num Cond 
insensitive 

num 
consistent 

UTR 
cutoff 

Cond 
cutoff 

expression 
range 

CGA009 1061 254 205 874 60 109 44 2 2 41576.41 

CGA009 1061 254 205 874 60 124 49 2 2.5 41576.41 

CGA009 1061 254 205 874 60 142 53 2 3 41576.41 

CGA009 1061 254 205 874 60 153 54 2 3.5 41576.41 

CGA009 1061 254 205 874 60 159 54 2 4 41576.41 

CGA009 1061 254 205 874 60 169 56 2 5 41576.41 

CGA009 1061 254 205 874 60 172 56 2 6 41576.41 

CGA009 1061 254 205 874 60 172 56 2 7 41576.41 

CGA009 1061 254 205 874 60 177 57 2 8 41576.41 

CGA009 1061 254 205 874 60 180 57 2 10 41576.41 

CGA009 1061 254 205 874 79 109 56 2.5 2 41905.69 

CGA009 1061 254 205 874 79 124 62 2.5 2.5 41905.69 

CGA009 1061 254 205 874 79 142 69 2.5 3 55796.73 

CGA009 1061 254 205 874 79 153 72 2.5 3.5 55796.73 

CGA009 1061 254 205 874 79 159 72 2.5 4 55796.73 

CGA009 1061 254 205 874 79 169 74 2.5 5 55796.73 

CGA009 1061 254 205 874 79 172 74 2.5 6 55796.73 

CGA009 1061 254 205 874 79 172 74 2.5 7 55796.73 

CGA009 1061 254 205 874 79 177 76 2.5 8 55796.73 

CGA009 1061 254 205 874 79 180 76 2.5 10 55796.73 

CGA009 1061 254 205 874 92 109 65 3 2 41905.69 

CGA009 1061 254 205 874 92 124 72 3 2.5 41905.69 

CGA009 1061 254 205 874 92 142 79 3 3 55796.73 

CGA009 1061 254 205 874 92 153 84 3 3.5 55796.73 

CGA009 1061 254 205 874 92 159 85 3 4 55796.73 

CGA009 1061 254 205 874 92 169 87 3 5 55796.73 

CGA009 1061 254 205 874 92 172 87 3 6 55796.73 

CGA009 1061 254 205 874 92 172 87 3 7 55796.73 

CGA009 1061 254 205 874 92 177 89 3 8 55796.73 

CGA009 1061 254 205 874 92 180 89 3 10 55796.73 

CGA009 1061 254 205 874 102 109 71 3.5 2 41905.69 

CGA009 1061 254 205 874 102 124 80 3.5 2.5 41905.69 

CGA009 1061 254 205 874 102 142 88 3.5 3 55796.73 

CGA009 1061 254 205 874 102 153 94 3.5 3.5 55796.73 

CGA009 1061 254 205 874 102 159 95 3.5 4 55796.73 

CGA009 1061 254 205 874 102 169 97 3.5 5 55796.73 

CGA009 1061 254 205 874 102 172 97 3.5 6 55796.73 

CGA009 1061 254 205 874 102 172 97 3.5 7 55796.73 



CGA009 1061 254 205 874 102 177 99 3.5 8 55796.73 

CGA009 1061 254 205 874 102 180 99 3.5 10 55796.73 

CGA009 1061 254 205 874 109 109 75 4 2 41905.69 

CGA009 1061 254 205 874 109 124 86 4 2.5 41905.69 

CGA009 1061 254 205 874 109 142 94 4 3 55796.73 

CGA009 1061 254 205 874 109 153 101 4 3.5 55796.73 

CGA009 1061 254 205 874 109 159 102 4 4 55796.73 

CGA009 1061 254 205 874 109 169 104 4 5 55796.73 

CGA009 1061 254 205 874 109 172 104 4 6 55796.73 

CGA009 1061 254 205 874 109 172 104 4 7 55796.73 

CGA009 1061 254 205 874 109 177 106 4 8 55796.73 

CGA009 1061 254 205 874 109 180 106 4 10 55796.73 

CGA009 1061 254 205 874 119 109 83 5 2 41905.69 

CGA009 1061 254 205 874 119 124 95 5 2.5 41905.69 

CGA009 1061 254 205 874 119 142 104 5 3 55796.73 

CGA009 1061 254 205 874 119 153 111 5 3.5 55796.73 

CGA009 1061 254 205 874 119 159 112 5 4 55796.73 

CGA009 1061 254 205 874 119 169 114 5 5 55796.73 

CGA009 1061 254 205 874 119 172 114 5 6 55796.73 

CGA009 1061 254 205 874 119 172 114 5 7 55796.73 

CGA009 1061 254 205 874 119 177 116 5 8 55796.73 

CGA009 1061 254 205 874 119 180 116 5 10 55796.73 

CGA009 1061 254 205 874 126 109 85 6 2 41905.69 

CGA009 1061 254 205 874 126 124 98 6 2.5 41905.69 

CGA009 1061 254 205 874 126 142 107 6 3 55796.73 

CGA009 1061 254 205 874 126 153 115 6 3.5 55796.73 

CGA009 1061 254 205 874 126 159 117 6 4 55796.73 

CGA009 1061 254 205 874 126 169 120 6 5 55796.73 

CGA009 1061 254 205 874 126 172 120 6 6 55796.73 

CGA009 1061 254 205 874 126 172 120 6 7 55796.73 

CGA009 1061 254 205 874 126 177 122 6 8 55796.73 

CGA009 1061 254 205 874 126 180 122 6 10 55796.73 

CGA009 1061 254 205 874 132 109 86 7 2 41905.69 

CGA009 1061 254 205 874 132 124 99 7 2.5 41905.69 

CGA009 1061 254 205 874 132 142 110 7 3 55796.73 

CGA009 1061 254 205 874 132 153 120 7 3.5 55796.73 

CGA009 1061 254 205 874 132 159 122 7 4 55796.73 

CGA009 1061 254 205 874 132 169 125 7 5 55796.73 

CGA009 1061 254 205 874 132 172 125 7 6 55796.73 

CGA009 1061 254 205 874 132 172 125 7 7 55796.73 

CGA009 1061 254 205 874 132 177 127 7 8 55796.73 



CGA009 1061 254 205 874 132 180 128 7 10 55796.73 

CGA009 1061 254 205 874 142 109 92 8 2 41905.69 

CGA009 1061 254 205 874 142 124 106 8 2.5 41905.69 

CGA009 1061 254 205 874 142 142 118 8 3 55796.73 

CGA009 1061 254 205 874 142 153 129 8 3.5 55796.73 

CGA009 1061 254 205 874 142 159 131 8 4 55796.73 

CGA009 1061 254 205 874 142 169 135 8 5 55796.73 

CGA009 1061 254 205 874 142 172 135 8 6 55796.73 

CGA009 1061 254 205 874 142 172 135 8 7 55796.73 

CGA009 1061 254 205 874 142 177 137 8 8 55796.73 

CGA009 1061 254 205 874 142 180 138 8 10 55796.73 

CGA009 1061 254 205 874 144 109 92 10 2 41905.69 

CGA009 1061 254 205 874 144 124 107 10 2.5 41905.69 

CGA009 1061 254 205 874 144 142 119 10 3 55796.73 

CGA009 1061 254 205 874 144 153 130 10 3.5 55796.73 

CGA009 1061 254 205 874 144 159 132 10 4 55796.73 

CGA009 1061 254 205 874 144 169 137 10 5 55796.73 

CGA009 1061 254 205 874 144 172 137 10 6 55796.73 

CGA009 1061 254 205 874 144 172 137 10 7 55796.73 

CGA009 1061 254 205 874 144 177 139 10 8 55796.73 

CGA009 1061 254 205 874 144 180 140 10 10 55796.73 

num_bc_pass = number of barcodes that have the minimal amount of data for analysis. 

num_prom_in_bc_pass = number of promoters represented in the group of barcodes with the minimum amount of data for analysis 

num_prom_suff_data = number of promoters with sufficient data for analysis. This involves having at least 3 barcode variants with sufficient data 
for analysis for a given promoter 

num_bc_pass_outlier = number of barcodes that pass the barcode outlier test 

num_UTR_insensitive = number of promoters that are insensitive to 5' UTR sequence 

num_Cond_insensitive = number of promoters that are insensitive to tested conditions 

num_consistent = number of promoters that are both insensitive to 5' UTR sequence and tested conditions 
UTR_cutoff = fold expression difference between barcode variants that must be passed for a promoter to be considered insensitive to 5' UTR 
sequences 

Cond_cutoff = fold expression difference between conditions that must be passed for a promoter to be considered insensitive to conditions 

expression_range = range of expression generated by dividing RTA for strongest and weakest consistent promoters in the given organism 



Table S10. Expression stats for RHA1 with different sensitivity cutoffs 

Organism 
num bc 

pass 
num prom 
in bc pass 

num prom 
suff data 

num bc 
pass 

outlier 
num UTR 

insensitive 
num Cond 
insensitive 

num 
consistent 

UTR 
cutoff 

Cond 
cutoff 

expression 
range 

RHA1 713 190 136 568 73 50 36 2 2 1858.27 

RHA1 713 190 136 568 73 78 51 2 2.5 1858.27 

RHA1 713 190 136 568 73 95 59 2 3 1858.27 

RHA1 713 190 136 568 73 110 66 2 3.5 1858.27 

RHA1 713 190 136 568 73 118 68 2 4 1858.27 

RHA1 713 190 136 568 73 128 70 2 5 1858.27 

RHA1 713 190 136 568 73 128 70 2 6 1858.27 

RHA1 713 190 136 568 73 130 70 2 7 1858.27 

RHA1 713 190 136 568 73 133 71 2 8 1858.27 

RHA1 713 190 136 568 73 134 71 2 10 1858.27 

RHA1 713 190 136 568 96 50 41 2.5 2 1858.27 

RHA1 713 190 136 568 96 78 58 2.5 2.5 1858.27 

RHA1 713 190 136 568 96 95 73 2.5 3 1858.27 

RHA1 713 190 136 568 96 110 85 2.5 3.5 1858.27 

RHA1 713 190 136 568 96 118 88 2.5 4 1858.27 

RHA1 713 190 136 568 96 128 91 2.5 5 1858.27 

RHA1 713 190 136 568 96 128 91 2.5 6 1858.27 

RHA1 713 190 136 568 96 130 92 2.5 7 1858.27 

RHA1 713 190 136 568 96 133 93 2.5 8 1858.27 

RHA1 713 190 136 568 96 134 94 2.5 10 1858.27 

RHA1 713 190 136 568 112 50 48 3 2 1858.27 

RHA1 713 190 136 568 112 78 70 3 2.5 2574.18 

RHA1 713 190 136 568 112 95 85 3 3 2574.18 

RHA1 713 190 136 568 112 110 97 3 3.5 2574.18 

RHA1 713 190 136 568 112 118 102 3 4 2574.18 

RHA1 713 190 136 568 112 128 106 3 5 2574.18 

RHA1 713 190 136 568 112 128 106 3 6 2574.18 

RHA1 713 190 136 568 112 130 107 3 7 2574.18 

RHA1 713 190 136 568 112 133 109 3 8 2574.18 

RHA1 713 190 136 568 112 134 110 3 10 2574.18 

RHA1 713 190 136 568 120 50 49 3.5 2 1858.27 

RHA1 713 190 136 568 120 78 74 3.5 2.5 2574.18 

RHA1 713 190 136 568 120 95 89 3.5 3 2574.18 

RHA1 713 190 136 568 120 110 102 3.5 3.5 2574.18 

RHA1 713 190 136 568 120 118 108 3.5 4 2574.18 

RHA1 713 190 136 568 120 128 114 3.5 5 2574.18 

RHA1 713 190 136 568 120 128 114 3.5 6 2574.18 

RHA1 713 190 136 568 120 130 115 3.5 7 2574.18 



RHA1 713 190 136 568 120 133 117 3.5 8 2574.18 

RHA1 713 190 136 568 120 134 118 3.5 10 2574.18 

RHA1 713 190 136 568 123 50 49 4 2 1858.27 

RHA1 713 190 136 568 123 78 76 4 2.5 2574.18 

RHA1 713 190 136 568 123 95 91 4 3 2574.18 

RHA1 713 190 136 568 123 110 104 4 3.5 2574.18 

RHA1 713 190 136 568 123 118 111 4 4 2574.18 

RHA1 713 190 136 568 123 128 117 4 5 2574.18 

RHA1 713 190 136 568 123 128 117 4 6 2574.18 

RHA1 713 190 136 568 123 130 118 4 7 2574.18 

RHA1 713 190 136 568 123 133 120 4 8 2574.18 

RHA1 713 190 136 568 123 134 121 4 10 2574.18 

RHA1 713 190 136 568 128 50 49 5 2 1858.27 

RHA1 713 190 136 568 128 78 76 5 2.5 2574.18 

RHA1 713 190 136 568 128 95 92 5 3 2574.18 

RHA1 713 190 136 568 128 110 105 5 3.5 2574.18 

RHA1 713 190 136 568 128 118 112 5 4 2574.18 

RHA1 713 190 136 568 128 128 120 5 5 2574.18 

RHA1 713 190 136 568 128 128 120 5 6 2574.18 

RHA1 713 190 136 568 128 130 122 5 7 2574.18 

RHA1 713 190 136 568 128 133 125 5 8 2574.18 

RHA1 713 190 136 568 128 134 126 5 10 2574.18 

RHA1 713 190 136 568 133 50 50 6 2 1858.27 

RHA1 713 190 136 568 133 78 78 6 2.5 2574.18 

RHA1 713 190 136 568 133 95 94 6 3 2574.18 

RHA1 713 190 136 568 133 110 108 6 3.5 2574.18 

RHA1 713 190 136 568 133 118 116 6 4 2574.18 

RHA1 713 190 136 568 133 128 125 6 5 2574.18 

RHA1 713 190 136 568 133 128 125 6 6 2574.18 

RHA1 713 190 136 568 133 130 127 6 7 2574.18 

RHA1 713 190 136 568 133 133 130 6 8 2574.18 

RHA1 713 190 136 568 133 134 131 6 10 2574.18 

RHA1 713 190 136 568 133 50 50 7 2 1858.27 

RHA1 713 190 136 568 133 78 78 7 2.5 2574.18 

RHA1 713 190 136 568 133 95 94 7 3 2574.18 

RHA1 713 190 136 568 133 110 108 7 3.5 2574.18 

RHA1 713 190 136 568 133 118 116 7 4 2574.18 

RHA1 713 190 136 568 133 128 125 7 5 2574.18 

RHA1 713 190 136 568 133 128 125 7 6 2574.18 

RHA1 713 190 136 568 133 130 127 7 7 2574.18 

RHA1 713 190 136 568 133 133 130 7 8 2574.18 



RHA1 713 190 136 568 133 134 131 7 10 2574.18 

RHA1 713 190 136 568 133 50 50 8 2 1858.27 

RHA1 713 190 136 568 133 78 78 8 2.5 2574.18 

RHA1 713 190 136 568 133 95 94 8 3 2574.18 

RHA1 713 190 136 568 133 110 108 8 3.5 2574.18 

RHA1 713 190 136 568 133 118 116 8 4 2574.18 

RHA1 713 190 136 568 133 128 125 8 5 2574.18 

RHA1 713 190 136 568 133 128 125 8 6 2574.18 

RHA1 713 190 136 568 133 130 127 8 7 2574.18 

RHA1 713 190 136 568 133 133 130 8 8 2574.18 

RHA1 713 190 136 568 133 134 131 8 10 2574.18 

RHA1 713 190 136 568 134 50 50 10 2 1858.27 

RHA1 713 190 136 568 134 78 78 10 2.5 2574.18 

RHA1 713 190 136 568 134 95 94 10 3 2574.18 

RHA1 713 190 136 568 134 110 109 10 3.5 2574.18 

RHA1 713 190 136 568 134 118 117 10 4 2574.18 

RHA1 713 190 136 568 134 128 126 10 5 2574.18 

RHA1 713 190 136 568 134 128 126 10 6 2574.18 

RHA1 713 190 136 568 134 130 128 10 7 2574.18 

RHA1 713 190 136 568 134 133 131 10 8 2574.18 

RHA1 713 190 136 568 134 134 132 10 10 2574.18 

num_bc_pass = number of barcodes that have the minimal amount of data for analysis. 

num_prom_in_bc_pass = number of promoters represented in the group of barcodes with the minimum amount of data for analysis 

num_prom_suff_data = number of promoters with sufficient data for analysis. This involves having at least 3 barcode variants with sufficient 
data for analysis for a given promoter 

num_bc_pass_outlier = number of barcodes that pass the barcode outlier test 

num_UTR_insensitive = number of promoters that are insensitive to 5' UTR sequence 

num_Cond_insensitive = number of promoters that are insensitive to tested conditions 

num_consistent = number of promoters that are both insensitive to 5' UTR sequence and tested conditions 
UTR_cutoff = fold expression difference between barcode variants that must be passed for a promoter to be considered insensitive to 5' UTR 
sequences 

Cond_cutoff = fold expression difference between conditions that must be passed for a promoter to be considered insensitive to conditions 

expression_range = range of expression generated by dividing RTA for strongest and weakest consistent promoters in the given organism 



Additional Supplementary Materials 

Supplementary Data D1: Promoter source & DNA sequence with relative transcriptional 
profiling scores for gene expression library.  

Figure Source Data: Measurement data used to visualize figure panels with N < 20, with 
individual Excel tabs for each relevant figure panel.  

Supplementary File F1: Relative transcriptional activity plot for all promoters, conditions, and 
associated barcodes in Pseudomonas fluorescens SBW25. 

Supplementary File F2: Relative transcriptional activity plot for all promoters, conditions, and 
associated barcodes in Pseudomonas frederiksbergensis TBS10. 

Supplementary File F3: Relative transcriptional activity plot for all promoters, conditions, and 
associated barcodes in Pseudomonas putida Gpo1. 

Supplementary File F4: Relative transcriptional activity plot for all promoters, conditions, and 
associated barcodes in Rhodopseudomonas palustris CGA009. 

Supplementary File F5: Relative transcriptional activity plot for all promoters, conditions, and 
associated barcodes in Rhodococcus jostii RHA1. 

Supplementary File P1: Sequence maps for all plasmids constructed for this study. 

Supplementary File T1: Source and DNA sequence information for 287 natural and synthetic 
transcriptional promoters for bacteria included in the SAGE expression library. 

Supplementary File T2: Relative transcriptional activity (RTA) scores across strains, 
conditions, and barcodes. 
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