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I. Supplementary Tables

Supplementary Table S1. E. coli strains.

LAMpir U169 endA1 recA1
hsdR17(r«,mk") supE44\- thi -1 gyrA96
relA1 phoA

Strain name Purpose Genotype Origin
DH5a Molecular cloning, plasmid | F~ @80 /lacZAM15 A(lacZYA-arg F) U169 | TransGen Biotech
assembly, chromoprotein-based | endA1 recA1 hsdR17(rc,m«") supE44A-
color exhibition thi -1 gyrA96 relA1 phoA
MG1655 Insertion of integrases (Bxb1, | K12 F lambda- ilvG- rfb-50 rph-1 Shanghai Weidi Biotechnology
phiC31) into its genome for
endogenous expression
DH5a Apir Cloning R6K-ori plasmids F- @80 JacZAM15 A(lacZYA-arg F) | Shanghai Weidi Biotechnology




Supplementary Table S2. Genetic parts.

Part name

Type

DNA sequence

Reference

BioBrick prefix

BioBrick assembly site

gaattcgcggcecgcttctagag

1

BioBrick suffix

BioBrick assembly site

tactagtagcggccgcetgcag

1

agtcttgccagcagctctgegeccagegeggetgggacgtegtcggggtageggaggatetggacgtet
ccggggeggtegateegticgaccggaagegcagaccgaacctggeccggtggetagegtticgagga
gcaaccgttcgacgtgatcgtggcgtaccgggtagaccggttgacccgatcgatccggceatctgcaaca
gctggtccactgggccgaggaccacaagaagctggtegtctccgcgaccgaagegceacttcgatacga
cgacgccgtttgcggeggtegtcatcgegcttatgggaacggtggecgcagatggaattagaagcegatca
aagagcggaaccgttcggctgcgcatttcaatatccgcgeccgggaaataccgaggatcectgecgecgt

ggggatacctgcctacgcgegtggacggggagtggeggcetggtgccggaccctgtgcagcgagageg

J23100 promoter ttgacggctagctcagtcctaggtacagtgctage 1, BBa_J23100
paraBAD promoter (with native | aaagccatgacaaaaacgcgtaacaaaagtgtctataatcacggcagaaaagtccacattgattatttgc | From E. coli
RBS) acggcgtcacactttgctatgccatagcatttttatccataagattagcggatcctacctgacgctttttatcge MG1655 genome
aactctctactgtttctccat (GenBank:
U00096.3)
prhaBAD promoter (with native | actggcctcctgatgtcgtcaacacggcgaaatagtaatcacgaggtcaggttcttaccttaaattttcgacg | From E. coli
RBS) gaaaaccacgtaaaaaacgtcgatttttcaagatacagcgtgaattttcaggaaatgcggtgagcatcac | MG1655 genome
atcaccacaattcagcaaattgtgaacatcatcacgttcatctttccctggttgccaatggeccattttcctgtc | (GenBank:
agtaacgagaaggtcgcgaattcaggcgctttttagactggtcgtaatgaaattcagcaggatcacatt U00096.3)
B0034 RBS aaagaggagaaa 1, BBa_B0034
T7 terminator terminator ctagcataaccccttggggcctctaaacgggtcttgaggggtttittg From plasmid
vector pET22b
B0015 terminator ccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttcgttttatctgtigtttgtcggtgaa | 1, BBa_B0015
cgctctctactagagtcacactggctcaccttcgggtgggcctttctgegtttata
attP-Bxb1 integrase recognition site | gtcgtggtttgtctggtcaaccaccgcggtctcagtggtgtacggtacaaaccccgac 2
attB-Bxb1 integrase recognition site | tcggccggcttgtcgacgacggcggtctccgtcgtcaggatcatccggge 2
attP-phiC31 integrase recognition site | gtgccccaactggggtaacctttgagttctctcagttggggg 2
attB-phiC31 integrase recognition site | tgcgggtgccagggcegtgcececttgggcetcccecgggegegtactee 2
attP-TP901-1 integrase recognition site | gcgagtttttatttcgtttatttcaattaaggtaactaaaaaactccttt 2
attB-TP901-1 integrase recognition site | atgccaacacaattaacatctcaatcaaggtaaatgctttttgctttttttgc 2
araC CDS atggctgaagcgcaaaatgatcccctgetgccgggatactcegtttaatgcccatectggtggegggtttaacg | From E. coli
ccgattgaggccaacggttatctcgatttttttatcgaccgaccgctgggaatgaaaggttatatictcaatctc | MG1655 genome
accattcgcggtcagggggtggtgaaaaatcagggacgagaatttgtttgccgaccgggtgatattttgetg | (GenBank:
ttcccgccaggagagattcatcactacggtecgtcatccggaggcetcgcgaatggtatcaccagtgggttta U00096.3)
ctttcgtccgegegcectactggcatgaatggcttaactggecgtcaatattigccaatacggggttctttcgec
cggatgaagcgcaccagccgcatttcagcgacctgtttgggcaaatcattaacgccgggcaaggggaa
gggcgctattcggagctgctggcgataaatctgcttgagcaattgttactgcggecgcatggaagcegattaa
cgagtcgctccatccaccgatggataatcgggtacgcgaggcttgtcagtacatcagcgatcacctggca
gacagcaattttgatatcgccagcgtcgcacagcatgtttgcettgtcgecgtegegtetgtcacatcttttccge
cagcagttagggattagcgtcttaagctggcgcgaggaccaacgtatcagccaggcgaagcetgcttttga
gcaccacccggatgcctatcgccaccgtcggtcgcaatgttggttttgacgatcaactctatttctcgecgggt
atttaaaaaatgcaccggggccagcccgagcegagttcegtgecggttigtgaagaaaaagtgaatgatgt
agccgtcaagttgtcataa
Bxb1 CDS atgagagccctggtagtcatccgcectgtcccgegtcaccgatgcetacgacttcaccggagegtcagetgg | 2

3




catcctcgaggtgtatcaccgcegtcgtcgacaaccacgagcecgctgcacctggtggecccacgacctgaa
ccggcegtggtgtectgtcgeccgaaggactacttcgecgcagetgcaaggecgecgagecgcagggecggg
agtggtcggctaccgcegcetgaagegatcgatgatctccgaggegatgcetcgggtacgegactctgaacg

gtaagaccgtccgagacgacgacggagccccgcetggtgecgggcetgagecgatectgaccegtgagea
gctggaggcegcetgegegecgagcetegtgaagacctcccgggegaageccgeggtgtctacceegtege
tgctgctgegggtgttgtictgegeggtgtgcggggageccgegtacaagtticgccgggggaggacgtaa
gcacccgcgctaccgetgecgetcgatggggttcccgaagcactgcgggaacggcacggtggegatgg
ccgagtgggacgcgttctgcgaggagcaggtgctggatectgctcggggacgeggagcegtctggagaaa
gtctgggtagccggcetcggactcecgeggtcgaactcgecggaggtgaacgcggagetggtggacctgac

gtcgctgatcggceteccecggectaccgggecggctctccgcagecgagaagceactggatgeccgtattge

ggcgctggecgegeggcaagaggagcetggagggectagaggctcgececgtetggetgggagtggege
gagaccgggcagcggttcggggactggtggcgggagcaggacaccgcggcaaagaacacctggcett
cggtcgatgaacgttcggcetgacgttcgacgtccgecggegggcetgactcgcacgatcgacttcggggate
tgcaagagtacgagcagcatctcaggctcggcagegtggtcgaacggcetacacaccgggatgtcgtaa

phiC31

CDS

atggacacgtacgcgggtgcttacgaccgtcagtcgcgcgagcgcgagaattcgagcgcagcaagec
cagcgacacagcgtagcgccaacgaagacaaggcggcecgaccttcagcgcgaagtcgagegegac
gggggccggttcaggttcgtcgggcatticagcgaagegecgggceacgtecggegticgggacggegga
gcgceccggagttcgaacgcatcctgaacgaatgccgegecgggeggctcaacatgatcattgtctatgac
gtgtcgcegcttctcgegectgaaggtcatggacgegattcecgattgtctcggaattgetcgecctgggegtg
acgattgtttccactcaggaaggcgtcttccggcagggaaacgtcatggacctgattcacctgattatgegg
ctcgacgcgtcgcacaaagaatcttcgctgaagtcggcgaagattctcgacacgaagaaccttcagege
gaattgggcgggtacgtcggcgggaaggcegccttacggcttcgagcettgtttcggagacgaaggagatc
acgcgcaacggccgaatggtcaatgtcgtcatcaacaagcttgcgcactcgaccactcecccttaccgga
cccttcgagttcgagcccgacgtaatccggtggtggtggegtgagatcaagacgcacaaacaccttcectt
caagccgggcagtcaagecgcecattcacccgggcagcatcacggggctttgtaagegcatggacgcetg
acgccgtgccgacccggggcgagacgattgggaagaagaccgcttcaagegectgggacccggcaa
ccgttatgcgaatccttcgggacccgegtattgecgggcettcgecgetgaggtgatctacaagaagaagece
ggacggcacgccgaccacgaagattgagggttaccgcattcagcgcgacccgatcacgctccggecg
gtcgagcttgattgcggaccgatcatcgagcccgetgagtggtatgagcettcaggegtggttggacggea
gggggcgcggcaaggggctttcccgggggcaagcecattetgtccgecatggacaagcetgtactgegagt
gtggcgcecgtcatgacttcgaagcgecggggaagaatcgatcaaggactcttaccgetgecgtcgecgga
aggtggtcgacccgtccgcacctgggcagcacgaaggcacgtgcaacgtcagcatggeggceactcga
caagttcgttgcggaacgcatcttcaacaagatcaggcacgccgaaggcgacgaagagacgttggege
ttctgtgggaagccgeccgacgcetticggcaagctcactgaggegectgagaagagecggcgaacggge
gaaccttgttgcggagcgcgccgacgecctgaacgceccttgaagagctgtacgaagaccgegeggceag
gcgcegtacgacggacccegttggcaggaagcacttccggaagcaacaggcagcegcetgacgctccggea
gcaaggggcggaagagcggcttgccgaacttgaagccgccgaagecccgaagcttceecttgaccaat
ggttccccgaagacgcecgacgctgacccgaccggcecctaagtegtggtgggggegegegtcagtagac
gacaagcgcgtgttcgtcgggctctticgtagacaagatcgttgtcacgaagtcgactacgggcagggggce
agggaacgcccatcgagaagcgcegcttcgatcacgtgggcgaageccgeccgaccgacgacgacgaa

gacgacgcccaggacggcacggaagacgtagcggcegtaa

mCherry

CDS

atggtgagcaagggcgaggaggataacatggccatcatcaaggagttcatgcgcettcaaggtgcacatg
gagggctccgtgaacggccacgagttcgagatcgagggcgagggcgagggecgceccctacgagggce
acccagaccgccaagctgaaggtgaccaagggtggcecccctgeccttcgectgggacatcectgteeect

cagttcatgtacggctccaaggcctacgtgaagcaccccgecgacatccccgactacttgaagcetgtectt

ccccgagggcttcaagtgggagegegtgatgaacttcgaggacggeggegtggtgaccgtgacccagg




actcctccctgcaggacggcegagttcatctacaaggtgaagcetgecgeggeaccaacttcccctccgacg
gccccgtaatgcagaagaagacgatgggcetgggaggcectcctccgageggatgtaccccgaggacgg
cgccctgaagggcgagatcaagcagaggcetgaagcetgaaggacggceggcecactacgacgctgaggt
caagaccacctacaaggccaagaagcccgtgcagctgcccggcegcectacaacgtcaacatcaagttg
gacatcacctcccacaacgaggactacaccatcgtggaacagtacgaacgcgccgagggcecgcecact

ccaccggcggcatggacgagctgtacaagtaa

sfGFP

CDS

atgcgtaaaggcgaagagctgttcactggtgtcgteectattctggtggaactggatggtgatgtcaacggt

cataagttttccgtgcgtggcgagggtgaaggtgacgcaactaatggtaaactgacgctgaagttcatctgt
actactggtaaactgccggtaccttggccgactctggtaacgacgctgacttatggtgttcagtgctttgetcg
ttatccggaccatatgaagcagcatgacttcttcaagtccgccatgccggaaggctatgtgcaggaacge

acgatttcctttaaggatgacggcacgtacaaaacgcgtgcggaagtgaaatttgaaggcgataccctgg
taaaccgcattgagctgaaaggcattgactttaaagaagacggcaatatcctgggccataagctggaata
caattttaacagccacaatgtttacatcaccgccgataaacaaaaaaatggcattaaagcgaattttaaaa
ttcgccacaacgtggaggatggcagcegtgcagetggctgatcactaccagcaaaacactccaatcggtg
atggtcctgttctgctgccagacaatcactatctgagctaccaaagcegttctgtctaaagatccgaacgaga
aacgcgatcatatggttctgctggagttcgtaaccgcagcgggcatcacgcatggtatggatgaactgtac

taa

ECFP

CDS

atggtgagcaagggcgaggagctgttcaccggggtggtgcccatectggtcgagetggacggegacgt
gaacggccacaagttcagcgtgtccggcgagggcgagggcegatgccacctacggcaagcetgaccctg
aagttcatctgcaccaccggcaagctgcccgtgccctggeccaccctcgtgaccaccctgacctgggge
gtgcagtgcttcagccgctaccccgaccacatgaagcagcacgacttcttcaagtccgecatgeccgaa
ggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaa
gttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaac
atcctggggcacaagcetggagtacaactacatcagccacaacgtctatatcaccgccgacaagcagaa
gaacggcatcaaggccaacttcaagatccgccacaacatcgaggacggcagcegtgcagcetcgeecgac
cactaccagcagaacacccccatcggcgacggccccgtgetgctgcccgacaaccactacctgagca
cccagtccgcecctgagcaaagaccccaacgagaagcegcgatcacatggtectgetggagttcgtgace

gccgcecgggatcactctcggcatggacgagcetgtacaagtaa

1, BBa_E0020

TP901-1

CDS

atgactaagaaagtagcaatctatacacgagtatccactactaaccaagcagaggaaggcttctcaattg
atgagcaaattgaccgtttaacaaaatatgctgaagcaatggggtggcaagtatctgatacttatactgatg
ctggtttttcaggggccaaacttgaacgcccagcaatgcaaagattaatcaacgatatcgagaataaage
ttttgatacagttcttgtatataagctagaccgcctttcacgtagtgtaagagatactctttatcttgttaaggatgt
gttcacaaaaaataaaatagactttatctcgcttaatgaaagtattgatacttcttctgctatgggtagcttgtttc
tcactattctttctgcaattaatgagtttgaaagagagaatataaaagaacgcatgactatgggtaaactag

ggcgagcgaaatctggtaagtctatgatgtggactaagacagcttttgggtattaccacaacagaaagac

aggtatattagaaattgttcctttacaagctacaatagttgaacaaatattcactgattatttatcaggaatatc

acttacaaaattaagagataaactcaatgaatctggacacatcggtaaagatataccgtggtcttatcgtac
cctaagacaaacacttgataatccagtttactgtggttatatcaaatttaaggacagcctatttgaaggtatgc
acaaaccaattatcccttatgagacttatttaaaagttcaaaaagagctagaagaaagacaacagcaga

cttatgaaagaaataacaaccctagaccttticcaagctaaatatatgctgtcagggatggcaaggtgeggt
tactgtggagcacctttaaaaattgttcttggccacaaaagaaaagatggaagccgcactatgaaatatca
ctgtgcaaatagatttcctcgaaaaacaaaaggaattacagtatataatgacaataaaaagtgtgattcag
gaacttatgatttaagtaatttagaaaatactgttattgacaacctgattggatttcaagaaaataatgactcct
tattgaaaattatcaatggcaacaaccaacctattcttgatacttcgtcatttaaaaagcaaatttcacagatc
gataaaaaaatacaaaagaactctgatttgtacctaaatgattttatcactatggatgagttgaaagatcgta

ctgattcccttcaggctgagaaaaagctgcttaaagctaagattagcgaaaataaatttaatgactctactg




atgtttttgagttagttaaaactcagttgggctcaattccgattaatgaactatcatatgataataaaaagaaa
atcgtcaacaaccttgtatcaaaggttgatgttactgctgataatgtagatatcatatttaaattccaactcgctt

aa

eforRed

CDS

atgtcagtgattaagcaggtaatgaagaccaagttgcaccttgagggcactgtcaatggccatgattttacg
atcgagggtaaaggtgaaggcaagccgtacgaagggttacagcacatgaaaatgacagtcaccaaag
gcgcgcectetgecgttttcegttcatattcttacacctageccacatgtatggaagcaaaccgtttaataagtat
ccagcggatatcccagactaccacaaacagtcttttcccgaaggtatgtcttgggageggtcgatgatttttg
aagatggtggcgtatgcaccgccagtaatcactccagcataaactigcaagagaactgtttcatctatgat
gttaaatttcatggtgtgaacctgcctccggatgggcccgtaatgcaaaaaaccattgetggatgggagece
gagcgtggaaacactgtacgtgcgtgacgggatgttaaaaagtgacactgcaatggtttttaaactgaaa
ggaggcggtcatcatcgtgttgatttcaaaacgacgtataaagccaaaaaacctgtcaagctgccagaat
ttcatttcgttgaacatcgcctggaactgaccaaacacgataaagatttcacaacttgggaccagcaggag

gcagccgaaggccatttctcaccgetgccgaaggctctcccataa

CyOFP1

CDS

atggttagcaagggcgaagagctgatcaaggagaacatgcgcagcaagctgtatctggaaggcagegt
gaacggccaccagttcaagtgtacccacgagggcgaaggcaaaccatacgaaggcaagcagacca

accgcatcaaggtggttgaaggcggtccgetgecgtttgecttcgatattctggecaccceacttcatgtacgg
cagcaaggtgttcattaagtatccggcggatctgccggattacttcaagcagagctttccagagggcttcac
gtgggaacgcgtgatggtgtttgaagatggcggtgtgctgaccgcgacccaagataccagtctgcaagat
ggcgagctgatctacaatgtgaaggtgcgcggcegtgaatttcccagccaatggeccggtgatgcagaaa
aagacgctgggttgggaaccgagcacggaaaccatgtatccagcggatggcggtctggaaggecgttg
tgataaagcgctgaaactggtgggtggcggcecatctgcacgtgaactticaagaccacctacaagagcaa
gaagccggtgaaaatgccgggcgttcattacgtggatcgccgtctggaacgcattaaagaggccgaca

acgagacctacgtggaacagtacgaacacgccgttgcccgctacagcaatctgggeggtggcatggac

gaactgtataaataa

fwYellow

CDS

atgacggcactgactgaaggcgcaaaactgtticgagaaagaaatcccatatatcactgagctggaaggt
gacgttgaaggtatgaagtttatcatcaagggtgaaggtaccggtgacgcgagcegtcggtaaagtggatg
ctcagttcatttgtaccacgggcgacgttccggttccgtggagcacgcetggtcaccacgcetgacgtatggtg
ctcagtgctttgccaagtatccgecgecacattgcggatttcticaaaagctgcatgccggaaggttacgtee

aagagcgcaccatcacctttgagggtgatggcgtgttcaagacccgtgcggaagtcacctttgaaaatgg
cagcgtgtacaaccgtgtaaaactgaacggccagggtttcaagaaggacggccacgtgctgggcaaa

aatctggagtttaactttacccctcattgtttgtacatttggggtgaccaagcgaatcatggcctgaagageg

cgttcaaaatcatgcatgagatcaccggctccaaagaggatttcattgttgccgatcacacccaaatgaat
accccgattggtggtggtccggtgcacgtgccggagtaccaccacattacgtatcatgttaccctgtctaaa
gacgtcaccgatcaccgtgaccatttgaacattgttgaggtgatcaaggcagttgacctggagacgtaccg

ttaa

amilCP

CDS

atgagtgtgatcgctaaacaaatgacctacaaggtttatatgtcaggcacggtcaatggacactactttgag
gtcgaaggcgatggaaaaggtaagccctacgagggggagcagacggtaaagctcactgtcaccaag
ggcggacctctgcecatttgettgggatattttatcaccacagtgtcagtacggaagcataccattcaccaagt
accctgaagacatccctgactatgtaaagcagtcattcccggagggctatacatgggagaggatcatga
actttgaagatggtgcagtgtgtactgtcagcaatgattccagcatccaaggcaactgtttcatctaccatgtc
aagttctctggtttgaactttcctcccaatggacctgtcatgcagaagaagacacagggcetgggaacccaa
cactgagcgtctctttgcacgagatggaatgctgctaggaaacaactttatggctctgaagttagaaggag
gcggtcactatttgtgtgaatttaaaactacttacaaggcaaagaagcctgtgaagatgccagggtatcact
atgttgaccgcaaactggatgtaaccaatcacaacaaggattacacttcggttgagcagtgtgaaatttcc

attgcacgcaaacctgtggtcgcctaa

tsPurple

CDS

atggcgagcttggttaagaaagatatgtgtgttaagatgacgatggaaggtactgtgaacggttatcacttta




agtgcgttggcgagggtgaaggcaagcecgttcgagggcacgcagaacatgcgcattcgtgtcaccgag
ggcggtcegcetgcecttttgcattcgacatcctggeccegtgetgtatgtacggcetctaagaccttcattaaaca
cgtgagcggtatcccggattactttaaagagtcctttccagagggcttcactigggaacgtacccagatttttg
aggacggtggtgttctgaccgcgcaccaagacaccagcctggaaggtaattgcctgatctataaagtga
aggttctgggtaccaatttcccggcgaatggtccggtgatgcaaaagaaaaccgegggttgggagecgt
gcgtcgagatgctgtatccgegtgacggegtcttgtgtggtcagagcttgatggegcetgaagtgcaccgat
ggcaatcatctgaccagccacctgcgcacgacgtatcgtagccgtaaaccgagcaacgcecgttaacatg
ccggagttccattttggtgaccatcgcatcgaaatcctgaaagctgagcagggcaaattctacgaacaata

cgaatcggctgtcgcacgttacagcgatgtgccggaaaaagcgacgtaa

amajLime

CDS

atggcactgagcaacaagtttatcggtgatgatatgaaaatgacgtaccacatggacggctgcgtgaacg
gccactactttacggtgaaaggtgaaggcaacggtaaaccgtatgaaggcacccagacgagcaccttta
aagttacgatggcgaatggcggtccgcetggcectttagtttcgatattctgtccaccgtctttaaatacggcaac
cgttgcttcacggcegtatccgaccagcatgccggattactttaagcaagcecttcccggacggcatgtcttatg
aacgcacgtttacctacgaagatggcggtgtggcgaccgccagcetgggaaatttctctgaaaggcaactg
tttcgaacataagagtacctttcacggcgtgaatttcccggcagatggtccggttatggctaaaaagaccac
gggttgggacccgtcatttgaaaaaatgacggtctgcgatggcatcctgaagggtgacgtgaccgceatttc
tgatgctgcaaggcggcggcaattatcgttgtcaattccatacgtcctacaaaaccaaaaagcecggttacg
atgccgccgaaccatgtggttgaacaccgtattgcgcgcaccgatctggacaaaggtggcaattcagttc

agctgacggaacatgcagtcgctcacatcacctcggtegtgecgttctaa

rhaS

CDS

atgaccgtattacatagtgtggatttttttccgtctggtaacgcgtccgtggegatagaaccececggetceecge
aggcggattttcctgaacatcatcatgattttcatgaaattgtgattgtcgaacatggcacgggtattcatgtgtt
taatgggcagccctataccatcaccggtggcacggtctgtttcgtacgcgatcatgatcggceatctgtatga
acataccgataatctgtgtctgaccaatgtgctgtatcgctcgecggatcgatttcagtttctcgeccgggetga
atcagttgctgccacaagagctggatgggcagtatcecgtctcactggegegttaaccacagegtattgcag
caggtgcgacagctggttgcacagatggaacagcaggaaggggaaaatgatttaccctcgaccgeca
gtcgcgagatcttgtttatgcaattactgctcttgetgcgtaaaagcagtttgcaggagaacctggaaaaca
gcgcatcacgtctcaacttgcttctggectggetggaggaccattttgccgatgaggtgaattgggatgecegt
ggcggatcaattttctctttcactgcgtacgctacatcggcagcettaagcagcaaacgggactgacgcecte
agcgatacctgaaccgcctgcgactgatgaaagcccgacatctgctacgccacagcgaggcecagegtt
actgacatcgcctatcgctgtggattcagcgacagtaaccacttttcgacgctttttcgccgagagtttaactg
gtcaccgcgtgatattcgccagggacgggatggctttctgcaataa

From E. coli
MG1655 genome
(GenBank:
U00096.3)

rhaR

CDS

gtggcgcatcagttaaaacttctcaaagatgatttttttgccagcgaccagcaggcagtcgcetgtggcetgac
cgttatccgcaagatgtctttgctgaacatacacatgattttigtgagcetggtgattgtctggcgecggtaatgge
ctgcatgtactcaacgatcgcccttatcgcattacccgtggcgatctcttttacattcatgctgacgataaaca
ctcctacgcttcegttaacgatctggttttgcagaatattatttatigcccggagegtctgaagcetgaatcttgac
tggcagggggcgattccgggatttaacgccagecgcagggcaaccacactggegcettaggtagcatggg
gatggcgcaggcgcggcaggttatcggtcagcttgagcatgaaagtagtcagcatgtgecgtttgctaac
gaaatggctgagttgctgttcgggcagttggtgatgttgctgaatcgecategttacaccagtgattcgttgee
gccaacatccagcgaaacgttgctggataagctgattacccggetggeggcetagectgaaaagtccecttt
gcgctggataaattttgtgatgaggcatcgtgcagtgagegcgttttgcgtcagcaatttcgccagcagact
ggaatgaccatcaatcaatatctgcgacaggtcagagtgtgtcatgcgcaatatcttctccagcatagecg
cctgttaatcagtgatatttcgaccgaatgtggctttgaagatagtaactatttttcggtggtgtttacccgggaa

accgggatgacgcccagccagtggcegtcatctcaaticgcagaaagattaa

From E. coli
MG1655 genome
(GenBank:
U00096.3)




Supplementary Table S3. Vectors.

Vector name Antibiotic resistance gene Origin of replication Reference

pvLW1 AmpR pSC101 3, derived from
pKD46

pvLW2 SmR R6K This work

pvLW3 KanR R6K This work

pvLW4 AmpR R6K This work

pvLW5 KanR (with attP-TP901-1) R6K This work

pSB1C3 CmR ColE1 1, pSB1C3

pKD4 AmpR, KanR R6K 3




Supplementary Table S4. Plasmids.

Plasmid | Biobricks Vector Antibiotic Origin of
name resistance gene | replication
pLW1 araC - paraBAD - Bxb1 - (6xHis) - T7 terminator pvLW1 AmpR pSC101
pLW2 araC - paraBAD - phiC31 - (6xHis) - T7 terminator pvLW1 AmpR pSC101
pLW3 attB-Bxb1 pSB1C3 CmR ColE1
pLw4 attB-phiC31 pSB1C3 CmR ColE1
pLW5 attP-Bxb1 pvLW2 SmR R6K
pLW6 attP-phiC31 pvLW2 SmR R6K
pLW7 attP-Bxb1 pvLW3 KanR R6K
pLW8 attP-phiC31 pvLW3 KanR R6K
pLW9 J23100 - B0034 - mCherry - B0015 - attP-Bxb1 - attB-phiC31 pvLW2 SmR R6K
pLW10 J23100 - B0034 - sfGFP - B0015 - aftP-Bxb1 - attB-phiC31 pvLW2 SmR R6K
pLW11 J23100 - B0034 - ECFP - B0015 - attP-Bxb1 - attB-phiC31 pvLW2 SmR R6K
pLW12 J23100 - B0034 - sfGFP - B0015 - aftP-phiC31 - attB-Bxb1 pvLW3 KanR R6K
pLW13 J23100 - B0034 - ECFP - B0015 - attP-Bxb1 - attB-phiC31 pvLW4 AmpR R6K
pLW14 J23100 - B0034 - ECFP - B0015 - attP-phiC31 - attB-Bxb1 pvLW3 KanR R6K
pLW15 J23100 - B0034 - sfGFP - B0015 - aftP-Bxb1 - attB-phiC31 pvLW4 AmpR R6K
pLW16 J23100 - B0034 - mCherry - B0015 - attP-phiC31 - attB-Bxb1 pvLW2 SmR R6K
pLW17 J23100 - B0034 - sfGFP - B0015 - aftP-Bxb1 - attB-phiC31 pvLW3 KanR R6K
pLW18 J23100 - B0034 - ECFP - B0015 - attP-phiC31 - attB-Bxb1 pvLW4 AmpR R6K
pLW19 J23100 - B0034 - ECFP - B0015 - attP-Bxb1 - attB-phiC31 pvLW3 KanR R6K
pLW20 J23100 - B0034 - sfGFP - B0015 - aftP-phiC31 - attB-Bxb1 pvLW4 AmpR R6K
pLW21 (derived from pKD4) homolL (csgA) - attB-TP901-1 - FRT - KanR - FRT - | pKD4 AmpR, KanR R6K
homoR (csgA)
pLW22 araC - paraBAD - TP901-1 - (6xHis) - T7 terminator pvLW1 AmpR pSC101
pLW23 attP-TP901-1 - araC - paraBAD - Bxb1 - (6xHis) - T7 terminator pvLW5 KanR R6K
pLW24 attP-TP901-1 - araC - paraBAD - phiC31 - (6xHis) - T7 terminator pvLW5 KanR R6K
pLW25 J23100 - B0034 - eforRed - B0015 - attB-Bxb1 pSB1C3 CmR ColE1
pLW26 J23100 - B0034 - CyOFP1 - B0015 - attB-Bxb1 pSB1C3 CmR ColE1
pLW27 J23100 - B0034 - fwYellow - BO015 - attB-Bxb1 pSB1C3 CmR ColE1
pLW28 J23100 - B0034 - amilCP - B0015 - attB-Bxb1 pSB1C3 CmR ColE1
pLW29 J23100 - B0034 - tsPurple - B0O015 - attB-Bxb1 pSB1C3 CmR ColE1
pLW30 J23100 - B0034 - amajLime - B0015 - attB-Bxb1 pSB1C3 CmR ColE1
pLW31 araC - paraBAD - B0034 - CyOFP1 - B0015 - attP-Bxb1 - attB-phiC31 pvLW3 KanR R6K
pLW32 rhaR - rha$S - prhaBAD - B0034 - tsPurple - B0O015 - attP-phiC31 - attB- | pvLW2 SmR R6K
Bxb1
pLW33 araC - paraBAD - B0034 - amilCP - B0015 - attP-Bxb1 - attB-phiC31 pvLW3 KanR R6K
pLW34 rhaR - rha$S - prhaBAD - B0034 - amajLime - B0015 - attP-phiC31 - attB- | pvLW2 SmR R6K
Bxb1




II. Supplementary Results

(a) (c)

Bxb1- phiC31-
mediated mediated
(bp) M Ac Ac-D M Ac Ac-D
8000
~ oo N e
. — R
Recombination :: @ 2000
> o
| V attB | ColE1, CmR 500 -
250
CO|E1, CmR “Acceptor- ” 100
[13 th
Acceptor 2120 4448 2115 4427
bp bp bp bp

. X “Donor” is not successfull CmR +

Transformation — — y

> : transformed into recipients
o V pir- X No recombination
@ (<} [~} ——— —) « . .

o o ° (“Donor” cannot replicate)

. (o ° U ° Y Recombination is Selection
) successful

Supplementary Figure S1. Serine integrase enables in vivo plasmid assembly.

(a) Plasmid assembly between “Acceptor” and “Donor” (attL: attachment site in the left, attR: attachment site in the
right). Note that the “Donor” plasmids here contain KanR rather than SmR.
(b) Schematic workflow of assembled plasmid selection.

(c) DNA fragment sizes of “Acceptor” (Ac, pLW3 for 2120 bp, and pLW4 for 2115 bp), “Acceptor-Donor” (Ac-D, pLW3-

pLW?7 for 4448 bp, and pLW4-pLWS8 for 4427 bp) plasmids after linearization by restriction endonuclease (M: DNA
marker).
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(a)

“Donor” —_—
—_— (|
- - -
o ¥ pir- ® - -
® @ ) @ ) ——p —) — - —
@ 0 @ -
() () - -
-
1. Transformation 2. Recombination 3. Selection 4. Pick up colonies, 5. Hindlll digestion,
(CmR + SmR) extract plasmids agarose gel
(b) electrophoresis
Bxb1-mediated recombination pLW3-pLWS5, 4509 bp
between pLW3 and pLW5 (bp) M (three colonies)
2000
T - = >
500 W - -
250 e - -
100 - -
Biological replicate 1 Biological replicate 2 Biological replicate 3
Success rate: 3/3 Success rate: 3/3 Success rate: 3/3
(c)
phiC31-mediated recombination LWa-oLW6. 4488 b
P -p , P
between pLW4 and pLW6 bp) M (three colonies)
8000
5000 ! [N S - g [y Wy W— !-_-
2000 o
1000 y 3 |
750 -
500 ! - !
250 e - J—
100 - - —
Biological replicate 1 Biological replicate 2 Biological replicate 3
Success rate: 3/3 Success rate: 3/3 Success rate: 3/3

Supplementary Figure S2. Success rate test of in vivo plasmid assembly.

(a) Schematic workflow for testing the success rate of in vivo plasmid assembly.

(b) Results of Bxb1l-mediated plasmid assembly between “Acceptor” (pLW3, 2120 bp) and “Donor” (pLWS5, 2389 bp).
The LB-agar plate (with chloramphenicol and streptomycin) was used for selecting E. coli strains that harboring
assembled plasmids (pLW3-pLWS5, 4509 bp).

(c) Results of phiC31-mediated plasmid assembly between “Acceptor” (pLW4, 2115 bp) and “Donor” (pLW6, 2373
bp). The LB-agar plate (with chloramphenicol and streptomycin) was used for selecting E. coli strains that harboring
assembled plasmids (pLW4-pLW®6, 4488 bp).

Both of the experiments in (b) and (c) were performed with three biological replicates. In each replicate, three E. coli
colonies were picked up from LB-agar plates. Scale bar: 2 cm.
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(a)

1. Acceptor
(2120 bp) > ColE1, CmR
+Donor1 (mCherry, R6K, SmR)
Bxb1-mediated

2. Acceptor-Donor1

(5463 bp) P-(__ReK, sSmR_ )il D> ColET, CmR

+Donor2 (sfGFP, R6K, KanR)

3. Acceptor-Donor1 phiC31-mediated

-Donor2 P>-_Rek, smR_)—GX] - R6K, KanR FP-2 > ColET, CmR

(8740 bp)

4. Acceptor-Donor1
-Donor2-Donor3

ColE1, CmR
(12089 bp)
FP-1: mCherry FP-2: sfGFP FP-3: ECFP
(b)
Assembled plasmids
(bp) M 1 2 3 4
8000 o T S—

2120 5463 8740 12089
bp bp bp bp

Supplementary Figure S3. Workflow and demonstration of in vivo plasmid assembly cascade.

|

+Donor3 (ECFP, R6K, AmpR)
Bxb1-mediated

(a) Schematic workflow of in vivo plasmid assembly cascade. This is an example of a three-round assembly cascade.
“Acceptor”: pLW3, “Donorl”: pLW9 with mCherry, “Donor2”: pLW12 with sfGFP, “Donor3”: pLW13 with ECFP. FP:

fluorescent protein.

(b) Agarose gel electrophoresis showed the DNA fragment sizes after linearization by restriction endonuclease (M:
DNA marker). Sample 1: “Acceptor” pLW3 for 2120 bp, sample 2: “Acceptor-Donorl” for 5463 bp, sample 3:
“Acceptor-Donorl-Donor2” for 8740 bp, sample 4: “Acceptor-Donorl-Donor2-Donor3” for 12089 bp.
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PCR product for
homologous recombination

Step 1: Y Y
I:ttg?;g)or; °1f — || csgA > — Wild type E. coli MG1655
(by “l.ambda Red Delete “KanR” via
recombination”) “FLP-FRT’ recombination
E. coli MG1655
» (AcsgA, attB-TP901-1)
— paraC paraBAD
Arabinose
o R6K, KanR
Step 2: attP-TP901-1]

Integration of | 1 (o) R .
serine integrases paraC paraBAD [~ g

(int: Bxb1 or phiC31)

TP901-1
attB-TP901-1

pSC101, AmpR

Step 3: E. coli MG1655 (AcsgA, araC-paraBAD-int)
Modified E. coli

(with endogeous

serine integrases) _»( R6K, KanR int

paraBAD paraC

Supplementary Figure S4. Schematic workflow of E. coli MG1655 modification.

Step 1: the procedure of “Lambda Red recombination” was referred as previously reported ©¥!. Here we inserted the
attP-TP901-1 sequence into the original pkD4 ! plasmid as PCR template (pLW21) for the next integration. After
recombination, the DNA fragment between two FRT (including KanR) was deleted by pCP20 .

Step 2: After the integration of attP-TP901-1 into wild type E. coli MG1655 genome, this modified E. coli strain was
then transferred with a helper plasmid pLW22 for the expression of serine integrase TP901-1. Then this strain was
induced by 1% (w/v) arabinose and prepared as recipient cell. Next, this recipient cell was electroporated with
pLW23 (arabinose-induced Bxb1) or pLW24 (arabinose-induced phiC31) for genome integration. After that, by several
days’ continuous cultivation at 37°C for curing the helper plasmid pLW22 [Because this plasmid was constructed with
pSC101, a high-temperature (over 30°C) sensitive replication ori. This helper plasmid could be cured at 37°C].

Step 3: Finally, this strain was integrated the integrases (Bxb1 or phiC31) into its genome and could be used for in vivo
plasmid assembly.
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(a) Donor1 Donor2 Donor3 Donor...

(attP-Bxb1+ (attP-phiC31+ (attP-Bxb1+ (attP-phiC31+
attB-phiC31) attB-Bxb1) attB-phiC31) attB-Bxb1)
A;m Ar:icm\A /;be /)vhic31...
Acceptor Acceptor-Donor1 Acceptor-Donor1-Donor2 Acceptor-Donor1-Donor2-Donor3
(attB-Bxb1) (attB-phiC31) (attB-Bxb1) (attB-phiC31)

mCherry mCherry ECFP Merge mCherry ECFP

(b) Donor1 Donor2 Donor3 Donor...
(attP-phiC31+ (attP-Bxb1+ (attP-phiC31+ (attP-Bxb1+
attB-Bxb1) attB-phiC31) attB-Bxb1) attB-phiC31)
Ac% /;xm\A /ovhic:’n\A /'Bxb1...
Acceptor Acceptor-Donor1 Acceptor-Donor1-Donor2 Acceptor-Donor1-Donor2-Donor3
(attB-phiC31) (attB-Bxb1) (attB-phiC31) (attB-Bxb1)
AT 3 SN\
mCherry mCherry sfGFP Merge mCherry  sfGFP ECFP Merge
(C) Donor1 Donor2 Donor3 Donor...
(attP-phiC31+ (attP-Bxb1+ (attP-phiC31+ (attP-Bxb1+
attB-Bxb1) attB-phiC31) attB-Bxb1) attB-phiC31)
Ac% /3'x|o1\A /;:hic.°,1\A /'me...
Acceptor Acceptor-Donor1 Acceptor-Donor1-Donor2 Acceptor-Donor1-Donor2-Donor3
(attB-phiC31) (attB-Bxb1) (attB-phiC31) (attB-Bxb1)
mCherry mCherry ECFP Merge mCherry ECFP sfGFP Merge

Supplementary Figure S5. In vivo plasmid assembly cascade workflow and fluorescence visualization.

Note that all of the assembly workflow in (a), (b), and (c) were similar, and the differences were among the plasmid
design and order of assembly. Scale bar: 10 um.

(a) “Acceptor”: pLW3, “Donorl”: pLW9 with mCherry, “Donor2”: pLW14 with ECFP, “Donor3”: pLW15 with sfGFP.
(b) “Acceptor”: pLW4, “Donorl”: pLW16 with mCherry, “Donor2”: pLW17 with sfGFP, “Donor3”: pLW18 with ECFP.
(c) “Acceptor”: pLW4, “Donorl”: pLW16 with mCherry, “Donor2”: pLW19 with ECFP, “Donor3”: pLW20 with sfGFP.
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(a) (b)

Acceptor (CyOFP1)- Acceptor (CyOFP1)-Donor1 (paraBAD-amilCP)
Donor1 (paraBAD-amilCP) -Donor2 (prhaBAD-amajLime)
. Arabinose - + - +
Arabinose

- +
Rhamnose - - + +
| CyOFP1 ) | CyOFP1 » | CyOFP1 ) EEEEI
amilCP amilCP amajLime amiiCE
amajLime
9 U

|
i “' ' N //‘ -3
RGB . RGB L L]
(R,G,B) (218,133,80) (134,93,131) (R,G,B) (214,129,70) (87,71,129) (215,161,95) (88,84,105)

Supplementary Figure S6. Generation of colored E. coli by in vivo plasmid assembly, another example.
(a) Two color phenotypes were generated from the “Acceptor-Donorl” plasmid (pLW26-pLW33). Arabinose: 1%
(w/v).

(b) Four color phenotypes were generated from the “Acceptor-Donorl-Donor2” plasmid (pLW26-pLW33-pLW34).
Arabinose: 1% (w/v), rhamnose: 1% (w/v).
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