Supplementary Note

Oligonucleotides for genome editing

Lactococcus Lactis

Rifampicin resistance 4bp
mismatch:

C*G*Agagataccaccaggtcctaaggcagagaaacgacgtttgt TGCTaagctca
gacaaaggattatgttggtccataaattgtgacaac

Rifampicin resistance 1bp
mismatch:

C*G*AgagataccaccaggtcctaaggcagagaaacgacgtttgtTtgaaagetcaga
caaaggattatgttggtccataaattgtgacaac

Streptomycin resistance
(K56R):

G*A*AAGACGTACACGCGCGAATTTACGAAGCGCTGAG
TTAGGTTTTCTAGGAGTCATTGTACCAACACGAGTTGC
TACTCCACGTTTTTGT

NNKXxS5 oligo
Spectinomycin resistance

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGMNNMNNMNNMNNMNNAACTTTAGTAACGCGGTT
AATTGAAACTACGCGTTCT

5x1NNK oligo
Spectinomycin resistance
(AA 32)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGMNNTCCACCTTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

5x1NNK oligo
Spectinomycin resistance
(AA 31)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGMNNACCTTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

5x1NNK oligo
Spectinomycin resistance
(AA 30)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCMNNTTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

5x1NNK oligo
Spectinomycin resistance
(AA 29)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCMNNTACAACTTTAGTAACGCGGTTA
ATTGAAACTACGCGTTCT

5x1NNK oligo
Spectinomycin resistance
(AA 28)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCTTTMNNAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
mutation matching E. coli
(G27D matches G30D)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCATCTTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

NNKXxS5 oligo
Spectinomycin resistance
Validation 1 (RTNAR)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACG CCGCGCATTCGTACG
AACTTTAGTAACGCGGTTAATTGAAACTACGCGTTCT

NNKXxS5 oligo
Spectinomycin resistance
Validation 2 (NGTRF)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACG AAACCTAGTACCATT
AACTTTAGTAACGCGGTTAATTGAAACTACGCGTTCT

5x1NNK oligo
Spectinomycin resistance
Validation 1 (V28P)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCTTTAGGAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

5x1NNK oligo
Spectinomycin resistance
Validation 2 (K29I)

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCAATTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT




Spectinomycin resistance
validation R at 28

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCTTTCCTAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation R at 28, NN at
30-31

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGATTATTTTTCCTAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation R at 28, N at 31

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGATTACCTTTCCTAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation R at 28, N at 30

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCATTTTTCCTAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation NN at 30-31

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGATTATTTTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation N at 31

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGATTACCTTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation N at 30

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCATTTTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation R at 31

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGCCTACCTTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation N at 30, R at 31

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGCCTATTTTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation MNR at 29-31

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGCCTATTCATTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation M at 29

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCCATTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation M at 29, R at 31

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGCCTACCCATTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation M at 29, N at 30

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCATTCATTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation SNNRK

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGTTTACGATTATTTGAAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation FNGGR

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCGTTAAAAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT




Spectinomycin resistance
validation FKGGR

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCTTTAAAAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation VNGGR

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCGTTTACAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation PNGGR

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCGTTCGGAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

Spectinomycin resistance
validation V-GGR

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCTACAACTTTAGTAACGCGGTTAATTG
AAACTACGCGTTCT

Spectinomycin resistance
validation FIGGR

C*G*GTCACCAACAACAACAAGTGCTGCAAAGCGAAG
ACGACGTCCACCAATAAAAACTTTAGTAACGCGGTTAA
TTGAAACTACGCGTTCT

o FEscherichia coli

4bp mutation conferring SDS
resistance (tolC targeting)

A*G*CAAGCACGCCTTAGTAACCCGGAATTGCGTAA
GTCTGCCGCTAAATCGTGATGCTGCCTTTGAAAAAAT
TAATGAAGCGCGCAGTCCA

e Mpycobacterium smegmatis

Ibp Streptomycin resistance
(targets rpsL):

G*T*CAGCTTCACGCGCGCGACCTTCCGGAGCGCCGA
GTTCGGCTTCCTCGGAGTGGTGGTGTAAACGCGCGT
GCACACGCCGCGACGCTGC

e Lactobacillus rhamnosus

3bp rifampacin resistance
(targets RpoB):

A*C*GAGTCAAGCCACCAGGTCCAAGGGCAGACAGA
CGCCGTTTGTCCGTTAATTCGCCCAACGGATTGGTCT
GATCATGAACTGTGACAG

o Caulobacter crescentus

Rifampicin resistance 4bp
mismatch:

C*G*CGGGTCAGACCGCCCGGGCCGAGGGCCGAGAG
ACGACGCTTCCTCGTGATTTCCGACAGCGGGTTCGT
CTGGTCCATGAACTGCGACA

Rifampicin resistance 1bp
mismatch:

C*G*CGGGTCAGACCGCCCGGGCCGAGGGCCGAGAG
ACGACGCTTGCGGGTGATTTCCGACAGCGGGTTCGT
CTGGTCCATGAACTGCGACA

Oligos used for fluorescence quenching:

Quenching oligo: tolC-
f.null.mut-5'IBFQ

/S’ IBFQ/TGGACTGCGCGCTTCATTAATTTTTTCAAAGG
CAGCATCACGATTTAGCGGCAGACTTACGCAATTCC
GGGTTACTAAGGCGTGCTTGCT




Fluorescent oligo: tolC-
r.null.mut-3'6FAM

AGCAAGCACGCCTTAGTAACCCGGAATTGCGTAAGT
CTGCCGCTAAATCGTGATGCTGCCTTTGAAAAAATTA

ATGAAGCGCGCAGTCCA/3’FAM/

Primers
e MASC PCR (L. lactis)

Common

Rifampacin 1bp PCR F WT AGAGAAACGACGTTTGTG
Rifampacin 1bp PCR F Mut | CAGAGAAACGACGTTTGTT
Rifampacin 1bp PCR R CGTTCAGTTGGTGAATTACT

e dsDNA validation of genome integration (L. lactis)

Colony PCR primer for
integration into genome F

GTAGATAAATTATTAGGTATACTACTGACAGC

Colony PCR primer for
integration into genome R

CGTACCAAGCTCAGTTAATTG

o Sanger sequencing for spectinomycin resistance mutants (L. lactis)

L. lactis RpsE sequencing
primer R

ACACTTGCATCAGCTTCATC

L. lactis RpsE sequencing
primer F

ATTTTGATGTTACGTCAGCAACAC

o Next-generation sequencing of spectinomycin resistance mutants (L. /actis)

Next gen. seq. primer
Spectinomycin resistance F 1

ctttccctacacgacgcetettccgatct ATGGCAGAAAACAGAAGAA
ATG

Next gen. seq. primer
Spectinomycin resistance F 2

ctttccctacacgacgcetettccgatctNATGGCAGAAAACAGAAGA
AATG

Next gen. seq. primer
Spectinomycin resistance F 3

ctttccctacacgacgcetettccgatctNNATGGCAGAAAACAGAAG
AAATG

Next gen. seq. primer
Spectinomycin resistance F 4

ctttccctacacgacgcetettccgatctNNNATGGCAGAAAACAGAA
GAAATG

Next gen. seq. primer
Spectinomycin resistance R

ggagttcagacgtgtgctcttccgatct TTTTACCACCACCGAAGAC

Nucleotide sequences of codon optimized Genes: SSAPs

o L. lactis/ L. rhamnosus

A-Red

ATGAGTACTGCACTTGCAACATTAGCTGGCAAGTTAGCAGAGCGTGT
TGGTATGGATTCAGTCGACCCTCAGGAGCTTATAACTACCTTACGTC
AAACAGCGTTCAAGTGTGACGCCTCTGATGCACAATTTATCGCTTTG
CTTATCGTAGCTAACCAGTATGGGTTGAATCCTTGGACGAAGGAGAT
ATACGCTTTCCCGGATAAGCAGAACGGTATTGTTCCTGTAGTAGGTG




TCGATGGATGGAGTAGAATTATCAATGAAAATCAACAGTTCGATGG
CATGGACTTCGAGCAGGATAATGAATCATGTACCTGCCGTATATATA
GAAAAGACCGAAATCACCCAATTTGTGTGACTGAATGGATGGATGA
GTGCAGACGTGAGCCGTTCAAGACCCGAGAAGGCCGTGAAATCACT
GGTCCGTGGCAATCACATCCAAAGAGAATGTTGCGTCACAAGGCGA
TGATTCAGTGCGCCCGTTTAGCTTTTGGGTTTGCTGGCATTTACGACA
AGGACGAAGCTGAAAGAATCGTTGAAAACACTGCATATACCGCTGA
ACGACAACCGGAGCGTGACATTACGCCAGTGAATGACGAGACAATG
CAGGAAATTAACACGTTGTTGATTGCTTTGGACAAAACGTGGGACGA
CGACTTGTTACCACTTTGTAGCCAAATTTTTCGTCGAGACATTAGAG
CTTCATCTGAGCTTACACAAGCTGAAGCCGTCAAGGCATTGGGGTTT
TTGAAACAAAAAGCTACCGAACAGAAGGTAGCGGCATAA

PapRecT

ATGGGAACCGCCCTTACACCTCTTTTGACAAAGTTCGCAACCAGATA
TGAGATGGGAACGACCCCTGAAGAGGTTGCTAATACATTGAAACAA
ACATGCTTCAAGGGACAGGTCAACGACAGTCAAATGGTAGCCCTTTT
GATAGTCGCTGACCAGTACAAGTTAAACCCGTTCACCAAGGAGTTGT
ATGCATTCCCTGACAAGAATAATGGAATCGTGCCAGTTGTTGGTGTC
GATGGATGGGCGAGAATAATAAACGAGAACCCTCAGTTTGATGGTA
TGGAATTTTCTATGGACCAGCAGGGCACTGAGTGCACGTGCAAAATC
TATCGTAAGGATCGTTCTCACGCAATAAGCGCTACGGAATATATGGC
CGAATGTAAGAGAAATACGCAACCTTGGCAAAGTCACCCACGACGT
ATGTTAAGACATAAAGCCATGATCCAGTGTGCGCGATTAGCATTCGG
CTTCGCTGGTATCTACGATCAAGACGAAGCGGAACGAATAGTCGAA
AGAGACGTTACTCCGGCGGAGCAGTACGAAGATGTCAGCGAAGCTA
TATGCTTGATTAAGGACAGCCCGACGATGGAGGATTTACAGGCAGC
GTTCAGCAATGCCTGGAAGGCGTATAAAACCAAAGGTGCAAGAGAC
CAATTGACAGCCGCCAAGGATCAGCGTAAAAAGGAATTACTTGATG
CCCCAATAGATGTCGAGTTCGAAGAAACTGGCGATGATAGAGCAGC
ATAA

MspRecT

ATGGCAGAAAACGCCGTGACGAAACAAGACTCACCTAAAGCCCCAG
AAACGATATCACAGGTCCTTCAAGTGTTAGTACCTCAATTAGCTCGA
GCCGTACCTAAGGGAATGGATCCTGATAGAATAGCTCGAATCGTCCA
GACCGAGATCAGAAAGAGTAGAAATGCGAAAGCGGCGGGAATCGC
CAAACAGTCATTGGATGACTGCACGCAAGAAAGCTTCGCCGGGGCG
TTACTTACAAGTGCGGCATTGGGCCTTGAGCCAGGCGTTAACGGTGA
GTGTTATCTTGTTCCATACAGAGACACAAGAAGAGGTGTCGTCGAGT
GCCAGTTAATTATCGGGTATCAAGGAATCGTTAAATTGTTTTGGCAA
CATCCGCGAGCCTCTCGAATAGACGCCCAGTGGGTGGGGGCAAACG
ATGAATTCCATTATACAATGGGTCTTAACCCAACCTTAAAACATGTA
AAGGCTAAGGGAGACCGAGGAAACCCAGTATATTTTTATGCTATCGT
AGAGGTCACGGGTGCCGAGCCTTTGTGGGATGTCTTCACAGCTGATG
AGATTAGAGAGTTGAGAAGAGGTAAAGTCGGTTCAAGCGGGGATAT
TAAGGATCCGCAGAGATGGATGGAGCGAAAGACAGCGTTAAAACAA
GTGCTTAAGCTTGCTCCAAAAACTACTCGTTTGGACGCAGCAATACG
AGCGGACGATAGACCGGGAACAGATTTGTCTCAAAGCCAGGCGTTG
GCATTACCTAGTACAGTTAAGCCAACAGCAGACTACATAGACGGTG




AGATTGCAGAGCCACACGAGGTTGACACTCCGCCTAAAAGCAGTCG
AGCACAACGAGCTCAGAGAGCGACTGCCCCAGCCCCAGACGTTCAG
ATGGCCAATCCGGATCAATTAAAGCGTTTGGGAGAGATTCAAAAAG
CCGAAAAGTACAATGATGCCGACTGGTTTAAGTTCTTAGCTGATAGT
GCAGGGGTGAAAGCGACAAGAGCAGCTGATCTTACATTTGATGAAG
CAAAAGCTGTAATAGATATGTTCGACGGCCCAAATGCTTGA

LrpRecT

ATGGCTAATCAAGTAGCACAACAGCAGAAACCGACTAAGCTAACCG
ATCTTGTATTAGATCGTGTTAAACAAATGCAAGACACGCAGGACTTG
TCACTACCCAAGAATTACAACGCTTCTAATGCGTTGAATGCAGCCTT
TCTCGAATTACAAAAAGTACAAGACCGTAATCATCGGCCAGCCTTAG
AAGTATGTTCTCATGACTCGATTGTTAAGTCCTTGTTAGATATGACAC
TGCAAGGGCTATCCCCAGCAAAAGATCAATGCTACTTCATCGTATAC
GGCAATGAGCTTCAAATGCAACGGAGCTATTTCGGTACTGTTGCAGC
AGTTAAGCGACTGGATGGTGTTAAGAAAGTTAGGGCAGAAGTTGTT
CACGAAAAAGATGACTTTGAAATTGGTGCTAATGAAGACATGGAGC
TAGTCGTTAAGAGGTTCGTTCCTAAGTTTGAAAATCAAGATAATCAA
ATTATTGGAGCTTTTGCCATGATTAAGACTGATGAAGGTACTGACTT
TACTGTTATGACTAAGAAAGAGATTGATCAGTCATGGGCACAAACA
CGTCAAAAAAATAACAAAGTACAGCAGAATTTTAGCCAAGAAATGG
CAAAGCGTACTGTGCTTAATCGTGCCGCTAAGATGTTTATTAACACG
TCTGATGATAGTGACCTTTTAACTGGTGCTATCAACGATACAACAAG
CAACGAATACGATGATGAGCGTCGAGATGTAACGCCCGTTGAGGAT
GAAAAACAAAGTACTGATAAATTGCTAGAAGGATTTCAAAAGTCAC
AAGAAGCGAAGGCTAAGTGGGTAAGTAATGATGGCAACAGCAACGA
AGGCAAAGAAACCAGTGAAGAAGTCGCAGACGGACAAACAGAACT
CTTCAGCGAAGGGACAATCAAACCAGCCGATGAAGCTGACAGCTAA

e FE. coli

A-Red

ATGAGTACTGCACTCGCAACGCTGGCTGGGAAGCTGGCTGAACGTGT
CGGCATGGATTCTGTCGACCCACAGGAACTGATCACCACTCTTCGCC
AGACGGCATTTAAAGGTGATGCCAGCGATGCGCAGTTCATCGCATTA
CTGATCGTTGCCAACCAGTACGGCCTTAATCCGTGGACGAAAGAAAT
TTACGCCTTTCCTGATAAGCAGAATGGCATCGTTCCGGTGGTGGGCG
TTGATGGCTGGTCCCGCATCATCAATGAAAACCAGCAGTTTGATGGC
ATGGACTTTGAGCAGGACAATGAATCCTGTACATGCCGGATTTACCG
CAAGGACCGTAATCATCCGATCTGCGTTACCGAATGGATGGATGAAT
GCCGCCGCGAACCATTCAAAACTCGCGAAGGCAGAGAAATCACGGG
GCCGTGGCAGTCGCATCCCAAACGGATGTTACGTCATAAAGCCATGA
TTCAGTGTGCCCGTCTGGCCTTCGGATTTGCTGGTATCTATGACAAGG
ATGAAGCCGAGCGCATTGTCGAAAATACTGCATACACTGCAGAACG
TCAGCCGGAACGCGACATCACTCCGGTTAACGATGAAACCATGCAG
GAGATTAACACTCTGCTGATCGCCCTGGATAAAACATGGGATGACGA
CTTATTGCCGCTCTGTTCCCAGATATTTCGCCGCGACATTCGTGCATC
GTCAGAACTGACACAGGCCGAAGCAGTAAAAGCTCTTGGATTCCTG
AAACAGAAAGCCGCAGAGCAGAAGGTGGCAGCATGA




PapRecT

ATGGGTACTGCTCTAACGCCGTTATTAACCAAGTTTGCCACCCGCTA
TGAGATGGGAACTACCCCCGAAGAGGTCGCTAATACGCTGAAACAG
ACTTGTTTCAAGGGCCAAGTGAACGATAGTCAGATGGTAGCCCTTTT
GATCGTTGCGGATCAATATAAGCTCAATCCATTCACAAAAGAGCTCT
ACGCGTTCCCTGACAAAAATAATGGTATTGTTCCAGTTGTGGGAGTC
GATGGTTGGGCTAGAATTATTAACGAGAATCCCCAGTTTGATGGGAT
GGAATTCAGTATGGATCAACAGGGAACTGAATGCACTTGTAAAATTT
ACCGCAAAGACCGCTCGCACGCCATCAGCGCCACCGAGTACATGGC
TGAGTGCAAAAGGAACACTCAACCTTGGCAGTCTCACCCGCGACGTA
TGCTGCGTCATAAGGCTATGATTCAATGCGCCAGACTAGCCTTTGGT
TTCGCGGGGATCTACGATCAGGATGAGGCCGAACGCATTGTTGAACG
AGATGTAACTCCCGCCGAGCAATACGAGGATGTATCCGAAGCGATTT
GTCTGATCAAAGACTCACCAACTATGGAGGACTTGCAGGCCGCGTTC
TCAAACGCGTGGAAAGCTTACAAGACTAAAGGTGCCCGTGATCAAC
TGACTGCTGCTAAAGACCAGAGAAAAAAGGAGCTGTTGGATGCGCC
CATTGATGTCGAATTCGAAGAAACTGGAGATGATCGTGCTGCGTAA

MspRecT

ATGGCCGAGAATGCCGTCACGAAACAGGATTCCCCTAAGGCACCGG
AAACCATTAGTCAAGTGCTTCAGGTGCTGGTCCCACAATTGGCTCGT
GCAGTACCTAAAGGCATGGATCCTGATCGTATTGCACGTATCGTACA
GACGGAGATTCGCAAATCCCGCAACGCAAAAGCCGCTGGAATCGCA
AAGCAAAGTTTAGACGATTGCACACAGGAGTCCTTTGCGGGAGCCTT
ACTGACCTCAGCGGCTTTAGGGTTAGAGCCAGGCGTCAATGGGGAGT
GTTATCTGGTACCCTATCGTGATACACGCCGTGGTGTGGTCGAGTGC
CAACTGATTATTGGATATCAAGGGATTGTCAAACTTTTTTGGCAACA
TCCGCGCGCGAGCCGCATCGATGCGCAATGGGTTGGCGCGAACGAC
GAGTTCCATTATACGATGGGACTTAATCCTACCTTGAAACATGTAAA
GGCAAAAGGTGATCGTGGAAACCCGGTCTACTTTTACGCCATCGTCG
AGGTGACCGGTGCTGAGCCCTTATGGGATGTTTTTACTGCTGATGAA
ATTCGTGAACTTCGTCGTGGCAAGGTTGGATCGTCTGGAGATATTAA
GGACCCCCAGCGTTGGATGGAACGCAAGACAGCATTGAAACAGGTA
CTGAAATTGGCTCCCAAAACCACACGCCTGGATGCGGCGATCCGCGC
TGATGATCGTCCAGGGACTGACCTTTCACAGTCGCAGGCTCTGGCCT
TACCGTCTACCGTTAAGCCTACCGCAGACTATATTGATGGGGAGATC
GCCGAACCGCATGAAGTCGATACACCACCAAAGAGTTCACGTGCTC
AACGCGCACAACGTGCCACGGCACCGGCTCCTGATGTGCAAATGGC
CAACCCCGACCAATTGAAGCGTCTGGGGGAGATCCAAAAGGCGGAG
AAGTACAATGATGCCGACTGGTTCAAGTTTTTGGCGGACTCCGCCGG
TGTGAAAGCGACGCGTGCTGCTGATCTTACGTTTGATGAAGCAAAGG
CTGTAATCGACATGTTTGATGGGCCAAACGCGTGA

LrpRecT

ATGGCGAATCAAGTTGCACAGCAACAAAAACCGACAAAATTAACCG
ATCTGGTTTTGGATAGAGTCAAGCAGATGCAAGACACCCAGGACCTT
AGCCTTCCGAAAAACTATAACGCATCCAATGCACTGAATGCCGCGTT
TTTAGAATTGCAGAAGGTACAAGACCGGAACCACAGACCAGCACTG
GAAGTCTGCTCGCACGATTCTATTGTAAAATCGCTGTTGGACATGAC
TTTGCAGGGCTTATCCCCTGCGAAGGATCAGTGTTACTTCATAGTAT
ATGGCAATGAGTTACAGATGCAGAGATCTTATTTCGGGACTGTCGCG




GCAGTTAAAAGATTAGATGGGGTGAAGAAGGTCCGGGCGGAAGTCG
TGCATGAAAAGGACGACTTCGAAATTGGCGCCAATGAAGACATGGA
GCTGGTAGTGAAACGGTTTGTACCAAAGTTCGAAAATCAAGACAAC
CAAATAATAGGGGCGTTCGCAATGATTAAAACGGATGAAGGTACGG
ACTTCACAGTTATGACGAAAAAGGAAATAGATCAAAGTTGGGCGCA
AACACGCCAGAAGAACAATAAGGTACAGCAGAACTTTAGTCAAGAA
ATGGCGAAACGTACAGTCCTTAATCGTGCCGCTAAGATGTTTATAAA
CACTTCAGACGATTCGGACTTATTAACCGGGGCCATAAATGACACGA
CCTCAAACGAGTATGACGATGAAAGAAGAGATGTGACACCAGTCGA
GGACGAAAAACAGAGCACGGATAAATTACTGGAGGGGTTTCAGAAG
TCGCAGGAGGCGAAAGCAAAAGGGGTTAGTAACGACGGAAACAGTA
ATGAGGGAAAAGAGACAAGCGAGGAGGTGGCCGATGGACAGACGG
AACTGTTCTCTGAAGGTACTATTAAACCAGCAGATGAAGCGGATAGC
TAA

o M. smegmatis

A-Red

ATGAGCACGGCGCTCGCGACCTTGGCGGGGAAACTGGCGGAGCGTG
TCGGCATGGATTCCGTCGACCCGCAAGAACTCATCACCACGCTGCGC
CAGACGGCGTTCAAATGCGACGCCTCGGACGCCCAGTTTATCGCGCT
CCTGATCGTCGCGAACCAGTATGGGCTGAACCCATGGACCAAGGAA
ATTTATGCCTTTCCCGACAAGCAGAATGGGATTGTGCCCGTCGTGGG
GGTGGATGGGTGGTCGCGTATCATTAACGAAAACCAACAGTTCGAC
GGCATGGATTTTGAGCAGGATAACGAATCGTGTACCTGTCGGATTTA
CCGCAAAGACCGGAACCACCCGATTTGTGTGACGGAGTGGATGGAC
GAGTGCCGGCGGGAGCCATTCAAGACGCGGGAAGGGCGTGAGATTA
CCGGCCCCTGGCAGTCCCATCCAAAGCGTATGCTCCGTCATAAGGCC
ATGATCCAATGTGCGCGGCTGGCCTTCGGGTTTGCGGGGATTTATGA
CAAGGACGAGGCGGAGCGGATTGTGGAGAACACCGCGTATACCGCC
GAGCGGCAGCCGGAACGCGATATTACGCCAGTCAATGACGAAACCA
TGCAGGAGATCAATACGCTCCTCATCGCGTTGGACAAAACGTGGGAT
GATGACTTGTTGCCGCTCTGCTCCCAGATTTTCCGCCGTGACATTCGG
GCCTCCTCGGAGCTGACCCAGGCGGAGGCGGTCAAAGCCTTGGGCTT
CCTCAAGCAGAAGGCGACCGAACAGAAGGTGGCCGCCTAA

LrpRecT

ATGGCGAACCAAGTCGCGCAACAACAGAAGCCGACGAAGCTGACCG
ACTTGGTCTTGGACCGTGTCAAACAAATGCAGGACACGCAGGACCTC
AGCTTGCCGAAGAATTATAATGCCTCCAATGCCTTGAACGCCGCGTT
CCTGGAATTGCAAAAGGTCCAAGATCGCAATCACCGTCCAGCCCTGG
AAGTGTGTAGCCACGACTCCATCGTCAAAAGCCTCCTGGATATGACG
CTGCAGGGTTTGAGCCCCGCCAAAGATCAATGCTATTTTATCGTGTA
CGGTAATGAGTTGCAAATGCAGCGCTCGTACTTTGGCACCGTGGCCG
CCGTGAAGCGCCTGGACGGCGTGAAGAAAGTCCGTGCGGAGGTCGT
CCATGAAAAGGACGATTTCGAGATTGGCGCCAACGAGGACATGGAG
TTGGTGGTCAAGCGTTTCGTCCCAAAATTCGAGAATCAAGATAACCA
AATCATCGGGGCGTTTGCGATGATTAAAACGGACGAGGGCACGGAT
TTCACGGTCATGACCAAGAAAGAGATCGACCAAAGCTGGGCCCAAA
CGCGCCAGAAGAACAATAAGGTCCAGCAGAACTTTAGCCAAGAGAT




GGCGAAGCGGACCGTGTTGAACCGTGCGGCCAAGATGTTTATCAATA
CCAGCGACGACTCGGATCTCCTCACCGGGGCCATCAACGACACCACC
TCGAACGAGTATGACGACGAGCGGCGCGATGTGACGCCAGTCGAAG
ATGAGAAACAGAGCACCGATAAGCTCCTGGAGGGCTTCCAGAAGTC
GCAAGAAGCGAAAGCGAAAGGCGTGAGCAACGATGGGAACAGCAA
CGAGGGTAAGGAGACGTCGGAAGAAGTGGCGGATGGTCAAACGGA
GCTGTTCTCGGAGGGGACCATTAAACCCGCCGACGAAGCGGACAGC

MspRecT

ATGGCAGAAAACGCTGTAACCAAGCAAGACAGTCCCAAAGCGCCCG
AGACCATATCGCAGGTATTGCAAGTGTTAGTGCCTCAATTAGCAAGA
GCAGTCCCCAAAGGGATGGATCCTGACAGAATAGCACGCATAGTGC
AGACCGAAATACGTAAGTCCCGTAATGCCAAAGCTGCCGGCATCGC
AAAACAATCGTTAGATGATTGTACCCAGGAGAGTTTTGCCGGGGCGC
TGCTTACCTCAGCAGCCTTAGGTCTGGAACCAGGAGTTAACGGAGAG
TGTTATTTGGTCCCATACCGGGATACTCGTCGCGGAGTTGTTGAGTG
CCAACTTATTATCGGTTACCAGGGAATAGTGAAGTTGTTCTGGCAAC
ACCCTCGTGCGTCCCGGATTGACGCGCAGTGGGTAGGTGCAAACGAC
GAATTCCACTACACTATGGGCCTTAATCCGACACTTAAACACGTCAA
AGCGAAAGGGGATAGAGGAAACCCGGTGTACTTTTATGCAATTGTTG
AGGTTACTGGAGCAGAGCCGTTATGGGATGTCTTTACTGCCGATGAG
ATACGCGAGCTGCGTCGTGGCAAGGTCGGGAGTTCAGGGGACATTA
AAGATCCCCAACGGTGGATGGAGCGGAAGACTGCGCTGAAACAGGT
GTTGAAGTTGGCCCCCAAAACGACCCGCCTTGACGCTGCAATCCGGG
CGGATGATCGTCCTGGGACTGACCTGTCCCAAAGCCAAGCCTTAGCC
CTTCCAAGTACTGTCAAGCCAACCGCAGATTACATTGACGGGGAAAT
CGCAGAACCGCACGAAGTTGACACTCCTCCGAAGAGTAGCCGCGCA
CAACGTGCCCAGCGCGCGACGGCACCAGCGCCGGATGTGCAGATGG
CAAATCCTGACCAACTTAAAAGACTGGGAGAGATACAGAAAGCAGA
GAAGTACAACGACGCAGATTGGTTTAAGTTTTTGGCGGACAGCGCTG
GCGTCAAAGCAACTCGTGCGGCCGACTTGACCTTTGACGAAGCGAA
GGCGGTCATAGATATGTTTGATGGTCCAAACGCCTGA

PapRecT

ATGGGCACCGCCCTGACCCCACTCTTGACCAAGTTTGCCACGCGGTA
TGAGATGGGCACCACCCCAGAGGAAGTGGCGAACACCCTCAAGCAG
ACCTGCTTTAAGGGTCAGGTCAATGATAGCCAGATGGTGGCCTTGCT
GATCGTCGCGGACCAATATAAACTGAATCCATTTACCAAGGAACTCT
ATGCGTTTCCGGATAAGAACAATGGTATTGTCCCCGTCGTCGGCGTG
GACGGTTGGGCGCGGATCATTAACGAGAACCCCCAATTCGATGGCAT
GGAATTTTCGATGGACCAGCAAGGGACCGAATGCACCTGCAAAATC
TACCGGAAAGACCGTAGCCATGCCATTAGCGCCACGGAGTATATGG
CCGAATGTAAACGTAATACGCAGCCATGGCAATCCCATCCACGCCGG
ATGTTGCGCCACAAGGCGATGATCCAGTGTGCGCGGTTGGCCTTTGG
TTTCGCGGGCATCTATGACCAGGACGAAGCGGAACGCATCGTCGAG
CGGGATGTGACCCCGGCCGAACAGTATGAGGACGTGTCGGAGGCGA
TTTGTCTCATCAAAGATAGCCCAACGATGGAGGATTTGCAGGCCGCC
TTCAGCAACGCCTGGAAGGCGTACAAGACCAAAGGTGCCCGTGACC
AACTGACGGCCGCGAAGGACCAGCGTAAGAAAGAACTGTTGGATGC




CCCAATTGATGTCGAATTTGAGGAAACCGGGGACGATCGGGCGGCG
TAA

e C. crescentus

A-Red

ATGAGCACGGCGCTCGCGACGCTCGCGGGGAAGCTGGCCGAGCGTG
TGGGCATGGATTCGGTCGATCCGCAGGAGCTCATCACCACGCTCCGG
CAGACGGCCTTTAAGTGTGACGCGAGCGATGCCCAGTTTATCGCCCT
CCTGATCGTGGCCAATCAGTACGGCCTGAACCCGTGGACGAAGGAA
ATCTACGCCTTTCCCGACAAGCAAAACGGGATCGTGCCGGTGGTCGG
CGTCGATGGGTGGTCCCGTATCATCAATGAAAATCAGCAATTTGATG
GCATGGATTTCGAGCAAGACAATGAATCCTGCACGTGCCGCATCTAT
CGGAAGGACCGCAACCATCCGATCTGCGTGACGGAATGGATGGATG
AGTGCCGCCGGGAGCCCTTTAAGACGCGGGAGGGCCGGGAAATCAC
CGGGCCCTGGCAGTCGCACCCCAAGCGGATGCTCCGTCATAAGGCG
ATGATCCAATGTGCCCGCCTCGCCTTCGGGTTCGCGGGCATCTACGA
CAAGGATGAAGCCGAGCGCATCGTGGAAAATACGGCCTACACGGCG
GAGCGTCAGCCGGAACGGGATATCACGCCGGTCAATGACGAAACGA
TGCAGGAAATCAATACCCTGCTCATCGCGCTCGACAAGACCTGGGAC
GATGATCTGCTGCCCCTGTGTAGCCAAATCTTCCGTCGTGATATCCG
CGCCTCGTCCGAACTGACCCAAGCGGAGGCGGTGAAGGCCCTGGGG
TTCCTGAAGCAGAAGGCCACCGAGCAAAAGGTCGCGGCCTAA

PapRecT

ATGGGCACGGCGCTCACGCCGCTGCTCACCAAGTTTGCCACCCGTTA
CGAGATGGGGACCACCCCCGAAGAAGTGGCGAACACCCTGAAGCAA
ACGTGCTTCAAGGGCCAGGTCAACGACTCGCAGATGGTGGCCCTGCT
CATCGTGGCCGATCAGTATAAGCTCAATCCGTTCACCAAGGAACTCT
ACGCGTTTCCCGATAAGAACAATGGGATCGTGCCGGTCGTCGGCGTC
GACGGCTGGGCGCGTATCATCAATGAAAATCCGCAGTTCGACGGCA
TGGAATTCTCGATGGACCAACAAGGGACCGAATGTACGTGCAAGAT
CTATCGTAAGGATCGTTCGCACGCGATCAGCGCCACGGAATACATGG
CGGAGTGTAAGCGGAATACGCAGCCGTGGCAATCCCACCCCCGCCG
TATGCTGCGCCATAAGGCGATGATCCAATGTGCCCGCCTGGCGTTTG
GGTTCGCCGGCATCTACGATCAAGATGAAGCGGAGCGGATCGTCGA
ACGCGATGTGACGCCCGCCGAACAATATGAAGACGTGTCGGAAGCG
ATCTGCCTGATCAAGGACAGCCCCACGATGGAAGATCTCCAAGCGG
CCTTTAGCAATGCCTGGAAGGCCTACAAGACGAAGGGGGCGCGTGA
CCAACTGACGGCGGCCAAGGATCAACGGAAGAAGGAGCTGCTGGAT
GCGCCGATCGATGTCGAATTCGAGGAAACGGGGGACGATCGTGCCG
CGTAA

Nucleotide sequences of codon optimized Genes: SSB

L. lactis / L. rhamnosus

EcSSB

ATGGCAAGCCGTGGGGTTAACAAAGTTATTCTTGTTGGAAACTTAGG
ACAAGACCCGGAAGTGCGTTATATGCCTAATGGAGGCGCGGTAGCC
AATATCACCTTGGCCACAAGCGAGTCTTGGCGAGACAAAGCAACAG
GTGAAATGAAAGAACAAACTGAATGGCACAGAGTAGTTTTGTTTGG
AAAATTGGCAGAGGTAGCCTCAGAATACTTGCGAAAGGGCAGTCAG
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GTCTATATAGAGGGCCAATTGCGTACCCGTAAGTGGACAGACCAGA
GCGGACAAGATCGTTATACGACCGAGGTCGTTGTTAATGTAGGAGG
CACAATGCAGATGTTGGGGGGGAGACAGGGCGGAGGCGCTCCGGCT
GGAGGCAATATCGGGGGTGGCCAACCTCAAGGTGGGTGGGGGCAGC
CACAGCAACCGCAAGGAGGTAATCAATTTAGTGGAGGAGCCCAATC
ACGTCCGCAGCAGTCTGCGCCTGCCGCCCCTTCTAATGAACCGCCGA
TGGATTTTGACGATGATATACCTTTCTGA

PaSSB

ATGGCCCGTGGAGTGAACAAAGTAATTCTTGTCGGTAATGTGGGTG
GGGATCCAGAGACGCGATACATGCCAAACGGGAACGCCGTGACAAA
TATCACCTTAGCCACGAGCGAATCTTGGAAGGACAAACAAACAGGT
CAGCAACAAGAACGAACCGAATGGCATAGAGTTGTATTTTTTGGCC
GACTTGCTGAGATCGCGGGTGAGTACCTTAGAAAGGGTTCTCAGGTT
TATGTCGAGGGCTCATTAAGAACACGTAAGTGGCAGGGGCAGGACG
GGCAAGACCGATATACAACTGAAATAGTAGTGGACATAAACGGCAA
CATGCAACTTCTTGGTGGCAGACCGAGTGGGGACGATTCACAGAGA
GCTCCAAGAGAACCTATGCAGCGACCACAGCAGGCTCCTCAACAGC
AGTCTCGTCCGGCCCCTCAGCAGCAACCGGCTCCGCAACCTGCACAA
GATTACGATAGTTTTGATGATGATATTCCATTCTAA

MsSSB

ATGGCGGGAGACACAACAATTACGGTTGTGGGAAACTTGACAGCCG
ATCCTGAATTGCGATTCACCCCATCAGGCGCTGCGGTGGCGAATTTC
ACAGTCGCGAGCACCCCACGAATGTTTGATAGACAATCAGGCGAAT
GGAAGGATGGCGAAGCGTTGTTTTTACGATGCAACATCTGGAGAGA
GGCGGCCGAGAACGTCGCCGAAAGCCTTACCCGTGGCAGTCGAGTG
ATTGTAACCGGACGATTAAAGCAAAGAAGTTTTGAGACGAGAGAAG
GAGAGAAACGAACTGTGGTAGAGGTAGAGGTGGATGAAATAGGTCC
TAGTTTGCGTTATGCCACAGCGAAAGTAAACAAAGCCTCTCGTAGTG
GTGGCGGGGGGGGCGGCTTTGGTTCAGGGGGTGGAGGTTCACGACA
GAGCGAGCCAAAGGATGATCCTTGGGGCAGTGCCCCTGCATCAGGC
AGTTTTAGCGGAGCAGATGACGAGCCGCCTTTTTGA

LrSSB

ATGCTTAATCGTGCAGTCTTAACTGGGCGTTTAACAAGAGATCCCGA
GTTGCGGTACACAACCAGCGGGACAGCAGTTGTTTCATTTACGTTAG
CTGTTGATCGGCAATTCCGAAACCAAAATGGTGATCGTGATGCTGAT
TTTATCAATTGCGTTATTTGGCGTAAATCCGCTGAAAACTTTAGTAA
CTTTACGCATAAGGGTTCACTTGTTGGAATTGAAGGGCGTATTCAAA
CCCGGAATTATGAAAACCAACAGGGTAACCGTGTGTATGTTACCGA
AGTTGTTGTAGATAATTTTGCATTGTTAGAACCTCGTCAAAATGGTG
GCATGAACCAATCAGGGGTTCAACAACCATTTAACAGCAACCAACA
ATCATTTGGTGCTCAGGCTCCACAATATGGTAGTCAACCACAACCTG
GAAATAATGCTCCTCAAAGTAATCCGTCACCAAGTATGGATAATGGT
TTCGATCCCAATCAAAATGCTGGCAACCAGTTCCCTGGAAGCAGTGA
TGATGGTGGTCAATCCATTGATTTAGCTGATGACGAATTACCATTCT
AA

LISSB

ATGATTAACAATGTTGTATTAGTGGGACGCATTACTCGCGATCCTGA
ACTTCGTTACACCCCTCAAAATCAAGCTGTTGCAACTTTTTCATTGGC
TGTAAATCGTCAATTTAAAAATGCTAACGGTGAACGTGAGGCTGATT
TCATTAACTGCGTTATTTGGCGCCAACAAGCTGAAAATTTGGCAAAT
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TGGGCTAAAAAAGGAGCTTTGATCGGTGTAACTGGTCGAATTCAAA
CACGTAATTATGAAAATCAACAAGGTCAACGCGTTTATGTGACTGA
GGTTGTGGCTGATAGTTTCCAAATGTTGGAAAGTAGATCTGCTCGCG
ATGGTATGGGAGGCGGAGCTTCTGCCGGTTCATATTCTGCACCAAGC
CAATCTACAAATAATACTCCACGTCCACAAACGAATAATAATAGTG
CAACACCGAATTTCGGTCGTGATGCTGACCCATTTGGTAGCTCACCT
ATGGAAATCTCGGATGATGATCTTCCATTCTAA

PapSSB

ATGCGTGGGGTTAATAAGGTAATCTTAGTTGGTAACGTGGGTGGGG
ACCCGGAGACCCGATATATGCCAAATGGAAACGCGGTAACAAACAT
CACCCTTGCAACTAGTGAGAGTTGGAAAGATAAACAAACTGGCCAA
CAGCAAGAACGTACTGAATGGCACAGAGTGGTGTTTTTTGGCAAATT
AGCCGAAATTGTCGGCCAACACGTTAAGAAAGGCCAGCAGCTTTAC
GTCGAAGGGTCATTGCGAACCCGTAAGTGGCAAGCGCAGGATGGTC
AGGACAGATATACGACAGAAATCATAGTAGATATGCACGGACAAAT
GCAAATGTTCGGGGGAAAACCTGGGAATGAGCAGGCCGCACAGTCA
AGATCATCTACCCAACAACAAAGCGCCCCGCAACAACGATCAGCAC
AGGATGAATTTGATGATGATATACCTTTATAA

E. coli

EcSSB

ATGGCCAGCAGAGGCGTAAACAAGGTTATTCTCGTTGGTAATCTGG
GTCAGGACCCGGAAGTACGCTACATGCCAAATGGTGGCGCAGTTGC
CAACATTACGCTGGCTACTTCCGAATCCTGGCGTGATAAAGCGACCG
GCGAGATGAAAGAACAGACTGAATGGCACCGCGTTGTGCTGTTCGG
CAAACTGGCAGAAGTGGCGAGCGAATATCTGCGTAAAGGTTCTCAG
GTTTATATCGAAGGTCAGCTGCGTACCCGTAAATGGACCGATCAATC
CGGTCAGGATCGCTACACCACAGAAGTCGTGGTGAACGTTGGCGGC
ACCATGCAGATGCTGGGTGGTCGTCAGGGTGGTGGCGCTCCGGCAG
GTGGCAATATCGGTGGTGGTCAGCCGCAGGGCGGTTGGGGTCAGCC
TCAGCAGCCGCAGGGTGGCAATCAGTTCAGCGGCGGCGCGCAGTCT
CGCCCGCAGCAGTCCGCTCCGGCAGCGCCGTCTAACGAGCCGCCGA
TGGACTTTGATGATGACATTCCGTTCTGA

PaSSB

ATGGCTCGCGGGGTAAATAAGGTCATTTTGGTTGGCAATGTTGGTGG
TGATCCCGAGACACGCTATATGCCTAACGGGAACGCCGTCACTAAT
ATCACACTGGCAACGTCCGAGTCATGGAAGGATAAACAGACAGGTC
AACAGCAAGAACGCACGGAGTGGCACCGCGTGGTATTTTTCGGGCG
TCTTGCTGAGATCGCCGGAGAGTATTTACGCAAAGGATCGCAGGTAT
ACGTTGAGGGTTCTTTACGCACGCGCAAGTGGCAGGGTCAGGATGG
TCAGGACCGTTATACTACCGAAATTGTAGTCGACATTAACGGGAAC
ATGCAATTATTAGGTGGTCGTCCGAGCGGAGATGACTCCCAGCGCG
CCCCCCGCGAGCCCATGCAGCGTCCGCAACAGGCTCCACAGCAGCA
GAGCCGCCCTGCCCCTCAACAACAACCCGCTCCTCAACCCGCGCAA
GATTACGATTCGTTTGACGACGATATTCCTTTTTAA

MsSSB

ATGGCAGGGGATACCACGATAACCGTTGTCGGTAACTTAACCGCGG
ACCCTGAACTTCGTTTCACACCATCCGGTGCAGCGGTTGCAAACTTC
ACGGTCGCTTCTACGCCTCGTATGTTCGACAGACAGTCTGGTGAGTG
GAAAGATGGGGAAGCACTGTTTTTAAGATGCAATATATGGCGCGAA
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GCAGCAGAGAATGTAGCCGAGAGTTTAACCAGAGGTTCACGTGTGA
TCGTAACTGGCCGTTTGAAACAACGCTCCTTTGAAACACGCGAAGGC
GAGAAACGCACGGTAGTTGAGGTCGAAGTCGACGAGATAGGCCCGT
CCTTACGCTATGCCACAGCGAAAGTCAACAAAGCGTCTCGCAGCGG
AGGCGGTGGGGGCGGGTTTGGTAGTGGTGGGGGGGGTAGTCGTCAA
TCGGAACCCAAGGATGACCCGTGGGGGTCGGCACCAGCTTCAGGAA
GTTTTTCTGGGGCCGATGACGAGCCGCCATTTTGA

LrSSB

ATGCTGAACCGTGCCGTGCTTACTGGTCGCCTTACTCGTGACCCTGA
ATTGCGCTATACGACATCAGGGACTGCAGTAGTGTCCTTTACATTGG
CGGTCGATCGTCAATTTCGTAACCAAAACGGCGACCGCGACGCCGA
TTTTATCAACTGTGTGATTTGGAGAAAGAGCGCCGAGAACTTTAGCA
ATTTCACTCATAAAGGGAGTTTAGTTGGAATCGAGGGGCGTATCCAA
ACGAGAAACTACGAAAACCAGCAAGGCAATCGCGTCTACGTAACCG
AAGTCGTAGTAGATAACTTCGCCCTGTTGGAACCACGGCAAAACGG
TGGGATGAACCAATCTGGAGTTCAACAACCCTTCAACAGTAACCAG
CAGTCTTTCGGGGCTCAGGCACCTCAATATGGCAGTCAGCCACAACC
TGGAAACAATGCCCCACAGTCTAACCCAAGTCCCTCTATGGACAATG
GGTTTGACCCCAACCAGAATGCGGGGAACCAATTCCCTGGGAGCTC
GGATGACGGCGGCCAATCAATTGATCTGGCTGACGATGAATTACCCT
TTTAA

M. smegmatis

PaSSB

ATGGCGCGTGGGGTGAACAAAGTCATCCTCGTGGGGAATGTCGGTG
GCGATCCCGAAACGCGTTATATGCCGAATGGGAATGCGGTCACCAA
TATCACGCTCGCCACCAGCGAGTCCTGGAAAGATAAACAAACGGGT
CAACAGCAGGAGCGTACGGAGTGGCATCGGGTGGTCTTCTTCGGGC
GCCTCGCCGAGATCGCCGGGGAATACCTCCGTAAAGGTTCGCAGGT
CTATGTGGAGGGCTCGCTGCGGACCCGTAAATGGCAAGGTCAGGAT
GGCCAGGATCGGTACACGACGGAAATCGTCGTGGACATTAACGGTA
ATATGCAATTGCTCGGTGGCCGCCCCTCCGGCGATGATAGCCAGCGT
GCCCCGCGTGAACCGATGCAACGCCCGCAACAAGCGCCCCAACAGC
AATCGCGGCCCGCGCCGCAGCAGCAGCCGGCCCCGCAACCAGCCCA
GGACTACGATTCGTTTGATGATGACATTCCATTTTAA

C. crescentus

PaSSB

ATGGCGCGTGGGGTCAATAAGGTGATCCTGGTCGGCAACGTGGGGG
GCGATCCCGAAACCCGGTACATGCCGAACGGCAACGCGGTCACCAA
CATCACCCTGGCGACCAGCGAGAGCTGGAAGGATAAGCAAACGGGC
CAGCAGCAAGAACGTACGGAATGGCATCGTGTGGTCTTTTTCGGCC
GGCTGGCGGAGATCGCGGGGGAATACCTCCGTAAGGGGTCCCAAGT
CTACGTGGAGGGCTCGCTGCGGACCCGGAAGTGGCAAGGGCAAGAT
GGGCAAGATCGCTACACCACGGAGATCGTCGTCGACATCAACGGGA
ACATGCAGCTCCTCGGGGGGCGTCCCTCGGGGGACGATTCCCAACG
CGCCCCCCGTGAGCCCATGCAACGCCCGCAGCAAGCGCCCCAGCAA
CAATCGCGTCCCGCCCCCCAGCAACAGCCGGCGCCCCAACCGGCGC
AGGACTACGACTCGTTCGACGATGATATCCCCTTTTAA
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Nucleotide sequences of codon optimized Genes: phage exonuclease

o L. lactis

PapExo

ATGATAGAACAGCGTAGTGATGAATGGTTCGCGCAGCGACTTGGCC
GAGTCACCGCGAGTAAAGTAAAGGATGTCATGGCGAAGGGGCGATC
AGGTGCGCCATCAGCCACCAGACAGAATTACATGATGCAATTGTTAT
GTGAGAGACTTACCGGGAAACGAGAAGAGGGGTTCACGAGTGCGGC
GATGCAGCGTGGGACGGACCTTGAACCAATAGCGCGATCAGCTTAT
GAGTTTAACGCAGGAGTAATGACTATAGAAACAGGCCTTATTATCC
ATCCACGTATCGACGGTTTCGGAGCTAGTCCGGATGGGCTTGCGGGA
GAGCATGGATTAGTGGAAATTAAGTGCCCGTCAACAGCAACGCACA
TTTATACCATGCAAAGTGGTAAGCACGACCCTCAGTACGAATGGCA
AATGCTTGCTCAAATGAGTTGCTCAGGCAGAGAGTGGGTGGATTTCG
TGTCATTCGACGATAGATTGCCAGACGAATTGCAATATGTTTGTTTC
CGTTATCACCGTGATGAAGAGAGAATAAGAGAAATGGAAAGCGAA
GTTAAGGCATTCTTGGAGGAATTAGCTGAATTGGAACACCAAATGC
GTGAACGTATGAGAAAGGCGGCCTAA

LrpExo

ATGAAACTTACGGCCAACAATTACTATAGCCATGAGACTGACTGGC
AATATATGTCAGTTTCATTGTTCAAAGACTTCGAAAAGTGCGAAGCG
CGTGCATTAGCAAAGTTGAAGGAAGATTGGCAACCTGTTTCTAGTCC
AGTTCCGCTTTTGGTTGGGAACTATGTACACAGTTATTTCGAAAGTG
CTAAGAGCCACCAAGATTTTATAGAGGCGAATAAGAAAGAGCTTAT
GACCAGACCTACTAAGACAAACCCGAACGGCCATCTTAGAGCGGAA
TTTAAGGGGGCAAACTCAATGATTCAGACCTTGCAAGCCGACGATA
TGTTTAACTACTTTTATGCACCAGGGGACAAAGAAGTTATCGTTACC
GGAGAGATAGACGGCTATTTGTGGAAGGGAAAAATAGACTCTTTAG
TTCTTGACAAAGGCTATTTTTGCGATCTTAAGACGGTAGACGACATT
CATAAGGGACATTGGAATACGTATGAACACAGATACGTCCCGTTCA
TTCAAGACCGAGAATATGATTTACAAATGGCTGTTTATAGAGAGTTA
ATCAAGCAGACGTTCGGGAAAAAGTGCCAACCTTTAATTTTTGCCAT
CTCTAAGCAAACTCCGCCTGACAAGATGGCCATCGACTTTAATGGCG
TTGATGACGACTATCAGATGCAGGCCGATCTTGATAAGGTCAAAGA
GCTTCAACCACACTTTTGGAAAGTAATGACGGGAGAGGAAGAGCCT
GTCCACTGTGGTAAGTGCGACTATTGTAGAGAAACGAAAATGTTGA
GCGGCTTCATCCACGCATCAGAAATAGAGGTTTAA

Negative control (no recombinase)

e All organisms

mCardinal
RBS eGFP

ATGCACCATCATCACCACCACGGTTCCGGCATGGTTTCTAAAGGTGA
AGAACTGATCAAGGAAAACATGCACATGAAGCTGTATATGGAAGGT
ACCGTTAACAACCACCATTTCAAATGCACCACTGAAGGTGAAGGTAA
ACCGTACGAGGGTACGCAGACCCAACGTATTAAAGTTGTTGAGGGT
GGTCCGCTGCCGTTCGCGTTCGACATCCTGGCGACCTGTTTCATGTAC
GGCTCTAAAACCTTCATCAACCACACCCAGGGTATCCCTGACTTCTT
CAAACAGTCTTTCCCGGAGGGTTTCACCTGGGAACGTGTTACCACCT
ACGAAGACGGTGGTGTACTGACCGTTACCCAGGACACTTCTCTGCAG
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GACGGTTGCCTGATCTACAACGTTAAACTCCGCGGTGTTAATTTCCC
GTCTAACGGTCCGGTTATGCAAAAAAAGACGCTGGGTTGGGAAGCG
ACTACGGAAACTCTCTACCCTGCCGATGGCGGCCTCGAAGGTCGTTG
TGATATGGCGCTGAAACTGGTTGGTGGCGGTCACCTGCACTGCAATC
TGAAAACTACCTACCGTTCTAAAAAACCAGCTAAAAACCTCAAAATG
CCGGGTGTTTACTTTGTTGATCGTCGTCTGGAACGTATCAAAGAAGC
AGACAACGAAACTTACGTTGAACAGCACGAAGTTGCGGTGGCGCGT
TACTGCGACCTGCCATCTAAACTGGGTCACAAAGGTATGGACGAACT
GTACAAATAAAAAAAATAGGAGGAAAAACATATGGGTTCTCACCA
CCATCACCACCACAGCGGCTCTAAAGGTGAAGAATTATTCACTGGTG
TTGTCCCAATTTTGGTTGAATTAGATGGTGATGTTAATGGTCACAAAT
TTTCTGTCTCCGGTGAAGGTGAAGGTGATGCTACGTACGGTAAATTG
ACCTTAAAATTTATTTGTACTACTGGTAAATTGCCAGTTCCATGGCCA
ACCTTAGTCACTACTTTCACTTATGGTGTTCAATGTTTTTCTAGATAC
CCAGATCATATGAAACAACATGACTTTTTCAAGTCTGCCATGCCAGA
AGGTTATGTTCAAGAAAGAACTATTTTTTTCAAAGATGACGGTAACT
ACAAGACCAGAGCTGAAGTCAAGTTTGAAGGTGATACCTTAGTTAAT
AGAATCGAATTAAAAGGTATTGATTTTAAAGAAGATGGTAACATTTT
AGGTCACAAATTGGAATACAACTATAACTCTCACAATGTTTACATCA
TGGCTGACAAACAAAAGAATGGTATCAAAGTTAACTTCAAAATTAG
ACACAACATTGAAGATGGTTCTGTTCAATTAGCTGACCATTATCAAC
AAAATACTCCAATTGGTGATGGTCCAGTCTTGTTACCAGACAACCAT
TACTTATCCACTCAATCTGCCTTATCCAAAGATCCAAACGAAAAGAG
AGACCACATGGTCTTGTTAGAATTTGTTACTGCTGCTGGTATTACCCA
TGGTATGGATGAATTGTACAAATAA

Nucleotide sequences of codon optimized Genes: dominant negative mutL proteins

o L. lactis
E. coli MutL ATGCCTATACAAGTGTTGCCTCCACAGTTGGCCAACCAAATCGCG
E32K GCAGGCGAGGTGGTCGAACGTCCGGCTTCAGTCGTTAAGGAATTG

GTAAAAAATTCTTTGGATGCAGGGGCAACGAGAATTGATATTGAC
ATCGAACGAGGCGGGGCCAAGTTAATCAGAATCCGAGACAATGG
GTGTGGGATTAAAAAGGATGAACTTGCTTTGGCGTTGGCACGTCA
CGCGACCAGCAAAATAGCGTCTCTTGACGACTTGGAAGCTATTAT
CAGTCTTGGTTTCCGTGGGGAAGCCTTAGCATCTATTAGCTCTGTG
TCACGTTTGACTTTGACTAGCAGAACGGCGGAACAGCAGGAAGC
ATGGCAAGCGTATGCGGAAGGACGAGACATGAACGTCACGGTTA
AGCCGGCAGCCCACCCGGTCGGCACGACCTTGGAGGTCTTGGACT
TGTTCTATAATACCCCTGCACGTCGTAAATTCTTACGAACCGAAA
AGACCGAATTTAACCATATAGATGAGATAATAAGAAGAATTGCG
TTAGCACGTTTCGATGTTACTATAAATTTGAGTCATAACGGAAAA
ATCGTTAGACAGTATCGAGCCGTGCCTGAGGGCGGGCAGAAGGA
AAGAAGATTAGGGGCTATTTGTGGCACTGCTTTTCTTGAACAAGC
ACTTGCGATCGAATGGCAACATGGGGACCTTACCTTGCGAGGTTG
GGTAGCGGACCCGAATCATACAACACCAGCGTTGGCAGAGATAC
AATATTGCTATGTAAACGGACGAATGATGAGAGATCGTTTGATCA
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ACCACGCAATACGACAGGCTTGCGAAGATAAGTTGGGGGCGGAT
CAACAGCCAGCTTTCGTCCTTTATCTTGAAATTGACCCTCATCAGG
TAGATGTGAATGTACATCCGGCCAAACACGAGGTTCGTTTTCATC
AAAGTCGACTTGTGCATGATTTTATATACCAGGGTGTCTTAAGTG
TCTTGCAGCAGCAGCTTGAGACACCTTTACCTTTAGATGATGAGC
CGCAGCCAGCTCCGCGTAGTATCCCTGAGAATCGAGTTGCCGCCG
GCAGAAATCATTTCGCAGAACCGGCAGCCCGTGAACCTGTAGCAC
CGAGATACACCCCGGCTCCTGCCTCTGGATCACGTCCTGCTGCCC
CGTGGCCTAACGCACAACCGGGCTATCAGAAGCAGCAGGGTGAA
GTTTATCGTCAATTGTTACAAACTCCGGCACCAATGCAAAAACTT
AAGGCCCCGGAGCCGCAGGAACCGGCGCTTGCTGCAAATTCACA
ATCTTTCGGACGAGTTTTAACAATAGTGCATAGTGACTGCGCATT
ACTTGAGCGTGACGGCAACATTAGTTTGCTTTCATTGCCTGTTGCC
GAGCGTTGGTTGAGACAAGCACAATTAACCCCTGGTGAAGCACC
AGTCTGTGCACAGCCATTATTGATCCCATTGCGTTTAAAGGTCTCA
GCCGAGGAAAAGAGTGCTTTGGAAAAAGCCCAAAGTGCCCTTGC
AGAGCTTGGAATTGATTTCCAAAGCGACGCACAACACGTTACGAT
AAGAGCGGTTCCATTACCGTTAAGACAGCAAAACTTACAAATTCT
TATACCAGAGCTTATCGGGTATTTGGCGAAACAGAGCGTATTCGA
ACCAGGTAATATCGCCCAGTGGATAGCGCGTAACCTTATGTCAGA
ACACGCGCAGTGGAGTATGGCGCAAGCTATCACATTGTTAGCCGA
CGTTGAGCGTTTGTGCCCACAGTTGGTGAAAACGCCTCCGGGTGG
ACTTCTTCAAAGTGTGGACTTACATCCAGCAATTAAGGCTCTTAA
AGATGAATAA

L. lactis MutL
E33K

GTGGGAAAAATTATTGAACTAAATGAAGCGCTCGCCAATCAAATT
GCTGCTGGAGAGGTGGTTGAGCGGCCTGCTAGTGTTGTCAAAGAA
TTAGTCAAAAACTCAATTGATGCTGGAAGCAGTAAAATTATTATC
AATGTTGAAGAAGCAGGTTTGCGATTAATTGAAGTCATTGATAAT
GGTTTGGGCTTAGAAAAAGAAGATGTGGCTTTGGCTTTGCGTCGT
CATGCGACAAGTAAAATCAAAGATTCAGCTGATTTATTTCGAATT
AGAACGCTCGGTTTTCGGGGTGAGGCTCTGCCGTCAATCGCTTCT
GTCAGTCAGATGACGATTGAAACAAGTAATGCTCAGGAAGAAGC
TGGGACAAAACTGATTGCTAAAGGTGGGACGATTGAAACTTTAG
AACCTCTTGCAAAGCGGTTAGGGACAAAAATTTCTGTTGCGAATC
TTTTTTATAATACACCAGCAAGGCTCAAGTATATCAAGTCTTTACA
GGCTGAACTTTCTCATATTACAGATATTATCAATCGTTTGAGCCTC
GCTCATCCAGAGATTTCTTTTACTTTAGTTAATGAGGGTAAAGAA
TTTTTGAAAACGGCGGGAAATGGAGACTTGCGCCAAGTGATTGCT
GCAATTTATGGCATTGGAACGGCGAAAAAAATGCGTGAGATTAA
TGGCTCGGACTTAGATTTTGAACTGACAGGTTATGTCAGTTTACCC
GAGCTGACAAGAGCGAATCGCAACTATATCACGATTTTGATTAAT
GGTCGATTTATCAAGAATTTTTTGTTGAATCGAGCAATTTTAGAA
GGTTACGGGAACCGATTGATGGTTGGACGTTTTCCTTTTGCTGTTT
TATCAATTAAAATTGACCCTAAATTAGCAGATGTCAATGTCCATC
CGACAAAACAAGAAGTACGTTTGTCTAAGGAACGTGAATTGATG
ACTTTAATTTCTAAAGCGATTGATGAGACCTTATCAGAAGGGGTT
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TTGATTCCAGAAGCTTTGGAAAATTTGCAAGGTAGAGCCAAGGAA
AAGGGGACTGTTTCTGTTCAAACGGAACTTCCTTTACAGAATAAT
CCTTTATACTATGACAATGTTCGTCAAGATTTTTTTGTCAGAGAAG
AAGCGATTTTTGAAATCAATAAAAACGATAATTCAGATTCTCTGA
CTGAACAAAATTCTACTGATTATACAGTTAATCAGCCAGAAACTG
GTTCTGTCAGTGAAAAAATTACGGACAGAACTGTCGAAAGTTCAA
ATGAATTTACTGACAGAACCCCAAAAAATTCTGTCAGTAACTTTG
GAGTTGATTTTGATAATATTGAGAAGCTGAGTCAGCAATCAACTT
TTCCCCAACTAGAATACTTGGCACAATTGCATGCGACTTATTTACT
TTGTCAGTCAAAAGAGGGTCTTTATTTGGTTGACCAACATGCGGC
TCAGGAGCGAATCAAGTATGAATATTGGAAAGATAAAATCGGCG
AAGTGAGCATGGAGCAACAAATTTTACTTGCGCCATATTTATTTA
CTTTACCCAAAAATGATTTTATTGTTTTAGCTGAGAAAAAGGATTT
ATTACATGAAGCAGGGGTTTTCTTGGAAGAATACGGAGAAAATC
AATTCATATTAAGAGAGCATCCGATTTGGTTAAAAGAAACTGAGA
TAGAGAAATCAATTAATGAAATGATTGATATTATTCTCTCATCAA
AAGAATTTTCACTCAAAAAATATCGGCATGATTTAGCCGCAATGG
TTGCTTGTAAAAGCTCAATCAAAGCCAACCATCCCCTTGATGCCG
AGTCTGCTAGAGCTTTGCTTAGAGAATTATCAACTTGTAAAAATC
CTTATAGTTGTGCGCATGGACGGCCAACGATTGTCCATTTTTCAG
GAGATGACATTCAAAAAATGTTCCGCAGAATTCAAGAAACGCAT
CGTTCAAAAGCGGCCTCTTGGAAAGATTTTGAGTAA

L. lactis
dsDNA
template
(Erythromycin
resistance
gene)
Homology
arm, promoter,
gene,

9

homology arm

ATGATTGAACTTAGTGGCAAAGATAGAAAGTATTTGTATAAACTA
GTAAAATCCAAAAAACTAAATTATGAACAAGGTAATTTATCGCAT
CAAGTTTTAATTGAAAACAAGTTAGCAAAAGTTTACTTTACAAGC
GATAAATATGATCCTGACTTAGGGGAACACATAAATCCACAAAAT
ATTATTGCTCCAACTAGTACAGGTTTAAGATATAAAAATATTTAT
CGTGAACAATTATGGGAAAAATATTTTACTCCTATTTGGGTATCT
ACGGCAACAACGACTCTAATATGGTTAGCAAAATATTTACTAGAG
AACTTGCTGTAACGCTAAGTAAGATTACTATCCATAGCTCTTTTTT
ATCTTTTCTCATCTTTCCACCTCCTAGCCCACTCGGGCTTTTTAATT
TAAAAATTGTTTAATCTCATGAAACGCCATGCCTATTTCTAACAGT
AAGATAATGCTGTCAGTATAGCGCCTAAGCGTTTCTTTTTGTTCTG
ATTTTTTAATGTGGTCTTTATTCTTCAACTAAAGCACCCATTAGTT
CAACAAACGAAAATTGGATAAAGTGGGATATTTTTAAAATATATA
TTTATGTTACAGTAATATTGACTTTTAAAAAAGGATTGATTCTAAT
GAAGAAAGCAGACAAGTAAGCCTCCTAAATTCACTTTAGATAAA
AATTTAGGAGGCATATCAAATGAACAAAAATATAAAATATTCTCA
AAACTTTTTAACGAGTGAAAAAGTACTCAACCAAATAATAAAAC
AATTGAATTTAAAAGAAACCGATACCGTTTACGAAATTGGAACAG
GTAAAGGGCATTTAACGACGAAACTGGCTAAAATAAGTAAACAG
GTAACGTCTATTGAATTAGACAGTCATCTATTCAACTTATCGTCAG
AAAAATTAAAACTGAATACTCGTGTCACTTTAATTCACCAAGATA
TTCTACAGTTTCAATTCCCTAACAAACAGAGGTATAAAATTGTTG
GGAGTATTCCTTACCATTTAAGCACACAAATTATTAAAAAAGTGG
TTTTTGAAAGCCATGCGTCTGACATCTATCTGATTGTTGAAGAAG

17



GATTCTACAAGCGTACCTTGGATATTCACCGAACACTAGGGTTGC
TCTTGCACACTCAAGTCTCGATTCAGCAATTGCTTAAGCTGCCAG
CGGAATGCTTTCATCCTAAACCAAAAGTAAACAGTGTCTTAATAA
AACTTACCCGCCATACCACAGATGTTCCAGATAAATATTGGAAGC
TATATACGTACTTTGTTTCAAAATGGGTCAATCGAGAATATCGTC
AACTGTTTACTAAAAATCAGTTTCATCAAGCAATGAAACACGCCA
AAGTAAACAATTTAAGTACCGTTACTTATGAGCAAGTATTGTCTA
TTTTTAATAGTTATCTATTATTTAACGGGAGGAAATAATAATATG
AGATAATGCCGACTGTACTTTTTACAGTCGGTTTTCTAATGTCACT
AACCTGCCCCGTTAGTTGAAGAAGGTTTTTATATTACAGCTCCAC
GGTTAAATTTGTCGCCTGACTGTTTAAAGCTCGTTAGACTACGAT
ATTTTCCGCTTGTCGTAAGTTGTACAAGTAAATCAAGAATGATTTT
GTGATAGTACGGTTTAGACTGCCTGCTTTGCATGATTGCGGTGTCT
AGTTTGTTCATGGTTAGTTATCCTTAACTTGCAAAAAAATCAAGTT
AATAGTTAAAATTTTTCATCAAGTCATAAATAGAATTTTCTTCTAA
ATTTGCTGCTCTTTCTAATTCTTTAACCTTATCAAGTGTTAATTTAT
TCGGAGCTAATCTAATGCGATATAGAGCATTATATGTGATTCCCA
TATTCTTCGCTATCGCCTCATATCTTACCCCTGATTGTTTTAAAAT
CTCATCAAGTGGTTTATAAGTTTTACTCATTTTATCTCCTTTCTGAT
TTTTATGTTTTTCATTCTAACATTAACTTGATTTTTATGCAAGTAAT
AACTTTACTTTTTTGCAAGTTTTCTCTTGAAAGTAGTT
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Plasmids:

LOCUS
2018
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
FEATURES
promo

misc_
CDS

rep o
promo

gene

gene
mRNA
regul

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441

PARCS

3497 bp DNA circular UNA 15-NOV-

whole plasmid sequencing.
urn.local...3f-8p8b27t
urn.local...3f-8p8b27t

E. coli
E. coli.

ter

feature

rigin
ter

atory

tccacattga
gattagcgga
ttttctggat
gaattacaac
cactgaaatc
tctgcgcgta
ggttctctga
aaaacttgtc
atcaattacc
gacgatagtt
ccagcttgga
ggccataaca
gagccgccag
tttgagcgtc
gccgcggcecce
cccgttcegta
gcgaggaagc
ttctcctgece
tatacactcc
gtagctgaac
catcatacac
acctgtgacg
gaagccctgg
ctttcaccat
aggagctaag

Location/Qualifiers

4..133

/standard name="pBAD promoter"

115

/standard name="pBAD TSS"

1407141

/standard name="Insert genes here"
186..1098

1262..1459

/standard name="promoter"

1460..2320

/gene="bla; Ampicillin"
/locus_tag="N840 4489"

/standard name="Beta Lactamase"
complement (2453..3298)

/standard name="araC protein"
complement (3299..3453)

/standard name="beginning of araC mRNA"
3328..133

/standard name="pBAD-araC regulatory region"

atatttgcac
tcctgectga
ggagtaagac
ttatatcgta
tagaaatatt
atctcttgcet
gctaccaact
ctttcagttt
agtggctgct
accggataag
gcgaactgcc
gcggaatgac
ggggaaacgc
agatttcgtg
tctcacttcc
agccatttcc
ggaatatatc
acatgaagca
gctagcgctg
aggagggaca
taaatcagta
gaagatcact
gccaactttt
aatgaaataa
gaagctaaaa

agcgtcacac
cggtttttgce
ctagtgggga
tggggctgac
ttatctgatt
ctgaaaacga
ctttgaaccg
agccttaacc
gccagtggtg
gcgcagcggt
tacccggaac
accggtaaac
ctggtatctt
atgcttgtca
ctgttaagta
gctcgccgca
ctgtatcaca
cttcactgac
atgtccggcg
gctgatagaa
agttggcagc
tcgcagaata
ggcgaaaatg
gatcactacc
tgagtattca

tttgcaaagc
cgcgactctce
agcttatcga
ttcaggtgct
aataagatga
aaaaaccgcc
aggtaactgg
ggcgcatgac
cttttgcatg
cggactgaac
tgagtgtcag
cgaaaggcag
tatagtcctg
ggggggcgga
tcttcctgge
gtcgaacgac
tattctgctg
accctcatca
gtgcttttgc
acagaagcca
atcacccgac
aataaatcct
agacgttgat
gggcgtattt
acatttccgt

attagcattt
tataatttct
tgataagctg
acatttgaag
tcttcttgag
ttgcagggcg
cttggaggag
ttcaagacta
tctttccggg
ggggggttcg
gcgtggaatg
gaacaggaga
tcgggtttcg
gcctatggaa
atcttccagg
cgagcgtagc
acgcaccggt
gtgccaacat
cgttacgcac
ctggagcacc
gcactttgcg
ggtgtccctg
cggcacgtaa
tttgagttat
gtcgccctta

ttgtccataa
ccatacctgt
tcaaacatga
agataaattg
atcgttttgg
gtttttcgaa
cgcagtcacc
actcctctaa
ttggactcaa
tgcatacagt
agacaaacgc
gcgcacgagg
ccaccactga
aaacggcttt
aaatctccgce
gagtcagtga
gcagcctttt
agtaagccag
caccccgtcea
tcaaaaacac
ccgaataaat
ttgataccgg
gaggttccaa
cgagattttc
ttcecettttt
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1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
24061
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
//

LOCUS
2018
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
FEATURES
promo

here

gene
ORIGIN
61

121
181

tgcggcattt
tgaagatcag
ccttgagagt
atgtggcgcg
ctattctcag
catgacagta
cttacttctg
ggatcatgta
cgagcgtgac
cgaactactt
tgcaggacca
agccggtgag
ccgtatcgta
gatcgctgag
gtgcccttaa
aaattcgaat
atccggccecct
agagctgatc
taagcagaag
ctaactgctg
cgctggcgat
gcacacggct
acaactgctc
cgctgatgat
aaaatcctgt
gccggaaata
gaatctcgcc
tattattaat
acggacgatc
ccagatgggc
tttctctacc
agcttccgtc
aagcgctttg
taactatggc

pJP005

tgccttcecctg
ttgggtgcac
tttcgccececg
gtattatccc
aatgacttgg
agagaattat
acaacgatcg
actcgccttg
accacgatgc
actctagctt
cttctgcgcet
cgtggttctc
gttatctaca
ataggtgcct
acgcctggtt
agttacggct
gaactcgcta
gtcaaatcca
tttcgcctgg
gcggaacaga
atcaaaatgg
atccatcggce
cagcagattg
ctgcccgaac
ctgggcaaag
aacccactgg
cggcggaaac
gacgccctct
gataaaaaaa
attaaatgaa
ccccgatgtt
tccgcaagac
taacaaaagc
tggaatg

tttttgctca
gagtgggtta
aagaacgttt
gtattgacgc
ttgagtactc
gcagtgctgc
gaggaccgaa
atcgttggga
ctgtagcaat
cccggcaaca
cggcccttec
gcggtatcat
cgacggagag
cactgattaa
gctacgcctg
tatgacatct
ggacttgccc
acattgcgcc
ctgatacgct
tgtgataacc
ctgtccgcca
gggtgcaacg
atcgccagta
agttcgctga
attgtcggcc
tgataccact
aataatatat
ccgcggatgg
tccagatatc
tatcccggca
cagagaagaa
tttgcgcttg
gtacagttca

3330 bp

urn.local...alu-9pzs0ys
urn.local...alu-9pzs0ys

null

ter

agatctagtc
ttctatcttg
gctctgatta
taaattataa

Location/Qualifiers

1..195

/note="P-nisin"

2037204

/note="insert genes"
/label="1insert genes misc"

2586..3233
/note="Cm"

ttataactat
agaaagtatt
aattctgaag
ggaggcactc

actgacaata
ggtaataata
tttgttagat
accggtacca

cccagaaacg
catcgaactg
tccaatgatg
cgggcaagag
accagtcaca
cataaccatg
ggagctaacc
accggagctg
ggcaacaacg
attaatagac
ggctggctgg
tgcagcactg
tcaggcaact
gcattggtaa
aataagtgat
ttgtggacac
cggtgcattt
caacgttcgc
gatcttcgcg
gggagggcga
gatggtcgct
actcattaat
gctcagaata
aatgcggctg
aggtcagcca
cgctggegtce
cgccaggcecg
tcaggttaag
cattcgcecttc
atagcggatc
acaaattgtc
atgaaagcac
ggcgataaaa

DNA

gaaacattaa
ttattgtcga
acaatgattt
ctagttctag

ctggtgaaag
gatctcaaca
agcactttta
caactcggtc
gaaaagcatc
agtgataaca
gcttttttgce
aatgaagcca
ttgcgcaaac
tggatggagg
tttattgctg
gggccagatg
atggatgaac
tttttttaag
aataagcgga
atcattcact
tttaaatacc
tatcggcatt
ccagctcaat
caggcagaca
gatatactgg
taccgccata
gcgaccttcc
gcgcgcectceg
ctcctgceccag
cggatgccgt
acagacaaac
aatatatccc
gatcggcgtc
attttgcgtt
catatcgacc
gtatcaaccc
ttaagtaaca

circular

caaatctaaa
taacgcgagc
cgttcgaagg
agagctcaag

taaaagatgc
gcggtaagat
aagttctgct
gccgcataca
ttacggatgg
ctgcggccaa
acaacatggg
taccaaacga
tattaactgg
cggataaagt
ataaatctgg
gtaagccctc
gaaatagaca
gcagttattg
tgaatggcag
ttttattcac
cgcgaaaaat
cgcgtagtgce
acgctaatgc
tgctgggcga
caggcatcgc
cgtctgagceca
ccttgccecgg
tccgggcegga
taggcgcgag
ccatagtgat
tgctcgccat
ttcatgccca
agcccggcga
tcagccatga
aggacgacag
cgcttgtgaa
gaagtgtcta

14-NOV-

acagtcttaa
ataataaacg
aactacaaaa
ctttctttga
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//

241

301

361

421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
24061
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301

accaaaatta
agcacgtgtt
tgctgaaaaa
aaattattcg
tcccataagg
accgataacg
cagcatgttc
ttagcgttta
aaagcccttg
gatgactgaa
gagtttgagg
cgagcggtag
aaggaagcga
gtgccaaaaa
gaatcgccaa
gtttttatga
aatggtgatt
aaaattaaca
tatagaagaa
tagaaggata
aatactaaag
aaagaaaaat
gaaaaaaaag
aaaaaaccac
aggaacaaga
tatatcaaag
aaacatatat
ataacacttg
gactataatt
tttggaattt
agattatggt
gatgctgaaa
aggaattaaa
aagttgaatt
cccceccecctgac
atttttcgcet
ctttattctt
atttttaaaa
atgaagaaag
atcaaatgaa
attatttgaa
accgaaacat
gggtgataaa
attgggataa
gtatttggac
tagagaaata
tttctecttte
atagtaatta
tatatttacc
tgtttatgaa
agataatgcc
gttgaagaag

gaaaaccaag
gctttgattg
ttgtaattta
tttgatttcg
gcgggagcag
cgagcttctc
aatgatgtcg
tttcgtttag
agcgtagcegt
tgaaataata
gaatgaaatt
cgctggaaaa
attttgcttc
cgctctatcc
cgttttecgec
ttacaaagtg
tcagaatcga
gatatggcga
tatgcaagaa
cgagttttcg
ctagaaattt
tagagagttt
ataaagatac
actatcacgt
ttaagcgaaa
gttcatatga
acgacaaaaa
atgaaagcca
tggtaaatac
taaatacgaa
ttgagggcaa
cgggggaaat
aaaagaaatt
aagtacaaca
gaaagtcgac
acgctcaaat
caactaaagc
tatatattta
cagacaagta
ctttaataaa
ccaacaaacg
aaaacaagaa
ctcaaataca
gttagagcca
tcctgtaaag
taatggttcg
tattattcct
ccttctaccc
gctatcttta
ctctattcag
gactgtactt
gtttttatat

gcttgaaacg
atagccaaaa
taaataaaaa
ctttcgatag
aatgtccgag
gagtgcatat
attttttatt
ttatcggcat
gctttgcagc
agcgcagcgt
ccctcatggg
tttttgaaaa
cgtactacga
caactggctc
aacgtttttt
atacactaat
aaaaaagagt
aacaaaaagg
aggaatcaga
ctacttgttt
tggattttta
gggcgtatct
atggaatagt
tatatatatt
attggggaat
atatttgact
agatattttg
aaaaagagaa
aaaagattta
tgatgtaaaa
ttatcagtgt
aaaatgacaa
aaggacttaa
atagatttat
ggcaatagtt
cctttaaaaa
acccattagt
tgttacagta
agcctcctaa
attgatttag
acttttagta
ggatataaat
gcttttagaa
ctttatacaa
aatgacttca
gggaaattgt
tggacttcat
attattacag
caggtacatc
gaattgtcag
tttacagtcg
tacagctcca

ttcaattgaa
agcagcagtt
tcacctttta
aacaatcaaa
actaatgtaa
tttcggcaat
aaaacgtctc
aatcgttaaa
gaagatgttg
ccttctattt
tttgatttta
aaatttggaa
cccceccatta
aagggtttga
ataaatctat
tttataaaat
tatgatttct
tttttcaaaa
acaaaaaaaa
ttgataaggt
ttatatcctg
atggctgtca
agtgatgtta
gcacgaaatc
agttcagttg
catgaatcaa
aacattaatg
ttgaagaatt
atggctttta
gatattgttt
ggatatagag
acaaagaaaa
aagagcgtat
tgagaggagg
acccttatta
aacacaaaag
tcaacaaacg
atattgactt
attcacttta
acaattggaa
taaccacaga
tttaccctgce
ctggttacaa
tttttgatgg
aagagtttta
ttcccaaaac
ttactgggtt
caggaaaatt
attctgtttg
ataggcctaa
gttttctaat

atggcaatta
gataaagcaa
gaggtggttt
gcgagaataa
atttgtccac
cttctcaatg
aaaatcgttt
acaggcgtta
tctgttagat
cggttggagg
aaaattgctt
tttggaaaaa
agtgccgagt
ggggtttttc
atttaagtag
tatttgattg
ctgacaaaag
tctgcggttg
taagcgaaag
aatatatcat
actcaattcc
gtcctttaca
tacgaaatgg
ctgtaacaat
ctcatgttga
aggacgctat
attttgatat
tacttttaga
ttcgccttag
caacaaactc
caagttatgc
agagttattt
tgaaagatac
gattattgaa
tcaagataag
accacatttt
aaaattggat
ttaaaaaagg
gataaaaatt
gagaaaagag
aattgatatt
atttattttc
tagcgacgga
tgtatctaaa
tgatttatac
acctatacct
taacttaaat
cattaataaa
tgatggttat
tgactggctt
gtcactaacc

aacaaattac
ttactgatat
ttttatttat
ggaagataaa
caattaaagg
agatgctctt
ctgagacgtt
tcgtagcgta
tatgaaagcc
aggctcaagg
gcaattttgc
aatgggggga
gccaattttt
aatcgccaac
ctttattgtt
gagtttttta
agcaagataa
cggcgttagce
ctcgegtttt
ggctattaaa
taatgattgg
cgatatggac
aaagcactat
agaaagcgtt
gatacttgat
tgctaagaat
tgaccgctat
tatagtggat
gggagcggag
tagcgccttt
aaaggttctt
gctgaaaatg
agagaaatgg
taaataaaag
aaagaaaagg
ttaatgtggt
aaagtgggat
attgattcta
taggaggcat
atatttaatc
agtgttttat
ttagtgacaa
gagttaggtt
acattctctg
ctttctgatg
gaaaatgctt
atcaataata
ggtaattcaa
catgcaggat
ttataatatg
tgcccecgtta
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LOCUS
2020

DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE

ORGANISM

COMMENT
FEATURES

misc_
misc_
misc_

misc_

misc_
misc_
misc_
misc_
misc_
misc_

misc_

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321

pKM444

6044 bp ds-DNA

urn.local...f-9gz%eu2
urn.local...f-9gz%eu2

COMMENT ApEinfo:methylated:1.
Location/Qualifiers

feature
feature
feature

feature

feature
feature
feature
feature
feature
feature

feature

actagttgat
gtttaaactc
ccgcgacgtg
ggcgttgatc
gagaactccc
gtacccgtgt
gaaatgagca
aaggctcagt
ggggggggaa
tatatcatca
gagccatatt
tgatttatat
tcgcttgtat
tgccaatgat
tccgaccatc
ccccgggaaa
tgatgcgctg
taacagcgat
tgatgcgagt
aatgcataat
tgataacctt
aatcgcagac
ttcattacag

23..42

/standard name="rrnB2"

72..377

/standard name="Ptet promoter"

272..288

/standard name="tetO"

3777378

/created by="gabrielfilsinger"
/label="1insert genes here"

384..471

/standard name="terminator"

599..1414

/standard name="Kan"

1536..4010

/standard name="oriM"

4323..4340

/standard name="rrnBT2"

4362..4499

/standard name="ptb21 (int)"

4529..5151

/standard name="tetR"

5271..5803

/standard name="oriE"

tagctaagca
tagaaatatt
atgatcggcc
tgtgcgttcg
tatcagtgat
gtacgaccag
cgatccggtt
cgaaagactg
agccacgttg
tgaacaataa
caacgggaaa
gggtataaat
gggaagcccc
gttacagatg
aagcatttta
acagcattcc
gcagtgttcc
cgcgtatttce
gattttgatg
cttttgccat
atttttgacg
cgataccagg
aaacggcttt

gaaggccatc
ggatcgtcgg
gcatccccac
cacgcacagg
agagtttgtc
cacggcatac
aactagcgta
ggcctttcegt
tgtctcaaaa
aactgtctgce
cgtcttgctc
gggctcgcga
atgcgccaga
agatggtcag
tccgtactcce
aggtattaga
tgcgccggtt
gtctcgctca
acgagcgtaa
tctcaccgga
aggggaaatt
atcttgccat
ttcaaaaata

ctgacggatg
caccgtcacg
ggtgctgcge
cccggtgtga
ctccctatca
atcatttcga
cgatcgactg
tttatgccat
tctctgatgt
ttacataaac
gaggccgega
taatgtcggg
gttgtttctg
actaaactgg
tgatgatgca
agaatatcct
gcattcgatt
ggcgcaatca
tggctggcect
ttcagtcgtc
aataggttgt
cctatggaac
tggtattgat

circular

gcctttttge
gccgtgggag
agtgagctct
gaagggtctc
gtgatagata
cgccgagaga
ccaggcatca
catggccgceg
tacattgcac
agtaatacaa
ttaaattcca
caatcaggtg
aaacatggca
ctgacggaat
tggttactca
gattcaggtg
cctgtttgta
cgaatgaata
gttgaacaag
actcatggtg
attgatgttg
tgcctcggtg
aatcctgata

02-NOV-

gtttaatact
gcggcacgat
acgccatccc
tgacgagcgg
ggctctggga
ttcgcecgecce
aataaaacga
ggacgtcggg
aagataaaaa
ggggtgttat
acatggatgc
cgacaatcta
aaggtagcgt
ttatgcctct
ccactgcgat
aaaatattgt
attgtccttt
acggtttggt
tctggaaaga
atttctcact
gacgagtcgg
agttttctcc
tgaataaatt
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1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
24061
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741

gcagtttcat
ttggggaccc
ccgccgggga
tgaactttgg
aaattcagcc
ctcgacgcgce
tcgggeggceg
tgcacgactc
tgtcgccecctt
cgattcgtac
gctcgtaccc
cgccacagcg
gttggtacag
gggagagcgg
ctcgtgtcgg
gccgacgaat
gaggggatct
ccaacagcgc
gcgctcagcg
ggccacgcac
cgtaagccgce
gaccgcagtt
tggctccact
ccaccgccgce
aattgcgcac
tacctgccga
cgaaacgccg
cgcgccatcg
gggatcgtgg
gcagcagcgc
gaggcattgc
cgactgtccg
ccgaacgcca
ctgcacgccg
cggccaaaca
aagagcgtgc
cgctgttcta
aacgggtcgg
tctcgttgceg
gaatcttggt
gtggttgtgg
actctcgttg
ttaaaacatg
ttctaggcegt
ccgcaaccac
gtcgtgcgac
tggaggagat
ccgggeccgce
ggcccggggce
gccatcctga
cgtcgcaccg
gctctcgtgt
ggtaccatca
agcgcattag
cagaagcttg
ctcgacgcect
ggggaaagct

ttgatgctcg
tagaggtccc
tcatcgagcc
attaagcgta
ttaaaaaggg
tgcaccaacc
ttcgccacga
acccggttgt
gccagcgtga
gccataaagc
gcgcattcag
gctctcagcg
gtggttgggg
gggagtgtgce
accatacacc
ttgagcagct
accgccaaag
tggcaaacct
cccgggggte
acgcagtgtg
tcgcatacat
actcaggcct
cagatctcta
gctggcgtca
tgttcgattc
cccggaacgt
aattcccgtg
ccaacagcat
tctacgaggc
gcacggcggce
tatgagcgac
caaaaagcgg
cgtcgtccgg
cgaacgcatc
tttcgggctg
ggcagaacag
acgcaattgg
acaggtaaaa
tgtttcgttg
cgataccaag
tgatgtacgt
cacggttcgt
ctggtcaaac
tgttcgttgce
acgcttcgag
tgtcctcgtt
gatcgaggat
accgccgtceg
tcccgagegce
cggatggcct
ggttaagcct
agcctgggceg
ggaggaatca
agctgcttaa
gtgtagagca
tagccattga
ggcaagattt

atgagttttt
cttttttatt
gagaacgtta
gatacaccct
cgaggcctgce
agcccgcgaa
tgtcctgcac
tgacaccgcg
gtagcgcgta
caggtgagcc
gcggcagggyg
gcccggaaac
gtgctcggct
agttgtgggg
ggtgattaat
ctggctgccg
ccgcgcecgteg
gctggtcgtyg
ccatccgctg
ggcactcaac
ggcggcegtge
catgaccaaa
cacactcagc
gcagaccacg
cgtcaggttg
ggacggactc
caacgacgtg
ttggcgttgg
cacactcagt
gagcacagtt
ggctacagcg
cgcgtgaccg
ctcgtggcegce
cgcgcectatce
catctggaca
gaagcggctc
ggagcgggtyg
gtcctggtag
cgcccegtttt
ccatttccgce
ggcgaactcc
tgtgccgtta
taggtttacc
gcggttcgtt
gttgagtgct
gatccttgcc
gccagggcect
gccggeccgce
gggcggggcet
ttttgcgttt
ggagtgcggt
agttgccgac
cttcgcaatg
tgaggtcgga
gcctacattg
gatgttagat
tttacgtaat

ctaatcagat
ttatcgatac
tcgaagttgg
tggacaagcc
ggtggtggaa
cggctggcag
ttcgagccaa
cgcggcegtg
cctcacctcg
caccagctcc
gtctaacggg
gtcctcgaaa
gtcgctggtyg
tggcccctca
cgtggtctac
tactggccgce
gccctaggcce
gacgtagacc
cccaacgcga
gcccecctgtte
gccgaaggcc
aaccccggcec
cacatcgagg
tacaaagcgg
tgggcctatc
ggccgcgega
tgtcccggac
atcacaacca
gcgcgccagt
gcgcggcgeg
acggctacag
ccgccgaagg
aggaacgcag
acgacgacga
ccgttaageg
aaaaggccca
tcgcgggggt
acgctagttt
gaataccagc
tgaatatcgg
gttgtagtgc
caggccccgt
aacgatacga
gcgcatgttt
tccagcacgg
gagctgggat
ttcacgcccg
tccgggcectceg
ccgggcggcce
aatactgcat
ggtgcctggt
gcaggcgacc
tctagattag
atcgaaggtt
tattggcatg
aggcaccata
aacgctaaaa

atcaagcttt
cgtcgacctc
tcatgtgtaa
agttggattc
caccgcaggg
ccagcgtaag
gcctcgaaca
cgggctcggt
cccaacaggt
gtaagttcgg
tctaaggcgg
cgacgcatgt
ttccaccacc
gcgaaatatc
taccaagcgt
tggcaagcga
gccggtacat
atccagacgc
tcgtgggcaa
cacgcaccga
ttcggcgecge
acatcgcctg
ccgagctcgg
ctccgacgcec
gtcccgcecect
tctatgccga
cgctaccgga
agtcgcgcat
cggccatctce
caaagtccgc
cgacggctac
cgctcgaatc
cgagtggctc
gggccactct
actcggctat
caacgaagcc
tccgtggggg
tctggtttgg
cagacgagac
ggagctcacc
ctgtggtggc
tgacagctca
gtcagctcat
cgtgtggttg
gcgcgatcca
ggaagctcgg
ccgctgcetga
cagcagcggg
gctgattagc
gcactctaga
cggcattttc
ctcntgecac
ataaaagtaa
taacaacccg
taaaaaataa
ctcacttttg
gttttagatg

agctaattaa
gagggggggc
tccecectegtt
ggagacaagc
cctctaaccg
gcgcggctca
cctgctggtg
ggggcggctyg
cgcacacagc
gcgctgtgtyg
cgtgtacggce
gttcctcctg
agggctcgac
tgacttggag
gagccacgtc
cgatctgctc
cgaggcgaac
agcgctccga
tcgcgccaac
atacgcgcgg
cgtcgacggc
ggaaacggaa
cgcgaacatg
gctagggcgg
catgcggatc
gtgccacgcg
cagcgaggtc
ttgggcggac
gcggaagggc
gtcagccatg
aaccggcagc
accggactat
gccgagcagyg
tggccgcaaa
cgggcgagga
gacaatccac
gttccgttgce
gccatgcctg
ggggttctac
gccagaatcg
atccgtggcc
ccgaacgtag
ctagggccag
ctagatggct
gaagaacttc
ccgaccaccce
gcgtccgecg
cttcggcgeg
taagcagaag
aatattggat
gcagtcgagg
ggatccgcat
agtgattaac
taaactcgcc
gcgggecctyg
ccctttagaa
tgctttacta
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4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
//

LOCUS
2018
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
FEATURES
misc_

misc_

misc_

here

misc_

misc_
ORIGIN

1

61

121

181

241

301

361

agtcatcgcg
actctcgaaa
tatgcactca
caagtcgcta
caagctatcg
ttgatcagat
gctagattta
tcecttttttt
ggtttgtttg
agcgcagata
ctctgtagca
tggcgataag
gcggtcgggce
cgaactgaga
ggcggacagg

agggggaaac
tcgatttttg

ctttttacgg
ccctgattcet
ccgaacgacc
accgcctctc

PBXMCS -2

PBXMCS-2.

atggagcaaa
atcaattagc
gcgctgtggg
aagaagaaag
aattatttga
gcggattaga
aatcactgag
ctgcgcgtaa
ccggatcaag
ccaaatactg
ccgcctacat
tcgtgtctta
tgaacggggg
tacctacagc
tatccggtaa
gcctggtatc
tgatgctcgt
ttcctggcect
gtggataacc
gagcgcagcg
cccgegegtt

agtacattta
ctttttatgc
gcattttacc
ggaaacacct
tcaccaaggt
aaaacaactt
cgtcagaccc
tctgctgcett
agctaccaac
tccttcectagt
acctcgctct
ccgggttgga
gttcgtgcac
gtgagctatg
gcggcagggt
tttatagtcc
caggggggcg
tttgctggcc
gtattaccgc
agtcagtgag
ggccgattca

5344 bp

urn.local...alg-9pzuoca8
urn.local...alg-9pzuoca8

unknown
unknown.

feature

feature

feature

feature

feature

accttcggga
aggccaaggc
aagtccagcg
aaaagtgcca
cgcaaagaga
tttatggaca
gccctgcaaa

Location/Qualifiers

458..1252

ggtacacggc
caacaaggtt
ttaggttgcg
actactgata
gcagagccag
aaatgtgaaa
cgtagaaaag
gcaaacaaaa
tcttttteccg
gtagccgtag
gctaatcctg
ctcaagacga
acagcccagc
agaaagcgcc
cggaacagga
tgtcgggttt
gagcctatgg
ttttgctcac
ctttgagtga
cgaggaagcg
ttaatgcagc

DNA

/note="no references defined"

/standard name="kanamycin resistance

1600..1659

/note="no references defined"
/standard name="rrnB T1T2"

1660..2019

/note="no references defined"
/standard name="Pxyl fragment"

201972020

/note="insert genes"
/standard name="insert genes misc"

2890..3552

/note="no references defined"
/standard name="rep"

4546..200

gcgcctgaag
cgccgcgatce
ccagaaacag
cctgggatga
aagcaggtag
gcaagcgaac
gtaaactgga

cccgttetgg
atcaaggccg
gcccagcgcece
atgtcagcta
cttgcagtgg
cggaattgcecc
tggctttctt

acgccctggg
tgggcgaaaa
agcaggaacg
ctgggctatc
gcttacatgg
agctggggcg
gccgccaagg

ctacagaaaa
tttcactaga
tattggaaga
gtatgccgcce
ccttcttatt
gtgggtctta
atcaaaggat
aaaccaccgc
aaggtaactg
ttaggccacc
ttaccagtgg
tagttaccgg
ttggagcgaa
acgcttcccg
gagcgcacga
cgccacctcet
aaaaacgcca
atgttctttc
gctgataccg
gaagagcgcc
taga

acagtatgaa
gaacgcgtta
tcaagagcat
attattacga
cggccttgaa
atgaccatgg
cttcttgaga
taccagcggt
gcttcagcag
acttcaagaa
ctgctgccag
ataaggcgca
cgacctacac
aagggagaaa
gggagcttcc
gacttgagcg
gcaacgcggc
ctgcgttatc
ctcgccgcag
caatacgcaa

circular UNA 14-NOV-

gccgttgaat
gctgctgacg
cgggcgcgca
tggacaaggg
cgatagctag
ccctetggta
atctgatggce

determinant"

cgggatatgc
gaacagcggg
catttcccecg
aaaacgcaag
actgggcggt
aggttgggaa
gcaggggatc

24



421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
24061
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781

aagatctgat
cgcaggttct
aatcggctgc
tgtcaagacc
gtggctggcce
aagggactgg
tcctgceccgag
ggctacctgc
ggaagccggt
cgaactgttc
tggcgatgcc
ctgtggccgg
tgctgaagag
tcccgattceg
ctggggttcg
accgccgcect
atcctccagce
tacgcaaggc
tggcttccat
cggcgcgaat
tcgaaagact
cagcaggtag
ggcttcgacg
ttcctggtca
cttctagcat
acttgccgtc
tcggcgcettce
aggtcgacgg
ctagagcggc
cgctcactgg
aatcgccttg
gatcgccctt
ttttgttaaa
tactgcgatg
acgcctggtg
caaattcgac
ctggtttacc
aggccagttt
tgcctccecag
caggtcgagg
agggcggcga
acccaagtgc
gtccagaaaa
ctccgtttceg
cggctcctcecg
gcgcaggtcg
ggcactgaac
gaccacgtag
ggccaccaag
aagtgtcttc
cagcagcatt
gcgttcecgtt
ctgcgtggcc
atcagctgca
attacagatt
tgcgtacccc
agttctttgg

caagagacag
ccggceccgcett
tctgatgccg
gacctgtccg
acgacgggcg
ctgctattgg
aaagtatcca
ccattcgacc
cttgtcgatc
gccaggctca
tgcttgccga
ctgggtgtgg
cttggcggcg
cagcgcatcg
aaatgaccga
tctatgaaag
gcggggatct
gacaaggtgc
gtcggcagaa
gctccacgcc
gggcctttcg
aaggcgccct
acatagccgg
ggggtcaggt
ggaccgcccg
cccacatgtt
agacgctcga
tatcgataag
cgccaccgcg
ccgtegtttt
cagcacatcc
cccaacagtt
attcgcgtta
agtggcaggg
ctacgcctga
ccggtcecgteg
ggtttattga
gctcaggctc
agcctgataa
tggcccggcet
ggcggctaca
taccggcgcg
cacggctcat
gtcaaggctg
ccggggccgg
ccatgcccca
accgacaggc
gccgacacgg
tccttgactg
tggctgacca
gccgeegtgg
tgcacccagt
atgcttatct
acttttcggce
ttctttaacc
ccttttttaa
tgcccaaaga

gatgaggatc
gggtggagag
ccgtgttcecg
gtgccctgaa
ttccttgcecge
gcgaagtgcc
tcatggctga
accaagcgaa
aggatgatct
aggcgcgcat
atatcatggt
cggaccgcta
aatgggctga
ccttctatcg
ccaagcgacg
gttgggcttc
catgctggag
tgatgccgcet
tgcttaatga
gcgcccagcg
ttttatctgt
cgtcctgatc
ccgcgcggca
cggtcatggg
cgcccgtgag
agcgctacca
gttttgggga
cttgatatcg
gtggagctcc
acaacgtcgt
ccectttegece
gcgcagcctg
aatttttgtt
cggggcgtaa
ataagtgata
gttcagggca
ctaccggaag
tccececgtgga
aaacggtgaa
ccatgcaccg
gccgatagtc
gcagcgtgac
cgggcatcgg
gcaggtctgg
tcggtagttg
acagcgattc
gcaactggtc
tgccggggece
cgtattggac
ccacggcgtt
gtttcctcgce
gaccgggctt
ccatgcggta
agcgcgacaa
tacgcaatga
gttgttgatt
agggcacccc

gtttcgcatg
gctattcggce
gctgtcagcg
tgaactgcag
agctgtgctc
ggggcaggat
tgcaatgcgg
acatcgcatc
ggacgaagag
gcccgacggce
ggaaaatggc
tcaggacata
ccgcttectce
ccttecttgac
cccaacctgce
ggaatcgttt
ttcttcgece
ggcgattcag
attacaacag
gcgcggatcc
tgtttgtcgce
ctcgcccgaa
ggtgtcggtyg
caagaggtcc
gccgaggatt
agtgccgacg
gacgaccata
aattcctgca
aattcgccct
gactgggaaa
agctggcgta
aatggcgaat
aaatcagctc
tttttttaag
ataagcggat
gggtcgttaa
cagtgtgacc
ggtaataatt
tccgttageg
cgacgcaacg
tggaacagcg
ccgtgteggce
caggcgctgce
ttccatgccce
ctgctcgccecc
gtcctggtcg
gcggggctgg
gttgagcttc
cgtccgcaaa
ctggtggccc
aataagcccg
gttcttggct
gggtgccgcea
caattatgcg
gctattgcgg
tttaagtctt

tgcggggtte

attgaacaag
tatgactggg
caggggcgcce
gacgaggcag
gacgttgtca
ctcctgtcat
cggctgcata
gagcgagcac
catcaggggc
gaggatctcg
cgcttttctg
gcgttggcta
gtgctttacg
gagttcttct
catcacgaga
tccgggacgce
acccccatgg
gttcatcatg
tttttatata
aaataaaacg
tgcagccagc
acctccagcc
agcgcggceca
aggtcgtggt
tcgcgcectggt
aacgcgcgcce
tgaaaacggg
gcccggggga
atagtgagtc
accctggcegt
atagcgaaga
ggaaattgta
attttttaac
gcagttattg
gaatggcaga
atagccgcett
gtgtgcttct
gacgatatga
aggtgccgcc
cggggaggca
cacttacggg
ggctccaacg
tgcccgegece
ggaatgccgg

ggatacaggg
tcgtgatcaa

ccccacgceca
acgacggaga
gaacgtccga
atctgcgcca
gcccacgcect
tgaatgccga
cggttgcggce
ttgcgtaaaa
ggggtgccgce
tcgcatttcg
ccccacgcect

atggattgca
cacaacagac
cggttctttt
cgcggctatce
ctgaagcggg
ctcaccttgc
cgcttgatcc
gtactcggat
tcgcgccagce
tcgtgaccca
gattcatcga
cccgtgatat
gtatcgccgce
gagcgggact
tttcgattcc
cggctggatg
gcaaatatta
ccgtttgtga
agctttcagt
aaaggctcag
cgtggtcggg
cccggtegat
gcagggcggce
ttgtcggcgg
cagacaacct
gccgacggtyg
cccecceececteg
tccactagtt
gtattacgcg
tacccaactt
ggcccgcacc
agcgttaata
caataggccg
gtgcccttaa
aattcgaaag
atgtctattg
caaatgcctg
tcatttattc
ggcttccatt
gacaaggtat
ttgctgcgca
gctcgccatc
gttcccattc
gctggcectggg
tcgggatgeg
ccaccacggc
cgcggtcatt
tccagcgcetc
tgagcttgga
cgaggtgatg
catgcgcettt
tttctctgga
accatgcgca
gtggcagtca
aatgagctgt
ccctatatct
tcggcgcggce
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3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
//

LOCUS
2020
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
sourc
misc_
misc_
misc_

misc_

misc_

tccecectecg
cttgcccaag
ggcaggcggg
gcgcgtcaag
gtgtccaacc
ttaaaaaaat
cgaaggctgg
tccatcagcet
gctcgcggcc
cgaagcccgg
gaagcaaagt
gctgccceccg
atcatgcgat
taccgcgagc
gcggccagca
cgcaaggacg
tcggccagcc
aagtacgggg
atgaccgcgt
ggcaacaaag
gggctgcaac
gaggccctgg
cgcgcctatg
ccggaagccg
caggccgccg
cgag

PAD1

gcaaaaagtg
gtggcgctgce
cgggcttcgce
gccaagccgc
ggcaagcgaa
tgatggggca
gtagccggtg
tgtccagcag
atcgtccaca
agagcaagcc
ctagtgagta
tcgagccggt
gcaagaagct
gcgagacgcc
gcaccgatga
ctgtgttggc
aagaacagca
cggatcgcat
tcgtggtgcce
cgcagatgac
ggggcatcga
agcggccacc
caccgcaggg
tggccgaccg
caggagcgcg

gcccctecegg
ccceccttggaa
cttcgactgc
tgcgcggtcg
gcgcgcaggce
aggccgcagg
ggcaatccct
ggttgtccac
tatccacggg
cgtagggcgc
tactcaagca
tggacaccaa
ggcgaaaatg
caacgctgac
agcgatgggc
ggtcgagtac
ggcggcegtte
cgtgacggcec
gctgacgcag
ccgcgaccag
gggcagcaag
agtgggccac
attggccgaa
gctgacaaaa
tgagatgcgc

ggcttgttga
cccceegeact
ccccactcegce
ctgcgcgagc
cgcaggccgg
ccgcgcagtt
gtggtcaagc
gggccgagceg
ctggcaaggg
cgcagccgcce
ttgagtggcc
aagggagggg
ggcaacgtgg
gccagcagga
cgactgcgcg
gtcatgacgg
ttcgagaagg
agcatccacc
gacggcaggce
accacgtttg
gcacgtcaca
gtcaccatca
aagctgggaa
gcggttcgge
aagaaggccg

3775 bp ds-DNA

synthetic linear DNA.

synthetic DNA construct
synthetic DNA construct.
1 (bases 1 to 4507)

Direct Submission

Exported Sunday,

Jun

1o,

https://www.snapgene.com

e

feature

feature

feature

feature

feature

Location/Qu
1..3775

alifiers

tcgactgcgce
cgccgceccegtg
ataggcttgg
cttgacccgce
aggcttttcc
ggagccggtyg
tcgtgggcag
aagcgagcca
agcgcagcga
gtaggcggtc
cgccggaggce
caggcatggc
cggccagtct
cgccagagaa
agttgctgcc
ccagcccgga
cgcacaagtg
gtgacgaaac
tgtcggccaa
cggccgcetgt
cgcgcattceca
gcccgcaagce
tctcaaagcg

aggggtatga
atcaagccca

ggccttcggce
aggctcgggg
gtcgttccag
cttccacttg
ccagagaaaa
ggtatgtggt
gcgcagcctg
gccggtggece
ccgcgcaggg
acgactttgc
accgccttgce
ggcatacgcg
caagcacgcc
cgagcactgg
agagaagcgg
atggtggaag
gctggcggac
cagcccgcac
ggagttcatc
ggccgatcta
ggcgttctac
ggtcgagcca
cgttgagacg
gcctgcceccta
agagacggcc

circular SYN 02-NOV-

2019 from SnapGene 4.3.7

/organism="synthetic DNA construct"

/mol type="
complement (
/note="tetR
complement (
/note="RBS"
complement (

/note="Rud3a Promoter"

737..1023
/note="slpA

other DNA"
34..660)

(from pKD154)"

667..678)

683..736)

promoter"

/modified by="gabrielfilsinger"
/label="Synthetic TetO promoter"

102371024
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misc_

misc_
misc_
misc_
misc_
misc_
misc_
misc_
misc_
misc_
misc_

misc_

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681

feature

feature
feature
feature
feature
feature
feature
feature
feature
feature
feature

feature

aattcgcggce
tttttctaat
gtgatcaaat
ttcecetttet
atgccccaca
aaaggctaat
tacttttgct
taaaaaatct
catctcaatg
aggctgctct
ctcattaagc
ctagtatttc
caacatcttt
tttcggtcat
atcagtgata
acctcatgag
cctatcacat
cactactagt
taatccagag
tctgttgttt
gtcattttat
actgataatt
ttacatcatt
aatcttttgt
ctcttttttg
aaatatcttt
tcaaatattc
tcceccaattt
tatatataac

/created by="gabrielfilsinger"
/label="Insert genes here"

1098..1141

/note="rrnB Tl terminator"
/label="rrnB Tl terminator"

complement (1167..1186)
(reverse)"

/note="Sanger Primer

complement (1202..1900)

/note="RepA"

complement (1967..2128)

/note="ORFC"

complement (2129..2168)

/note="P1 promoter"

complement (2169..2378)

/note="ORFB"

2331..2379

/note="Inverted Repeat

2463..2485

/note="Inverted Repeat

2532..2663

/note="Inverted Repeat

2716..2829

/note="terminator tO0O"

complement (2835..3569)

/note="ermC"

3731..3750

/note="Sanger Primer

cgcttctaga
ccgcatatga
aattcgatag
tctttagcga
gcgctgagtg
tgattttcga
ccatcgcgat
tgccagcttt
gctaaggcgt
acacctagct
agctctaatg
tcectetttet
ttataatgct
tttaacttgc
gagatcaggc
agttatagac
gctgaaccta
agcggccgcet
gcatcaaata
gtcggtgaac
ttcceceegtt
gccctcaaac
cgtatttaaa
atttaccaaa
gctttcatca
tttgtcgtat
atatgaacct
tcgcttaatc
gtgatagtgt

ggaaatcata
tcaattcaag
cttgtcgtaa
cttgatgctc
catataatgc
gagtttcata
gacttagtaa
ccccttcectaa
cgagcaaagc
tctgggcgag
cgctgttaat
ctcgcaacta
tgtgggggta
tatttcttga
gccctatcag
tcatggatct
tggcctatta
gcaggcctca
aaacgaaagg
gctctcctga
tcagcatcaa
cataatctaa
attccaaact
ttatagtcat
agtgttatat
atatgtttat
ttgatataat
ttgttcctaa
ggttttttat

III (sso)"

IT (sso)"

I (sso)"

(forward)"

aaattaagac
gccgaataag
taatggcggce
ttgatcttcc
attctctagt
ctgtttttct
agcacatcta
agggcaaaag
ccgcttattt
tttacgggtt
cactttactt
ttaaagttta
agcggtaggt
agaggttagt
tgatagagat
tgctttgaag
cattttttta
gggcccgatc
ctcagtcgaa
gtaggacaaa
gaacctttgc
aggcgctaga
ccgctcceccect
ccactatatc
agcggtcaat
tcttagcaat
caagtatctc
cgctttctat
agtgctttcc

ccactttcac
aaggctggct
atactatcag
aatacgcaac
gaaaaacctt
gtaggccgtyg
aaacttttag
tgagtatggt
tttacatgcc
gttaaacctt
ttatctaatc
tcatcatcag
gaaatattac
acaatatgaa
gattcttcag
ggttttgtac
tatttcaagg
gatgccgccg
agactgggcc
tccgcecgecce
ataacttgct
gtttgttgaa
aaggcgaata
taagagtaaa
atcaaaatca
agcgtccttt
aacatgagca
tgttacagga
atttcgtata

atttaagttg
ctgcaccttg
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tttcgtttta
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ctatatccac
acaatatctt
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ttcttcaatt
ttaatgttca
gattcatgag
actgaactat
tttcgtgcaa
acatcactac
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ccttatcaaa
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ttttataaag
tagatttata
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aaaatcaaac
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tttagcaaac
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gtttttagga
aacaagttta
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aataaagttt
ctacagtatt
ttccttgcat
tggcgtataa
cgtcg
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Additional Supplementary Figures
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Supplementary Figure 1.

Bis-Tris SDS-PAGE denaturing gels during purification of A-Red 3, EcSSB, and LISSB as
described in “Methods”. In (b), the lanes are as follows: 1. Lysed cell culture, 2. Fraction I (pellet
after clarification), 3. Polymin P precipitation supernatant, 4. Resuspended Polymin P pellet, 5.
Fraction II (Polymin P supernatant), 6. Supernatant after ammonium sulfate precipitation, 7.
Fraction III (Final resuspension of ammonium sulfate pellet after clarification). This experiment
was performed once to generate the presented gel images.

29



0.1+

0.014

00014 f T

0.00014 obo °

0.00001 T T

L. lactis genome editing efficiency (%):

Supplementary Figure 2.

A number of phage operons containing a SSAP also include a phage SSB protein, as is the case
for the P. aeruginosa phage. However, co-expression of this phage SSB protein (PapSSB) along
with the phage SSAP (PapRecT) did not allow recovery of editing activity in L. lactis, unlike co-
expression of a paired bacterial SSB (PaSSB). Error bars indicate SD from the mean of at least
four biologically independent replicates.

One note is that the PapSSB C7 amino acids “FDDDIPL” do not match the C7 amino acids of
the bacterial SSBs that PapRecT is compatible with (“FDDDIPF”’). The terminal lysine (L) in the
PapSSB is a single nucleotide mutation away from the phenylalanine-(F)-containing cognate C7
tail, so we speculate that this gene may be mutated since the phage SSB is carried in a likely non-
essential prophage operon within P. aeruginosa.
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Supplementary Figure 3.

Bar graphs showing individual data points and SEM for mean values plotted in Fig 3a and Fig
3b. Error bars indicate SD from the mean of at least three biologically independent replicates.

We note there are four cases of SSB co-expression lowering SSAP-mediated genome editing
efficiencies. Specifically, LrSSB reduces the activity of MspRecT and PapRecT in E. coli, while
MsSSB reduces the activity of LrpRecT in E. coli and L. lactis. We speculate that this may occur
if the supplied SSB is close to compatible with the SSAP but not fully compatible. In each of
these cases, the 7 amino acid C-terminal tail of a compatible SSB is one amino acid different
from that of the supplied SSB (Fig 3c).

We also observe two instances of SSB co-expression improving an otherwise active SSAP (In E.
coli: -RedP} + EcSSB, and A-Redf} + PaSSB). This is unlikely to be caused simply by the
reduction in toxicity (Fig S4), as some constructs have significantly reduced toxicities but similar
genome editing activities (PapRecT with and without PaSSB).
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Supplementary Figure 4.

(A) Western blot of a 3xFLAG tagged PapRecT and A-Red [ in C. crescentus under induced
(Xylose) and non-induced (Glucose) conditions, along with a RpoA control. With the 3XxFLAG
tag, PapRecT should be 31 kDA, while A-Redf} should be 32.7 kDA, showing that they are both
expressed at similar levels under induction conditions. This experiment was performed once to
generate the presented gel images.

(B) Using the Salis RBS calculator we designed RBSs conferring a greater translation rate in
order to increase SSAP and SSB protein expression for the Caulobacter constructs.!-?
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Supplementary Figure 5.

Recombineering using select SSAPs and SSAP-SSB pairs in M. smegmatis. Recombineering
using A-Redp + PaSSB is not substantially improved over A-Redp in M. smegmatis. PapRecT has
basal activity in M. smegmatis, and PapRecT + PaSSB performs at approximately the same level.

Error bars indicate SD from the mean of at least three biologically independent replicates.

In this case, the lack of any effect of A-Redp, or A-Red + PaSSB in M. smegmatis may be due to

far lower expression of A-Redf in the strain, as compared to PapRecT. This protein expression

experiment was performed once to generate the presented gel images.
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Supplementary Figure 6.

To generate a dominant negative L. lactis MutL, we aligned the host MutL protein with the
dominant negative E. coli gene (MutL.E32K) and made the corresponding change in L. lactis
(E33K).
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Supplementary Figure 7.
Preliminary experiment for spectinomycin resistance at L. lactis RpsE

(A), Efficiencies of spectinomycin resistance for different oligo designs measured in triplicate.

RpsE genotypes (of 94)

NGTRI
MRNPS
AHNVG
SSNVH
Csask
PRATT
RANCP
PTAHA
HEPAK
NHSPR
ANNWR
GHDRA
DHRKK
SGCMK
NAQQL
SNDTV
LHDOR
HFPGC
QUNTR

QHCIS
SNNPT
TOLMK
ATNAR
SNRLY
REHSR
ALYRS
SNTNH
RANMF
RYEFN
RFITK
FRASP
HITSW
PLANW
RHLFN
RTHOI
HRAGF
RREST
PROLA

SNNK

HADKD
IGAWT
SNAST
PAPKT

ICANS
HFRFH
PSRAT
SGYKA
TFFGR
AKRLS
NKPSA
RNRVC
NSYRP
NSSTP
FEWRN
RANPNT
KCLSH
CONAP
AGSET

SKLAT
SWPPM
PVLYA
PPGSV
TEFMP
VGRCV
PTPLC
MTRNH
HLOSP
NYTSY
RACSYT
FVRND
AYVKQ
RMYCL
ROPKT
cTMsa
NNLHI
FHGRT
RALPIH

SVINK
TNSSD
NCNRE
SPYNK
PVDHL
QPYLK
GOLTT
PGROE
TYFSL
NKLTK
NGVQR
T6PCQ
1SPST
MALIG
RRLAP
SNERE
SAYEL
PLAVL

Error bars indicate SD from the mean of at least three biologically independent replicates.

(B-E), Sanger sequencing of spectinomycin resistance mutants.

The amino acid conversion corresponding to a E. coli spectinomycin resistant mutant G27D
(G30D) did not generate a resistant phenotype in L. lactis. The higher rate of resistant alleles
using a G30D targeting oligo compared to background levels may be attributed to a rare

occurrence of small deletions that occur during mutagenesis (b) which result in a resistant
phenotype. Low levels of unintended deletions may be due to oligonucleotide synthesis errors, or

an aberrant effect of remaining mismatch repair proteins.?

Sanger sequencing results from the 5x1NNK and SNNK plates reflect allele mutations seen in

the next-generation sequencing results
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Supplementary Figure 8.

Number of canidate resistant varients

105+

104-

10%4

1024

(A), Editing efficiency of select 1 amino acid and 5 amino acid variants. Error bars indicate SD

from the mean of at least three biologically independent replicates.

(B), Total cell number after editing with the Sx1NNK oligo library (a single transformation), and

the SNNK oligo library (30 pooled transformations) targeting L. lactis RpsE.

(C). Calculation of expected number of edited cells using the average editing efficiency for lAA

changes and SAA changes given in (A)

(D), Number of possible amino acid variants and stop codons in the two libraries (5 x 21 for

1x5NNK), (2175 for SNNK)
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Pre-selection INNK (WT reads removed) Pre-selection 5NNK (WT removed)

NNK1 NNK2  NNK3  NNK4  NNK5 NNK1 NNK2 ~ NNK3  NNK4  NNK5
D 0.007 0.007 0.009 0.008 0.007 D 0.035 0.034 0.037 0.036 0.036
E 0006 E 0024 0023 0024 0023 0023
K 0.009 0.008 0.009 0.009 K 0.042 0.044 0.041 0.041 0.040
R 0.013 0.015 0.015 0.013 R 0.064 0.073 0.064 0.067 0.074
H 0.009 0.011 0.011 0.009 0.011 H 0.045 0.045 0.048 0.048 0.047
N 0.013 0.017 0.014 0.015 0.014 N 0.064 0.060 0.065 0.068 0.066
Q 0005 0008 | 0006 0006  0.006 Q 0030 0032 0032 0030 0030
Y 0.009 0.010 0.011 0.010 0.010 Y 0.046 0.044 0.047 0.049 0.050
cC 0006 0.006 0.007 0.006 C 0025 0028 0025 0027 0.029
G 0.007 0.006 J 0.006 G 0.030 0.033 0.033 0.034 0.032
T 0.016 0.020 0.017 0.016 0.017 T

A 0.012 0.010 0.009 0.011 0.009 A 0.053 0.051 0.051 0.047 0.046
M 0.007 0.008 0.007 0.007 0.006 M 0.033 0.033 0.032 0.031 0.032
I 0.011 0.011 0.010 0.010 0.010 | 0.043 0.043 0.045 0.048 0.047
L 0.018 0.019 0.017 0.017 0.019 L | 0083 008 0087 0084 008
% 0.008 0.009 0.010 0.010 v 0.048 0.043 0.045 0.045 0.043
F 0.007 0.007 0.008 0.007 0.008 F 0.033 0.033 0.034 0.035 0.037
w W | 0017 0019 0016 0017 0018 |
P 0.013 0.016 0.014 0.013 0.014 p 0.074 0.074 0.073 0.067 0.065
- 0.007 0.007 0006 0.008 0.006 * 0.030 0.030 0.031 0.030 0.032

Supplementary Figure 9.

Normalized frequencies of next-generation sequencing reads in the IXSNNK library, as well as
the SNNK library after editing and 1hr of recovery, before selection with spectinomycin.



Resistant

5NNK Genotype [ 100ug/ml
3 AA mutant VMNRR Yes
20f3 VMNGR Yes
20f3 VMGRR No
20f3 VKNRR Yes
10f3 VMGGR No
10f3 VKNGR No
10f3 VKGRR No

b
Resistant
5NNK Genotype | 100ug/ml
Most enriched SNNRK Yes o
3 AA mutant RKNNR Yes
20f3 RKNGR | Yese
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20f3 VKNNR Yes
10f3 RKGGR No
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Most enriched PKGGR Yes
2nd most enriched | VIGGR Yes

Supplementary Figure 10.

No antibiotic

100ug/ml Spectinomycin

00600
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oo

100ug/ml Spectinomycin

SNNRK
RKNNR
PKGGR
VIGGR

VKNNR
©® RKNGR
® VKGGR

VMNRR
VKNRR
VMNGR
VKGGR

Doubling times of additional combination mutants and their resistant constituent variants (a,
VMNRR) (b, RKNNR, as well at the most enriched variant in the entire pool SNNRK).

The triple mutant VMNRR is more resistant than its two constituent two double mutants
(VKNRR, and VMNGR). Neither the remaining double mutant VMGRR nor any of the single

mutants grew on 100 pg/mL Spec plates.

SNNRK grew faster in the presence of antibiotic than any of the other variants, and had less of a
fitness defect than PKGGR even though all 5 positions are mutated from wildtype. Again, the
triple mutant RKNNR was more resistant than its constituent double mutants and none of the
signal mutants grew on 100 pg/mL Spec plates.
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Supplementary Figure 11.

Validation of resistance for two genotypes (VMNRR, RKNNR) after two days of growth on 100
pg/mL spectinomycin plates or 50 pg/mL spectinomycin plates.

One of most enriched alleles that appeared in the SNNK combination mutant library is G30N.
This mutation alone did not allow colony formation after 2 days on 100 pg/mL Spec plates, but

did on 50 pg/mL Spec plates, indicating that weaker selection pressure may provide additional
paths to high resistance phenotypes.

39



a Side View Bottom-Up View

50Ssubunit

305 subunit
5 i

[ Spectinomycin
[ RpsE

b -

Supplementary Figure 12. Structure Supplement. (a) Side (left) and bottom-up (right) views of
the E. coli ribosome bound to spectinomycin (PDB ID: 4V56). Spectinomycin is shown in
yellow spheres, RpsE (the protein product of ribosomal protein S5) in green ribbon, and the rest
of the RNA and protein components of the ribosome in gray, partially transparent sticks. (b) The
bottom-up view is magnified to show the interaction between RpsE and Spectinomycin. Three
different views are shown: (top) the full RpsE protein is visible in green ribbon, (bottom left) the
loop that contacts spectinomycin is focused on with the five varied residues shown in green
spheres, and (bottom right) this same loop is focused on with residues labeled and shown in
green sticks.
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