Supplementary Tables

Supplementary Table 1: MAGE oligonucleotides.

Name Sequence Strategy
acpP.high.1.NY [t*g*cttaacgcccagetgttcgeegataattttcttaacgegttcctagatagtgeteatactcttaaatttcctatcaaaactegettte Tolerant
acpP.low.I.NY |a*t*tttctcageticticgtccggaatetcagtatcaaactcticctacagagecattaccagetcaacggtgtcaagagaatcegegeee Tolerant
acpP.med. 1. NY [g*t*aacttcttcetgettaacgeecagetgticgecgataattttctaaacgegttettcgatagtgetcatactettaaatttectatca Tolerant
aspS.high.1.NY |a*g*gtagcggtatttcagacgegcettcticggtgttgacgtggtictagtcaagecggeagaacatctgegeggttgatgatagtcagegag Tolerant
aspS.low.1.NY |g*c*aaagctcggtgettcagtcatcagacacgetgeegeegtggtetacgggaaggegataacgtcacggatattgteggtgccggteage Tolerant
aspS.med.1.NY |t*a*tttcagacgcgcttcttcggtgttgacgtggttagagtcaagetacagaacatctgegeggttgatgatagtcagegaggacgecage Tolerant
can.high.1.NY  |a*t*agctcattgetcggegaaatgeecgeaagagegeegtetggattagttgtgtgaactgaacgtcatggaacaggtgtataacctgggee Tolerant
canlow.1.NY |g*t*taccgtcacgggatttccaacctcaagetgaaacacgecaactagaaataaaaatgeeatgeeggatgeaacacatceggeaacttca Tolerant
can.med.1.NY |a*a*ctggggcttatcaacaactggetgetgeatatccgegatatctagticaaacatageteattgetcggegaaatgeegeaagagegee Tolerant
cysS.high.1.NY |g*g*ttcttgctccageaggeccaatacageggaaagtttacgcagetaagatgecattgeattcgecgetgecatatcttetgetttcaga Tolerant
cysS.low.1.NY |c*a*atagcgcaattacttacgacgccaggtggteccttgegggecctattccageacgateeccatetegttaagacgatcacgegeegea Tolerant
cysS.med.1.NY [c*c*tttggcgatcagttgttcagtgagttcaataatttctgegatetagtgegtegegegeggcetecatatccgggegeagaatgttcaaa Tolerant
eno.high.1.NY |[g*t*gaattcttcagaggtgaacgctttgttgecttcgecagecagetagtatttaccatctttgtagaattcagaagetgegeagtecate Tolerant
eno.low.I.NY t*t*acgaccgttgtacggtgcetttttcgcccagagcettettcgatctaaatcagetggttgtatttagcaacacggtcagaacggcetcata Tolerant
eno.med.1.NY |a*g*gaaacgggatttgtcgecatcgegeagticcagagettcacgetaaccagtagaageacctgacggageagetgecataccgacgaaa Tolerant
era.high.ILNY [t*c*ttccgggaagtgatgagtcgeticaggtagatgettacgeacctatgeegeaatagtgtcaacattcageceggtttcggeagagatt Tolerant
era.low.|.NY c*a*tcggagttactcttaaagatcgtcaacgtaaccgagactgegetatgegegttcgtegteggeccaaceggatttcacttttacccac Tolerant
eramed.1.NY  |c*a*gcgggtgccttcaacgacaaaaatcaccagcetcaacatcgeectaagagetgetegecgctttgttcatcaggeggttaatggegegt Tolerant
fabG.high.I.NY [|a*t*accggcattattgaccaggatatccacttcaccaaattctgectaaattttticcagaacagattcgatagatgecgggteggteaca Tolerant
fabG.low.1.NY |a*c*atgagcattttgtgcaaatcgcggtcagaccatgtacatcccctagttcacatgcaaagtttcaccegtgatgtaagetgettegteg Tolerant
fabG.med.1.NY |t*c*tttcattcgcattaacaggttatcacgagtgataccggcattctagaccaggatatceacttcaccaaattctgegegaattttttee Tolerant
gInS.high.1.NY |g*g*gttaatcaccgacaggaaatcatccgeageacctgggttaggetagetgaacagacggtcatacaaacggatttcaaccggeagegea Tolerant
glnS.low.I.NY |a*c*cggtttttccgeegtagaatggeggetatcgaggeagaagtactattcacgetcaaactggaatgetttacccgcaaccgeatettte Tolerant
glnS.med.1.NY [t¥c*gcggtacgggctgtttttacccggttgegtecagggtgecgegetattcgeggatetgticeggegteagttcatcaacgtacgecagg Tolerant
groS.high.1.NY |c*c*atcgttgaaaataacgatgtcgcecaactttcacatccageggetacacttcgecattttcaaggatacggecattgecgacagecage Tolerant
groS.low.1.NY |a*c*atccagcggcttcacttcgecattttcaaggatacggecattctagacagceageacttcgecgegggtggatttageegetgeagag Tolerant
groS.med.1.NY |a*c*gatgccgecageagatttagtttcaacttetttacgettgacctacacgegatcatgeaatggacgaatattcattgataactetect Tolerant
ispH.high..NY |c*g*gttatgtaccacttcgtgacggacatatatcggtgcgeegtactaggecagegegtittcaacaatgetgatagegeggtctaccecg Tolerant
ispH.low.1.NY |c*c*cagctgetgeaaacgtgecaccacattctgecaccagaatatcctaageegatgegeccgeagteacgecgacgeatttaacctettte Tolerant
ispH.med.1.NY |g*t*caaatcgcgactttttgeticgttacgtaccgectgagaaacctagtgtgecggagaaaatcaggatcgegeegtecggtacttegeta Tolerant
lepB.high.1.NY |t*t*tttcaacgttgctttatccagtgagtececggeagecgectgetacgetgectgacgttccegecgtttaggtgce ttta Tolerant
lepB.low.1.NY |c*a*taacggcgacaacgtgaacgaagatggctattaatggatgeectaaatgegacttaagegeagaccagteggecattegeettettge Tolerant
lepB.med.1.NY |g*c*gttttcacacgectggeeggaactgeatcceggttgaategtetactettttgagaccggategtaagtgactttatcgeccggtaaa Tolerant
murD.high.1.NY [|a*t*accgggactggcgacaatcagatctgeegecatcagecattectaattcagactgecegtgtggegtictacggettcgggtaattta Tolerant
murD.low.1.NY [t*a*aacgcatcaacctaactccttcgeccagacgggeaaactcattctategttgttcaaagttcttgaactgatcaaggetggeacagget Tolerant
murD.med. I NY |g*a*ggtggtttccagctggaagetcgacagticcageacgtacagetaacactcatcatccagtageatcaacgeaggeaggecaatattg Tolerant
rpl).high.1.NY  |t¥t*cgcgaactctttgaacagacgageageagegeecgggtgticctaagagtatgeaatcagggteggaccaacaaacgegtetttcagg Tolerant
rpl).high.2.NY  |g*c*cagagtacgaaccagtttgccagecgaagcettctttcatggtctacatcaggegtgeaattgettcttcgtaggtcggeagagttgee Tolerant
rpll.low.1.NY  |g*c*agcagcgeccgggtgttccatagagtatgcaatcagggteggetaaacaaacgegtctttcaggeactcgaacggagtaccttcaaca Tolerant
pll.low.2.NY  |t*c*tttcatggttgccatcaggegtgeaattgettcticgtaggtctacagagttgecaggeggtegatetgagacgecgggatcagetea Tolerant
plJ.med. 1.NY  |g*t*cattttatctacagttacgccacgggaatccgeaactactgectacagegegectttggetacttcgetgacttcageaacaatcget Tolerant
rplJ.med.2.NY |t*c*agtcattttatctacagttacgccacgggaatcegeaactacctaagacagegegectttggetacttcgetgacttcageaacaate Tolerant
rpIM.high.1.NY [t*t*tggcaacatgcctttaaccgegatttcaatcacacgetcaggetagegageaateatctettcaaaggtegettgtttgataccaceg Tolerant
rpIM.low.I.NY |g*c*cattgcctataatccegattagatgtcaagaacttgeggttgetatgeegegtggttgtgctegttaccegegtaaactttcagtita Tolerant
rplM.med.1.NY |a*g*ttcagtagccagacggeccagagttttaccggtegegtcaacctaataccagtegegttttacggtttctggtttagetgtaaaagtt Tolerant
rplS.high.I.NY |a*c*taccggagagtgagtctggaagacacgetcaacgecettcgecctaggaaattttacgaacagtgaatgeagagtgeagaccgeggtta Tolerant
rplS.Jow.1.NY  |t*a*gttaagacgctctttgatacgageagecttaccagtacgetectacaggtagtacagtttagetttacgaacageaccacgacgtttg Tolerant
rplS.med.1.NY |g*t*atcacccggacggaaggaaggtacgtectgettcatetgetectattcaagttgettaataatgttgetcataatttaatetcttate Tolerant
rpmD.high.1.NY |c*c*caggccaagcagegttgecttgtgtttcggeagacgaccegatctaactgegggtitgagtaattttaatagtetttgceatggtttat Tolerant
rpmD.low.1.NY [g*c*aggagtatcctcgegetetacggtgtgaccaatacgacgeagetacaggecaageagegttgecttgtgtttcggeagacgaccegatt Tolerant
rpmD.med. . NY |g*c*cttgtgtttcggcagacgaccgattgeactgegggtttgagtctatttaatagtetttgecatggtttatttccccagaatttettca Tolerant
poA.high.1.NY [t*a*ggcaatacgctccacagggctgtageatgegtcgaccageagetageegattgggegeteatcttettccgaatgaattcgggtagaa Tolerant
rpoA.Jow.1.NY [g*g*ccagttttccaggegeatgeccagagacagtccacgggaagectacacgtctitaatctcagtaagagattttttaccaaggttagge Tolerant
rpoA.med.1.NY |a*g*gttgagcaggatttccaggatatcttcctgaacgcecttctttctagetgtactcatgtagtacaccatcaatctcaaccteggtcace Tolerant
rpsB.high. . NY |a*a*ctattttgggggagttatcaagccttattactcagettctacctagetttcttcegectgggaagecagatcetgagaacggecttca Tolerant
rpsB.low.1.NY |g*c*agcaacagcgeccaggtacagggtcacageacggattgegtectagttacccgggataacgaagtcaacacegtccggatcagagttg Tolerant
rpsB.med.1.NY |[t*t*gttcagttcagccagagcttcgtigaacatcggtacagtittctaaaggttgatgatgtgaactttgttacgcgeaccgaagatgaac Tolerant
rpsD.high.1.NY |a*a*cgtaccttccatettgecageatcaacttccagecaggttggetattcacgetgetcagecagetccagageggctttcacgegagac Tolerant
rpsD.Jow.I.NY [g*c*attgtgtcctetetttggtactaagctttacttggagtaaagetagacgatcaggtgticgttaatgtccgeagacagatcagaacge Tolerant
rpsD.med.1.NY |c*g*aactttttgcttttcacgcaactgcacaccatagtcagacagctacggtttacgegeaccegtgetggecaggagettgttcaatttta Tolerant




thrS high. | NY

t*c*ctccaattgtitaagactgeggetgegaatcetettgttgecagetactcgateactteatttacgtecatgettceccaggtctttacca

Tolerant

thrS.low. I.NY  |t*c*tttaccacggcgggtgcgaacggcaactttgectgattccacctatttatcaccacagaccagceatatatgggacgegacgcaaagtg Tolerant
thrS.med.1.NY  [t*g*ccagctgactttcttcttaatgacgtcgtagtttttctcagectactcatgeatecgettctcgagtgcttcgacatcttectgggtt Tolerant
trmD.high. 1.NY |t*t*tgcgccttcaccegeegeggcttttgetgeatgaatggegtectacaagggttgeaccateattaacatceecggtcegecgecgtaa Tolerant
trmD.high. 2. NY [g*g*tccgecgecgtaaggacgategtccacggtacggtgccggtectacgtgaagtegegaggactcecagetetggatgetcageaggeca Tolerant
trmD.low.IL.NY |a*t*ctcttatcctgggtaaactgatatctcgggggcettacgecatctaatcatgtttatgttgetgttgtgegtgtteegttitgaactee Tolerant
trmD.low.2.NY [|a*a*tttaatctcttatcctgggtaaactgatatctcgggggcttactacatcecateatgtttatgttgetgttgtgcgtgttcegtittg Tolerant
trmD.med.1.NY |c*c*cgecgeggcttttgetgeatgaatggegtecegeaagggttgcetacatcattaacatccecggtecgecgecgtaaggacgategtee Tolerant
trmD.med.2.NY |[t*c*acccgeegeggcetittgetgeatgaatggegtececgeaagggctacaccatcattaacatccecggtecgecgecgtaaggacgateg Tolerant
acpP.low.3 a*a*cgaccgectggagatgttcacttacgectggtggecgttgatctaatcaatggeagectgaacggtggtgattttctcagettettcg Tolerant
can.high.20.a c*a*gtggatgtactcgaagttgaacacattattatctgtggccactagggttgcggeggegtacaagecgeagttgaaaacceggaactgg Tolerant
can.high.20.b  |g*c*cgtctggataccttgtgtgaactgaacgtcatggaacaggtgtagaacctgggecactecaccattatgcaatcagegtggaaacgeg Tolerant
can.low.2 a*c*ctggtcattcacactgacctgaactgectticegtggttcagtaggeagtggatgtactcgaagttgaacacattattatctgtggee Tolerant
dnaX.high.20  |a*c*ttcgtcgatcagataaactttgaaacgaccacgegeecggagectactggacgttatccageaggtegegggtatcttcaactttggtg Tolerant
dnaX.low.5 g*c*gttaaagcetgtggegegacagceatatgeacttcgtcgatcagetaaactttgaaacgaccacgegecggagegtactggacgttatce Tolerant
dnaX.med.16  |g*g*cgcatacggtaattctttgcgaccaatcaacagegtetgatactaaagetgaatatcegtecggeggtatggtgegegecagttcacge Tolerant
dxs.high.20 t*g¥c gagtttaccgaaactctgegacgaactgegeegetagttactcgacagegtgagecgttccagegggeacttegectceg Tolerant
dxs.low.6 t*c*gectecgggetgggeacggtegaactgacegtggegetgeactaggtetacaacaceecgtttgaccaattgatttgggatgtggeac Tolerant
dxs.med.11 c*a*ataagtattaataggcccectgatgagttttgatattgccaaatagecgaccetggeactggtcgactccacccaggagttacgactgt Tolerant
eno.high.20 t*g*ctcaccaccgttgatgatgttcatcatcggaaccggeatagactatttgecceggagtaccegttcagttcagegatgtgetegtacage Tolerant
eno.low.2.a a*t*agagtatttgcceggagtacegttcagttcagegatgtgetectacageggeatacctttagcagetgeageagetttggegttagee Tolerant
eno.low.2.b g*c*gataacagccagagcttcagegttggaacccaggticggegectagecaccttegtcaccaacageagtgttcatgectttegettte Tolerant
fabG.high.20 c*t*gegegeaacatgageattttgtgcaaatcgeggtcagaccatctacatcccgecgttcacatgeaaagtttcaccegtgatgtaaget Tolerant
fabG.low.1 a*c*catgtacatcccgecegttcacatgeaaagtttcacccgtgatctaagetgettegteggatgecaggaatgeaacegegttggegatt Tolerant
fabG.med.18 g*g*gteggtcacattcaacatcagacctttgecgttggeacctaactaatcactgatcgectgagegecattttcactggtegeagtgeca Tolerant
ispH.low. 1 t*g*ttctgccagggegegtaccgettectgacggttagtegtggectageagatgteatetttgegeggaccgacaattttcgggaagegt Tolerant
ispH.med.10 t*c*gtccggegattcgaccagatacattcceccttecgggttactctactggeccattgteecttceacttcecgggtgeccggegtgaccg Tolerant
ispH.med.11 t*t*titgaccgtcagtttccacacatcgtceggegattcgaccagetacattcececttcegggttactgtactggeccattgteecttee Tolerant
IspA.high.20 a*a*cagcgggaccgtatcccccagageaaagttctggaggatcagetatttgetgeccagatcgataatcageacgactaccaccagecac Tolerant
IspA.low.3 c*c*gctatcggcaaggaaactaaacgecgegecatagttacgegectaatgcagattaagegacgggaacagegggaccgtatcececaga Tolerant
IspA.med.15 c*g*ctgecagecgeegetatcggcaaggaaactaaacgecgegecctagttacgegeataatgcagattaagecgacgggaacagegggace Tolerant
pheT.high.20 t*c*atagaaatcaacggtctettttgccaggttccagtgetcttcctaacggttaccgcaaatcacaccggcetaacatcagatcetgacga Tolerant
pheT.low.2 t*t*accggtcaggtcgagaacggattcaagatcgectttcaaatcctagaaatcaacggtctcttttgecaggttccagtgetcttcgtaa Tolerant
pheT.med.14 c*c*getttcgaaaatgegeacacggttetgetgacggttetggttctacaccacggttgecageaggecagteeac geatt Tolerant
rplB.high.20 a*g*acgcagggtgacataageaccatcacgageaacgatctgaacctaagtaccageggaacgtgecagetgaccgectttacctggttte Tolerant
rplB.low.1.a g*c*ttctactttacgcatttcaccagaacgcagacgeagggtgacctaageaccatcacgageaacgatctgaacgtaagtaccageggaa Tolerant
rpIB.low.1.b g*a*ctgaatctggtegecagetttcaggectttaggggecaggatctaacggegttcacegtcetitgtacagaaccagegegatgttcgeg Tolerant
rpl).low.4 a*a*ctctttgaacagacgagcagcagegeecgggtgticcatagactatgcaatcagggtcggaccaacaaacgegtetttcaggeacteg Tolerant
rplJ.med.10 c*c*ttcaacagcacggegeageagggtgttacgaacaacacgeatctatacgecageticgegacctgetttacgcagttcagteatttta Tolerant
rplJ.med.13 g*a*agcttctttcatggttgccatcaggegtgcaattgettcttcctaggtecggeagagttgecaggeggtegatetgagacgecgggate Tolerant
rpIM.low.2 g*c*gttcagaacgatgatgtaatcaccggtatctacgtgeggagtctattecgetttgtgcettaccgecgeaggegacgagecagttcagta Tolerant
rplM.low.4 t*t*gttgccggttacagcaactttgtcagegtticagaacgatgatctaatcaccggtatctacgtgeggagtgtattecgetttgtgctta Tolerant
rpIM.low.5 t¥c*agtagccagacggceccagagttttaccggtegegtcaacaacctaccagtegegttitacggtttetggtttagetgtaaaagtttte Tolerant
rplS.low.1 a*g*acgctctttgatacgagcagecttaccagtacgetcacgeagcetagtacagtttagetttacgaacageaccacgacgtttgacagaa Tolerant
plS.low.2 c*g¥ctetttgatacgagceagecttaccagtacgetcacgeaggtactacagtttagetttacgaacagcaccacgacgtttgacagaaatg Tolerant
rpmB.low.4 c*t*cacgaatacctttagccatgatttatttcctctaagtacttactacttttcgccacgggeacgceagttcagecagaactgtatcgatg Tolerant
rpsD.low.1 a*a*gtcggtgecctcacgacggcetcagettgagettaggacccaactatettgecattttetttctccaacaaacctggaaaacgaggegt Tolerant
rpsD.low.5 t*t*cgctttctcacgaatgcttacaacgtcattcggactaacctget gatgttaacaacacgaccgtttaccataattgcttta Tolerant
rpsK.low.8 c*c*tggacceggacctttaaccataacttccagattettgatgeectattetttcacggegtcagegeaacgetetgetgeaacctgaget Tolerant
rpsL.low.1 a*g*gatcacggagtgetectgeaggttgtgaccttcaccaccgatctaggaagteacttcgaaaccgttagtcagacgaacacggeatact Tolerant
rpsL.low.2 c*a*tactttacgcagcgeggagttcggttttttaggagtggtagtctatacacgagtacatacgecacgtttttgegggcatgettccage Tolerant
rpsP.low.2 a*a*gcgaccgttgegtgeattacggetgtcagegacaacaacctgetagaacggacgctttitagegecgtgacgtgctaaacgaatagtt Tolerant
secY.high.20 t*c*cataatcacgacaacaacgataagcagtgaggtcccaccgaactagaacggtactttcattgeatcacgeatgaactccgggatcagg Tolerant
secY.low.1 g*t*agcaataccgatcgactggaatattgecageaccagagtaccetagegggtgtactggetgatcttacgacgaccagacteeecttet Tolerant
secY.med.18 g*c*agacgceatagagtaacacataaageggttgcccaggetgeaactacagegaaattgttgtcagecagttccaaccagtacegeececg Tolerant
topA.high.20 t*c*ggccagataacgcagtttttccggeagacggtegeggaagegetaaagetettccaccagtggegeacgegtttcacgegatitcggg Tolerant
topA.low.5 t*t*ggcagccaggaacacaccggeageacegtcacgeageacgaactaageatctgatttttcgeacggeagetecaggtaatggeaccgga Tolerant
topA.med.14 a*a*aatcttacgtgtgtttttacactcttcgttggtgcaggecatctatttaccgaaacgecccattttcaggtgeatttcagagecacat Tolerant
trmD.low.2 t¥c*ccgeaagggttgcaccatcattaacatceceggtecgeegeectaaggacgategtccacggtacggtgecggteatgegtgaagteg Tolerant
trmD.low.4 t*c*gctgacgecegcettgatcaagettgegtecetgtggtgacagetaaatcacetttgegecttcaccegeegeggettttgetgeatga Tolerant
trmD.med.16  |t*g*gatgctcagcaggecatttttaactgeceggecagttacceectaatcggtaattgegeggaacatttcaggaaacaggetaattatg Tolerant




tyrS.low.1

t*a*ctgtttgttcagacaggcgaagtcataaccctgeaacaggtictaggaaaactcagtgaacgaaatecectgatettcacggttgaga

Tolerant

tyrS.med.18

a*t*atcgegcaggaaggtcageacattcatattgeccgaaccagtectagttgttcgecgegatageagagttttctccacagtcgaaateg

Tolerant

ftsL.N.1TAG

c*g*atcctttaactttgettagagcttetgtcactctgetgatctacatgeattegtectctctgcaatacgeagaactgaactacgggea

Amino-terminal

ftsL.N.2TAG

c*g*atcctttaactttgettagagettetgteactetgetgatcetactacatgeattegtectcetetgeaatacgeagaactgaactacgg

Amino-terminal

ftsL.N.3TAG

g*a*tcctttaactttgettagagettetgteactetgetgatctactactacatgeattegtectetetgeaatacgcagaactgaactac

Amino-terminal

fisLN.ITAG

t*t¥cttcctgacgtittggtttctgegttttcgecgetgctttctacatgegtegegtttatecttatttttgeactacgatattttcttg

Amino-terminal

fisLN.2TAG

t*t¥cttcctgacgtittggtttctgegttttcgecgetgcetttctactacatgegtegegtttatecttatttttgecactacgatattttc

Amino-terminal

ftsL.N.3TAG

c*t*tectgacgttttggtttctgegtittcgeegetgetttctactactacatgegtegegtttatecttatttttgecactacgatatttt

Amino-terminal

murD.N.1TAG

g¥*c*ccaggecgataatgacgacatttttaccctgataatcagectacatgattaacgtaccttcagegttgecagaccaatcagaaccage

Amino-terminal

murD.N.2TAG

g*c*ccaggecgataatgacgacatttttaccctgataatcagectactacatgattaacgtaccttcagegttgecagaccaatcagaace

Amino-terminal

murD.N.3TAG

c*c*aggcegataatgacgacatttttaccctgataatcagectactactacatgattaacgtaccttcagegttgccagaccaatcagaac

Amino-terminal

ftsA.N.1TAG

a*a*tctccagtcctactaccagttttctgtcegtegecttgatctacattgttgttetgectgtgectgattitgttgetgagtagattee

Amino-terminal

ftsAN.2TAG

c*t*ccagtcctactaccagttttetgteegtegecttgatetactacattgttgttetgectgtgectgattitgttgetgagtagattee

Amino-terminal

ftsAN.3TAG

t*c*cagtcctactaccagttttctgtecgtegecttgatctactactacattgttgtictgectgtgectgattttgttgctgagtagatt

Amino-terminal

ftsZN.1TAG

g*a*ctttaatcaccgegtcattggtaagttccattggttcaaactacatagtitctctcegatttgtgectgtegectgaggecgtaatca

Amino-terminal

ftsZN.2TAG

g*a*ctttaatcaccgegtcattggtaagttccattggttcaaactactacatagtttctetcegatttgtgectgtegectgaggecgtaa

Amino-terminal

ftsZ.N.3TAG

a*c*tttaatcaccgegtcattggtaagttccattggttcaaactactactacatagtttctctecgatttgtgectgtegectgaggeegt

Amino-terminal

secA.N.1TAG

a*t*cgttacgactaccgaaaactttagttaacaatttgattagctacataataaaatctcaaacgeeccgegttgeggagttaataaaatg

Amino-terminal

secA.N.2TAG

a*t* cgttacgactaccgaaaactttagttaacaatttgattagctactacataataaaatctcaaacgecccgegttgeggagttaataaa

Amino-terminal

secA.N.3TAG

t*c*gttacgactaccgaaaactttagttaacaatttgattagcetactactacataataaaatctcaaacgececgegttgeggagttaata

Amino-terminal

firN.ITAG

t¥t*tgtccatgegtacttcageatcttttctgatatcgetaatctacacgttacgaatecttgaaaacttgtctcagtcagaccagacagt

Amino-terminal

frtN.2TAG

t*t*tgtccatgegtacttcageatcttttctgatatcgctaatctactacacgttacgaatecttgaaaacttgtctcagtcagaccagac

Amino-terminal

firN.3TAG

t*g*tccatgegtacttcageatcttttctgatatcgetaatetactactacacgttacgaatccttgaaaacttgtctcagtcagaccaga

Amino-terminal

accAN.1ITAG

c*a*getctgcaatcggetgttcaaaatcaaggaaattcagactctacatagtattcetgtattagtcaaactccagttccacctgetcega

Amino-terminal

accA.N.2TAG

c*a*getctgcaatcggetgttcaaaatcaaggaaattcagactctactacatagtattectgtattagtcaaactccagttccacctgete

Amino-terminal

accA.N.3TAG

a*g*ctctgeaatcggetgttcaaaatcaaggaaattcagactctactactacatagtattcetgtattagtcaaactccagttccacctge

Amino-terminal

dxs.N.1TAG

a*t*ccagcegtaataaataaacaataagtattaataggeccctgatgtagagttttgatattgecaaataccegaccetggeactggtegac

Amino-terminal

dxs.N.2TAG

c*a*gcgtaataaataaacaataagtattaataggccectgatgtagtagagttttgatattgccaaataccegaccectggeactggtegac

Amino-terminal

dxs.N.3TAG

a*g*cgtaataaataaacaataagtattaataggeccctgatgtagtagtagagttttgatattgecaaatacccgaccetggeactggteg

Amino-terminal

gInSN.ITAG

g*a*tctgacggataaagttagtcgggegggcettetgectcactctacatcgtggattcetcaaagegtaaacaacgtataacggegtatga

Amino-terminal

gInSN2TAG

g*a*tctgacggataaagttagtcgggegggcttetgectcactctactacatcgtggattcctcaaagegtaaacaacgtataacggegta

Amino-terminal

gInS.N.3TAG

t*c*tgacggataaagttagtcgggcgggcttctgectcactctactactacatcgtggattcctcaaagegtaaacaacgtataacggegt

Amino-terminal

prsA.N.1TAG

c*a*gattctttccaccaatggacgeatgectgaggttcttctcgtgtagectgatatgaagetttttgetggtaacgecaccecggaacta

Amino-terminal

prsA.N.2TAG

a*t*tctttccaccaatggacgeatgectgaggttcttctegtgtagtagectgatatgaagetttttgetggtaacgecaccecggaacta

Amino-terminal

prsA.N.3TAG

t*t*ctttccaccaatggacgeatgectgaggticttctegtgtagtagtagectgatatgaagetttttgetggtaacgecaccecggaac

Amino-terminal

nadE.N.1TAG

t*a*gctttaaggaagttttgtcttttctgtctggaggggttcaatgtagacattgcaacaacaaataataaaggegetgggegeaaaaccg

Amino-terminal

nadE.N.2TAG

c*t*ttaaggaagttttgtcttttctgtctggaggggttcaatgtagtagacattgcaacaacaaataataaaggegetgggegeaaaaccg

Amino-terminal

nadE.N.3TAG

t*t*taaggaagttttgtctitictgtctggaggggticaatgtagtagtagacattgcaacaacaaataataaaggegetgggegeaaaac

Amino-terminal

pgsA.N.1ITAG

g*a*tgacacggaacagtgtaagcaacgtagggatattaaattgetacataatgacgggtaactatetgttgtcagtaagattacccctatg

Amino-terminal

pgsAN.2TAG

g*a*tgacacggaacagtgtaagcaacgtagggatattaaattgetactacataatgacgggtaactatctgttgtcagtaagattaccect

Amino-terminal

pgsAN.3TAG

t*g*acacggaacagtgtaagcaacgtagggatattaaattgctactactacataatgacgggtaactatctgttgtcagtaagattaccce

Amino-terminal

nrdB.N.ITAG

a*a*aatgccttatccggeattaaactcccaacaggacacactcatgtaggeatataccaccttttcacagacgaaaaatgatcagetcaaa

Amino-terminal

nrdB.N.2TAG

a*t*gccttatccgacattaaactcccaacaoﬂacacactcatgtagtaggcatataccaccttttcaca acgaaaaatgatcagctcaaa

Amino-terminal

nrdB.N.3TAG

t*g*ccttatccggeattaaactcccaacaggacacactcatgtagtaggeatataccaccttttcacagacgaaaaatgatcagetca

Amino-terminal

gltXN.ITAG

c*a*gatagcctgttgggcttggegegaagegagttttgattitctacatgaaatggecttacgtit tgccgacaaccggcaaat

Amino-terminal

gltX N2TAG

c*a*gatagcctgttgggcttggcgegaagegagttttgattttctactacatgaaatggecttacgtttagaaagatgecgacaaccggea

Amino-terminal

gltX N.3TAG

g*a*tagcectgttgggcttggecgegaagegagttttgattttctactactacatgaaatggecttacgtttagaaagatgecgacaaccgge

Amino-terminal

lepB.N.1TAG

c*a*ccagtgtggeaatcaccagaatcagggeaaacatattcgectacatgecaactcctaagggttatttgttgtetttgcegacgtgeag

Amino-terminal

lepB.N.2TAG

c*a*ccagtgtggeaatcaccagaatcagggceaaacatattcgectactacatgecaactcetaagggttatttgttgtetttgeegacgtg

Amino-terminal

lepB.N.3TAG

c*c*agtgtggcaatcaccagaatcagggeaaacatattcgectactactacatgecaactectaagggttatttgttgtetttgccgacgt

Amino-terminal

trmD.N.ITAG

t*g*cgcggaacatttcaggaaacaggcetaattatgecaatecactacatagegecgtettttacegtttatceggtggtttaaaaaccagg

Amino-terminal

trmD.N.2TAG

t*g*cgcggaacatttcaggaaacaggctaattatgecaatecactactacatagegecgtcttttacegtttatccggtggtttaaaaace

Amino-terminal

trmD.N.3TAG

c*g*cggaacatttcaggaaacaggctaattatgccaatccactactactacatagegecgtettttaccgtttatccggtggtttaaaaac

Amino-terminal

grpEN.ITAG

t*t¥coggggcttgecectcaggegttttctgttctttactactctacatgaatttetcegegtttitttcgeattcatctegetaacttcg

Amino-terminal

erpEN.2TAG

t*t¥coggggcttgecectcaggegttttctgttctttactactctactacatgaatttctccgegtttttttcgeattcatctegetaact

Amino-terminal

grpEN.3TAG

c*c*ggggcttgeecctcaggegttttetgttetttactactctactactacatgaatttctccgegtttttttcgeattcatctcgetaac

Amino-terminal

metK.N.1ITAG

a*a*cagtttgagctaaccaaattctctttaggtgatattaaatatgtaggcaaaacacctttttacgtccgagteegtetctgaagggeat

Amino-terminal

metK.N.2TAG

a*g*tttgagctaaccaaattctctttaggtgatattaaatatgtagtaggcaaaacacctttttacgtccgagteegtctctgaagggceat

Amino-terminal

metK.N.3TAG

g*t*ttgagctaaccaaattctetttaggtgatattaaatatgtagtagtaggcaaaacacctttttacgtccgagtecgtetctgaaggge

Amino-terminal

infB.N.1TAG

g*g*tetgtegetetgeggecagegttttaategttacatctgtetacatgetgttecttectgetacagtttattacgettegtcaccgaa

Amino-terminal

infB.N.2TAG

g*g*tetgtegetetgeggecagegttttaategttacatetgtetactacatgetgttectteetgetacagtttattacgettegtcace

Amino-terminal




infB.N.3TAG

t¥c*tgtegetetgeggecagegtittaatcgttacatctgtetactactacatgetgttecttcetgetacagtttattacgettcgteac

Amino-terminal

fmt.N.1TAG a*c*tggatcgtctgaaagececgggcttaaggataagaactaacgtgtagtcagaatcactacgtattatttttgegggtacacctgacttt Amino-terminal
fmt.N.2TAG g*g*atcgtctgaaagecegggettaaggataagaactaacgtgtagtagtcagaatcactacgtattatttttgegggtacacctgacttt Amino-terminal
fmt.N.3TAG g*a*tcgtctgaaagecegggcttaaggataagaactaacgtgtagtagtagtcagaatcactacgtattatttitgcgggtacacctgact Amino-terminal
secYN.ITAG |g*c*cacctttggcactttgaaaatctaatcceggttgtitagectacatctgetacttattcetegattttaccgecageagettcgatag Amino-terminal
secYN.2TAG  |g*c*cacctttggcactttgaaaatctaatcceggttgtitagectactacatetgetacttattcetegattttaccgecageagettcga Amino-terminal
secY.N.3TAG  |c*a*cctttggeacttt tctaatcceggttgtttagectactactacatetgetacttattectegattttaccgecageagcettcg Amino-terminal
rplO.N.ITAG  |c*g*cctttttggagecttcggecggagacagagtatttaaacgetacatctcttactcctcaactitaaccatgaaggaaaccgegttgat Amino-terminal
rplO.N.2TAG  |c*g*cctttttggagecticggecggagacagagtatttaaacgctactacatctcttactcetcaactttaaccatgaaggaaaccgegtt Amino-terminal
rplON.3TAG  |c*c*tttttggagecttcggecggagacagagtatttaaacgetactactacatctcttactcctcaactttaaccatgaaggaaaccgegt Amino-terminal
rpsEN.ITAG  |c*a*gcttttcctgeagttcgecagcettgtttttcgatgtgagectacatcttacacctctaccttagaactgaaggecagettcacgggea Amino-terminal
rpsE.N.2TAG  |c*a*gcttttcetgeagttcgecagettgtttitcgatgtgagectactacatcettacacctctaccttagaactgaaggecagettcacgg Amino-terminal
rpsE.N.3TAG  |g*c*ttttectgeagttcgecagettgtttitcgatgtgagectactactacatcttacacctetaccttagaactgaaggecagettcacg Amino-terminal
psN.N.ITAG  |g*t*tttacttcgegtgctttcattgattgettagectacatttagtaaccctaccttacttgeggaacgggaagtcaaaggeagecageag Amino-terminal
rpsN.N.2TAG  |g*t*tttacttcgcgtgctttcattgattgettagectactacatttagtaaccetaccttacttgeggaacgggaagtcaaaggeageeag Amino-terminal
rpsN.N.3TAG  |t*t*tacttcgegtgctttcattgattgettagectactactacatttagtaaccetaccttacttgeggaacgggaagtcaaaggeageca Amino-terminal
rpIN.N.ITAG  |a*c*cggagttgtcggegacgttcageatagtetgticttggatctacattttagtgetecgetaatgtcaactactactgagacccgaaaa Amino-terminal
rpIN.N.2TAG  |a*c*cggagttgtcggegacgttcageatagtetgttcttggatctactacattttagtgctecgetaatgtcaactactactgagaccega Amino-terminal
pIN.N.3TAG  |c*c*ggagttgtcggegacgttcageatagtctgttcttggatctactactacattttagtgetcegetaatgtcaactactactgagacce Amino-terminal
rpsQ.N.1ITAG |a*a*caacgcgaccttgcagagtacggattttatcggtctacattacgeacccgecttctegttcagtaaagtcettaacgegtgegacateg Amino-terminal
rpsQ.N.2TAG |a*a*caacgcgaccttgcagagtacggattitatcggtctactacattacgcaccegecttctegttcagtaaagtcttaacgegtgegaca Amino-terminal
psQ.N.3TAG  |c*a*acgcgaccttgeagagtacggattitatcggtctactactacattacgcacecgecttctegttcagtaaagtettaacgegtgegac Amino-terminal
rpID.N.ITAG  |g*g*aaacagtcagecgegetetgegegtctttcaatactaattcctacattgetatctecttacgecttcacagetggtttaacgatcaggt Amino-terminal
rpID.N.2TAG  |g*g*aaacagtcagegegetetgegegtetttcaatactaattectactacattgetatetecttacgecttcacagetggtttaacgatca Amino-terminal
rpID.N.3TAG  |a*a*acagtcagegegetctgegegtetttcaatactaattcctactactacattgetatetecttacgecttcacagetggtitaacgate Amino-terminal
plC.N.1ITAG  |g*a*agatacgggtcatacccacttttttaccgactaaaccaatctacattgtttcaacctctcaatcgetcaatgacctgattaacccagg Amino-terminal
rplC.N.2TAG g*a*agatacgggtcatacccacttttttaccgactaaaccaatctactacattgtttcaacctctcaatcgetcaatgacctgattaacee Amino-terminal
plC.N.3TAG a*g*atacgggtcatacccacttttitaccgactaaaccaatctactactacattgtttcaacctctcaatcgctcaatgacctgattaace Amino-terminal
fusAN.ITAG [g*a*taccgatgttacggtagegtgcgatgggtgttgtacgagectacatitgtttcctegtttatettitaggegttcaatttaagtagee Amino-terminal
fusA.N.2TAG [g*a*taccgatgttacggtagegtgcgatgggtgttgtacgagectactacatttgtttcctegtttatctittaggegttcaatttaagta Amino-terminal
fusA.N.3TAG  [t*a*ccgatgttacggtagegtgegatgggtgttgtacgagectactactacatttgtttcetegtttatcttttaggegttcaatttaagt Amino-terminal
poC.N.ITAG  |t*t*cggttttagtctgcgetttcagaaactttaataaatctttctacacggatttgetecegteggagttageacaatcegetgeegggtt Amino-terminal
rpoC.N.2TAG  [t*t*cggttttagtctgegetttcagaaactttaataaatctttctactacacggatttgetcecgteggagttageacaatcegetgeegg Amino-terminal
rpoC.N.3TAG  [c*g*gttttagtctgegetttcagaaactttaataaatctttctactactacacggatttgetecegtcggagttagcacaatcegetgecg Amino-terminal
ppa.N.ITAG t*a*ctcggeacttgtttgceacatatttttaaaggaaacagacatgtagagcttactcaacgtcectgegggt tctgecggaagac Amino-terminal
ppa.N.2TAG t*c*ggcacttgtttgccacatatttttaaaggaaacagacatgtagtagagettactcaacgtcectgegggtaaagatetgeceggaagac Amino-terminal
ppa.N.3TAG c*g*gcacttgtttgccacatatttttaaaggaaacagacatgtagtagtagagettactcaacgtcectgegggtaaagatctgecggaag Amino-terminal
dnaA.W6 t¥t*ctgtggctggtaactcatcetgcaatcgggeaagacactgetgetaaagegaaagtgacacggeggactecactcgaacaaaagtcga Functional
fusA.F32 a*g*cgcegtcatgaacttcaccgattttatggtttacaccggtgtactacagaatacgttcggtagtagtggttitaccggegtegatgtg Functional
glyQ.Y226 c*g*gcageggattttccagegecageagetgetgegettettteteetactgetcgaageaggtgaacaggaagtccacatcegegtatte Functional
Int. Y388 c*c*getgteggeaaatggtattgagcettactgeggetatttgetaggagatcattctcggegageaagtgegegataacttcegeceggat Functional
murG.F243 a*a*cgacgacatccgeecacgeatacgecgecgecatatcatcaatetattcegteactttatgetgeggttgececgettcggeatacge Functional
rpoA. Y152 t*g*ggcegcteatcttcttccgaatgaattcgggtagaagecggeacctaaccacgaccgegetgaactttgatacgeatgetaatagacge Functional
serS.F213 g*t¥ctgcettettettccageggacgagtatggaacagategecagectatttcggeagttgacecgtacegtacagegtgtectggttaac Functional
thrS.Y313 g*c*agtattcacggttctcagaagatgtggtgaacattgeatctttctagttgtcccagtgaccggttttttcccacaggacacggtecat Functional

Asterisk (*) signifies a phosphorothioate bond. Oligonucleotides are grouped by strategy (Tolerant, Amino-terminal, and Functional).




Supplementary Table 2: MAGE pools for the introduction of TAG codons in essential genes.

Y NY N Cl1 c2 F
acpP.low.3 acpP.high.1.NY ftsL.N.1TAG dnaX_.high.20 dnaX_.high.20 dnaA.W6
can.high.20.a acpP.low.1.NY ftsL.N.1TAG dnaX.low.5 IspA.high.20 fusA.F32
can.high.20.b acpP.med.I.NY murD.N.1TAG dnaX.med.16 IspA.med.15 glyQ.Y226
can.low.2 aspS.high. 1. NY ftsAN.ITAG dxs.high.20 secY.low.1 Int. Y388
dnaX_.high.20 aspS.low.1.NY ftsZ.N.1TAG dxs.low.6 secY.med.18 murG.F243
dnaX.low.5 aspS.med.1.NY secA.N.1ITAG dxs.med.11 topA.med.14 poA.Y152
dnaX.med.16 can.high. 1. NY frirN.1TAG eno.high.20 dxs.N.1ITAG thrS.Y313
dxs.high.20 can.low.|. NY accA.N.1TAG rplB.high.20 ftsI.N.1TAG
dxs.low.6 can.med. | NY dxs.N.ITAG rplB.low.1.a murD.N.1TAG
- - serS.F213 was
dxs.med.11 cysS.high. 1. NY gInS.N.1TAG secY.high.20 . s
eno.high.20 cysS.low.1.NY prsA.N.1TAG secY.low.1 included in this pool
eno.low.2.a cysS.med.1.NY nadE.N.1TAG secY.med.18
eno.low.2.b eno.high.1.NY pgsA.N.1TAG trmD.low.2
fabG.high.20 eno.low.1.NY nrdB.N.1TAG trmD.med.16
fabG.low.1 eno.med.1.NY gltX.N.ITAG tyrS.med.18
fabG.med.18 era.high. . NY lepB.N.ITAG dxs.N.ITAG
ispH.low.1 era.low.1.NY trmD.N.1TAG dxs.N.2TAG
ispH.med.10 era.med.1.NY grpE.N.1TAG dxs.N.3TAG
ispH.med.11 fabG.high.1.NY metK.N.1TAG grpE.N.1TAG
IspA.high.20 fabG.low.1.NY infB.N.1TAG grpE.N.2TAG
IspA.low.3 fabG.med. . NY fmt.N.ITAG grpE.N.3TAG
IspA.med.15 gInS.high.1.NY secY.N.1ITAG rplO.N.1TAG
pheT.high.20 glnS.low.1.NY plO.N.1TAG rplO.N.2TAG
pheT.low.2 gInS.med.1.NY rpsE.N.1TAG rplO.N.3TAG
pheT.med. 14 groS.high.1.NY rpsN.N.1TAG secY.N.1ITAG
rplB.high.20 groS.low.1.NY rpIN.N.1ITAG secY.N.2TAG
rplB.low.1.a groS.med.1.NY rpsO.N.1TAG secY.N.3TAG
rplB.low.1.b ispH.high.1.NY rplD.N.ITAG trmD.N.1TAG
rplJ.low.4 ispH.low.1.NY plC.N.1TAG trmD.N.2TAG
rplJ.med.10 ispH.med.1.NY fusA.N.1ITAG trmD.N.3TAG
rplJ.med.13 lepB.high.1.NY rpoC.N.ITAG
rplM.low.2 lepB.low.1.NY ppa.N.1TAG
rplM.low.4 lepB.med.1.NY
rpIM.low.5 murD.high. I NY
rplS.low.1 murD.low.1.NY
rplS.low.2 murD.med.1.NY
rpmB.low.4 rpll.high. L.NY
rpsD.low.1 rpl).high.2.NY
rpsD.low.5 rplJ.Jow.1.NY
rpsK.low.8 rplJ.low.2.NY
rpsL.low. 1 rplJ.med.1.NY
rpsL.low.2 rplJ.med.2.NY
rpsP.low.2 rpIM.high. I NY
secY.high.20 rpIM.low.1.NY
secY.low.1 rpIM.med.1.NY
secY.med.18 rplS.high.1.NY
topA.high.20 rplS.low. . NY
topA.low.5 rplS.med.1.NY
topA.med.14 rpmD.high.1.NY
trmD.low.2 rpmD.low.I.NY
trmD.low.4 rpmD.med.1.NY
trmD.med.16 rpoA.high.1.NY
tyrS.low.1 rpoA.low.I.NY
tyrS.med.18 rpoA.med.1.NY
rpsB.high. 1. NY




rpsB.low.1.NY

rpsB.med.1.NY

rpsD.high.1.NY

rpsD.low.1.NY

rpsD.med.1.NY

thrS.high. 1. NY

thrS.low.1.NY

thrS.med.1.NY

trmD.high.1.NY

trmD.high.2.NY

trmD.low.1.NY

trmD.low.2.NY

trmD.med.1.NY

trmD.med.2.NY

Oligonucleotides within each pool were designed by a single or combination ("complex" pools) of strategies. Pool names are abbreviated
as follows: Tolerant tyrosine (Y), tolerant non-tyrosine (NY), amino-terminal (N), complex 1 (C1), complex 2 (C2), and functional (F)
pools.




Supplementary Table 3: Analysis of sAA-dependence screens.

SAA 23RS Pool MAGE Total Total Unique Unique Unique Unique Unique
cycles screened dependent  dependent 1TAG 2TAG 3TAG 4TAG
pAcF pAcF-RS Y 4 88 3 3 2 1 0 0
PACF PAcF-RS NY 4 88 0 0 n/a® n/a® n/a® n/a®
PpAcF PAcF-RS N 4 88 2 2 2 0 0 0
pAcF pAcF-RS C1 4 93 3 3 3 0 0 0
pAcF pAcF-RS F 8 86 0 0 n/a® n/a® n/a® n/a®
pAzF pAzF-RS C2 3 255 0 0 n/a® n/a® n/a" n/a"
pAzF pCNF-RS Y 4 130 13 8 4 3 0 1
pAzF pCNF-RS N 4 84 8 4 3 1 0 0
pAzF pCNF-RS C2 4 124 8 6 3 1 2 0
pAzF pCNF-RS F 8 344 57 14 6 8 0 0
pIF pIF-RS C2 3 172 6 3 2 1 0 0
pIF pIF-RS F 8 62 0 0 n/a’ n/a’ n/a’ n/a’

“Pool names are abbreviated as follows: Tolerant tyrosine (Y), tolerant non-tyrosine (NY), amino-terminal (N), complex 1 (C1), complex 2 (C2), and functional (F)
pools.

"We only quantitatively assess strains that were sAA-dependent and cannot report all successful TAG incorporations that generated viable or nonviable non-
contained clones.



Supplementary Table 4: Conversion of aaRS specificity.

Residue  TyrRS (WT) pAcF-RS pIF-RS pAzF-RS pCNF-RS

32 Y L L T L
107 E E S N D*

F F F F W
109 Q Q Q Q M

D G p P G
159 I C L L A
162 L R E Q L
286 D R R R R

“The published pCNF-RS contains E107 but we pursued a D107 variant.

>Methanocaldococcus jannaschii TyrRS

MDEFEMIKRNTSEIISEEELREVLKKDEKSAYIGFEPSGKIHLGHYLQIKKMIDLONA
GFDIIILLADLHAYLNQKGELDEIRKIGDYNKKVFEAMGLKAKYVYGSEFQLDKDYTL
NVYRLALKTTLKRARRSMELTIAREDENPKVAEVIYPIMQVN IHYLGVDVAVGGMEQR
KIHMLARELLPKKVVCIHNPVLTGLDGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCP
AGVVEGNPIMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNKELHPMDLKNA
VAEELIKILEPIRKRL




Supplementary Table 5: Summary of 22 essential genes containing TAG codons in SAA-dependent strains.

- GO Annotation GO Annotation
Essential gene(s) i
Biological process| function)
GO:000674% ‘“ Tquinone biosynhetic process) GO:0008661 (1-deoxy-D-xylulose-5-phosphate synthase activity)
G0:0008615 (pyridoxine biosynthetic process)
) b ) G0:0030976 (thiamine pyrophosphate binding)]
G0:0009228 (thiamine biosynthetic process) oPhOSPREY
’ GO:0000287 (magnesium ion binding)
dxs G0:0008152 (metabolic process) N .
) ) G0:0003824 (catalytic activity)
G0:0008299 (isoprenoid biosynthetic process) o
GO:0016740 (transferase activity)
GO:0016114( terpenoidbiosyntcic process) GOD046572 (el fom binding)
. : on bi
GO:0092865 (1-degvaDelylose " process) e
GO00313 D(lre(“"l’l";e % ':g) GO:0005515 (protein binding)
X cell division " onan
- GO:0008658 (penicillin binding)
G0:0007049 (cell cycle) ) )
G0:0008955 (peptidoglycan glycosyltransferase activity)
fist G0:0008152 (metabolic process) | sy
/ G0:0003824 (catalytic activity)
GO:0008360 (regulation of cell shape)
" G0:0016740 (transferase activity)
G0:0009252 (peptidoglycan biosynthetic process) GO0016757 (nanst e cosy] )
GO:0046677 (resnonse to antibiotic) ; ransTerase activity, trans’erring 8ycosy” groups.
GO000Z87 (mag Ton binding)
G0:0004478 (methionine adenosyltransferase activity)
G0:0005515 (protein binding)
50:0030055 ion bi
GO:0006556 (S-adenosylmethionine biosynthetic process) G0:0030955 (potassium ion binding)
metk 00006730 (onm-tarbor, motaboli prosey G0:0042802 (identical protein binding)
r G0:0000166 (nucleotide binding)
G0:0005524 (ATP binding)
G0:0016740 (transferase activity)
500007040 T T GO:0046872 (metal ion binding)
(cell eycle) G0:0008764 (UDP-N-acetylmuramoylalanine-D-glutamate ligase activity)
GO:0008360 (regulation of cell shape) GO0000166 (nocleotide bnding)
30:0000166 g
murD G0:0009058 (biosynthetic process) ) P ©
: GO:0005524 (ATP binding)
G0:0009252 (peptidoglycan biosynthetic process) GON016874 (1gase aetviny
G0:0051301 (cell division) ’ 1gase activity
G0:0006629 (lipid metabolic process) GO:0008444 (CDP-dr Tycerol-3-phosphate 3 activity)
pesd GO:0006655 (phosphatidylelycerol biosynhetic process) GO:0016740 (transferase actvity)
GO:0008654 ic process) G0:0016780 (phosphotransferase activity, for other substituted phosphate groups)
GO:0004089 (carbonate dehydratase activity)
G0:0008152 (metabolic process) G0:0008270 (zinc ion binding)
can P e
GO:0015976 (carbon utilization) GO:0016829 (lyase activity)
GO:0046872 (metal ion binding)
dnaX not found not found
GO0006633 (Tatty acid process)
G0:0008610 (lipid biosynthetic process) GO:0004316 (3-oxoacyl-{acyl-carrier-protein] reductase (NADPH) activity)
G0:0009102 (biotin biosynthetic process) GO:0042802 (identical protein binding)
e G0:0030497 (fatty acid elongation) G0:0050661 (NADP binding)
a G0:0006629 (lipid metabolic process) GO:0016491 (oxidoreductase activity)
G0:0006631 (fatty acid metabolic process) GO:0046872 (metal fon binding)
G0:0008152 (metabolic process) G0:0051287 (NAD binding)
(10 0055114 (oxidation-reduction process) Y
006744 (ubiquinone biosynthefic process - N
G0:0042380 (hyd thylbuteny! pyrophosphate reductase activity
(Jo 0046677 (response to antibiotic) (bydroxymethylbuteny] pyrophosphat reductase activity)
GO:0016491 (oxidoreductase activity)
G0:0008299 (isoprenoid biosynthetic process) : uetase oo
) ; G0:0046872 (metal fon binding)
ispH GO:0016114 (terpenoid biosynthetic process) . ;
G0:0051536 (iron-sulfur cluster binding)
G0:0019288 ( process, methylerythritol 4-phosphate pathway) y cne
G0:0050992 (dimethylallyl diphosphate biosynthetic process) GO:0051538 (3 iron, 4 sulfur cluster binding)
: iyl ciphosp) y! o G0:0051745 (4-hydr hylbut-2-en-1-yl reductase activity)
0055 114 (oxida duction nracess) y
GO:0010033 (response to organic substance)
GO:0015920 (Tipopolysaccharide transport)
IpiD G0:0005515 (protein binding
” GOX0043165 (Gram-negative-bacterium-type cell outer membrane assembly) (protein binding)
G0:0061024
GO0:0008233 (peptidase activin
GO:0006465 (signal peptide processing) . (peptidase activity)
IspA GO0006508 (atsotiey G0:0004190 (aspartic-type endopeptidase activity)
7O proteolysis G0:0016787 (hydrolase activity)
T T e
GO:0000049 (tRNA binding)
G0:0000166 (nucleotide binding)
G0:0000287 (mag bind
GO:0006412 (translation) 4 (magnesium ion binding)
) G0:0003723 (RNA binding)
pheT G0:0006432 (phenylalanyl-tRNA aminoacylation)
GO008033 (IRNA processing) G0:0004812 (aminoacyl-RNA ligase activity)
: cessi :
P s G0:0004826 (phenylalanine-tRNA ligase activity)
G0:0005524 (ATP binding)
GO:0016874 (ligase activity)
GO-0046872 (metal jon hinding)
GO:00053T3 {protein binding) ]
G0:0008270 (zine ion binding)
G0:0003677 (DNA binding)
1pod GO:0006351 (transcription, DNA-templated) GO:0003899 (DNA-dirccted RNA polymerase activity)
G0:0016740 (transferase activity)
GO:0016779 (nucleotidyltransferase activity)
_ GO:0046983 (protein dimerization activitv)
GO-0006886 ( protein fransport)
G0:0043952 (protein transport by the Sec complex)
G0:0065002 (intracellular protein transmembranc transport) —
sect G0:0005515 (protein bind
see GO:0006605 (protein targeting) (protein binding)
GO:0006810 (transpor)
GO:0015031 (protein transport).
GO:0000287 (magnesium ion binding)
G0:0006434 (seryl-tRNA aminoacylation) GO:0004828 (serinc-tRNA ligase activity)
G0:0016260 (selenocysicine biosynthetic process) G0:0042802 (identical protein binding)
ser§ G0:0006412 (translation) G0:0000166 (nucleotide binding)
GO:0006418 (tRNA aminoacylation for protein translation) GO:0004812 (aminoacyl-RNA ligase activity)
G0:0097056 (selenocysteinyl-RNA(Sec) biosynthetic process) Goooossu (ATP binding)
GO:0016874 (lisase activity)
‘GO:00039T6 (DNA topoisomerase activity)
G0:0003917 (DNA topoisomerase type I activity)
G0:0000166 (nucleotide binding)
G0:0006265 (DNA topological change) G0:0000287 (magnesium ion binding)
topd G0:0022616 (DNA strand clongation) G0:0003677 (DNA binding)
GO:0006200 (ATP catabolic process) GO:0003918 (DNA topoisomerase type Il (ATP-hydrolyzing) activity)
G0:0005524 (ATP binding)
oo 0016853 Gsomerse actiiy)
GO T (metabiets ek
: 3
GO:0006412 (translation) GO:0003723 (RNA binding)
§ - ) G0:0004812 (aminoacyl-RNA ligase activity)
S GO:0006418 (tRNA aminoacylation for protein translation) gase ac
" GO0006437 (tyrosy IRNA amioaeylation GO:0004831 (tyrosine-RNA ligase activity)
8 yrosy Y G0:0005524 (ATP binding)
GO:0016874 (ligase activity)




GO:0003677 (DNA binding)
G0:0003688 (DNA replication origin binding)

GO:0006260 (DNA replication)
GO:0006275 (regulation of DNA replication)
GO:0006270 (DNA replication initiation)

006351 (transcription, DNA-templated)
DNA-t

GO:0005515 (protein binding)
GO:0043565 (sequence-specific DNA binding)
GO:0000166 (nucleotide binding)

GO:0005524 (ATP binding)
activity)

dnai
e GO
G0:0006355 of plated)
G0:0008156 (negative regulation of DNA replication) GO st oo
’ G0:0000166 (nucleotide binding)
GO:0006184 (GTP catabolic process) (nucleotide binding)
ot 0006412 (rametation GO:0003746 (translation elongation factor activity)
" 00»0006414(|rans1auz::1de‘|3:‘| ation) G0:0003924 (GTPase activity)
: & GO:0005525 (GTP binding)
G0:0000166 (nucleotide binding)
600006412 (ranslation) G0:0004812 (aminoacyl-RNA ligase activity)
b0 00006420 (elyey RN A amimoncsation) G0:0004820 (glycine-tRNA ligase activity)
: glyey @ 4 G0:0005524 (ATP binding)
GO:0016874 (ligase activity)
GO00T6410 (N-acyltransTerase activiy)
0016740 (transf ivi
G0:0042158 (lipoprotein biosynthetic process) GO:0016740 (transferase activity)
Int GOD005507 aittoren compoun metsbolie mocess) GO:0016746 (transferase activity, transferring acyl groups)
: i mpou ic pra o
8 P P 0016787 (hydrolase activity)
G0:0016810 (hydrolase activity, acting on carbon-nitrogen [but not peptidel bonds
N N GO:00501T (undecaprenyldiphospho-muramoyIpentapeptide beta-N-acetylglucosaminy transterase activity)
0:0009252 (peptidoglycan biosynthetic process) )
00708 el eoete GO:0016740 (transferase activity)
X cell cyele e A
et ey GO:0016757 (transferase activity, transferring glycosyl groups)
GO:0008360 (regulation of cell shape) ; !
mrG GO:0016758 (transferase activity, transferring hexosyl groups)
GO:0019277 (UDP-N-acetylgalactosamine biosynthetic process) ( : @
00030259 (i hseomstation) G0:0030246 (carbohydrate binding)
50.00;13:),') o GO:0051991 (UDP-N-acetyl-D i L-alanyl-D-glutamyl-meso-2,6-
30:0051301 (cell division) Dl Dl 4-beta-N: i activity)

10



Supplementary Table 6: Summary of escape frequencies and doubling times for 60 sAA-dependent strains.

. . . . . . . Escape freq (EF) Doubling time (mi )
Nickname Synthetic amino acid Essential protein(s) TAG location(s) (Day 1) 1mM SAA SmM SAA
rEc.a PACF, o n/a n/a n/a 54.25+0.19 data not
collected
DnaX.Y113a PpACE, a DnaX Y113 6.73E-07+ 189F-07 | 5451060 | 9a@not
collected
DnaX.Y113¢’ PACE, o DnaX Y113 1.95E-07 £ 5.09E-08 | 64974073 | @t
collected
LspA.Y54a PACE, a LspA Y54 83906+ 1.16E-06 | 52.000.11 | datanot
collected
SecY.Y122a PACF, o SecY Y122 2.05E-05£ 838606 | 5890027 | datanot
collected
SecY.Y309a PACF, o SecY Y309 407E-04£3.15E-04 | 5270030 | duanot
collected
Dxs.oN PACE, a Dxs N-term 1.85E-06+5.65E-07 | 61.77+0.15 | dxanot
collected
FisLaN PACE, o Fts N-term 1L07E05 £ 627E-06 | 57.72£003 | datanot
collected
MurD.oN PACE, o MurD N-term 297E-05£2.886-06 | 55285041 | uanot
collected
TopA Y728 data not
04 + ~
tEc.0.dB.8 PACE, o Lo s 6.SAE-04+445E-04 | 51475037 FETO
data not
. .21 £ 0.
rEc.f pIF, B n/a n/a n/a 60.21 +0.46 collected
DnaX.Y113p pIF, B DnaX Y113 871E-074 531607 | 6020 +0.68 | aanot
collected
data not
- + = +
LspA.Y54p pIE, B LspA Y54 186E-05£5.57E06 | 6lesx 152 | OtN0
1t
SecY.Y122B pIE, B Secy Y122 26206 647607 | 6257036 | daanot
collected
DnaX Y113 data not
.p.dB. . ~08 £ 9., -t .63 £ 0.
tEc.p.dB.9 pIF, 5\ Vs I3IE08£0.52609 | 59.63£029 | S04
DnaX Y113 data not
.p.dB.9" . 09 £ 1.4 -4 .58 = ().
rEc.p.dB.9 pIF, 3\ vsa 492E-09+ 1.626:09 | 6058028 | H0
DnaX Y113 ot mot
tEc.p.dC.11 pIE, B LspA Y54 5.01E-09 + 3.61E-09 61.62+0.19 atano
collected
Dxs N-term
DnaX Y113 data not
rEe.f.dC.11' pIF, LspA Y54 331E-09 £4.90E-10 | 61.97+0.22
collected
Dxs N-term
DnaX Y113
data not
1Ee.p.dC.12 pIE, b LspA Y54 4.68E-09 + 1.99E-09 | 60.04+0.29 e
SecY Y122 core
DnaX Y113 ot o
{EefdC.12 PIF, B LspA Y54 2.17E-0943.69E-10 | 61.81=0.65 alla "10 |
SecY Y122 cotiecte
DnaX Y113 data not
1Ee.B.dC.12" ALY pIF, LspA Y54 <4.85E-12 60.99£070 | 4N
SecY Y122
rEc.y pAZF, y n/a n/a n/a 58.63+0.87 | 59.41+0.13
Can.Y83y PAZE, v Can Y83 23906 7.906-07 | 57.03027 | da@not
collected
Can.Y99y PAZE,y Can Y99 1.0SE-05 £ 3.84E-06 | 58342028 | datanot
collected
DnaX.Y 113y PAZE,y DnaX Y113 137E-06 £ 2.08E-07 | 58794036 | Cxanot
collected
FabG.Y242y PAZF, y FabG Y242 1.16E-04 % 6.96E-05 | 57.860.14 | 9aanot
collected
data not data not
LptD.Y212y PAZF, y LptD Y212 data not collected collected collected
data not data not
LptD.Y354y pAzF, y LptD Y354 data not collected collected collected
data not
SecY.Y122y PAZF, y SecY Y122 338E-06+5.28E-07 | 59.82 +0.66
collected
data not
. . ~06 £ 1. ! .45 £ 0.
TyiS.Y127y PAZF, y TyrS Y127 288506+ 175E-06 | 58454027 | (8N
1
DxsaN PAZE,y Dxs N-term 34IE06£ 210606 | 6225054 | datanot
collected
dat: t
FtsLyN PAZE, v Ftsl N-term 1.53E-05+ 1.15E-05 | 58.67+0.13 | Ca.ano
collected
MurDyN PAZE,y MurD N-term 424E-05+2.57E-05 | 50.01£0.54 | atanet
collected
data not
. -1 . -05 £ 3. s N B
PgsAyN PAZF, y PgsA N-term 1.36E-05 + 3.22E-06 68.74 = 1.34 collected
DnaA. W6y pAZF, Y DnaA W6 514E-07 = L.69E-07 | 65.20£0.80 | 66.23 £ 0.28
FusA.F32y pAZF, y FusA F32 5.00E03 +4.14E03__ | 73.76+0.17 | 62.93 +0.28
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GlyQ.Y226y PAZF, y GlyQ Y226 1.01E-05 + 3.10E-06 6532+ 1.22 | 60.66+1.19
Lnt. Y388y PAZF, y Lnt Y388 6.80E-06 + 3.19E-06 60.98 £0.26 | 62.27 £0.06
MurG.F243y pAZF, y MurG F243 8.05E-07 + 4.00E-07 59.16 £0.15 | 60.41 £0.52
SerS.F213y pAZF, y SerS F213 1.29E-06 + 8.75E-07 58.68£0.19 | 59.52+0.36
PgsA data not
.y.dB. - R -07 +4. - ST+
rEc.y.dB.16 pAzF,y Metk N-term 9.87E-07 = 4.24E-07 61.51+1.02 collected
Y122 data not
.y.dB. . -06 £ 1. - 02 +1.
rEc.y.dB.17 PpAZF, y SecY Y309 1.77E-06 = 1.14E-06 64.02£1.13 collected
TopA Y728
data not
rEc.y.dC.18 pAZF, y SecY122 Y122 3.38E-05 £ 2.65E-05 61.15+0.88
collected
Dxs N-term
LspA Y28
LspA Y50 data not
y.dD. . -05+5. ~ .61 £0.
rEc.y.dD.20 pAzF,y PheT Y615 1.02E-05 + 5.70E-06 62.61+0.32 collected
IspH. Y142
SecY Y309 data not
.y.dB. . -05+1. - .97 £ 0..
rEc.y.dB.22 pAZF,y PheT Y615 2.93E-05 = 1.53E-05 59.97+0.57 collected
Y558 data not
.y.dB. K -06 £ 3. - 22 £ 0.
rEc.y.dB.23 pAZF, y PheT Y601 5.48E-06 = 3.73E-06 58.22+0.30 collected
TopA Y728
data not
rEc.y.dC.24 PAZF, y LspA Y28 2.85E-06 + 2.10E-06 62.12+0.83
collected
Dxs N-term
Y113 data not
.y.dB. K -07 + 8. = .49 + 0.
rEc.y.dB.26 PAZF, y DnaX V328 1.42E-07 + 8.69E-08 60.49 £0.15 collected
Y212 data not data not
rEc.y.dB.28 pAZF, y LptD V354 data not collected collected collected
Y458 data not data not
rEc.y.dB.29 pAZF, y LptD Y514 data not collected collected collected
Y212 data not data not
rEc.y.dB.31 pAZF, y LptD Va44 data not collected collected collected
FusA F32 data not data not
rEc.y.dB.38 pAZF, y RpoA vis2 data not collected collected collected
FusA F32 data not data not
rEc.y.dB.39 pAZF, y MurG F243 data not collected collected collected
DnaA W6 data not data not
rEc.y.dB.40 pAZF, y GlyQ v226 data not collected collected collected
DnaA Wwo6
-09 + - +
rEc.y.dB.41 pAZF,y MurG 243 1.56E-09 = 1.02E-09 63.78£0.26 | 62.62+0.04
DnaA Wo6
" - +
rEc.y.dB.41 pAZF, y MurG F243 5.98E-10 62.22£0.31 | 60.90+0.21
DnaA Wwo6 data not data not
rEc.y.dB.42 PAZF, y FusA o data not collected collected collected
Ec.y.dB.43 AzF, DnaA e 2.32E-09 £ 6.53E-10 75.89£2.79 | 59.85+0.10
e B pAZEY SerS F213 : : TEs R
DnaA Wo6 data not data not
rEc.y.dB.44 PpAZF, y RpoA Yis2 data not collected collected collected
Lnt Y388 data not data not
Ec.y.dB.45 AzF, data not collected
e pAZRY MurG F243 At ot eoTecte collected | collected
DnaA Wo6
rEc.y.dC.46 PAZF, y MurG F243 <7.88E-11 71.01£0.36 | 63.42+0.30
SerS F213
DnaA W6
rEc.y.dC.46' pAzF, y MurG F243 <4.36E-11 71.86 +0.59 | 64.27+0.23
SerS F213
DnaA Wo6
rEc.y.dC.46'.AtY PpAZF, y MurG F243 <6.3E-12 6491£0.39 | 61.41£0.18
SerS F213

"Average doubling times are shown for growth in permissive media; n=3 technical replicates; error is +s.d.
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Supplementary Table 7: Escape mechanisms of MutS-deficient strains with one essential TAG codon.

Relative fitness in

Escape mutant Essential gene Causative SNP* Causative SNP location” L .
media without SAA'
SecY.Y122a.El secY cag>cGg RpsD.Q54R 0.68 +£0.035
SecY.Y122a.E2 secY tag=>Cag SecY.al122Q 0.97 £ 0.006
SecY.Y122a.E3 secY ctg=>ctA glnV>supE 1.00 £ 0.028
DnaX.Y1130.E1 dnaX tag=>tGg DnaX.all13W 0.97+£0.011
DnaX.Y1130.E2 dnaX tag=>tGg DnaX.al13W 0.95+0.015
DnaX.Y1130.E3 dnaX tag>tGg DnaX.all3W 0.94+0.014

“Causative SNP is capitalized within the codon or anticodon sequence, from 5' to 3, for protein and tRNA-encoded genes, respectively.
®Location of the amino acid change is shown for protein-encoded genes and names conferred by anticodon mutations for tRNA-encoded genes.

“Average ratio of doubling times are shown for contained ancestor to escape mutant grown in permissive and nonpermissive media, respectively;
n=3 technical replicates; error is +s.d.
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Supplementary Table 8: Whole genome sequencing of MutS-deficient strains with one essential TAG codon.

Straim___|Feature] Start | _End | _WT Mut Gene Conscquen AA change Product GO Aunotation (Biological process)
GOR0008652 (cellular amino acid biosynthetic
DnaX.Y113wEl | indel 2 2 - TCA thrl. UPSTREAM (-188) - th operon leader peptide GO:0009088 (threonine biosynthetic procs
555 (transcriptional attenuation)
GO:0031556 (iranseriptional attenuation by ribosome)
DnaX.Y113wEL | snp | 491478 | 491478 A G dnaX | NON_SYNONYMOUS_CODING ww DNA polymerase I/DNA elongation factor I11,  and y subunits. L’{’(fg’"g;‘égégg:/‘:’iﬂ";;:‘;::’”
GOMW006853 (drug transmembrane ranspor)
GO:0030641 (regulation of cellular pH)
DnaX.Yl3aEl | smp | 890780 | 890780 | T G mdft START_REMOVED M ‘multidrug efflux system protcin GO:0046677 (response to antibiotic)
GO:0055085 (transmembrane transport)
006810 (transport)
GOMW006855 (drug transmembrane franspor)
GO:0030641 (regulation of cellular pH)
DnaX.Y13aEl | smp | 890782 | 800782 | € T mdft STOP_GAINED o multidrug efflux system protcin GO:0046677 (response (o antibioic)
GO:0055085 (transmembrane transport)
GO:0006810 (transport)
GO0016311 (dephosphorylaiion)
DnaX.Y13El | smp | 802572 | 802572 | € T vbjl | NON_SYNONYMOUS_CODING | M1l FMN and erythrose-d-P phosphatase GO:0032363 (FMN catabolic process)
GO:0008152 (metabolic process)
GO:0008643 (carbohydrate transporl)
<y . 2407 ) lipoprotein required for formation of O-antigen capsule, predicted GO:0006811 (ion transport)
DaXYHBaEL| snp | 1052407 1 1052407 | € B ek SYNONYMOUS_CODING A exopolysaceharide export protein GOI0015774 (polysaccharide transport)
GO:0006810 (iransport)
DnaX Y1131 | swp | 1214889 | 1214889 | C G SiP_| NON_SYNONYMOUS_CODING | LIV protein from lambdoid prophage e14 region
0
Not found
- ) . . SYNONYMOUS_CODING, Qin prophage; predicted tal fiber assembly protein (TfaQ), pre Y
DraXVHBaEL| enp | 1639395 1 1639995 | € T 740247} NoN synonvMous_coping | IR transporter (Ydfl) GOI0006813 (potassium ion transport)
GO:0006810 (transport)
GO:0055085 transoort)
DuaX Y1131 | swp | 2043895 | 2043895 | A G yed7 | NON SYNONYMOUS CODING | __D/G membranc-anchored, periplasmic TMAO, DMSO reductase GO:00551 14 (oxidation reduction process)
DuaX.Y113a.E1 | indel | 2769807 | 2769807 | G GC Y] UPSTREAM (-11) - CP4-57 prophage, predicted protein Not found
DuaX Y113aE1 | _sup | 4603891 | 4603891 | C T viiB SYNONYMOUS CODING x onserved inner membrane protein Not found
GOR0008632 (celTular amino acid biosynihetic process)
DnaX.Y13uEl | smp | 464 4643553 | TTT CAG L. UPSTREAM (-194) - thr operon leader pepide (2(‘1"1?5?”(:':::’y:‘::n]:':n):\“:::’:‘::::;)
GO:0031556 (iranseriptional attenuation by ribosome)
‘GO:0008652 (cellular amino acid biosynihetic process)
DnaX.Y113a.E2 | indel 3 3 Cr | TATTITTCAGCT | L UPSTREAM (-187) - thr operon leader peptide ('i:::“";ﬁ’ﬁ(x;x‘\"“’:'l:‘n’d"“i"“:’:‘::“:;)“’
GO:0031556 (transeriptional attenuation by ribosome)
DnaX.Y13wE2 | snp | 491478 | 491478 A G dnaX | NON_SYNONYMOUS_CODING Ww DNA polymerase IIVDNA elongation factor I1I, t and y subunits 30:0006200 (ATP catabolic process)
- - Y . - GO:0006260 (DNA replication)
GO0016311 (dephosphorylation)
DnaXY13uE2 | swp | 892572 | 892572 | € T yhil | NON_SYNONYMOUS CODING | M/ FMN and erythrose-4-P phosphatase GO:0032363 (FMN catabolic process)
GO:0008152 (mefabolic process)
DnaX Y1132 | smp | 1214889 | 1214889 | € G S| NON SYNONYMOUS CODING | LV protein from lambdoid prophage e14 region
GO00T19048 (modulation by virus of host morphology or PhySlogy)
DnaX.Yl3E2 | swp | 1216718 | 1216718 | C G SfE | WITHIN_NON_CODING_GENE - pseudogene GO:0046718 (viral entry into host cell)
GO:0019062 (virion attachment to host cell)
DnaX Y1136.E2 | indel | 2769807 | 2769807 | G GC Vit UPSTREAM (1) - CP4-57 prophage. predicted protein
DnaX Yl3uE2 | smp | 3074740 | 3074740 | A G ek SYNONYMOUS_CODING R phosphoglycerate kinase GO:0006056 (alyeolysls)
- Y GO:0016310 (phosphorylation
GO:0008152 (metabolic process)
fused penicilin-binding protin 1a: murcin GO:0043918 (negative regulation of cytolysis)
DnaX Y1I3eE2 | smp | 3524039 | 3524039 | G A mred SYNONYMOUS_CODING E et GO:0009252 (peptidoglycan biosynthetic proces:
GO:0008360 (regulation of cell shape)
GO:0046677 (response to aniibioic)
DnaX Y1130.E2 | smp | 4603891 | 4603891 | C T 5 SYNONYMOUS CODING A Consered inner membrane protein Not found
‘GO:0008652 (cellular amino acid biosynthetic process)
DnaX.Y1130.E3 | indel 2 GC | TATTTTTCAGC | it UPSTREAM (-188) - thr operon leader peptide ngﬂ‘?:f ff;f':’l::’:’\':;):‘l:;‘_\’“‘l’::&:":;’7
GO:0031556 (transeriptional attenuation by ribosome)
DraX.Y13aE3 | smp | 491478 | 401478 | A G dnax W DNA polymerase II/DNA elongation factor I1T, T and y subunits a (U?}::]‘;‘:::‘g:“f:‘:}‘;ﬁ‘ﬂi )
GO:0016311 (dephosphorylation)
DnaX Yl3aE3 | swp | 892572 | 892572 | C T vhil | NON_SYNONYMOUS_CODING | M1l FMN and erythrose-4-P phosphatase GO:0032363 (FMN catabolic process)
GO:0008152 (mefabolic process)
DnaX Y1363 | smp | 1214889 | 1214889 | C G S| NON SYNONYMOUS CODING | LV protein from lambdod prophage e14 region
i oy — N GO:0045333 (cellular respiration)
DnaX.Y13aE3 | smp | 1961000 | 1961000 | G A 17 SYNONYMOUS_CODING G rimethylamine N-oxide reductase system 111, catalytic subunit 0005511 o dtion-redseson proc
GO0006633 (aty acid bet-oxiditon)
GO:0006631 (fatty acid metabolic process)
. N - S CODING fused enoyl-CoA hydratase and epimerase and isomerase/3- GO:0016042 (lipid catabolic process)
DnaX.Y13aE3 | swp | 2461771 | 2461771 | G A fadJ | NON_SYNONYMOUS CODING ™ oy Con dehydrosentie G0r0006525 Ik mesbolie mocensy
GO:0008152 (metabolic process)
GO:0055114 (oxid: Juction process)
DnaX.Y13aE3 | smp | 2609236 | 2609236 | T c D | NON_SYNONYMOUS_CODING | LiP hydrogenase 4, membrane subunit o 002207?);i:{]':i‘(}‘l‘m‘;;"“i:’:m:j:ZL‘:}:‘SW“
DraX.Y 11363 | indel | 2769807 | 2769807 |G GO Vi UPSTREAM (1) B CP4-57 prophage. predicted protein ot found
GOI0006260 (DNA replication)
5 . oy S CODING S ocide. et GO:0008152 (metabolic process)
DnaX.Y13E3 | snp | 4464463 | 4464463 | ¢ T wrdD | NON_SYNONYMOUS CODING | A/T anacrobic ribonucleoside-triphosphate reductase 010015949 (nuclosnen e
GO:0055114 (oxidation-reduction process)
DraX Y 113063 | _smp | 4603891 | 4603891 | C i B SYNONYMOUS CODING A Conserved inner membran protein Not found
GO:0006310 (DNA recombination)
GO:0006313 (transposition, DNA-mediated)
. S G0:0032196 (transposition)
NON_SYNONYMOUS_CODING,
SecY.Y122aE1 | sup | 270639 | 2706390 | T c insiy inst| NOn YN - YH,N ne (IsnN), 130 transposase (Insi1) insl1
SYNONYMOUS_CODING GO:0006316 (transposition, DNA-mediated)
GO:0006310 (DNA recombination)
GO:0015074 (DNA integration)
0001106 (rapsnasition)
GOM006878 (copper 1on homeosasis)
GO:0010273 (detoxification of copper ion)
SecY.Y122aEl | sup | 596378 | 596378 | € T cusk YNONYMOUS_CODING | PIL periplasmic copper- and silver-binding protein GO:0046688 (response to copper ion)
GO:0010272 (response to silver fon)
GO:0010043 (response to zine ion)
SecVN 122wl | indel | 732441 | 732441 B TiC FRAMESHIFT_CODING B TisC clement core protein RShC i
12 . S ;. y DNA-dependent ATPase involved in processing recombimation GOI0006310 (DNA recombimation)
SecY.Y122aEl | snp | 945441 | 945441 | G A rard | NON_SYNONYMOUS_CODING | VAl S rpliaton frks 60:0006261 (DNA-dependen DNA sepcion)
1o - o channl GO:0015724 (formate transport)
SecY.Y122aEl | sop | 961133 | 961133 | G focA SYNONYMOUS_CODING L formate channel 0006810 eamapors
GO 227 Teapeue poTysaceharde Biosy el processT
GO:0009242 (colanic acid biosynthetic procss)
aride biosynthetic process)
vio s } ' . § GO:0038083 (peptidyl-tyrosine autophosphorylation)
SecY.Y122aEl | snp | 2139525 | 213925 | G A wze | NON_SYNONYMOUS CODING | PiS protein-iyros Q0001108 tpepidst yronme phosphorslaion)
GO:0016310 (phosphorylation)
GO:0000271 (polysaccharide biosynthetic process)
GO-0050790 (reeularion of catalytic activity)
TOH0033533 (amin acid transmembrane ranspory |
GO:0006865 (amino acid transport)
i ; N udonene GO:0006835 (dicarboxylic acid transport)
SecY.Y122aEl | indel | 3241660 | 3241660 | G - ssiT FRAMESHIFT_CODING - pseudogene 600095329 (erm tamsporty
GO:0015826 (threonine transport)
G0.0006810 (ransoort
1o . ” oY N R — GO:0008299 (isoprenoid biosynthetic process)
SecY.Y122aEl | snp | 3350931 | 3350931 | € T elbB | NON_SYNONYMOUS_CODING | R/t prenoid biosynthesis protein with amidotransferase-like domain G0:0045525 (poive eguinton of isrenetd metsbole process)
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SecY.Y122aEl | snp

SecY.Y122a.E2 | snp

3442201

270639

3442201

270639

psD

insN, ins |

NON_SYNONYMOUS_CODING

NON_SYNONYMOUS_CODING,
SYNONYMOUS_CODING

308 ribosomal subunit protein 4

- """

pseudogene (IsnN), 1830 transposase (Insl1)

GO006353 (DN A-Tependent ranseripiion, Termmaton]
G0:0045947 (negative regulation of translational initiation)
GO:0006355 (regulation of transcription, DNA-dependent)
GO:0006417 (regulation of translation)
GO:0046677 (response to antibiotic)
0031564 (transcription antitermination)
GO:0006351 (iranseription, DNA-templated)

GO:0006310 (DNA recombination)
GO:0006313 (iransposition, DNA-mediated)
GO:0032196 (iransposition)
insll
GO:0006316 (transposition, DNA-mediated)
G0:0006310 (DNA recombination)
GO:0015074 (DNA integration)

SecY.Y122a.E2 | snp

425116

425116

qued

NON_SYNONYMOUS_CODING

NA ribosy isomerase

GO-00110
GO000866 (queuosine biosynilhetic process)
GO:0002099 (IRNA wobble guanine

SecY.Y122a.E2 | _snp

GATS01

647801

citF-

SYNONYMOUS_CODING

citrate lyase, citrate-ACP transferase (o) subunit

GO:0006084 mu y1-CoA metabolic process)

SecY.Y122a.E2 | snp

945441

945441

rard

o
DNA-dependent ATPase involved in processing recombination
at replication forks

'GO:0006310 (DNA recombination)
GO: mmmn H)r\A dependent DNA mphcau«m)

SecY.Y122a.E2 | snp

961133

961133

focA

SYNONYMOUS_CODING

formate channel

0015724 (formate udmp«\

SecY.Y122a.E2 | snp

2139525

2139525

NON_SYNONYMOUS_CODING

protein-tyrosine kinase

COOTS 7 Teapuie poysacchariae Biosy et processy
GO:0009242 (colanic acid biosynthetic process)
G0:0009103 (lipopolysaccharide biosynthetic process)
GO:0038083 (peptidyl-tyrosine autophosphorylation)
GO:0018108 (peptidyl-tyrosine phosphorylation)
GO:0016310 (phosphorylation)
uU mmmm (polysaccharide biosynthetic process)

atalutic activity)

SecY.Y1220.E2 | _indel

2466909

2466909

Y

UPSTREAM (-131)

predicted protein

SecY.Y122a.E2 | indel

3241660

3241660

ssiT

FRAMESHIFT_CODING

pseudogene

und
ST i acd tmembrane Transport)
GO:0006865 (amino acid transport)
GO:0006835 (dicarboxylic acid transport)
GO:0032329 (serine transport)
GO:0015826 (threonine transport)

SecY.Y122a.E2 | snp

SecY.Y1220.E3 | snp

3444418

158987

3444418

158987

sec¥

penB

NON_SYNONYMOUS_CODING

UPSTREAM (-30)

preprotein translocase membrane subunit

poly(A) polymerase

GO:0006810 ({ransne
GOS0 el o Bommerbrane Tamspory
GO:0006886 (intracellular protein transport)
GO:0006605 (protein targeting)
GO:0015031 (protein transport)
GO:0043952 (protein transport by the Sec complex)
00006810 (transoort)

MRNA polyadenylation)
GO:0006397 nnk\lA processing)
GO:0006276 (plasmid maintenance)
GO:0009451 (RNA modification)
GO:0006396 (RNA processing)
GO0:0006351 (transerintion. DN

SecY.Y1220.E3 | snp

270639

270639

insN, ins |

NON_SYNONYMOUS_CODING,
SYNONYMOUS_CODING

YH, N

pseudogene (IsnN), 1530 transposase (Insl1)

crinfo
GO:0006310 (DNA recombination)
GO:0006313 (transposition, DNA-mediated)
G0:0032196 (iransposition)
insll
GO:0006316 (transposition, DNA-mediated)
G0:0006310 (DNA recombination)
GO:0015074 (DNA integration)
GO-0012106

SecY.Y1220.E3 | snp

693629

695629

2ln”

NON_SYNONYMOUS _CODING

AGln

SecY.Y1220.E3 | snp

945441

945441

rard

NON_SYNONYMOUS_CODING

RNAGIr
DNA-dependent ATPase involved in processing recombination
at replication forks

ot fou
GO:0006310 (DNA recombination)

SecY.Y1220.E3 | snp

961133

961133

focA

SYNONYMOUS_CODING

formate channel

GO0D261 (DNA-dependen DNA replication)
0015724 (formate transport)

SecY.Y1220.E3 | snp

1082918

1082918

putd

SYNONYMOUS_CODING

fused PutA DNA-binding transcriptional repressor/proline

Go:
GU00653 eTiC process
GO:0008152 (metabolic process)
GO:0055114 (oxidation-reduction process)
GO:0006561 (proline biosynthetic process
GO:0006562 (proline catabolic process)
GO:0010133 (proline catabolic process to glutamate)
GO:0006560 (proline metabolic process)
GO:0006355 (regulation of transcription, DNA-dependent)

SecY.Y1220.E3 | sny

1656103

1656103

G

vt insD:

SYNONYMOUS_CODING,
SYNONYMOUS_CODING

predicted transporter, IS2 element protein

00006351 (ranseripgion DN la
GO:0006813 (potassium ion transport)
GO:0006810 (transport)
GO:0055085 (transmembrane transport)

G0:0006310 (DNA recombination)
GO:0015074 (DNA integration)

SecY.Y1220E3 | snp

2139525

2139525

G

NON_SYNONYMOUS_CODING

protein-tyrosine kinase

R o e proces |
OIS TZT Teapaale poly Sacharide biosy RTFGTe process
GO:0009242 (colanic acid biosynthetic process)
GO:0009103 (lipopolysaccharide biosynthetic process)
GO:0038083 (peptidyl-tyrosine autophosphorylation)
GO:0018108 (peptidyl-tyrosine phosphorylation)
GO:0016310 (phosphorylation)
G001 olycrhie ot prose)
tic activity)

SecY122a.E3 | _snp

2886400

2886400

casd

NON_SYNONYMOUS_CODING

GR

CRISP RNA containing Cascade antiviral complex protein

0031607 lemes repons s ity

SecY.X122a.E3 | _snp

318149

3181496

vgiC

NON_SYNONYMOUS_CODING

QR

syntha

ot foun

SecY.Y1220.E3 | indel

3241660

3241660

sstT

FRAMESHIFT_CODING

pseudogene

GO:0003333 (amino acid transmembrane fransport)
GO:0006865 (amino acid transport)
GO:0006835 (dicarboxylic acid transport)
G0:0032329 (serine transport)
GO wnsxzh (threonine transport)

SecY.Y122a.E3 | snp

3331601

3331601

obgE

SYNONYMOUS_CODING

GTPase involved in cell partioning and DNA repair

GOTOI09 (chmamosemms e
GO:0006184 (GTP catabolic pro
G0:0042255 (ribosome assembly)

fion)
)
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Supplementary Table 9: Escape mechanisms of higher-order, MutS-proficient strains with multiple essential
TAG codons.

Relative fitness in

Escape mutant Essential genes Causative SNP* Causative SNP location” Suppressor type L. N
media without sAA'
rEc.p.dB.9"E1 dnaX, IspA Gta>Tta tyrV=dsupC ochre (TAA) 0.83 +0.006
rEc.p.dB.9".E2 dnaX, IspA Gta=>Tta tyrV=supC ochre (TAA) 0.83 £0.009
rEc.f.dB.9"E3 dnaX, IspA Gta>Cta tyrTdsupF amber (TAG) 0.88+£0.010
rEc.f.dC.12"ES dnaX, IspA, secY Gta>Cta tyrU=dsupZ amber (TAG) 0.85+0.019
rEc.f.dC.12"E7 dnaX, IspA, secY Gta>Tta tyrTdsupC ochre (TAA) 0.78 £0.012
rEc.f.dC.12"E8 dnaX, IspA, secY Gta>Tta tyrT=supC ochre (TAA) 0.80+0.012
rEc.y.dB.41"El dnad, murG Gta>Cta tyrTDsupF amber (TAG) 0.48 +0.008
rEc.y.dB.41'E2 dnad, murG Gta>Cta tyrV=dsupF amber (TAG) 0.48 +0.063
rEc.y.dB.41'E3 dnad, murG Gta>Cta tyrU=dsupZ amber (TAG) 0.50 +0.072
rEc.y.dB.46"E4 dnaA, murG, serS Gta=>Cta tyrV=>supF amber (TAG) 0.56 £ 0.093
rEc.y.dB.46'E5 dnad, murG, serS Gta>Cta tyrV dsupF amber (TAG) 0.62 +0.040
rEc.y.dB.46'.E6 dnad, murG, serS Gta>Cta tyrV DsupF amber (TAG) 0.57 +0.036

“Causative SNP is capitalized within the codon or anticodon sequence, from 5' to 3', for protein and tRNA-encoded genes, respectively.
"tRNA suppressor name conferred by the anticodon mutation is shown.

“Average ratio of doubling times are shown for contained ancestor grown to escape mutant grown in permissive and nonpermissive media, respectively; n=3 technical replicates;
error is +s.d.
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Supplementary Table 10: Whole genome sequencing of higher-order MutS-proficient strains with multiple

essential TAG codons.
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Supplementary Table 11: Frequencies of escape for sAA-dependent strains over time.

Genotype EF Day 1 EF Day 2 EF Day 3 EF Day 4 EF Day 5 EF Day 7
DnaA.Wéy 7.81E-08 9.79E-06 1.19E-05 1.42E-05 1.42E-05 1.46E-05
rEc.f.dC.12 3.31E-09 9.93E-09 1.48E-07 2.49E-07 4.51E-07 1.44E-06
rEc.p.dC.12' 3.79E-09 3.41E-08 1.52E-07 1.67E-07 2.02E-07 5.49E-07
rEc.p.dC.12".AtY <4.85E-12 <4.85E-12 <4.85E-12 <4.85E-12 <4.85E-12 <4.85E-12
rEc.y.dB.41 2.17E-09 3.62E-09 5.07E-09 5.07E-09 5.80E-09 6.52E-09
rEc.y.dB.41' 5.98E-10 1.56E-07 1.82E-07 2.08E-07 2.08E-07 2.08E-07
rEc.y.dC.46 <4.03E-11 5.05E-10 3.53E-09 4.50E-09 4.75E-09 5.13E-09
rEc.y.dC.46' <4.36E-11 5.80E-09 9.02E-09 1.05E-08 1.12E-08 1.21E-08
rEc.y.dC.46".AtY < 6.30E-12 < 6.30E-12 < 6.30E-12 < 6.30E-12 < 6.30E-12 <6.30E-12

Representative EFs are shown (see methods).
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