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Table S1 DNA Oligonucleotides used in this study.

An asterisk (*) indicates use of a phosphorothioate bond to protect against exonuclease activity

(D).
Name Used for Sequence
g*c*gaagatcagtaaagatatagaaggtggtatccctggctattaAcaag
ygaR Set 1.850 gtcaggttttgattccattcattaaagatccagtaacaa*a*a
a*t*taaaaattatgatgggtccacgcgtgtcggeggtgaggegtaActta
yqaC Set 1.700 ataaaggttgctctacctatcagcagetctacaatgaat™t*c
t*c*accattgaagacgctcagatccgtcagggtctggagatcatcageca
gabT Set 1.600 gtgttttgatgaggegaageagtaAcgeegetectatge*c*g
t*g*acgccaattcccattatccagecaggegatggctggcaattaaTtacte
yeal Set 1.500 ttccggaatacgcaacacttgccceggataaattttat™c*c
g*t*aggtatttttatcggcgcactgttaagcatgecgcaaategtaAtgeaa
ygaM Set 1.400 aaatgataataaatacgcgtctttgaccccgaagecetg*t*c
t*t*tgaactggcttttttcaattaattgtgaagatagtttactgaTtagatgtge
luxS Set 1.300 agttcctgcaacttctctttcggeagtgccagtt™c*t
mltB Set 1.250 a*a*ttttacgaggaggattcagaaaaaagctgattagccagagggaaget
] cacgcccccctcttgtaaatagTtactgtactcgegeca*g™*c
srlE Set 1.200 a*c*tgtactgatcgecetggtttgtetccggttttatctatcaataAaggetga
' aacatgaccgttatttatcagaccaccatcacccgt®a™t
norW Set 1.150 a*t*cggatgaaagaggcatttggattgttgaaaacattgeccgatgtaAgtg
] ggctactgtgcctaaaatgtcggatgegacgetggege* g*t
ascB Set 1.100 a*t*cattctggtggtataaaaaagtgattgccagtaatggggaagatttaga
' gtaAgtaacagtgceggatgeggegtgaacgecttat*c*c
. t*c*gaagacgcgatctcgetcgeaatttaaccaaatacagaatggTtaca
bioD Set 2.850 acaaggcaaggtttatgtactttccggttgcegceatttt*c*t
c*g*taaacgtatgtactgagcggtgaaattgcecggacgeageggtgectt
moak Set 2.700 atccggctaacaaaaaaTtaccagegttttgecgectge*t* g
g*c*gatgtgaagtttagttaagttctttagtatgtgcatttacggTtaatgaa
yohM Set 2.600 aaaaacgcgtatgectttgccagacaagegttatag™c*t
t*t*tatcggcctgacgtggctgaaaaccaaacgteggctggattaAggag
yohS Set 2.500 aagagcatgtttcatcgcttatggacgttaatccgcaaa™*g*a
biH Set 2.400 c*a*tatcgacctgattttgcaaggattatcgcaaaggagtttgtaAtgatga
Y ] aaaaacctgtcgtgatcggattggeggtagtggtact™t*g
. t*c*tgaattaatcttcaaaacttaaagcaaaaggcggactcataatcegect
ybiR Set 2.300 tttttatttgccagaccTtagttggecgggagtataa™c*t
1iD Set 2.250 t*t*tcctgtgaggtgattacectttcaageaatattcaaacgtaaTtatccttt
Y ] aattttcggatccagegeatcgegtaaaccatcge®c*c
. g*a*ctgactgtaagtacgaacttattgattctggacatacgtaaaTtactctt
yliE Set 2.200 ttactaattttccacttttatcccaggecggagaatg™g*c
ybiK Set 2.150 t¥c*ggttcaaggttgatgggttttttgttatctaaaacttatctaTtaccetgea

accctctcaaccatcctcaaaatctectcgegeg*a*t




c*g*caaaaagcgcaggcaaaaccatgatcagtaatgtgattgcgaTtaa

rimk Set2.100 ccacccgttttcaggcaatattctgtcgtagegtggegtt*c* g
c*c*ggacgactttattacagcgaaggaaaggtatactgaaatttaAaaaa
yef] Set 3.850 cgtagttaaacgattgcgttcaaatatttaatccttccg™g*c
g*g*gattgtacccaatccacgctcttttttatagagaagatgacgTtaaatt
rec] Set 3.700 ggccagatattgtcgatgataatttgcaggctgeggt*t* g
areO Set 3.600 c*t*ctggaggcaagcttagcgcectctgttttatttttccatcagatagege Tt
& ' aactgaacaaggcttgtgcatgagcaataccgtctc*t*c
a*a*tccgcaacaaatcccgecagaaatcgeggegttaattaattaA gtat
yegU Set 3.500 cctatgcaaaaagttgtcctcgcaaccggeaatgtcggt*a*a
g*t*ggagcgtttgttacagcagttacgcactggegegecggtttaAcgeg
muty Set 3.400 tgagtcgataaagaggatgatttatgagcagaacgattt®t*t
g*c*caccatttgattcgeteggeggtgccgetggagatgaacctgagtta
gleC Set 3.300 Actggtattaaatctgcttttcatacaatcggtaacget*t* g
a*c*tgagtcagccgagaagaatttcceegcettattcgecaccttcc Ttaaat
yghQ Set 3.250 caggtcatacgcttcgagatacttaacgccaaacacca*g*c
yghT Set 3.200 t*g*gttgatgcagaaaaagcgattacggattttatgaccgegegtggttate
' actaAtcaaaaatggaaatgcccgatcgecaggaccg*g*g
. t*t*ctctgtctatgagagecgttaaaacgactctcatagattttaTtaatage
yeiz Set 3.150 aaaatataaaccgtccccaaaaaagccaccaaccac™a*a
. a*g*ggottaacaggctttccaaatggtgtccttaggtttcacgacgTtaataa
yqiB Set 3.100 accggaatcgccatcgcetccatgtgctaaacagtatc®*g*c
c*c*actatgtcagccatcgactgtataattaccgetgecggattatcatcaA
ygll_AGR Set 3X.850 GGatggggcaatggaaaatgatgttaccctgggaaca*g*g
g*a*tgccttcgtatcaaacagagttaacatatcgecgegecgectgTCTte
yefT_AGR Set 3X.700 ctgcggcecattgcagtgacaaccagatcegegecatgaa™® c*t
. g*t*gcagagtttgcgeccgceattgeccaccageacggtacgatgggtaata
ubiH_AGR Set 3X.600 2aCCTggceggegtgggttaacgeccageggataageactg™c*g
g*g*attcagccaggtcactgccaacatggtggcgataattttccaCCTg
arg0_AGR Set 3X.500 ccttgcttcatgacttcggegetggcetaactcaatattac*t* g
g*a*atcctgagaagcgecgagatgggtataacatcggcaggtatgcaaa
yqeC_AGR | Set 3X.400 gcAGGgatgcagagtgcggggaacgaatcttcaccagaac*g* g
t*t*ttttacgcagacgacggctacggttctttgecattatttcacTCTcteg
rm_AGR Set 3X.300 aacattaagtcccatactccgtgaccaagacgatgac*c*a
1cC AGR Set 3X.250 a*c*gatctgctcgacgttcgegeattactggagggcgaatcggecaAGA
B ) ctggcggcaacgetgggaacgeaggctgattttgttgtgat™a*a
g*t*gaacatcttattaccgttgtcgaaaaatatggtgctgccgaaAGGgt
yehT_AGR Set 3X.200 tcatttaggaaaacaggccggaaatgtcggtegtgcagt™g*a
i7 AGR Set 3X.150 a*a*tacatatacccaaaactcgaacatttcccgcataaagagtttCCTtaa
Yl ) gataagaataataagtggcgtaagaagaaaaaatgetg™c*a
cpdA AGR Set 3X.100 c*t*tcgtgcttttgtgcaaacaggtgagtgtcggtaatttgtaaaatcctgac
- ' CCTggcctcaccagecagaggaagggttaacagget™t*t
T*C*ACTGGCCGTCGTTTTACAACGTCGTGACT
lacZ KOl Set lacZ jackpot +61 GGGAAAACCCTtGaGTTACCCAACTTAATCGCC

TTGCAGCACATCCCCCTTTCGCCA*G*C




G*C*TGGAGTGCGATCTTCCTGAGGCCGATAC

lacZ KO2 | SetlacZ jackpot +264 | TGTCGTCGTCCCCTCAtAaTGGCAGATGCACGG
TTACGATGCGCCCATCTACACCAAC*G*T
C*A*CATTTAATGTTGATGAAAGCTGGCTACA
lacZ KO3 | Set lacZ jackpot +420 | GGAAGGCCAGACGtaAATTATTTTTGATGGCGT
TAACTCGGCGTTTCATCTGTGGTGC*A*A
T*G*ATGGTGCTGCGCTGGAGTGACGGCAGTT
lacZ KO4 | SetlacZ jackpot +602 | ATCTGGAAGATCAGtAGATGTGGCGGATGAGC
GGCATTTTCCGTGACGTCTCGTTGCT*G*C
T*A*AACCGACTACACAAATCAGCGATTTCCA
lacZ KOS5 | Set lacZ jackpot +693 | TGTTGCCACTCGCTaaAATGATGATTTCAGCCG
CGCTGTACTGGAGGCTGAAGTTCAG*A*T
Set IacZ jackpot T*A*CGGCCTGTATGTGGTGGATGAAGCCAAT
lacZ_ KO6 | 715ee ATTGAAACCCACtGaATGGTGCCAATGAATCGT
CTGACCGATGATCCGCGCTGGCTAC*C*G
Set IacZ jackpot G*G*GAATGAATCAGGCCACGGCGCTAATCAC
lacZ_KO7 | 77,00 GACGCGCTGTATtGaTGGATCAAATCTGTCGAT
CCTTCCCGCCCGGTGCAGTATGAAG*G*C
Set IacZ jackpot G*T*CCATCAAAAAATGGCTTTCGCTACCTGG
lacZ KO8 | 7\ og AGAGACGCGCCCGtaGATCCTTTGCGAATACGC
CCACGCGATGGGTAACAGTCTTGGC*G*G
Set lacZ jackpot G*T*TTCGTCAGTATCCCCGTTTACAGGGCGGC
lacz_KO9 | 7110 TTCGTCTGGGACTaaGTGGATCAGTCGCTGATT
AAATATGATGAAAACGGCAACCCG*T*G
Set IacZ jackpot A*G*CGCTGACGGAAGCAAAACACCAGCAGC
lacZ_KO10 | 2 eq0 AGTTTTTCCAGTTCtGaTTATCCGGGCAAACCA
TCGAAGTGACCAGCGAATACCTGTTC*C*G
vafl 2%2% | G*C*CGGAAGGATTAAATATTTGAACGCAATC
Y5 =7 = | Set3.850_lead oligo | GTTTAACTACGTTTTTTAAATTTCAGTATACCT
TTCCTTCGCTGTAATAAAGTCGTCC*G*G
ree] 2FE | | C*A*ACCGCAGCCTGCAAATTATCATCGACAA
od T~ | Set3.700_lead oligo | TATCTGGCCAATTTAACGTCATCTTCTCTATAA
AAAAGAGCGTGGATTGGGTACAATC*C*C
argO 2%:2% | G*A*GAGACGGTATTGCTCATGCACAAGCCTT
ooy~ 7~ | Set3.600_lead oligo | GTTCAGTTAAGCGCTATCTGATGGAAAAATAA
AACAGAGGCGCTAAGCTTGCCTCCAG*A*G
yegU 2%2% T*T*ACCGACATTGCCGGTTGCGAGGACAACT
="~ | Set3.500_lead oligo | TTTTGCATAGGATACTTAATTAATTAACGCCG
CGATTTCTGGCGGGATTTGTTGCGGA*T*T
. | A*A*AAATCGTTCTGCTCATAAATCATCCTCTT
lad~ | Set3.400_lead oligo | TATCGACTCACGCGTTAAACCGGCGCGCCAGT
- GCGTAACTGCTGTAACAAACGCTCC*A*C
gleC 2%0% | C*A*AGCGTTACCGATTGTATGAAAAGCAGAT

ead

Set 3.300 lead oligo

TTAATACCAGTTAACTCAGGTTCATCTCCAGC
GGCACCGCCGAGCGAATCAAATGGTG*G*C

yghQ 2%*:2%

Set 3.250 lead oligo

G*C*TGGTGTTTGGCGTTAAGTATCTCGAAGCG




lead

TATGACCTGATTTAAGGAAGGTGCGAATAAGC
GGGGAAATTCTTCTCGGCTGACTCA*G*T

C*C*CGGTCCTGGCGATCGGGCATTTCCATTTT

i’ei}:iT—z*'z*— Set 3.200 lead oligo TGATTAGTGATAACCACGCGCGGTCATAAAAT
CCGTAATCGCTTTTTCTGCATCAAC*C*A
yeiZ 2%:2% | T*T*GTGGTTGGTGGCTTTTTTGGGGACGGTTT
cad ™ — | Set 3.150 lead oligo ATATTTTGCTATTAATAAAATCTATGAGAGTC
GTTTTAACGGCTCTCATAGACAGAG*A*A
yqiB 2%:2% | G*C*GATACTGTTTAGCACATGGAGCGATGGC
cad " — | Set 3.100_lead oligo GATTCCGGTTTATTAACGTCGTGAAACCTAAG
GACACCATTTGGAAAGCCTGTTAACC*C*T
. t¥t*c*g*gcctggageatgecatgttgegeattatcgatacagaaac TG
exoX.KO* exoX KO oligo Atgcggttfgcagggiggggatcgt%gagg'itgcctcéttgatgg
. *a*a*t*ttgatctcgetcacatgttaccttetcaatccectgecaat TGALtt
xseA KO xseA KO oligo f?a(:cgttagtcggcctgatgattcaaacggt‘[cg‘[ctgc‘[gcttg ¢
. *g*a*g*gcaattcagcgggcaagtctgecgtttcatcgacttcacgTC
rec].KO* rec] KO oligo icggacgiagttgtatctgttgg%‘;%cac gcgagattagtttaccg%t ¢
. a*a*t*a*acggatttaacctaatgatgaatgacggtaagcaacaatc TG
xonA.KO* xonA KO oligo Aacctttttgtt‘i%lcgattac gaaagccﬁtgg%:acgg%acc%cg
Lexo.KO.M . t*g*a*a*acagaaagccgcagagecagaaggtggcageatgacacegt
M* Lambda exo KO oligo aa%attatcctgcigcg%acfggia%cgigtgfgiggctgtcggac ¢
dnaG Q576 | Oligo to make dnaG gcacgcatggtttaagcaacgaagaacgectggagetctggacattaaac
A Q576A mutation GCggaActggcgaaaaagtgatttaacggcttaagtgecg
dnaG_K580 | Oligo to make dnaG cgcacgceatggtttaagcaacgaagaacgectggagcetctggacattaaac
A K580A mutation caggaActggcgGCaaagtgatttaacggcttaagtgcc
t0lC.90 del Oligo that deletes gaatttcagcgacgtttgactgecgtitgagcagteatgtgttaaagettcgge
e endogenous tolC cccgtetgaacgtaaggcaacgtaaagatacgggttat
galK_KOI.1 Oligo to delete 100 bp | C*G*CGCAGTCAGCGATATCCATTTTCGCGAAT
00 ' including a portion of | CCGGAGTGTAAGAAAACACACCGACTACAAC
galK GACGGTTTCGTTCTGCCCTGCGCGAT*T*G
galK KOI.1 Oligo to Qelete 1149 C*G*CGCAGTCAGCGATATCCATTTTCGCGAAT
149 ' bp including a portion | CCGGAGTGTAAGAAACGAAACTCCCGCACTG
of galK GCACCCGATGGTCAGCCGTACCGACT*G*T
Oligo to delete 7895
galK_KO1.7 bp including a portion
05 ' of galK, galM, gpmA, | C*G*CGCAGTCAGCGATATCCATTTTCGCGAAT
aroG, ybgs, zitB, CCGGAGTGTAAGAACTTACCATCTCGTTTTAC
pnuC, and nadA AGGCTTAACGTTAAAACCGACATTA*G*C
Set 1.850 wt-f
YeR Wl ascPCR AAGGTGGTATCCCTGGCTATTAG
Set 1.700_ wt-f
yaaC Wt ascPCR CGGCGGTGAGGCGTAG
abT Wi-f Set 1.600_wt-f
gabl_ mascPCR TTTTGATGAGGCGAAGCAGTAG
Set 1.500_ wt-f
ygal wt-f

mascPCR

GTTGCGTATTCCGGAAGAGTAG




ygaM_ wt-f

Set 1.400_wt-f

mascPCR GTTAAGCATGCGCAAATCGTAG
1uxS wi-f Set 1.300_ wt-f
- mascPCR GTTGCAGGAACTGCACATCTAG
mlB wif Set 1.250 wt-f
- mascPCR GCTGGCGCGAGTACAGTAG
SrlE wi-f Set 1.200 wt-f
- mascPCR GGTTTGTCTCCGGTTTTATCTATCAATAG
norW wi-f Set 1.150 wt-f
- mascPCR GATTGTTGAAAACATTGCCGATGTAG
ascB wi-f Set 1.100 wt-f
- mascPCR CCAGTAATGGGGAAGATTTAGAGTAG
bioD wi-f Set 2.850 wt-f
- mascPCR AGTACATAAACCTTGCCTTGTTGTAG
moaE wi-f Set 2.700 wt-f
- mascPCR GCGGCAAAACGCTGGTAG
ybhM_ wi-f Set 2.600 wt-f
- mascPCR AAGGCATACGCGTTTTTTTCATTAG
ybhS wi-f Set 2.500 wt-f
- mascPCR CCAAACGTCGGCTGGATTAG
ybiHl wi-f Set 2.400_ wt-f
- mascPCR AAGGATTATCGCAAAGGAGTTTGTAG
ybiR_wi-f Set 2.300_wt-f
- mascPCR TTAGTTATACTCCCGGCCAACTAG
JliD_ wt-f Set 2.250 wt-f
- mascPCR CGCTGGATCCGAAAATTAAAGGATAG
. Set 2.200_wt-f TGGGATAAAAGTGGAAAATTAGTAAAAGAGT
yliE wt-f -
- mascPCR AG
K wi-f Set 2.150_ wt-f
- mascPCR TTGAGAGGGTTGCAGGGTAG
GmK wi-f Set 2.100_wt-f
- mascPCR GCCTGAAAACGGGTGGTTAG
yefl wi-f Set 3.850 wt-f
- mascPCR AGCGAAGGAAAGGTATACTGAAATTTAG
rec] wi-f Set 3.700_wt-f
- mascPCR TCATCGACAATATCTGGCCAATTTAG
arg0 wt-f Set 3.600 wt-f
- mascPCR TGCACAAGCCTTGTTCAGTTAG
yegU wi-f Set 3.500 wt-f
- mascPCR CAGAAATCGCGGCGTTAATTAATTAG
mutY wi-f Set 3.400 wt-f
- mascPCR GGCGCGCCGGTTTAG
oleC_wi-f Set 3.300_wt-f
- mascPCR GCTGGAGATGAACCTGAGTTAG
yghQ wi-f Set 3.250 wt-f

mascPCR

CTCGAAGCGTATGACCTGATTTAG




yghT wt-f

Set 3.200_wt-f

mascPCR CGCGCGTGGTTATCACTAG
. Set 3.150 wt-f
yeiZ Wit SePCR TGGGGACGGTTTATATTTTGCTATTAG
. Set 3.100_ wt-f
B wW-f 1 SePCR CGATGGCGATTCCGGTTTATTAG
g WT Set 3X.850 wt-f
YEl mascPCR GCTGCCGGATTATCATCAAGA
T WT Set 3X.700_wt-f
yei_ mascPCR GCAATGGCCGCAGGAAGG
il WT Set 3X.600 wt-f
- mascPCR GCACGGTACGATGGGTAATAGAT
Set 3X.500 wt-f
argO_WT mascPCR GAAGTCATGAAGCAAGGCAGA
Set 3X.400 wt-f
yagC WT | sePCR CGGCAGGTATGCAAAGCAGA
trml WT Set 3X.300 wt-f
— mascPCR AGTATGGGACTTAATGTTCGAGAGG
glecC WT Set 3X.250 wt-f
- mascPCR AGGGCGAATCGGCAAGG
WT W | Set3X.200_wi-f
yeht_ mascPCR GAAAAATATGGTGCTGCCGAAAGA
. Set 3X.150 wt-f
ygiz_ W1 mascPCR CTTCTTACGCCACTTATTATTCTTATCTTAAGA
Set 3X.100 wt-f
cpdA_WT | | asePCR TGGCTGGTGAGGCCAGA
exoX. KO*- exoX wt-f mascPCR
wt-f primer GCGCATTATCGATACAGAAACCT
xseA. KO*- xseA wt-f mascPCR
wt-f primer CTTCTCAATCCCCTGCAATTTTTACC
rec]. KO*-wt- | rec] wt-f mascPCR
f primer CAACAGATACAACTTCGTCGCC
xonA.KO*- xonA wt-f mascPCR
wt-f primer GAATGACGGTAAGCAACAATCTACC
Lexo WT-f Lambda exo KO wt-f
- mascPCR primer GGCAGCATGACACCGGA
dnaG Q576 | dnaG_Q576A wt-f
A wt-f mascPCR primer TGGAGCTCTGGACATTAAACCA
dnaG K580 | dnaG_K580A wt-f
A wt-f mascPCR primer CATTAAACCAGGAACTGGCGAA
Set 1.850 mut-f
ygaR_mut-f | ePCR AAGGTGGTATCCCTGGCTATTAA
Set 1.700_mut-f
yqaC_mut-f | SePCR CGGCGGTGAGGCGTAA
gabT mutf | 5! 1.600_mut-f

mascPCR

TTTTGATGAGGCGAAGCAGTAA




ygaU mut-f

Set 1.500_ mut-f

mascPCR GTTGCGTATTCCGGAAGAGTAA
ygaM mut-f Set 1.400 mut-f
- mascPCR GTTAAGCATGCGCAAATCGTAA
1uxS mut-f Set 1.300 mut-f
- mascPCR GTTGCAGGAACTGCACATCTAA
mltB mut-f Set 1.250 mut-f
— mascPCR GCTGGCGCGAGTACAGTAA
orlE mut-f Set 1.200_mut-f
- mascPCR GGTTTGTCTCCGGTTTTATCTATCAATAA
norW mut-f Set 1.150 mut-f
— mascPCR GATTGTTGAAAACATTGCCGATGTAA
aseB mut-f Set 1.100_mut-f
- mascPCR CCAGTAATGGGGAAGATTTAGAGTAA
bioD mut-f Set 2.850 mut-f
— mascPCR AGTACATAAACCTTGCCTTGTTGTAA
moaE mut-f Set 2.700 mut-f
- mascPCR GCGGCAAAACGCTGGTAA
ybhM_mut-f Set 2.600 mut-f
- mascPCR AAGGCATACGCGTTTTTTTCATTAA
ybhS_mut-f Set 2.500_mut-f
- mascPCR CCAAACGTCGGCTGGATTAA
ybiH mut-f Set 2.400_mut-f
- mascPCR AAGGATTATCGCAAAGGAGTTTGTAA
ybiR mut-f Set 2.300_mut-f
- mascPCR TTAGTTATACTCCCGGCCAACTAA
yliD mut-f Set 2.250 mut-f
- mascPCR CGCTGGATCCGAAAATTAAAGGATAA
. Set 2.200_mut-f TGGGATAAAAGTGGAAAATTAGTAAAAGAGT
yliE_mut-f -
- mascPCR AA
ybiK_mut-f Set 2.150 mut-f
- mascPCR TTGAGAGGGTTGCAGGGTAA
smK mut-f Set 2.100_mut-f
— mascPCR GCCTGAAAACGGGTGGTTAA
yefl mut-f Set 3.850 mut-f
— mascPCR AGCGAAGGAAAGGTATACTGAAATTTAA
rec] mui-f Set 3.700_mut-f
- mascPCR TCATCGACAATATCTGGCCAATTTAA
areO mut-f Set 3.600 mut-f
- mascPCR TGCACAAGCCTTGTTCAGTTAA
yegU mut-f Set 3.500_mut-f
- mascPCR CAGAAATCGCGGCGTTAATTAATTAA
mutY mui-f Set 3.400 mut-f
- mascPCR GGCGCGCCGGTTTAA

gleC_mut-f

Set 3.300_mut-f
mascPCR

GCTGGAGATGAACCTGAGTTAA




yghQ mut-f

Set 3.250_mut-f

mascPCR CTCGAAGCGTATGACCTGATTTAA
T mf | Set 3:200_mut-f
yeht_ mascPCR CGCGCGTGGTTATCACTAA
. Set 3.150_mut-f
ygiZ mut-f | PCR TGGGGACGGTTTATATTTTGCTATTAA
. Set 3.100 mut-f
yqiB_mut-f | ePCR CGATGGCGATTCCGGTTTATTAA
Set 3X.850 mut-f
yefl MUT 1 sePCR GCTGCCGGATTATCATCAAGG
Set 3X.700 mut-f
yefT MUT 1 scPCR GCAATGGCCGCAGGAAGA
. Set 3X.600 mut-f
ubiH_MUT 1 JsePCR GCACGGTACGATGGGTAATAGAC
Set 3X.500 mut-f
argO_MUT | «PCR GAAGTCATGAAGCAAGGCAGG
Set 3X.400 mut-f
yagC MUT | GPCR GGCAGGTATGCAAAGCAGG
trml MUT Set 3X.300 mut-f
— mascPCR GAGTATGGGACTTAATGTTCGAGAGA
Set 3X.250 mut-f
gleC_ MUT || sePCR GAGGGCGAATCGGCAAGA
Set 3X.200 mut-f
yehT MUT 1 SePCR AAAATATGGTGCTGCCGAAAGG
. Set 3X.150 mut-f
yelZ MUT 1 6ePCR CTTCTTACGCCACTTATTATTCTTATCTTAAGG
Set 3X.100 mut-f
cpdA_MUT | JscPCR GGCTGGTGAGGCCAGG
exoX. KO*- exoX mut-f mascPCR
mut-f primer GCGCATTATCGATACAGAAACTGA
xseA. KO*- xseA mut-f mascPCR
mut-f primer CTTCTCAATCCCCTGCAATTGA
rec]. KO*- rec] mut-f mascPCR
mut-f primer CAACAGATACAACTTCGTCGTGA
xonA.KO*- xonA mut-f mascPCR
mut-f primer GAATGACGGTAAGCAACAATCTGA
Lambda exo KO mut-f
Lexo MUT-f | | (cPCR primer TGGCAGCATGACACCGTAA
dnaG Q576 | dnaG_Q576A mut-f
A mut-f mascPCR primer GGAGCTCTGGACATTAAACGC
dnaG K580 | dnaG_K580A mut-f
A mut-f mascPCR primer ACCAGGAACTGGCGGC
Set 1.850 rev
ygaR_rev mascPCR TAGGTAGAGCAACCTTTATTAAGCTACG
Set 1.700_rev
yqaC_rev

mascPCR

TAAAAATATCTACATTTCTGAAAAATGCGCA




gabT rev

Set 1.600_rev

mascPCR GCGGCGATGTTGGCTT
aU rev Set 1.500 rev
yeak_ mascPCR AGGGTATCGGGTGGCG
yeaM rev Set 1.400 rev
- mascPCR CGCAACGCTTCTGCCG
1uxS rev Set 1.300 rev
— mascPCR ATGCCCAGGCGATGTACA
mltB rev Set 1.250 rev
— mascPCR AGACTCGGCAGTTGTTACGG
olE rev Set 1.200 rev
- mascPCR GGATGGAGTGCACCTTTCAAC
norW rev Set 1.150 rev
— mascPCR GTGTTGCATTTGGACACCATTG
ascB rev Set 1.100 _rev
- mascPCR CGCTTATCGGGCCTTCATG
bioD rev Set 2.850 rev
— mascPCR CGGGAAGAACTCTTTCATTTCGC
moaE tev Set 2.700 rev
- mascPCR CGTCAATCCGACAAAGACAATCA
ybhM _rev Set 2.600 rev
- mascPCR TTACTGGCAGGGATTATCTTTACCG
ybhS rev Set 2.500 rev
- mascPCR CTGTTGTTAGGTTTCGGTTTTCCT
ybiH_rev Set 2.400 rev
- mascPCR GTCATAGGCGGCTTGCG
ybiR_rev Set 2.300 rev
— mascPCR ATGAGCCGGTAAAAGCGAC
JliD rev Set 2.250 rev AATAAAATTATCAGCCTTATCTTTATCTTTTCG
- mascPCR TATAAA
JliE_rev Set 2.200 rev
- mascPCR CAGCAATATTTGCCACCGCA
ybiK_rev Set 2.150 rev
- mascPCR AACTTTTCCGCAGGGCATC
smK tev Set 2.100 _rev
- mascPCR TACAACCTCTTTCGATAAAAAGACCG
yefl rev Set 3.850 rev
— mascPCR GATGAACTGTTGCATCGGCG
rec] rev Set 3.700 rev
- mascPCR CTGTACGCAGCCAGCC
argO_rev Set 3.600 rev
— mascPCR AATCGCTGCCTTACGCG
yeaU rev Set 3.500 rev
— mascPCR TAACCAAAGCCACCAGTGC
mutY rev Set 3.400 rev

mascPCR

CGCGAGATATTTTTTCATCATTCCG




glcC rev

Set 3.300 _rev

mascPCR GGGCAAAATTGCTGTGGC
hQ rev Set 3.250 rev
YEIN_ mascPCR ACCAACTGGCGATGTTATTCAC
hT rev Set 3.200 rev
YER T mascPCR GACGATGGTGGTGGACGG
. Set 3.150 rev
ygiZ_rev mascPCR ATCGCCAAATTGCATGGCA
. Set 3.100 rev
yaiBrev | ascPCR AAAATCCTGACTCTGGCCTCA
f rev Set 3X.850 rev
YEL mascPCR TCTGTTTGCACTGCGGGTAC
T Set 3X.700 rev
yer_rev mascPCR TGGTTGGGCAATCTAATAGATTCTCC
ubill rev Set 3X.600 rev
- mascPCR atgAGCGTAATCATCGTCGGTG
argO rev Set 3X.500 rev
— mascPCR CCGTCTCTCGCCAGCTG
Set 3X.400 rev
yagerev | ascPCR AGCACACGACGTTTCTTTCG
trml rev Set 3X.300 rev
— mascPCR ATCTGTTCTTCCGATGTACCTTCC
oleC rev Set 3X.250 rev
— mascPCR CTTCCAGCTCGATATCGTGGAG
yehT rev Set 3X.200 rev
— mascPCR CACCACCAAAGGTTAACTGTGG
. Set 3X.150 rev
ygiZ_rev mascPCR CACAAACCAGACAAATACCGAGC
cpdA rev Set 3X.100 rev
— mascPCR CGATGGTATCCAGCGTAAAGTTG
exoX KO*-r epr rev mascPCR
primer GACCATGGCTTCGGTGATG
xseA KO*-r ngA rev mascPCR
' primer GGTACGCTTAAGTTGATTTTCCAGC
rec] KO- rng rev mascPCR
) primer GGCCTGATCGACCACTTCC
<onA KO*.r anA rev mascPCR
) primer GAAATGTCTCCTGCCAAATCCAC
Lexo-r Lambda exo KO rev
mascPCR primer CAAGGCCGTTGCCGTC
dnaG rev mascPCR
dnaG_seqg-r | primer for both
Q576A and K580A GCTCCATAAGACGGTATCCACA
forward screening
Rx-P19 primer for wt tolC

deletion

GTTTCTCGTGCAATAATTTCTACATC




reverse screening

Rx-P20 primer for wt tolC
deletion CGTATGGATTTTGTCCGTTTCA
lacZ._jackpot quard sequencing
seq-f primer for lacZ
- jackpot alleles GAATTGTGAGCGGATAACAATTTC
. reverse sequencing
lasceZtﬂ ackpot primer for lacZ
-5¢d jackpot alleles CCAGCGGCTTACCATCC
G*C*ATCGTAAAGAACATTTTGAGGCATTTCA
cat mut* cat inactivation oligo | GTCAGTTGCTTAATGTACCTATAACCAGACCG

TTCAGCTGGATATTACGGCCTTTTTA*A*A

cat_restore*

cat reactivation oligo

G*C*ATCGTAAAGAACATTTTGAGGCATTTCA
GTCAGTTGCTCAATGTACCTATAACCAGACCG
TTCAGCTGGATATTACGGCCTTTTTA*A*A

A*G*CAAGCACGCCTTAGTAACCCGGAATTGC

EOL(;_H mut* tolC inactivation oligo | GTAAGTCTGCCGCTAAATCGTGATGCTGCCTT
- = TGAAAAAATTAATGAAGCGCGCAGTCCA
tolC- C*A*GCAAGCACGCCTTAGTAACCCGGAATTG

r_null revert
%

tolC reactivation oligo

CGTAAGTCTGCCGCCGATCGTGATGCTGCCTT
TGAAAAAATTAATGAAGCGCGCAGTCCA

tolC_null re
vert*

tolC reactivation oligo
(leading targeting)

T*G*GACTGCGCGCTTCATTAATTTTTTCAAAG
GCAGCATCACGATCGGCGGCAGACTTACGCA
ATTCCGGGTTACTAAGGCGTGCTTGCTG

bla mut*

bla inactivation oligo

G*C*C*A*CATAGCAGAACTTTAAAAGTGCTCA
TCATTGGAAAACGTTATTAGGGGCGAAAACTC
TCAAGGATCTTACCGCTGTTGAGATCCAG

bla_restore*

bla reactivation oligo

G*C*C*A*CATAGCAGAACTTTAAAAGTGCTCA
TCATTGGAAAACGTTCTTCGGGGCGAAAACTC
TCAAGGATCTTACCGCTGTTGAGATCCAG

313000.T.lac
Z.coMAGE-f

Cassette primer for
T.co-lacZ (lacZ
coselection)

TGCTTCTCATGAACGATAACACAACTTGTTCA
TGAATTAACCATTCCGGATTGAGGCACATTAA
CGCC

313001.T.lac
Z.coMAGE-r

Cassette primer for
T.co-lacZ (lacZ
coselection)

ACGGAAACCAGCCAGTTCCTTTCGATGCCTGA
ATTTGATCCCATAGTTTATCTAGGGCGGCGGA
TT

312869.seq-f

Screening primer for
tolC (lacZ coselection)

GAACTTGCACTACCCATCG

313126.seq-r

Screening primer for
tolC (lacZ coselection)

AGTGACGGGTTAATTATCTGAAAG

TTTCATCTTGCCAGCATATTGGAGCGTGATCA

1255700.8.1 | Cassette primer for | ) L1 PTG A TCAGCTGTGAACAGCCAGGACAGAA
2.13b-f S.12.13b ATIT

125570151 | Cassette orimer f CATTAGCAGTGATATAACGTAAGTTTTTGTAT

oS SRS PAMETION | CACTACACATCAGCCCCCTGCAGAAATAAAA

AGGCCTGC




1255550.Seq
f

Screening primer for
S.12.13b

CATTTTTGCATTACTAATAAGAAAAAGCAAA

1255850.Seq

-r

Screening primer for
S.12.13b

GTCCTAATCATTCTTGTAACATCCTAC

TCAGGTTAAAATCATTTAAATTTACACACGCA

é7117(1)41_?0.z.1 gf‘lsgit%pnmer for | ACAAATATTGACCTACAAGGTGTTGACAATTA
ATCATCGGC

1710451.2.1 | Cassctte primer for | 1L LT TACTAGTGAGATAGTCCAGTTTCTGAAA

6 1o 7 16170 AATAGCCAGTGTAATGTTAGCTTGCAAATTAA

AGCCTTCG

1710300.Seq
-f

Screening primer for
7.16.17b

TCAGGTAATCCGTTTGCGG

1710600.Seq
-T

Screening primer for
7.16.17b

AACGGCAGATTTTTTCACTGC

TGACCATGATTACGGATTCACTGGCCGTCGTT

LacZ::KanR. | Cassette primer for | 11\ 4 A CGTCGTGCCTGTGACGGAAGATCACT
full-f lacZ::kanR TCG

Loz ke, | Cassotte orimer for | GTGCTGCAAGGCGATTAAGTTGGGTAACGCCA
cosziRank. | assete pr GGGTTTTCCCAGTAACCAGCAATAGACATAAG

CGG




Table S2: Estimation of Okazaki fragment length in EcNR2.dnaG.K580A and
EcNR2.dnaG.Q576A

[Primase] (nM) | WT dnaG Okazaki Frag (kb) | KS80A Okazaki Frag (kb) | Q576A Okazaki Frag (kb)
80 2.5 5 23
160 1.5 2.5 18
320 1 1
640 0.8 nd
Average Fold effect compared to WT 1.6 8.2

Average Okazaki Fragment length was estimated based on in vitro results (gel images) from
Tougu et al. (2) for the same DnaG primase variants, tabulated above. We compared the fold
difference in OF sizes for the specified primase concentrations and determined the average fold
difference (variant OF length/wt OF length). We estimate in vivo OF lengths of ~2.3-3.1 kb and
~12-16 kb for the K580A and Q576A mutants, respectively, based on the reported ~1.5-2 kb OF
lengths in wt cells grown in rich media (3-5). However, these approximations may be imperfect
since Tougu et al. (2) performed this analysis in vitro and did not use the same
EcNR2.dnaG.K580A and EcNR2.dnaG.Q576A strains. Other conditions and/or host factors not
accounted for in vitro may affect priming efficiency, thereby rendering these calculations
inaccurate.



Supplemental Figures

Figure S1. Effect of dnaG variants and co-selection on leading-targeting CoS-MAGE

- Leading Targeting Oligos

A B,
£ 0 8 EcNR2
S 03 -= EcNR2.dnaG.Q576A
Number 8-
of Allele 0.8- | = 0.2
Conversions . [T ﬂ |
> o 0.1 é iy B o
3 g < 0.0+ . . 0 : . ﬂ . .
s D 0.6- - > %®]Lagging Targeting Oligos
m7 g_ o
=6 @ 2
e o
85 1w o4 - o
4 m L
[ JE < EE ;
0.0+ T T T
= 0.2 - 0 50 100 150
= 1 distance from marker (kb)
yfgJd
- C > 04 recd
| g 0-3 / e
wt  Q576A ) yggu
dnaG S 015 mutyY
8 o.10] e
u': ® ygho
1 yghT
¢z 0.051 VoiZ
< 4.0 . . YqiB
wt Q576A
dnaG

(A) EcNR2.dnaG.Q576A (n=91) outperformed EcNR2 (wt, n=88) in leading-targeting Set 3
CoS-MAGE, with a reduction in zero conversion events as well as a broadening of the
distribution of total allele conversions per clone. (B) For leading-targeting Set 3 oligos, AR
frequency decays rapidly with increasing distance from the selectable marker (top panel). In
contrast, co-selection using the corresponding set of lagging targeting oligos (see also Figure 3C,
right panel) provides robust co-selection spanning at least 0.162 Mb (bottom panel). For the
lagging-targeting oligos (bottom panel), linear regression analyses (solid trendline) show that co-
selection does not decrease with distance for either strain over this 0.162 Mb genomic region.
(C) Individual CoS-MAGE AR frequency is plotted for each leading-targeting Set 3 oligo in
EcNR2 (wt) and ECNR2.dnaG.Q576A (Q576A). AR frequency is improved for 9/10 alleles in
EcNR2.dnaG.Q576A. Note that the most proximal allele to the selectable marker (yqiB) is
separated from the other alleles with a broken axis, since its AR frequency was much higher than

that of the others.



Figure S2. Effect of dnaG attenuation on deletion frequency
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DnaG primase disruption enhances gene-sized deletion frequency. Oligos that deleted 100 bp,
1,149 bp, or 7,895 bp of the genome, including a portion of galK, were recombined into ECNR2
and EcNR2.dnaG.Q576A. The recombined populations were screened for the GalK- phenotype
(white colonies) on MacConkey agar plates supplemented with galactose as a carbon source.
EcNR2.dnaG.Q576A significantly outperformed EcNR2 for the 100 bp and 1,149 bp deletions,
but there was no difference detected between the two strains for the 7,895 bp deletion.
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