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Figure S1. Fatty acid methyl ester analysis for AYG042 and AYG043. A) Total fatty acyl analysis from 
strain AYG042 (ΔolsWT::lox72; glpK::cLac143-ols04-lacI-aaC1). B) Total fatty acyl analysis from strain 
AYG043 (ΔolsWT::lox72; glpK::cLac143-ols08-lacI-aaC1).  
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Figure S2. Fatty acid methyl ester analysis for AYG042 and AYG046. A) Total fatty acyl analysis from 
strain AYG042 (ΔolsWT::lox72; glpK::cLac143-ols04-lacI-aaC1) induced with 1 mM IPTG (red bars) or 
induced with 1 mM IPTG and supplemented with 0.5 mM tridecanoic acid. The second panel shows odd-
chain species. B) Total fatty acyl analysis from strain AYG046 (ΔolsWT::lox72; glpK::cLac143-ols04-lacI-
aaC1; Δaas::aphA1) induced with 1 mM IPTG (red bars) or induced with 1 mM IPTG and supplemented 
with 0.5 mM tridecanoic acid. The second panel shows odd-chain species.



S5

Figure S3. Fatty acid methyl ester analysis for AYG043 and AYG047. A) Total fatty acyl analysis from 
strain AYG043 (ΔolsWT::lox72; glpK::cLac143-ols08-lacI-aaC1) induced with 1 mM IPTG (red bars) or 
induced with 1 mM IPTG and supplemented with 0.1 mM pentadecanoic acid. The second panel shows 
odd-chain species. B) Total fatty acyl analysis from strain AYG047 (ΔolsWT::lox72; glpK::cLac143-ols08-
lacI-aaC1; Δaas::aphA1)  induced with 1 mM IPTG (red bars) or induced with 1 mM IPTG and 
supplemented with 0.1 mM pentadecanoic acid. The second panel shows odd-chain species.
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Figure S4. In vitro CAS assay for OlsWT. A) SDS-PAGE gel of AKTA fractions for purification of OlsWT 
FAAL-ACP didomain. B) In vitro FAAL activation for Ols LD-ACP di-domain against long-chain fatty 
alcohols. Octadecanoic acid is used as the positive control for activation. All data represent the mean ± 
s.d. of biological triplicates. P values were analysed based on student two-tailed t test assuming equal 
variances. * P < 0.0001, ** P < 0.003. C) In vitro FAAL activation for Ols LD-ACP di-domain against long-
chain fatty methyl esters. Octadecanoic acid is used as the positive control for activation. All data 
represent the mean ± s.d. of biological triplicates. P values were analysed based on student two-tailed t 
test assuming equal variances. * P < 0.00001, ** P < 0.003.
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Figure S5. α-olefin analysis for PCC 7002 wildtype and AYG058. A) Production of α-olefins in PCC 
7002 wildtype strain and AYG058 (Δa1174::lox66-aaC1-lox71).
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Table S1. Thioesterases in Picosynechococcus sp. strain PCC 7002. Thioesterases identified by ThYme: Thioester-active EnzYme 
database from Picosynechococcus sp. strain PCC 7002.

Family Protein name Protein Identifier Protein Evidence & 
Literature

Gene Name Gene and Pathway Identifiers

TE12 1,4-dihydroxy-2-
naphthoyl-CoA 
hydrolase

UniProt: DNCH_SYNP2, B1XL26
GenBank: CP000951, 
ACA99281.1
RefSeq: WP_012306904.1

Inferred from 
Homology
Literature: B1XL26

SYNPCC7002_A1284 STRING: 32049.SYNPCC7002_A1284
KEGG: SYP:SYNPCC7002_A1284
eggNOG: COG0824
HOGENOM: CLU_101141_5_3_3

TE23 Zn-dependent 
hydrolase

UniProt: B1XNC4_SYNP2, 
B1XNC4
GenBank: CP000951, 
ACB00834.1, ACB00834
RefSeq: WP_012308451.1

Predicted SYNPCC7002_A2866 STRING: 32049.SYNPCC7002_A2866
KEGG: SYP:SYNPCC7002_A2866
eggNOG: COG0491
HOGENOM: CLU_030571_7_0_3

TE23 Hydroxyacylglutathione 
hydrolase

UniProt: GLO2_SYNP2, B1XQ70
GenBank: CP000951, 
ACA99852.1
RefSeq: WP_012307475.1

Inferred from 
Homology
Literature: B1XQ70

gloB STRING: 32049.SYNPCC7002_A1864
KEGG: SYP:SYNPCC7002_A1864
eggNOG: COG0491
HOGENOM: CLU_030571_4_1_3

TE21 Serine esterase UniProt: Q8KX36_SYNP2, 
Q8KX36
GenBank: AF381041, CP000951, 
AAN03557.1, ACB00517.1, 
AAN03557, ACB00517
RefSeq: WP_012308135.1

Predicted sll1284 STRING: 32049.SYNPCC7002_A2540
KEGG: SYP:SYNPCC7002_A2540
eggNOG: COG0400
HOGENOM: CLU_049413_5_1_3

TE22 S-formylglutathione 
hydrolase

UniProt: B1XIK2_SYNP2, B1XIK2
GenBank: CP000951, 
ACA98873.1, ACA98873
RefSeq: WP_012306497.1

Inferred from 
Homology

SYNPCC7002_A0869 STRING: 32049.SYNPCC7002_A0869
KEGG: SYP:SYNPCC7002_A0869
eggNOG: COG0627
HOGENOM: CLU_056472_0_0_3
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Table S2. Nucleotide and amino acid sequences of OlsWT FAAL-ACP. Sequences for the OlsWT 
FAAL-ACP coding region and C-terminal 6xHis tag for heterologous expression and purification in E. coli. 

Nucleotide sequence of OlsWT FAAL-ACP-6xHis
ATGGTTGGTCAATTTGCAAATTTCGTCGATCTGCTCCAGTACAGAGCTAAACTTCAGGCGCGGAAAACCGTGTTTAGTTTTCTGGCTGA
TGGCGAAGCGGAATCTGCGGCCCTGACCTACGGAGAATTAGACCAAAAAGCCCAGGCGATCGCCGCTTTTTTGCAAGCTAACCAGGC
TCAAGGGCAACGGGCATTATTACTTTATCCACCGGGTTTAGAGTTTATCGGTGCCTTTTTGGGATGTTTGTATGCTGGTGTTGTTGCGG
TGCCAGCTTACCCACCACGGCCGAATAAATCCTTTGACCGCCTCCATAGCATTATCCAAGATGCCCAGGCAAAATTTGCCCTCACCAC
AACAGAACTTAAAGATAAAATTGCCGATCGCCTCGAAGCTTTAGAAGGTACGGATTTTCATTGTTTGGCTACAGATCAAGTTGAATTAAT
TTCAGGAAAAAATTGGCAAAAACCGAACATTTCCGGCACAGATCTCGCTTTTTTGCAATACACCAGTGGCTCCACGGGCGATCCTAAAG
GAGTGATGGTTTCCCACCACAATTTGATCCACAACTCCGGCTTGATTAACCAAGGATTCCAGGATACAGAGGCGAGTATGGGCGTTTC
CTGGTTGCCGCCCTACCATGATATGGGCTTGATCGGTGGGATTTTACAGCCCATCTATGTGGGAGCAACGCAAATTTTAATGCCTCCC
GTGGCCTTTTTGCAGCGACCTTTTCGGTGGCTAAAGGCGATCAACGATTATCGGGTTTCCACCAGCGGTGCGCCGAATTTTGCCTATG
ATCTCTGTGCCAGCCAAATTACCCCGGAACAAATCAGAGAACTCGATTTGAGCTGTTGGCGACTGGCTTTTTCCGGGGCCGAACCGAT
CCGCGCTGTGACCCTCGAAAATTTTGCGAAAACCTTCGCTACAGCAGGCTTTCAAAAATCAGCATTTTATCCCTGTTATGGTATGGCTG
AAACCACCCTGATCGTTTCCGGTGGTAATGGTCGTGCCCAGCTTCCCCAGGAAATTATCGTCAGCAAACAGGGCATCGAAGCAAACCA
AGTTCGCCCTGCCCAAGGGACAGAAACAACGGTGACCTTGGTCGGCAGTGGTGAAGTGATTGGCGACCAAATTGTCAAAATTGTTGAC
CCCCAGGCTTTAACAGAATGTACCGTCGGTGAAATTGGCGAAGTATGGGTTAAGGGCGAAAGTGTTGCCCAGGGCTATTGGCAAAAG
CCAGACCTCACCCAGCAACAATTCCAGGGAAACGTCGGTGCAGAAACGGGCTTTTTACGCACGGGCGATCTGGGTTTTTTGCAAGGT
GGCGAACTGTATATTACGGGTCGTTTAAAGGATCTCCTGATTATCCGGGGGCGCAACCACTATCCCCAGGACATTGAATTAACCGTCG
AAGTGGCCCATCCCGCTTTACGACAGGGGGCCGGAGCCGCTGTATCAGTAGACGTTAACGGGGAAGAACAGTTAGTCATTGTCCAGG
AAGTTGAGCGTAAATATGCCCGCAAATTAAATGTCGCGGCAGTAGCCCAAGCTATTCGTGGGGCGATCGCCGCCGAACATCAACTGCA
ACCCCAGGCCATTTGTTTTATTAAACCCGGTAGCATTCCCAAAACATCCAGCGGGAAGATTCGTCGCCATGCCTGCAAAGCTGGTTTTC
TAGACGGAAGCTTGGCTGTGGTTGGGGAGTGGCAACCCAGCCACCAAAAAGAAGGAAAAGGAATTGGGACACAAGCCGTTACCCCTT
CTACGACAACATCAACGAATTTTCCCCTGCCTGACCAGCACCAACAGCAAATTGAAGCCTGGCTTAAGGATAATATTGCCCATCGCCTC
GGCATTACGCCCCAACAATTAGACGAAACGGAACCCTTTGCAAGTTATGGGCTGGATTCAGTGCAAGCAGTACAGGTCACAGCCGACT
TAGAGGATTGGCTAGGTCGAAAATTAGACCCCACTCTGGCCTACGATTATCCGACCATTCGCACCCTGGCTCAGTTTTTGGTCCAGGG
TAATCAAGCGCTAGAGAAAATACCACAGGTGCCGAAAATTCAGGGCACTAGTCATCATCACCACCATCATTAG
Amino acid sequence of OlsWT FAAL-ACP-6xHis (76.18 kDa)
MVGQFANFVDLLQYRAKLQARKTVFSFLADGEAESAALTYGELDQKAQAIAAFLQANQAQGQRALLLYPPGLEFIGAFLGCLYAGVVAVPAY
PPRPNKSFDRLHSIIQDAQAKFALTTTELKDKIADRLEALEGTDFHCLATDQVELISGKNWQKPNISGTDLAFLQYTSGSTGDPKGVMVSHHN
LIHNSGLINQGFQDTEASMGVSWLPPYHDMGLIGGILQPIYVGATQILMPPVAFLQRPFRWLKAINDYRVSTSGAPNFAYDLCASQITPEQIRE
LDLSCWRLAFSGAEPIRAVTLENFAKTFATAGFQKSAFYPCYGMAETTLIVSGGNGRAQLPQEIIVSKQGIEANQVRPAQGTETTVTLVGSGE
VIGDQIVKIVDPQALTECTVGEIGEVWVKGESVAQGYWQKPDLTQQQFQGNVGAETGFLRTGDLGFLQGGELYITGRLKDLLIIRGRNHYPQ
DIELTVEVAHPALRQGAGAAVSVDVNGEEQLVIVQEVERKYARKLNVAAVAQAIRGAIAAEHQLQPQAICFIKPGSIPKTSSGKIRRHACKAGF
LDGSLAVVGEWQPSHQKEGKGIGTQAVTPSTTTSTNFPLPDQHQQQIEAWLKDNIAHRLGITPQQLDETEPFASYGLDSVQAVQVTADLED
WLGRKLDPTLAYDYPTIRTLAQFLVQGNQALEKIPQVPKIQGTSHHHHHH*
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Table S3. Fused Ols homologs. Cyanobacterial strains and GenBank accession numbers of Ols 
homologs with single ORF architecture. 

Organism Protein NCBI accession no.

Picosynechococcus sp. PCC 7002 Ols WP_012306795.1
Geminocystis herdmanii Ols WP_017293948.1
Geminocystis sp. NIES-3709 Ols WP_060833030.1
Cyanobacterium sp. IPPAS B-1200 Ols WP_071891741.1
filamentous cyanobacterium ESFC-1 Ols WP_018399776.1
Leptolyngbya sp. PCC 7376 Ols WP_015132477.1

Limnothrix rosea IAM M-220 Ols OKH15930.1

Picosynechococcus sp. NKBG15041c Ols WP_024544961.1

Picosynechococcus sp. PCC 7003 Ols WP_065713741.1

Picosynechococcus sp. NKBG042902 Ols WP_030006270.1

Picosynechococcus sp. PCC 73109 Ols WP_062433466.1

Picosynechococcus sp. PCC 7117 Ols WP_065710482.1

Picosynechococcus sp. PCC 8807 Ols WP_065716260.1

Prochloron didemni P1-Palau Ols AEH57210.1

Pleurocapsa sp. PCC 7327 Ols AFY79044.1

Gloeothece citriformis Ols WP_012599249.1

Gloeothece verrucosa Ols WP_013321938.1

Myxosarcina sp. GI1 Ols WP_072013783.1

Stanieria cyanosphaera PCC 7437 Ols AFZ37598.1

Stanieria sp. NIES-3757 Ols BAU65096.1

Chroococcidiopsis sp. PCC 6712 Ols 2505786305

Xenococcus sp. PCC 7305 Ols WP_006509673.1

Pleurocapsa sp. PCC 7319 Ols WP_019509581.1

Synechococcus sp. BDU 130192 Ols WP_099240974.1

Picosynechococcus sp. PCC 11901 Ols WP_138073101.1

Synechococcus sp. NIES-970 Ols BAW95865.1

Limnothrix sp. RL_2_0 Ols NJN72921.1

Stanieria cyanosphaera Ols WP_322785848.1

Oscillatoria sp. FACHB-1406 Ols WP_190722065.1

Xenococcaceae cyanobacterium MO_188.B32 Ols MDJ0687119.1

Pannus brasiliensis Ols WP_332864208.1

Chondrocystis sp. NIES-4102 Ols BAZ45335.1

Xenococcaceae cyanobacterium MO_167.B27 Ols MDJ0744409.1

Pleurocapsales cyanobacterium LEGE 10410 Ols MBE9045458.1

Hydrococcus sp. Prado102 Ols MCU0532977.1

Xenococcaceae cyanobacterium MO_207.B15 Ols MDJ0534008.1

Chlorogloea purpurea SAG 13.99 Ols MBR8830412.1

Jaaginema sp. PMC 1080.18 Ols MEC4805692.1

Waterburya agarophytonicola Ols WP_263858202.1

Waterburya agarophytonicola KI4 Ols MCC0177306.1
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Hydrococcus sp. CRU_1_1 Ols NJP18749.1

Xenococcaceae cyanobacterium MO_188.B29 Ols MDJ0634241.1

Xenococcus sp. MO_188.B8 Ols MDJ0898498.1

Synechococcales cyanobacterium Ols MEB3358629.1

Prochloraceae cyanobacterium Ols MDJ0714931.1

Cyanobacteria bacterium J06638_38 Ols MEO1004272.1

Xenococcus sp. PCC 7305 Ols WP_040897601.1

Pleurocapsa sp. SU_5_0 Ols NJK56232.1

Aphanothece hegewaldii Ols WP_106454891.1

Pleurocapsa sp. FMAR1 Ols WP_319420823.1

Pleurocapsa minor HA4230-MV1 Ols MBW4533747.1

Cyanobacteria bacterium J06629_2 Ols MEO1799315.1

Cyanobacteria bacterium J06631_2 Ols MEO1669330.1

Acaryochloris thomasi Ols WP_110985684.1

Cyanobacteria bacterium J06631_6 Ols MEO1690211.1

Pleurocapsa sp. PCC 7319 Ols WP_036801169.1

Symploca sp. SIO2C1 Ols NEP08925.1

Hyella patelloides Ols WP_144871376.1

Prochloraceae cyanobacterium Ols MDJ0724562.1

Symploca sp. SIO1A3 Ols NER47858.1

Lyngbya confervoides Ols WP_166275387.1

Symploca sp. SIO1C2 Ols NER22839.1

Symploca sp. SIO2D2 Ols NEQ65432.1

Cyanobacteria bacterium J06633_2 Ols MEO1519424.1

Cyanobacteriota bacterium Ols MEB3300721.1

Geminocystis sp. GBBB08 Ols WP_308253890.1

Pleurocapsales cyanobacterium LEGE 06147 Ols MBE9169519.1

Cyanobacterium sp. HL-69 Ols AUC60343.1

Synechococcus sp. RSCCF101 Ols QEY31360.1

Synechococcaceae cyanobacterium Ols MEB3322462.1

Candidatus hydrogenedentota bacterium Ols MCC6694529.1
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Table S4. Discrete Ols homologs. Cyanobacterial strains and GenBank accession numbers of Ols 
homologs with two contiguous ORFs architecture. 

Organism Protein NCBI accession no.

Moorena producens 3L FAAL-ACP EGJ35087.1
Moorena producens 3L Ols EGJ35088.1
Moorena producens JHB FAAL-ACP AHH34188.1
Moorena producens JHB Ols AHH34189.1
Moorena bouillonii PNG FAAL-ACP AHH34187.1
Moorena bouillonii PNG Ols AHH34186.1

Moorena producens PAL-8-15-08-1 FAAL-ACP AOW99347.1

Moorena producens PAL-8-15-08-1 Ols AOW99348.1

Leptolyngbya sp. PCC 6406 FAAL-ACP WP_008319225.1

Leptolyngbya sp. PCC 6406 Ols WP_008319224.1

Cyanobacterium stanieri PCC 7202 FAAL AFZ46264.1

Cyanobacterium stanieri PCC 7202 Ols AFZ46265.1

Moorena sp. SIO1G6 FAAL-ACP WP_287311417.1

Moorena sp. SIO1G6 Ols WP_287311419.1

Moorena sp. SIO3A2 FAAL-ACP WP_287265499.1

Moorena sp. SIO3A2 Ols WP_287265498.1

Moorena sp. SIO1F2 FAAL-ACP WP_293039362.1

Moorena sp. SIO1F2 Ols WP_293039359.1

Moorena sp. SIO4A1 FAAL-ACP WP_293083652.1

Moorena sp. SIO4A1 Ols WP_293083655.1

Moorena sp. SIO3I6 FAAL-ACP WP_293101409.1

Moorena sp. SIO3I6 Ols WP_293101411.1

Moorena sp. SIO2B7 FAAL-ACP NES84493.1

Moorena sp. SIO2B7 Ols NES84492.1

Nodosilinea sp. WJT8-NPBG4 FAAL-ACP MBW4460282.1

Nodosilinea sp. WJT8-NPBG4 Ols MBW4460283.1

Nodosilinea sp. LEGE 06152 FAAL-ACP WP_194056451.1

Nodosilinea sp. LEGE 06152 Ols WP_194056449.1

Cyanobacteria bacterium REEB459 FAAL-ACP MBU6228941.1

Cyanobacteria bacterium REEB459 Ols MBU6228942.1

Cyanobacteria bacterium J06633_1 FAAL-ACP MEO1464984.1

Cyanobacteria bacterium J06633_1 Ols MEO1465987.1

aff. Roholtiella sp. LEGE 12411 FAAL-ACP WP_193999149.1

aff. Roholtiella sp. LEGE 12411 Ols WP_194000438.1

Cyanothece sp. SIO1E1 FAAL-ACP NET35007.1

Cyanothece sp. SIO1E1 Ols NET35008.1

Moorena sp. SIO3H5 FAAL-ACP WP_293079527.1

Moorena sp. SIO3H5 Ols WP_293079525.1

Moorena sp. SIOASIH FAAL-ACP WP_293090731.1

Moorena sp. SIOASIH Ols WP_293090732.1
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Moorena sp. SIO3I8 FAAL-ACP WP_293024902.1

Moorena sp. SIO3I8 Ols WP_293024900.1

Nostoc indistinguendum CM1-VF10 FAAL-ACP MBW4455971.1

Nostoc indistinguendum CM1-VF10 Ols MBW4457030.1

Moorena sp. SIO3C2 FAAL-ACP NEP47791.1

Moorena sp. SIO3C2 Ols NEP50038.1

Moorena sp. SIO3B2 FAAL-ACP WP_287355871.1

Moorena sp. SIO3B2 Ols WP_287356230.1

Leptolyngbya sp. KIOST-1 FAAL-ACP WP_156119730.1

Leptolyngbya sp. KIOST-1 Ols WP_052050152.1

Halomicronema hongdechloris FAAL-ACP WP_088431332.1

Halomicronema hongdechloris Ols WP_080805125.1

Anabaena sp. UHCC 0451 FAAL-ACP WP_323359471.1

Anabaena sp. UHCC 0451 Ols WP_323359089.1

Moorena bouillonii FAAL-ACP WP_081431241.1

Moorena bouillonii Ols WP_081431360.1



S14

Table S5. Strains list. Strains used in this study.

Strain Genotype or relevant characteristics Source
Escherichia coli 

DH5α F- Φ80lacZΔM15 Δ(lacZYA-argF) U169 recA1 endA1 hsdR17 (rk-,mk+) phoA supE44 
thi-1 gyrA96 relA1 λ- 

Invitrogen

BAP1 BL21(DE3) ΔprpRBCD::T7prom-sfp,T7prom-prpE

Synechococcus sp. strain 
PCC 7002

Wild type Pasteur Culture 
Collection

AYG032 ΔolsWT::lox66-aaC1-lox71 This work
AYG035 ΔolsWT::lox72 This work
AYG042 ΔolsWT::lox72; glpK::cLac143-ols04-lacI-aaC1 This work

AYG043 ΔolsWT::lox72; glpK::cLac143-ols08-lacI-aaC1 This work

AYG046 ΔolsWT::lox72; glpK:: cLac143-ols04-lacI-aaC1; Δaas::aphA1 This work

AYG047 ΔolsWT::lox72; glpK:: cLac143-ols08-lacI-aaC1; Δaas::aphA1 This work

AYG058 Δa1174::lox66-aaC1-lox71 This work

Table S6. Plasmids list. Plasmids used in this study.

Plasmid Relevant characteristics Source
pAYG009 Empty integration vector for olsWT locus This work
pAYG025 Vector for integration of lox66−72 flanked gentamycin resistance cassette into olsWT locus This work
pAYG027 Vector for insertion of Ols08 and gentamycin resistance cassette downstream of glpK locus This work
pAYG029 Vector for insertion of Ols04 and gentamycin resistance cassette downstream of glpK locus This work
pAYG035 Vector for integration of lox66−72 flanked gentamycin resistance cassette into a1174 locus This work
pAYG061 Vector for insertion of kanamycin resistance cassette into aas locus This work
pLIC-LD-ACP1 pLIC-KM with LD and ACP1 as target gene for OlsWT expression Mendez-Perez et al. 

pCJ111 rbcLXS7002 integrative plasmid expresses CRE recombinase as a translational fusion to 
rbcL

Jones et al. 

pCJ162 lox66−72 flanked gentamycin resistance cassette integrates into aquI integration site Jones et al.
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Table S7. Primers list. Primers used in this study.

Primer Description Sequence (5’-3’)
rTAC41 lox66 For GACCTTGTGACGACTAATACCG
rTAC42 lox71 Rev TCGGGTTTGATTTTGTAAAGTACCG
rQY286 ols04 insertion cPCR Rev GCAATGACATGATTAACCCAG
rQY294 ols08 insertion cPCR Rev ACCCATCACGATTGAAGGTT
rQY314 ols08 insertion cPCR For GGTGAGACATTTCCGCTTA
rQY322 ols04 insertion cPCR For ATCCTTAATCTGGTTCAGAC
rQY323 ols04 insertion cPCR For TGCTAACTACCGCCAAAGCA
rJA002 pTwistAmp_Uni9F_Gibson-Rev AGGTCAGGCGGAATGGCACT
rJA005 pTwistAmp_Uni9R_Gibson-For AGGCTAGGTGGAGGCTCAGTG
rJA114 glpK cPCR For CTGAAAATCTGTGGTGCCAG
rJA115 glpK cPCR Rev TCCGATCACCGCCATCTTTG
rAYG010 olsWT deletion cPCR For GATTGAGTTTATTCCCCTCG
rAYG011 olsWT deletion cPCR Rev GCAATCTCTTCCAACTGACG
rAYG021 Ols04 insertion cPCR Rev CCCATGCTCCCCAGTT
rAYG028 olsWT homology arms cPCR For AAATATTTAAAGCCTAATTCTTCG
rAYG029 olsWT homology arms cPCR Rev ACATTTGTTCCTTATTTCGG
rAYG034 olsWT internal cPCR Rev TCTTACTCATCATGCCC
rAYG035 olsWT internal cPCR For CAGACCTATCTAGTGACAGG
rAYG040 For glpK_cLac143 CGAGGCCTGCGGTGCTTTGG
rAYG041 Rev glpK_cLac143 CATGGAATTAATCTCCTACTTGACTTTATGAGTTGGTGTGTG
grAYG013 Ols homology upstream_rev_1 GACTTGAGACGGCCCAAACTGCGTCTCGCCTTGTATGCCTTAGCAACTCCTGT
grAYG014 Ols homology upstream_for_1 AGTGCCATTCCGCCTGACCTTGCAGGCGGCTGTGTCCTAT
grAYG015 Ols homology downstream_rev_1 ACTGAGCCTCCACCTAGCCTTATTGAGGTATCGCGAGATGGCTCC
grAYG016 Ols homology downstream_for_1 CGAGACGCAGTTTGGGCCGTCTCAAGTCAAAATATTGCAAAGTGCAGTCCGAA
grAYG043 Ols08_for_1 CAAGTAGGAGATTAATTCCATGGGATATGTCAAACACTCT
grAYG049 For_Ols homology arm plasmid 

GmR_lox CAAAATCAAACCCGAAAAATATTGCAAAGTGCAGTCCG
grAYG050 Rev_Ols homology arm plasmid 

GmR_lox TAGTCGTCACAAGGTCGTATGCCTTAGCAACTCCTGTGAAT
grAYG052 Ols08_rev_3 CCAAAGCACCGCAGGCCTCGTTAGAATTCGTTGCTCAGAATCG
grAYG054 Ols04_rev_3 CCAAAGCACCGCAGGCCTCGTTAGAATTCCGGGATCAGCTTAGATG
grAYG055 Ols04_for_3 CAAGTAGGAGATTAATTCCATGGCCACTGAACGATCT
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Table S8. Nucleotide sequence encoding OlsWT region. Nucleotide sequence for the OlsWT coding 
region (blue region; SYNPCC7002_A1173) and the relevant upstream (gold region; 
SYNPCC7002_A1174) and downstream (green region: SYNPCC7002_A1172) coding regions.

Nucleotide sequence of A1172, A1173 (OlsWT), A1174 
ATGACCATTACTTCCCCCGCTCATCCCCATACCGATTACAGCTGGCAATGGCACGGCTTCAATATTAACTATCGTCAGTGGGGCACCC
AGGGGCTGCCCGTTCTTTTCGTCCATGGCTTTGGGGCCTCGGCCGGTCATTGGCGCAAAAATCTTCCGGTTTTAGGGGAACATTACCG
CTGCTATGCCATCGACTTACTGGGCTTTGGGAAATCGGCAAAACCCCAACCGGAGGTTGAAGCGGACTACACTTTTGAAACTTGGGCC
ACCCAGATTAAGGCGTTCTGTGCTGAAATCATTGGTGAACCGGCTTTTCTAGTTGGTAATTCCATTGGTTGTGTCGTTGTCATGCAGGC
GGCTGTGTCCTATCCCCACTGGGTGCGGGGGGTTGTGGCACTCAATTTTTCCCTGCGGCTGTTCCATGAGCGCAATCTTTTAAAAGCA
CCTTTTTATCAACGCTGGGGCGTTCCCCTCTTCCAAAAACTCTTGACCCAAACCCCCCTCGGTTCCTTGTTCTTTAAGCAATTGGCCCA
GCCGAAAACAATCCGCAAAATTTTAGCCCAGGCCTACCGAGACAAAACAGCGATTACCGATGAGTTGGTGGAGCTGATCCTGACCCCC
GCCCAGGACCCAGGGGCGGCAGCGGTTTTCCTGGCCTTTACGAGTTATTCCCAGGGGCCACTCCCGGACGACCTGCTGCCCCAGTT
GCATTGCCCCACGGCAGTTTTGTGGGGAACAGCGGATCCGTGGGAACCAGTTGATCTGGGCCGTGCCCTTGTCGCCCAATATCCTCA
GATTGAGTTTATTCCCCTCGATAATGTCGGCCATTGTCCCCAGGATGAAGCTCCGGCATTAGTCAACGGCTATTTACTCGATTGGTTAG
GGCGACAACAGTCAGCGTAGCCTAGGGCTTTTACACTCAAATCAGTTGAAACCAGGCCCTCCATAATCGAAGGAACGGCGGATTTTGG
GAGGATTTACCGTGGGGAGGGAACTCACGGTTTAATATGGTTAACTAGGCTATAGCCCGTGGGTATTCGTAAAAATTGCTAGGATACG
GAGTCCAGAATTTCCATTCACAGGAGTTGCTAAGGCATACATGGTTGGTCAATTTGCAAATTTCGTCGATCTGCTCCAGTACAGAGCTA
AACTTCAGGCGCGGAAAACCGTGTTTAGTTTTCTGGCTGATGGCGAAGCGGAATCTGCGGCCCTGACCTACGGAGAATTAGACCAAAA
AGCCCAGGCGATCGCCGCTTTTTTGCAAGCTAACCAGGCTCAAGGGCAACGGGCATTATTACTTTATCCACCGGGTTTAGAGTTTATC
GGTGCCTTTTTGGGATGTTTGTATGCTGGTGTTGTTGCGGTGCCAGCTTACCCACCACGGCCGAATAAATCCTTTGACCGCCTCCATA
GCATTATCCAAGATGCCCAGGCAAAATTTGCCCTCACCACAACAGAACTTAAAGATAAAATTGCCGATCGCCTCGAAGCTTTAGAAGGT
ACGGATTTTCATTGTTTGGCTACAGATCAAGTTGAATTAATTTCAGGAAAAAATTGGCAAAAACCGAACATTTCCGGCACAGATCTCGCT
TTTTTGCAATACACCAGTGGCTCCACGGGCGATCCTAAAGGAGTGATGGTTTCCCACCACAATTTGATCCACAACTCCGGCTTGATTAA
CCAAGGATTCCAGGATACAGAGGCGAGTATGGGCGTTTCCTGGTTGCCGCCCTACCATGATATGGGCTTGATCGGTGGGATTTTACAG
CCCATCTATGTGGGAGCAACGCAAATTTTAATGCCTCCCGTGGCCTTTTTGCAGCGACCTTTTCGGTGGCTAAAGGCGATCAACGATTA
TCGGGTTTCCACCAGCGGTGCGCCGAATTTTGCCTATGATCTCTGTGCCAGCCAAATTACCCCGGAACAAATCAGAGAACTCGATTTG
AGCTGTTGGCGACTGGCTTTTTCCGGGGCCGAACCGATCCGCGCTGTGACCCTCGAAAATTTTGCGAAAACCTTCGCTACAGCAGGC
TTTCAAAAATCAGCATTTTATCCCTGTTATGGTATGGCTGAAACCACCCTGATCGTTTCCGGTGGTAATGGTCGTGCCCAGCTTCCCCA
GGAAATTATCGTCAGCAAACAGGGCATCGAAGCAAACCAAGTTCGCCCTGCCCAAGGGACAGAAACAACGGTGACCTTGGTCGGCAG
TGGTGAAGTGATTGGCGACCAAATTGTCAAAATTGTTGACCCCCAGGCTTTAACAGAATGTACCGTCGGTGAAATTGGCGAAGTATGG
GTTAAGGGCGAAAGTGTTGCCCAGGGCTATTGGCAAAAGCCAGACCTCACCCAGCAACAATTCCAGGGAAACGTCGGTGCAGAAACG
GGCTTTTTACGCACGGGCGATCTGGGTTTTTTGCAAGGTGGCGAACTGTATATTACGGGTCGTTTAAAGGATCTCCTGATTATCCGGG
GGCGCAACCACTATCCCCAGGACATTGAATTAACCGTCGAAGTGGCCCATCCCGCTTTACGACAGGGGGCCGGAGCCGCTGTATCAG
TAGACGTTAACGGGGAAGAACAGTTAGTCATTGTCCAGGAAGTTGAGCGTAAATATGCCCGCAAATTAAATGTCGCGGCAGTAGCCCA
AGCTATTCGTGGGGCGATCGCCGCCGAACATCAACTGCAACCCCAGGCCATTTGTTTTATTAAACCCGGTAGCATTCCCAAAACATCC
AGCGGGAAGATTCGTCGCCATGCCTGCAAAGCTGGTTTTCTAGACGGAAGCTTGGCTGTGGTTGGGGAGTGGCAACCCAGCCACCAA
AAAGAAGGAAAAGGAATTGGGACACAAGCCGTTACCCCTTCTACGACAACATCAACGAATTTTCCCCTGCCTGACCAGCACCAACAGC
AAATTGAAGCCTGGCTTAAGGATAATATTGCCCATCGCCTCGGCATTACGCCCCAACAATTAGACGAAACGGAACCCTTTGCAAGTTAT
GGGCTGGATTCAGTGCAAGCAGTACAGGTCACAGCCGACTTAGAGGATTGGCTAGGTCGAAAATTAGACCCCACTCTGGCCTACGATT
ATCCGACCATTCGCACCCTGGCTCAGTTTTTGGTCCAGGGTAATCAAGCGCTAGAGAAAATACCACAGGTGCCGAAAATTCAGGGCAA
AGAAATTGCCGTGGTGGGTCTCAGTTGTCGTTTTCCCCAAGCTGACAACCCCGAAGCTTTTTGGGAATTATTACGTAATGGTAAAGATG
GAGTTCGCCCCCTTAAAACTCGCTGGGCCACGGGAGAATGGGGTGGTTTTTTAGAAGATATTGACCAGTTTGAGCCGCAATTTTTTGG
CATTTCCCCCCGGGAAGCGGAACAAATGGATCCCCAGCAACGCTTACTGTTAGAAGTAACCTGGGAAGCCTTGGAACGGGCAAATATT
CCGGCAGAAAGTTTACGCCATTCCCAAACGGGGGTTTTTGTCGGCATTAGTAATAGTGATTATGCCCAGTTGCAGGTGCGGGAAAACA
ATCCGATCAATCCCTACATGGGGACGGGCAACGCCCACAGTATTGCTGCGAATCGTCTGTCTTATTTCCTCGATCTCCGGGGCGTTTC
TCTGAGCATCGATACGGCCTGTTCCTCTTCTCTGGTGGCGGTACATCTGGCCTGTCAAAGTTTAATCAACGGCGAATCGGAGTTGGCG
ATCGCCGCCGGGGTGAATTTGATTTTGACCCCCGATGTGACCCAGACTTTTACCCAGGCGGGCATGATGAGTAAGACGGGCCGTTGC
CAGACCTTTGATGCCGAGGCTGATGGCTATGTGCGGGGCGAAGGTTGTGGGGTCGTTCTCCTCAAACCCCTGGCCCAGGCAGAACG
GGACGGGGATAATATTCTCGCGGTGATCCACGGTTCGGCGGTGAATCAAGATGGACGCAGTAACGGTTTGACGGCTCCCAACGGGC
GATCGCAACAGGCCGTTATTCGCCAAGCCCTGGCCCAAGCCGGCATTACCGCCGCCGATTTAGCTTACCTAGAGGCCCACGGCACCG
GCACGCCCCTGGGTGATCCCATTGAAATTAATTCCCTGAAGGCGGTTTTACAAACGGCGCAGCGGGAACAGCCCTGTGTGGTGGGTT
CTGTGAAAACAAACATTGGTCACCTCGAGGCAGCGGCGGGCATCGCGGGCTTAATCAAGGTGATTTTGTCCCTAGAGCATGGAATGAT
TCCCCAACATTTGCATTTTAAGCAGCTCAATCCCCGCATTGATCTAGACGGTTTAGTGACCATTGCGAGCAAAGATCAGCCTTGGTCAG
GCGGGTCACAAAAACGGTTTGCTGGGGTAAGTTCCTTTGGGTTTGGTGGCACCAATGCCCACGTGATTGTCGGGGACTATGCTCAACA
AAAATCTCCCCTTGCTCCTCCGGCTACCCAAGACCGCCCTTGGCATTTGCTGACCCTTTCTGCTAAAAATGCCCAGGCCTTAAATGCCC
TGCAAAAAAGCTATGGAGACTATCTGGCCCAACATCCCAGCGTTGACCCACGCGATCTCTGTTTGTCTGCCAATACCGGGCGATCGCC
CCTCAAAGAACGTCGTTTTTTTGTCTTTAAACAAGTCGCCGATTTACAACAAACTCTCAATCAAGATTTTCTGGCCCAACCACGCCTCAG
TTCCCCCGCAAAAATTGCCTTTTTGTTTACGGGGCAAGGTTCCCAATACTACGGCATGGGGCAACAACTGTACCAAACCAGCCCAGTA
TTTCGGCAAGTGCTGGATGAGTGCGATCGCCTCTGGCAGACCTATTCCCCCGAAGCCCCTGCCCTCACCGACCTGCTGTACGGTAAC
CATAACCCTGACCTCGTCCACGAAACTGTCTATACCCAGCCCCTCCTCTTTGCTGTTGAATATGCGATCGCCCAACTATGGTTAAGCTG
GGGCGTGACGCCAGACTTTTGCATGGGCCATAGCGTCGGCGAATATGTCGCGGCTTGTCTGGCGGGGGTATTTTCCCTGGCAGACG
GCATGAAATTAATTACGGCCCGGGGCAAACTGATGCACGCCCTACCCAGCAATGGCAGTATGGCGGCGGTCTTTGCCGATAAAACGG
TCATCAAACCCTACCTATCGGAGCATTTGACCGTCGGAGCCGAAAACGGTTCCCATTTGGTGCTATCAGGAAAGACCCCCTGCCTCGA
AGCCAGTATTCACAAACTCCAAAGCCAAGGGATCAAAACCAAACCCCTCAAGGTTTCCCATGCTTTCCACTCCCCTTTGATGGCTCCCA
TGCTGGCAGAGTTTCGGGAAATTGCTGAACAAATTACTTTCCACCCGCCGCGTATCCCGCTCATTTCCAATGTCACGGGCGGCCAGAT
TGAAGCGGAAATTGCCCAGGCCGACTATTGGGTTAAGCACGTTTCGCAACCCGTCAAATTTGTCCAGAGCATCCAAACCCTGGCCCAA
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GCGGGTGTCAATGTTTATCTCGAAATCGGCGTAAAACCAGTGCTCCTGAGTATGGGACGCCATTGCTTAGCTGAACAAGAAGCGGTTT
GGTTGCCCAGTTTACGTCCCCATAGTGAGCCTTGGCCGGAAATTTTGACCAGTCTCGGCAAACTGTATGAGCAAGGGCTAAACATTGA
CTGGCAGACCGTGGAAGCTGGCGATCGCCGCCGGAAACTGATTCTGCCCACCTATCCCTTCCAACGGCAACGATATTGGTTTAATCAA
GGCTCTTGGCAAACTGTTGAGACCGAATCTGTGAACCCAGGCCCTGACGATCTCAATGATTGGTTGTATCAGGTGGCGTGGACGCCC
CTGGACACTTTGCCCCCGGCCCCTGAACCGTCGGCTAAGCTGTGGTTAATCTTGGGCGATCGCCATGATCACCAGCCCATTGAAGCC
CAATTTAAAAACGCCCAGCGGGTGTATCTCGGCCAAAGCAATCATTTTCCGACGAATGCCCCCTGGGAAGTATCTGCCGATGCGTTGG
ATAATTTATTTACTCACGTCGGCTCCCAAAATTTAGCAGGCATCCTTTACCTGTGTCCCCCAGGGGAAGACCCAGAAGACCTAGATGAA
ATTCAAAAGCAAACCAGTGGCTTCGCCCTCCAACTGATCCAAACCCTGTATCAACAAAAGATCGCGGTTCCCTGCTGGTTTGTGACCCA
CCAGAGCCAACGGGTGCTTGAAACCGATGCTGTCACCGGATTTGCCCAAGGGGGATTATGGGGACTCGCCCAGGCGATCGCCCTCG
AACATCCAGAGTTGTGGGGGGGAATTATTGATGTCGATGACAGCCTGCCAAATTTTGCCCAGATTTGCCAACAAAGACAGGTGCAGCA
GTTGGCCGTGCGGCACCAAAAACTCTACGGGGCACAGCTCAAAAAGCAACCGTCACTGCCCCAGAAAAATCTCCAGATTCAACCCCAA
CAGACCTATCTAGTGACAGGGGGACTGGGGGCCATTGGCCGTAAAATTGCCCAATGGCTAGCCGCAGCAGGAGCAGAAAAAGTAATT
CTCGTCAGCCGGCGCGCTCCGGCAGCGGATCAGCAGACGTTACCGACCAATGCGGTGGTTTATCCTTGCGATTTAGCCGACGCAGCC
CAGGTGGCAAAGCTGTTTCAAACCTATCCCCACATCAAAGGAATTTTCCATGCGGCGGGTACCTTAGCTGATGGTTTGCTGCAACAAC
AAACTTGGCAAAAGTTCCAGACCGTCGCCGCCGCCAAAATGAAAGGGACATGGCATCTGCACCGCCATAGTCAAAAGCTCGATCTGG
ATTTTTTTGTGTTGTTTTCCTCTGTGGCAGGGGTGCTCGGTTCACCGGGACAGGGGAATTATGCCGCCGCAAACCGGGGCATGGCGG
CGATCGCCCAATATCGACAAGCCCAAGGTTTACCCGCCCTGGCGATCCATTGGGGGCCTTGGGCCGAAGGGGGAATGGCCAACTCC
CTCAGCAACCAAAATTTAGCGTGGCTGCCGCCCCCCCAGGGACTAACAATCCTCGAAAAAGTCTTGGGCGCCCAGGGGGAAATGGGG
GTCTTTAAACCGGACTGGCAAAACCTGGCCAAACAGTTCCCCGAATTTGCCAAAACCCATTACTTTGCAGCCGTTATTCCCTCTGCTGA
GGCTGTGCCCCCAACGGCTTCAATTTTTGACAAATTAATCAACCTAGAAGCTTCTCAGCGGGCTGACTATCTACTGGATTATCTGCGGC
GGTCTGTGGCGCAAATCCTCAAGTTAGAAATTGAGCAAATTCAAAGCCACGATAGCCTGTTGGATCTGGGCATGGATTCGTTGATGAT
CATGGAGGCGATCGCCAGCCTCAAGCAGGATTTACAACTGATGTTGTACCCCAGGGAAATCTACGAACGGCCCAGACTTGATGTGTTG
ACGGCCTATCTAGCGGCGGAATTCACCAAGGCCCATGATTCTGAAGCAGCAACGGCGGCAGCAGCGATTCCCTCCCAAAGCCTTTCG
GTCAAAACAAAAAAACAGTGGCAAAAACCTGACCACAAAAACCCGAATCCCATTGCCTTTATCCTCTCTAGCCCCCGGTCGGGTTCGA
CGTTGCTGCGGGTGATGTTAGCCGGACATCCGGGGTTATATTCGCCGCCAGAGCTGCATTTGCTCCCCTTTGAGACTATGGGCGATC
GCCACCAGGAATTGGGTCTATCCCACCTCGGCGAAGGGTTACAACGGGCCTTAATGGATCTAGAAAACCTCACCCCAGAGGCAAGCC
AGGCGAAGGTCAACCAATGGGTCAAAGCGAATACACCCATTGCAGACATCTATGCCTATCTCCAACGGCAGGCGGAACAACGTTTACT
CATCGACAAATCTCCCAGCTACGGCAGCGATCGCCATATTCTAGACCACAGCGAAATCCTCTTTGACCAGGCCAAATATATCCATCTGG
TACGCCATCCCTACGCGGTGATTGAATCCTTTACCCGACTGCGGATGGATAAACTGCTGGGGGCCGAGCAGCAGAACCCCTACGCCC
TCGCGGAGTCCATTTGGCGCACCAGCAACCGCAATATTTTAGACCTGGGTCGCACGGTTGGTGCGGATCGATATCTCCAGGTGATTTA
CGAAGATCTCGTCCGTGACCCCCGCAAAGTTTTGACAAATATTTGTGATTTCCTGGGGGTGGACTTTGACGAAGCGCTCCTCAATCCC
TACAGCGGCGATCGCCTTACCGATGGCCTCCACCAACAGTCCATGGGCGTCGGGGATCCCAATTTCCTCCAGCACAAAACCATTGATC
CGGCCCTCGCCGACAAATGGCGCTCAATTACCCTGCCCGCTGCTCTCCAGCTGGATACGATCCAGTTGGCCGAAACGTTTGCTTACG
ATCTCCCCCAGGAACCCCAGCTAACACCCCAGACCCAATCCTTGCCCTCGATGGTGGAGCGGTTCGTGACAGTGCGCGGTTTAGAAA
CCTGTCTCTGTGAGTGGGGCGATCGCCACCAACCATTGGTGCTACTTCTCCACGGCATCCTCGAACAGGGGGCCTCCTGGCAACTCA
TCGCGCCCCAGTTGGCGGCCCAGGGCTATTGGGTTGTGGCCCCAGACCTGCGTGGTCACGGCAAATCCGCCCATGCCCAGTCCTAC
AGCATGCTTGATTTTTTGGCTGACGTAGATGCCCTTGCCAAACAATTAGGCGATCGCCCCTTTACCTTGGTGGGCCACTCCATGGGTT
CCATCATCGGTGCCATGTATGCAGGAATTCGCCAAACCCAGGTAGAAAAGTTGATCCTCGTTGAAACCATTGTCCCCAACGACATCGA
CGACGCTGAAACCGGTAATCACCTGACGACCCATCTCGATTACCTCGCCGCGCCCCCCCAACACCCGATCTTCCCCAGCCTAGAAGT
GGCCGCCCGTCGCCTCCGCCAAGCCACGCCCCAACTACCCAAAGACCTCTCGGCGTTCCTCACCCAGCGCAGCACCAAATCCGTCG
AAAAAGGGGTGCAGTGGCGTTGGGATGCTTTCCTCCGTACCCGGGCGGGCATTGAATTCAATGGCATTAGCAGACGACGTTACCTGG
CCCTGCTCAAAGATATCCAAGCGCCGATCACCCTCATCTATGGCGATCAGAGTGAATTTAACCGCCCTGCTGATCTCCAGGCGATCCA
AGCGGCTCTCCCCCAGGCCCAACGTTTAACGGTTGCTGGCGGCCATAACCTCCATTTTGAGAATCCCCAGGCGATCGCCCAAATTGTT
TATCAACAACTCCAGACCCCTGTACCCAAAACACAATAAAAAATATTGCAAAGTGCAGTCCGAAAACCCGTAAATATTAGATCCTAAACA
TCTGTGGAACCTTGACCAAGATTCCCACACAACCCCATGGGATCATCCGGACTAACCGGGATCTTCTGATTAAAATTGTTAGACCTGAT
ATCCTGAGAACTAGACCCCTTTATAAGATCGCTCTCTAGAAACACCCATGCACCTGAGTGAAATTACCCATCCGAACCAACTCCACGGC
TTGACCGTCCGTCAGTTGGAAGAGATTGCCCGGCAAATTCGCGAAAAACACCTCCAGACGATTGCCGCAAGTGGTGGCCACCTCGGC
CCTGGTTTAGGGGTGGTTGAACTAACCCTCGCCCTCTACCAAACCCTTGATCTCGATCGCGACAAGGTGGTGTGGGATGTCGGTCATC
AGGCTTATCCCCATAAATTGATTACCGGACGCTACAACGAATTCCACACCCTCCGGCAAAAGGATGGGGTAGCTGGCTACCTTAAGCG
CAGTGAAAATGTGTTTGATCATTTTGGTGCTGGCCATGCCTCGACCAGTATTTCCGCAGCGCTAGGGATGGCATTGGCACGGGATGCC
AAGGGAGAAGAGTTTAAATGTGTGGCAGTCATTGGTGATGGTGCCTTGACCGGCGGCATGGCCCTCGAAGCCATCAACCATGCGGGT
CATTTACCCGATACGAATTTAATGGTGGTTCTCAATGACAATGAAATGTCTATTTCCCCGAATGTGGGAGCCATCTCGCGATACCTCAAT
AAAGTTCGCCTCAGTGATCCCGTTCAGTTCTTGACCGATAACCTCGAAGAACAGGTTAAGCACCTCCCGTTCCTTGGGGACTCCCTCA
CCCCAGAGATGGAACGGCTTAAGGACAGCATGAAACGCTTGGCTGTCTCAAAAGTTGGCGCCGTCATCGAAGAATTAGGCTTTAAATA
TTTTGGCCCCGTGGATGGCCACAACCTCGAAGAGCTGATCCGCACCTTTAAACAGGCCCATAAAGCCAAAGGCCCGACCCTCGTCCA
CGTCGCCACAGTTAAAGGCAAAGGTTATGCGATCGCCGAAAAAGATCAAGTAGGCTACCATGCCCAGAAACCCTTTGACTTGGCCACA
GGCAAGGCTTTCCCCTCGAAGAAACCAACCCCACCGAGCTATTCCAAGGTCTTTGCCCATGCCCTGACCACCCTCGCAGAAAACAACC
CCAAAATTGTCGGGATTACAGCGGCGATGGCCACTGGCACCGGGTTAGATAAGCTCCAACAGAGATTACCAAAACAGTACATCGACGT
TGGTATCGCCGAACAACATGCCGTTACCCTAGCAGCGGGCCTCGCCTGTGAAGGAATGCGGCCAGTGGTGGCGATTTATTCGACCTT
CCTGCAGCGGGCCTACGACCAAATCATCCATGATGTTTGTATTCAAAAATTACCAGTCTTTTTCTGCCTTGACCGGGCGGGTATCGTCG
GTGCCGACGGGCCGACCCACCAGGGGATGTATGACATTGCCTATCTCCGCCTGATTCCCAATATTGTGTTGATGGCACCCAAGGATG
AAGCTGAACTGCAACGGATGCTCGTCACGGGGATTGAATACACGGACGGGGCGATCGCCATGCGTTATCCCAGGGGGAGTGGCATT
GGCGCACCGTTAATGGAAGACGGCTGGGAACCCCTGCCCATCGGTAAAGGAGAAATCCTGCGCAATGGTGATGACATTCTCCTGATC
GGCTATGGTGCCATGGTGCACTCGACCCTCCAGGTGGCCGAAATTCTCAGTGAACACGGCATTAGCGCCACGGTGATCAACGCCCGT
TTTGTGAAACCCCTGGATTCTGAACTCATTGCGCCCCTCGCCAAGCAAATTGGTAAAGTGGCCACCTTTGAAGAGGGTTGCTTAATGG
GGGGTTTTGGGTCTGCGGTCTGTGAAGCGCTCCAGGATCATGATGTGCTTGTTCCCGTAAAACGCTTTGGCATTGGGGATGTGCTTGT
GGATCATGCAACTCCAGCGGAATCAAAAGCGGCCCACGGGTTGACCCCAGCCCAGATGGCCGAATCCATTCGGGCGGCATTTTTCCA
GAAAGACGCCGCCAAGACAACCACCACCGTTTAA
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Table S9. Nucleotide sequence of OlsWT region of AYG032. Nucleotide sequence for the 
ΔolsWT::lox66-aaC1-lox71 region (blue region; gentamicin resistance aaC1) and the relevant upstream 
(gold region; SYNPCC7002_A1174) and downstream (green region: SYNPCC7002_A1172) coding 
regions. 

Nucleotide sequence of AYG032 (ΔolsWT::lox66-aaC1-lox71)
ATGACCATTACTTCCCCCGCTCATCCCCATACCGATTACAGCTGGCAATGGCACGGCTTCAATATTAACTATCGTCAGTGGGGCACCC
AGGGGCTGCCCGTTCTTTTCGTCCATGGCTTTGGGGCCTCGGCCGGTCATTGGCGCAAAAATCTTCCGGTTTTAGGGGAACATTACCG
CTGCTATGCCATCGACTTACTGGGCTTTGGGAAATCGGCAAAACCCCAACCGGAGGTTGAAGCGGACTACACTTTTGAAACTTGGGCC
ACCCAGATTAAGGCGTTCTGTGCTGAAATCATTGGTGAACCGGCTTTTCTAGTTGGTAATTCCATTGGTTGTGTCGTTGTCATGCAGGC
GGCTGTGTCCTATCCCCACTGGGTGCGGGGGGTTGTGGCACTCAATTTTTCCCTGCGGCTGTTCCATGAGCGCAATCTTTTAAAAGCA
CCTTTTTATCAACGCTGGGGCGTTCCCCTCTTCCAAAAACTCTTGACCCAAACCCCCCTCGGTTCCTTGTTCTTTAAGCAATTGGCCCA
GCCGAAAACAATCCGCAAAATTTTAGCCCAGGCCTACCGAGACAAAACAGCGATTACCGATGAGTTGGTGGAGCTGATCCTGACCCCC
GCCCAGGACCCAGGGGCGGCAGCGGTTTTCCTGGCCTTTACGAGTTATTCCCAGGGGCCACTCCCGGACGACCTGCTGCCCCAGTT
GCATTGCCCCACGGCAGTTTTGTGGGGAACAGCGGATCCGTGGGAACCAGTTGATCTGGGCCGTGCCCTTGTCGCCCAATATCCTCA
GATTGAGTTTATTCCCCTCGATAATGTCGGCCATTGTCCCCAGGATGAAGCTCCGGCATTAGTCAACGGCTATTTACTCGATTGGTTAG
GGCGACAACAGTCAGCGTAGCCTAGGGCTTTTACACTCAAATCAGTTGAAACCAGGCCCTCCATAATCGAAGGAACGGCGGATTTTGG
GAGGATTTACCGTGGGGAGGGAACTCACGGTTTAATATGGTTAACTAGGCTATAGCCCGTGGGTATTCGTAAAAATTGCTAGGATACG
GAGTCCAGAATTTCCATTCACAGGAGTTGCTAAGGCATACGACCTTGTGACGACTAATACCGTTCGTATAATGTATGCTATACGAAGTT
ATCTGCAGCGGCCGCTACTAGTACAACAAAGCCACGTTGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCAT
GAACAATAAAACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGTTACGCAACAGCAACGATGTTACGCAGCAGGGCAGTCG
CCCTAAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTAGGCTCGGCCCTGACCAAGTCAAATCCATGCGGGCTGCT
CTTGATCTTTTCGGTCGTGAGTTCGGAGACGTAGCCACCTACTCCCAACATCAGCCGGACTCCGATTACCTCGGGAACTTGCTCCGTA
GTAAGACATTCATCGCGCTTGCTGCCTTCGACCAAGAAGCGGTTGTTGGCGCTCTCGCGGCTTACGTTCTGCCCAAGTTTGAGCAGCC
GCGTAGTGAGATCTATATCTATGATCTCGCAGTCTCCGGCGAGCACCGGAGGCAGGGCATTGCCACCGCGCTCATCAATCTCCTCAA
GCATGAGGCCAACGCGCTTGGTGCTTATGTGATCTACGTGCAAGCAGATTACGGTGACGATCCCGCAGTGGCTCTCTATACAAAGTTG
GGCATACGGGAAGAAGTGATGCACTTTGATATCGACCCAAGTACCGCCACCTAATCAGAATTGGTTAATTGGTTGTAACACTGGCAGA
GCCTCTAGTATATAAACGCAGAAAGGCCCACCCGAAGGTGAGCCAGTGTGACTCTAGTAGAGAGCGTTCACCGACAAACAACAGATAA
AACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCTCTAGTATAACTTCGTATAATGTATGCTATACGAACGG
TACTTTACAAAATCAAACCCGAAAAATATTGCAAAGTGCAGTCCGAAAACCCGTAAATATTAGATCCTAAACATCTGTGGAACCTTGACC
AAGATTCCCACACAACCCCATGGGATCATCCGGACTAACCGGGATCTTCTGATTAAAATTGTTAGACCTGATATCCTGAGAACTAGACC
CCTTTATAAGATCGCTCTCTAGAAACACCCATGCACCTGAGTGAAATTACCCATCCGAACCAACTCCACGGCTTGACCGTCCGTCAGTT
GGAAGAGATTGCCCGGCAAATTCGCGAAAAACACCTCCAGACGATTGCCGCAAGTGGTGGCCACCTCGGCCCTGGTTTAGGGGTGGT
TGAACTAACCCTCGCCCTCTACCAAACCCTTGATCTCGATCGCGACAAGGTGGTGTGGGATGTCGGTCATCAGGCTTATCCCCATAAA
TTGATTACCGGACGCTACAACGAATTCCACACCCTCCGGCAAAAGGATGGGGTAGCTGGCTACCTTAAGCGCAGTGAAAATGTGTTTG
ATCATTTTGGTGCTGGCCATGCCTCGACCAGTATTTCCGCAGCGCTAGGGATGGCATTGGCACGGGATGCCAAGGGAGAAGAGTTTA
AATGTGTGGCAGTCATTGGTGATGGTGCCTTGACCGGCGGCATGGCCCTCGAAGCCATCAACCATGCGGGTCATTTACCCGATACGA
ATTTAATGGTGGTTCTCAATGACAATGAAATGTCTATTTCCCCGAATGTGGGAGCCATCTCGCGATACCTCAATAAAGTTCGCCTCAGT
GATCCCGTTCAGTTCTTGACCGATAACCTCGAAGAACAGGTTAAGCACCTCCCGTTCCTTGGGGACTCCCTCACCCCAGAGATGGAAC
GGCTTAAGGACAGCATGAAACGCTTGGCTGTCTCAAAAGTTGGCGCCGTCATCGAAGAATTAGGCTTTAAATATTTTGGCCCCGTGGA
TGGCCACAACCTCGAAGAGCTGATCCGCACCTTTAAACAGGCCCATAAAGCCAAAGGCCCGACCCTCGTCCACGTCGCCACAGTTAA
AGGCAAAGGTTATGCGATCGCCGAAAAAGATCAAGTAGGCTACCATGCCCAGAAACCCTTTGACTTGGCCACAGGCAAGGCTTTCCCC
TCGAAGAAACCAACCCCACCGAGCTATTCCAAGGTCTTTGCCCATGCCCTGACCACCCTCGCAGAAAACAACCCCAAAATTGTCGGGA
TTACAGCGGCGATGGCCACTGGCACCGGGTTAGATAAGCTCCAACAGAGATTACCAAAACAGTACATCGACGTTGGTATCGCCGAACA
ACATGCCGTTACCCTAGCAGCGGGCCTCGCCTGTGAAGGAATGCGGCCAGTGGTGGCGATTTATTCGACCTTCCTGCAGCGGGCCTA
CGACCAAATCATCCATGATGTTTGTATTCAAAAATTACCAGTCTTTTTCTGCCTTGACCGGGCGGGTATCGTCGGTGCCGACGGGCCG
ACCCACCAGGGGATGTATGACATTGCCTATCTCCGCCTGATTCCCAATATTGTGTTGATGGCACCCAAGGATGAAGCTGAACTGCAAC
GGATGCTCGTCACGGGGATTGAATACACGGACGGGGCGATCGCCATGCGTTATCCCAGGGGGAGTGGCATTGGCGCACCGTTAATG
GAAGACGGCTGGGAACCCCTGCCCATCGGTAAAGGAGAAATCCTGCGCAATGGTGATGACATTCTCCTGATCGGCTATGGTGCCATG
GTGCACTCGACCCTCCAGGTGGCCGAAATTCTCAGTGAACACGGCATTAGCGCCACGGTGATCAACGCCCGTTTTGTGAAACCCCTG
GATTCTGAACTCATTGCGCCCCTCGCCAAGCAAATTGGTAAAGTGGCCACCTTTGAAGAGGGTTGCTTAATGGGGGGTTTTGGGTCTG
CGGTCTGTGAAGCGCTCCAGGATCATGATGTGCTTGTTCCCGTAAAACGCTTTGGCATTGGGGATGTGCTTGTGGATCATGCAACTCC
AGCGGAATCAAAAGCGGCCCACGGGTTGACCCCAGCCCAGATGGCCGAATCCATTCGGGCGGCATTTTTCCAGAAAGACGCCGCCAA
GACAACCACCACCGTTTAA
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Table S10. Nucleotide sequence of OlsWT region of AYG035. Nucleotide sequence for the 
ΔolsWT::lox72 region the relevant upstream (gold region; SYNPCC7002_A1174) and downstream 
(green region: SYNPCC7002_A1172) coding regions. 

Nucleotide sequence of AYG035 (ΔolsWT::lox72)
ATGACCATTACTTCCCCCGCTCATCCCCATACCGATTACAGCTGGCAATGGCACGGCTTCAATATTAACTATCGTCAGTGGGGCACCC
AGGGGCTGCCCGTTCTTTTCGTCCATGGCTTTGGGGCCTCGGCCGGTCATTGGCGCAAAAATCTTCCGGTTTTAGGGGAACATTACCG
CTGCTATGCCATCGACTTACTGGGCTTTGGGAAATCGGCAAAACCCCAACCGGAGGTTGAAGCGGACTACACTTTTGAAACTTGGGCC
ACCCAGATTAAGGCGTTCTGTGCTGAAATCATTGGTGAACCGGCTTTTCTAGTTGGTAATTCCATTGGTTGTGTCGTTGTCATGCAGGC
GGCTGTGTCCTATCCCCACTGGGTGCGGGGGGTTGTGGCACTCAATTTTTCCCTGCGGCTGTTCCATGAGCGCAATCTTTTAAAAGCA
CCTTTTTATCAACGCTGGGGCGTTCCCCTCTTCCAAAAACTCTTGACCCAAACCCCCCTCGGTTCCTTGTTCTTTAAGCAATTGGCCCA
GCCGAAAACAATCCGCAAAATTTTAGCCCAGGCCTACCGAGACAAAACAGCGATTACCGATGAGTTGGTGGAGCTGATCCTGACCCCC
GCCCAGGACCCAGGGGCGGCAGCGGTTTTCCTGGCCTTTACGAGTTATTCCCAGGGGCCACTCCCGGACGACCTGCTGCCCCAGTT
GCATTGCCCCACGGCAGTTTTGTGGGGAACAGCGGATCCGTGGGAACCAGTTGATCTGGGCCGTGCCCTTGTCGCCCAATATCCTCA
GATTGAGTTTATTCCCCTCGATAATGTCGGCCATTGTCCCCAGGATGAAGCTCCGGCATTAGTCAACGGCTATTTACTCGATTGGTTAG
GGCGACAACAGTCAGCGTAGCCTAGGGCTTTTACACTCAAATCAGTTGAAACCAGGCCCTCCATAATCGAAGGAACGGCGGATTTTGG
GAGGATTTACCGTGGGGAGGGAACTCACGGTTTAATATGGTTAACTAGGCTATAGCCCGTGGGTATTCGTAAAAATTGCTAGGATACG
GAGTCCAGAATTTCCATTCACAGGAGTTGCTAAGGCATACGACCTTGTGACGACTAATACCGTTCGTATAATGTATGCTATACGAAGTT
ATTAACTTCGTATAATGTATGCTATACGAACGGTACTTTACAAAATCAAACCCGAAAAATATTGCAAAGTGCAGTCCGAAAACCCGTAAA
TATTAGATCCTAAACATCTGTGGAACCTTGACCAAGATTCCCACACAACCCCATGGGATCATCCGGACTAACCGGGATCTTCTGATTAA
AATTGTTAGACCTGATATCCTGAGAACTAGACCCCTTTATAAGATCGCTCTCTAGAAACACCCATGCACCTGAGTGAAATTACCCATCC
GAACCAACTCCACGGCTTGACCGTCCGTCAGTTGGAAGAGATTGCCCGGCAAATTCGCGAAAAACACCTCCAGACGATTGCCGCAAG
TGGTGGCCACCTCGGCCCTGGTTTAGGGGTGGTTGAACTAACCCTCGCCCTCTACCAAACCCTTGATCTCGATCGCGACAAGGTGGT
GTGGGATGTCGGTCATCAGGCTTATCCCCATAAATTGATTACCGGACGCTACAACGAATTCCACACCCTCCGGCAAAAGGATGGGGTA
GCTGGCTACCTTAAGCGCAGTGAAAATGTGTTTGATCATTTTGGTGCTGGCCATGCCTCGACCAGTATTTCCGCAGCGCTAGGGATGG
CATTGGCACGGGATGCCAAGGGAGAAGAGTTTAAATGTGTGGCAGTCATTGGTGATGGTGCCTTGACCGGCGGCATGGCCCTCGAAG
CCATCAACCATGCGGGTCATTTACCCGATACGAATTTAATGGTGGTTCTCAATGACAATGAAATGTCTATTTCCCCGAATGTGGGAGCC
ATCTCGCGATACCTCAATAAAGTTCGCCTCAGTGATCCCGTTCAGTTCTTGACCGATAACCTCGAAGAACAGGTTAAGCACCTCCCGTT
CCTTGGGGACTCCCTCACCCCAGAGATGGAACGGCTTAAGGACAGCATGAAACGCTTGGCTGTCTCAAAAGTTGGCGCCGTCATCGA
AGAATTAGGCTTTAAATATTTTGGCCCCGTGGATGGCCACAACCTCGAAGAGCTGATCCGCACCTTTAAACAGGCCCATAAAGCCAAA
GGCCCGACCCTCGTCCACGTCGCCACAGTTAAAGGCAAAGGTTATGCGATCGCCGAAAAAGATCAAGTAGGCTACCATGCCCAGAAA
CCCTTTGACTTGGCCACAGGCAAGGCTTTCCCCTCGAAGAAACCAACCCCACCGAGCTATTCCAAGGTCTTTGCCCATGCCCTGACCA
CCCTCGCAGAAAACAACCCCAAAATTGTCGGGATTACAGCGGCGATGGCCACTGGCACCGGGTTAGATAAGCTCCAACAGAGATTAC
CAAAACAGTACATCGACGTTGGTATCGCCGAACAACATGCCGTTACCCTAGCAGCGGGCCTCGCCTGTGAAGGAATGCGGCCAGTGG
TGGCGATTTATTCGACCTTCCTGCAGCGGGCCTACGACCAAATCATCCATGATGTTTGTATTCAAAAATTACCAGTCTTTTTCTGCCTTG
ACCGGGCGGGTATCGTCGGTGCCGACGGGCCGACCCACCAGGGGATGTATGACATTGCCTATCTCCGCCTGATTCCCAATATTGTGT
TGATGGCACCCAAGGATGAAGCTGAACTGCAACGGATGCTCGTCACGGGGATTGAATACACGGACGGGGCGATCGCCATGCGTTATC
CCAGGGGGAGTGGCATTGGCGCACCGTTAATGGAAGACGGCTGGGAACCCCTGCCCATCGGTAAAGGAGAAATCCTGCGCAATGGT
GATGACATTCTCCTGATCGGCTATGGTGCCATGGTGCACTCGACCCTCCAGGTGGCCGAAATTCTCAGTGAACACGGCATTAGCGCCA
CGGTGATCAACGCCCGTTTTGTGAAACCCCTGGATTCTGAACTCATTGCGCCCCTCGCCAAGCAAATTGGTAAAGTGGCCACCTTTGA
AGAGGGTTGCTTAATGGGGGGTTTTGGGTCTGCGGTCTGTGAAGCGCTCCAGGATCATGATGTGCTTGTTCCCGTAAAACGCTTTGGC
ATTGGGGATGTGCTTGTGGATCATGCAACTCCAGCGGAATCAAAAGCGGCCCACGGGTTGACCCCAGCCCAGATGGCCGAATCCATT
CGGGCGGCATTTTTCCAGAAAGACGCCGCCAAGACAACCACCACCGTTTAA
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Table S11. Nucleotide sequence encoding GlpK wildtype region. Nucleotide sequence encoding 
GlpK (orange region; SYNPCC7002_A2842) and downstream homology arm (gray region).

Nucleotide sequence of wildtype glpK
ATGACCATGGCCCATCAAAAATACATTCTTGCGTTAGACCTCGGTACCACTGGTAATCGTGCCCTTTTGTTTAACCACAAAGGCGATAT
TGTTGCCCAAGCCTATAAAGAATTAACCCAATATTATCCCCAGCCGGGCTGGGTCGAACATGATGCGACGGAAATTTGGAACGACACC
AAAGCCGTCATGCAACAGGTCGTCAACAATAGCAGCATTGAAACCCAGGATATCGCGGCGATCGGCCTGACGGTGCAGCGGGAAACC
TGTGTCCTCTGGGATAAAACCACTGGCAAACCACTTCATAAAGCAATTGTCTGGCAGGATCGGCGGACGGCTCCCCTCTGTCAAACCC
TCAGTGCGGCAGGCAAAGCGGCAGAAATTTACGATAAAACGGGCTTGGTGTTGGATGCTTATTTTTCGGCGACGAAACTGAATTGGTT
ATTAAGCTGGGCTAAGGAAAATAGTGCCATTAACCCCAATAATGTCCTCGCTGGAACCATTGACACCTGGGCCTTGTGGAACCTCACG
GGAGGCAAAGTCCACGCCACAGATCACAGTAATGCCAGCCGGACAATGTTGCTCAATCTCAACCAAAAAGATTGGGATCCGGATTTGT
TGGATTTATTCGATATTCCCCGCCAGATGATGCCAACGGTGCAGTCGAGCCTAGGGGAATTTGGCAAAACCGATCCAAGTTTATTGGG
GGCGGCAATTCCGATCACCGCCATCTTTGGGGATCAACAGGCGGCCCTCTATGCCCATGGTTGCGATCGCCCCGGCTTATTAAAATG
CACCTATGGCACAGGGGCGTTTTTGGTGGCGCACACGGGCGACGAGATTAAACGCTCCAAACATAAGCTCCTAACGACCATCGCGCA
ACCATTGGATACAAGCCCATCACGATGGCACAAATCTCGATATTGGCTATGCCCTCGAAGGGAGTATGTTCACCGCTGGGGCTTGTAT
CCAATGGTTGCGCGATGGCCTACAAATTATCGAAACGGCGGCGGAAACGAATGATCTTGCCCAAGGGGTGAATGATAATGGCGGCGC
TTATTTTGTTCCGGCTTTAAGTGGTCTGGGAGCGCCCCACTGGGATATGAGTGCCAGGGGCGCATTTCTGGGTTTAACGAGAGGCGTC
AAAAAAGAACACATGGTACGGGCTGTCCTAGAGGCGATCGCCTACCAAGCCAAAGAAGTAGTCGAAGCGATTAACCAAGATTCCGGTA
CGCCGATCCAAGAATTAAAAGTCGATGGCGGCGCGTGCAATAACGACTTTCTGATGCAATTCCAAGCTGACGTGTTGGGTATTCCCGT
GGAACGTCCCGCTGTCCTCGATGCCACGGCCCAGGGGGCAGCCTTTGCCGCTGGATTAGCTGTCGGTTTTTGGGATGATTACCAAAC
CCTGGTGCAAAACCGCAAAATTGATTACGTCTTTAAGCCCAGTGCCAACGCCTCCCAAGCCCAAGCCCATTTCAAAGTCTGGCAAAAA
GCCGTTGAACGAGCGAAAAACTGGGCCTAACCCCCTCTTGCCTACAGCATCTCCCCCAGGGGAGAATTCTTCCTGTTTCAACTCCCTC
TAACGTAAACCCATTGAATTTAAAAAAGACTTTATGACTGCTTTACTGCTCCATGACCAACATTATTCCCTTGATCATGAAGCCTTTCTCT
CAACCCTCAGCAACACAGAAAATTTACTCATTATTCAAGATCTAGATGGCGTTTGCATGGGGTTAGTCAAAGACCCCTTAACCCGCAAA
ATTGATCCTGACTATATCCGCGCCACACGCAAGTTTAGAGACCACTTCTTTGTCCTCACCAACGGTGAACATGAAGGCAGAAGGGGAG
TAAATCGCATCGTTGAACGGGCATTTCGCAATGTTGAAGCCAAAGAGGAAACAAGCTATTTACCTGGTTTAGCAGCAGGGGGTGTGCA
ATGGCAGACAGATAATGGCCAAATTTCCCATCCCGGTGTTAGCCAAGCAGAACTCGATTTCCTTGCCACAGTGCCAGATTTAATTGGTC
AAAGTTTAGGACAATTTTTTACTAAATATGTTGATATTTTTCCCGCTGAGCTTCAACCTGAGCTGATCCATGCTTCTGTTTTAGATAATCT
CGTTTCACCGACGGCAAATTTAAACGTCCTGGCCGAATATTTAGGCGATCGCCTTGAGATTTACCAAGACCTCCAGCGCACCATGGAA
ACCCTGATGAATGATTTGCTAGAAAAAGCTGGCCAACAGGGTTTAGACAATAGTTTTTTCGTGCACTATGCGCCCAATTTAGGCAGAGA
TAATGTGGGGAAAGAAATTGTCCGCTTTGCCACAG
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Table S12. Nucleotide sequence of GlpK region of AYG042. Nucleotide sequence encoding GlpK 
(orange region; SYNPCC7002_A2842) and the integrated ols04-lacI-aaC1 cassette downstream (gold 
region; ols04) (blue region; gentamicin resistance aaC1). Downstream homology arm (gray region) is 
also shown.

Nucleotide sequence of AYG042 (glpK::cLac143-ols04-lacI-aaC1)
ATGACCATGGCCCATCAAAAATACATTCTTGCGTTAGACCTCGGTACCACTGGTAATCGTGCCCTTTTGTTTAACCACAAAGGCGATAT
TGTTGCCCAAGCCTATAAAGAATTAACCCAATATTATCCCCAGCCGGGCTGGGTCGAACATGATGCGACGGAAATTTGGAACGACACC
AAAGCCGTCATGCAACAGGTCGTCAACAATAGCAGCATTGAAACCCAGGATATCGCGGCGATCGGCCTGACGGTGCAGCGGGAAACC
TGTGTCCTCTGGGATAAAACCACTGGCAAACCACTTCATAAAGCAATTGTCTGGCAGGATCGGCGGACGGCTCCCCTCTGTCAAACCC
TCAGTGCGGCAGGCAAAGCGGCAGAAATTTACGATAAAACGGGCTTGGTGTTGGATGCTTATTTTTCGGCGACGAAACTGAATTGGTT
ATTAAGCTGGGCTAAGGAAAATAGTGCCATTAACCCCAATAATGTCCTCGCTGGAACCATTGACACCTGGGCCTTGTGGAACCTCACG
GGAGGCAAAGTCCACGCCACAGATCACAGTAATGCCAGCCGGACAATGTTGCTCAATCTCAACCAAAAAGATTGGGATCCGGATTTGT
TGGATTTATTCGATATTCCCCGCCAGATGATGCCAACGGTGCAGTCGAGCCTAGGGGAATTTGGCAAAACCGATCCAAGTTTATTGGG
GGCGGCAATTCCGATCACCGCCATCTTTGGGGATCAACAGGCGGCCCTCTATGCCCATGGTTGCGATCGCCCCGGCTTATTAAAATG
CACCTATGGCACAGGGGCGTTTTTGGTGGCGCACACGGGCGACGAGATTAAACGCTCCAAACATAAGCTCCTAACGACCATCGCGCA
ACCATTGGATACAAGCCCATCACGATGGCACAAATCTCGATATTGGCTATGCCCTCGAAGGGAGTATGTTCACCGCTGGGGCTTGTAT
CCAATGGTTGCGCGATGGCCTACAAATTATCGAAACGGCGGCGGAAACGAATGATCTTGCCCAAGGGGTGAATGATAATGGCGGCGC
TTATTTTGTTCCGGCTTTAAGTGGTCTGGGAGCGCCCCACTGGGATATGAGTGCCAGGGGCGCATTTCTGGGTTTAACGAGAGGCGTC
AAAAAAGAACACATGGTACGGGCTGTCCTAGAGGCGATCGCCTACCAAGCCAAAGAAGTAGTCGAAGCGATTAACCAAGATTCCGGTA
CGCCGATCCAAGAATTAAAAGTCGATGGCGGCGCGTGCAATAACGACTTTCTGATGCAATTCCAAGCTGACGTGTTGGGTATTCCCGT
GGAACGTCCCGCTGTCCTCGATGCCACGGCCCAGGGGGCAGCCTTTGCCGCTGGATTAGCTGTCGGTTTTTGGGATGATTACCAAAC
CCTGGTGCAAAACCGCAAAATTGATTACGTCTTTAAGCCCAGTGCCAACGCCTCCCAAGCCCAAGCCCATTTCAAAGTCTGGCAAAAA
GCCGTTGAACGAGCGAAAAACTGGGCCTAACCCCCTCTTGCCTACAGCATCTCCCCCAGGGGAGAATTCTTCCTGTTTCAACTCCCAA
GGCATCTCCAAACGAATTGTGAGCGCTCACAATTCGGAATTCTTAACAAAAAAGCAGGAATAAAATTAACAAGATGTAATTGACATAAGT
CCCATCACCGTTGTATAAATGTGTGGAATTGTGAGCGGATAACAATTTCACACACCAACTCATAAAGTCAAGTAGGAGATTAATTCCATG
GCCACTGAACGATCTTTGCTGGATAAGTATCAAACCTTCATTGATCGTCTGGCCGAACGCGTGGCATCTCGTCCGGAAAAAACCGCCT
TTACTTTTTTGCAGGATGGAGAGACAGAGTCCTCATCTCTGTCGTACCAAGAGCTTGAGGCCAAAGCTACCGCCATTGCGACGGTCCT
TCAAAGCCGTAACGCCAAGGGCGAGCGTGCCCTGCTCCTGTACCAGCCTGGCCTCGAGTTCATCACCGCTTTCCTTGGATGTCTTTAC
GCAGGAGTTGTGGCGGTTCCGGCCTATCCACCTCGGGCGAATCGTTCGATCGGTAGACTCCTGGCTATTGTCGCTGATGCCAACGCT
AAGTTCGCTCTGACTTCTGAGGATCTGCGTCCGAAAATCGAAGAAAAATTTCATCTCGCTGGGCAAAAAAGCCTGCATTTCATCGCAAC
GGATCAGATTGAAGTGAACCTGGCAGACCACTGGCGGCGTCCAGAGCTGACCAGTCAAAACCTGGCATTTCTGCAATACACGTCGGG
TTCGACCGGTACACCGAAGGGTGTCATGGTTTCACATAGGAACCTTCTGGATAATTCGTCCTCCATTCAGCAGGCTTTTCAGAATCTGC
CCGAGCAGAAAATCGTGTCTTGGCTCCCACCGTACCACGACATGGGCCTGATTGGTTCCATCCTGCAGCCGCTGTACGTGGGAAGTA
GCATGTACATGATGCCCCCCGTCACGTTTCTGCAGCGTCCCTACCGCTGGCTGAAAGTCATCGATAAGTATCGCGCGGAGACATCCG
GCGGGCCTAATTTTGCTTATGACCTGTGTGTCTCCCAAATTTCTGAGGAACAGCGCGACAGTCTGGACCTTTCATGCTGGACCCTCGC
CTTCAGTGGTGCTGAACCGGTGCGAGCTGAAACCATTCAACGCTTTTCATCCTACTTCCAGTCCTCTGGATTCCGTAAACAAGCTTTCT
ATCCCTGCTACGGTATGGCGGAGTCCACTCTGTTAATCACAGGAGGGGAACGTCAGGTCGAACCCATTCTGCGTAACTTTGACAAACA
GTCGATTGAGCAGAATCACGCTATTGCAATTCTCCCTACCAGCAGCGTCCCCATTGGGGGCGAACCTATGCCCACCCCGATCCTGGG
ATCTAAACAAGCAGAGCTGATTACGCTGGTGTCATGCGGAACGAATCGTCAGAATCAGTGTTTGGCCATCGCCAACACCGACAACCTG
GAAGAGTGTAGCGAGGGTGAAGTGGGAGAAATCTGGGCGGCCTCCAACAGCATTGGCCAAGGCTACTGGAACCGTCCTGAACTGAC
CCAGTATGCGTTCGGCGCCCGTCTGGAAAACTACCCTAACGTCCGATTTCTTCGAACCGGCGACCTGGGCTTCATCCAAGACGGCGA
ATTGTTTGTGACCGGACGTCTTAAGGATTTGATTATTATCCGTGGTCGCAATCATTACCCCCAGGATATCGAGCTCACCGTCGACAACG
CTCAGGTGGCGGTTCGTCCCGGAAATGGCGCTGCTTTTTCTGTTGAGATTGACGGAGAGGAAAAACTGGTGATTACCCAGGAAATTAA
ACGCACCTATCTGCGTAAGCTCAACGTAGAAGAGGTCACAAAAGCCATTCGTCAAGCCGTACTGCAGAATCATGAGCTGAACCCCCAT
GCTATTGTTCTGATTAAGACGGCATCGATCCCTAAAACCTCTAGCGGTAAAATTCAGCGGCACGCCTGCAAGGCTGCCTTTCTCGACG
GTAGCCTGAACGTTGTTGGTAAGTCGGTCAGCTCTGACCAGCTGAAAAATCGGGATAAAAAAATTCAGAACCGCGAGCGGCAAGGCAA
CAATCAACAGGAAATTATCGAAGATTGGCTCATTGAAAACATCGCTCAGCGCCTGGCGGTTTCTAACACCGAAGTGGACAGCAGCGAG
CCCTTCGCTAGCCTCGGCCTCGACTCAGTTCAGGCTGTCCGCCTGTCAGCTGATCTGGAAGATTACCTCCAGTTAAAACTGAGCCCGA
CGCTTGTGTACGACTACCCAAATATCTCCTCTCTGGCGTCTTACCTCAGCCACCTGAACAGTACCCTGGGAGAGGGTCAACAGCGCTC
CCAGCAGACTAAACCCAAGACCTCGCAGACTGAGATTGCGATCATCGGCATGGGTTGTCGTTTTCCGGGCGCCAACAATCCCCAGGA
ATTTTGGACGTTACTACAAAACGGCCAGGAGGCCATTAAAAAGTCAGATCGTTGGAGTGGTGAGGACTATGGCGGTTTTATTAGCGAC
GTCGACAAGTTCGACCCGCAATTTTTTGGCATCACGCCGCGCGAAACCCAGCGGATGGACCCTCAACAACGTCTGCTGTTGGAAGTG
TCCTGGGAGGCGCTGGAGGACGCGGCGATTGCCCCCGAAGCCATCAGTGACACTAGTACGGGAGTCTTTGTCGGCATTTCTTCGTCA
GACTATTCGCAACTGCAGCTGCACTACGGTACCGAGCTGGACGCCTATGCAGGCACAGGAAACGCTCATTCTATTGCTGCAAACCGCT
TGTCCTATTCTTTGGATCTGCGTGGCCCCTCCATGTCGGTTGACACCGCATGCTCTAGCTCTTTGGTCGCTGTCCATCTCGCCTGCCA
GAGCCTGAAGAACGGCGAATGCCAGACTGCAATTGCCGGGGGTGTCAATCTGATGCTCAGCCCCGAGCTAACCCAGACCTTCTCTCT
GGCGGGCATGATGGCCGCTGATGGACGATGCAAGACCTTTGATGCCGAGGCTGACGGATACGTGCGCGGTGAGGGTTGTGGCGTTA
TCATTCTCAAACGTCTGGACGATGCCATCCGAGATCGCGATAACGTCCTGGCTGTGGTTAAAGGCTCTGCTATCAACCAAGACGGCCG
CTCAAATGGCCTCACGGCCCCTAATGGCCTTGCGCAGCAAGAGGTTATCCATCAAGCCATTGCAAACGCCGGCGTCACCGCGCAGGA
CATTAGCCACATCGAGGCGCATGGTACAGGCACCCGTCTGGGCGATCCTATCGAGGTTAGTTCCCTCAAGGCTGTTTTCGCTGGACA
GTCGGAGAACTCGATTTCCCCTGAGAATACCAGCTGCTATCTCTCTTCAGTCAAGACTAACATTGGCCATCTGGAAGCCGCTGCTGGA
ATTGCGGGCCTTATTAAGACCGTCCTGTCGCTGCAGAATGAAGCTGTCCCGCCCCACCGTAATTTTAAAAACCTGAACCCGCTCATTG
ATCTCGCCGATACGTCCCTGTCAATTCCAACCACACTGCAGAGCTGGCCACCGTCTGCTAAGCCTCGACTTGCTGGAATCTCCTCGTT
TGGCTTTGGTGGCACAAACGCCCATGTTATCATCCAGGACTCGCCCTTCAAGGTCAAGAACCAACTCAAGGTCAAATCGCAGGAAATT
GAAGAACGTCCCTGCCACATTCTGACTCTTTCTGCAAAGAATGAAACAGCACTCAGTGACGTGGTCGCAAAGTACCAGAAATATCTGCA
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GTCTAATCCCGACGTTGAGGTCGCCAATCTTTGCTTTACCGCCAATACTGGTCGATCTCACTTTAATCACCGCCTGGCCATCCCAGCC
GCCTCAAGCGTGGAACTGCAGGAAAAATTGACAGATTACCTGTCTGGCAAGTCGAGCTCAGGCCTCGTGAGCTCGAGCATCGAGAAA
TCACAGAAGAACAAACTCGCTTTTCTGTTTACGGGACAGGGTAGTCAGTACGAAGGTATGGGACGCGAGCTGTACCAAACACAACCTA
TTTTTCGTTCCACGCTGGACCACTGCGCGCGCATCCTGCAGCCGTACCTGGGCGATAATCTTATTAACATTATCTATCCTCATGGTAGC
GCAGATAATGGTACCTCGTCGCTCAATCAGACTAAGTATACGCAACCAGCCATCTTCGCGCTGGAGTACAGCTTAGCCCAAATGTGGC
TGTCGTGGGGCATTAAGCCTGACCTTCTGATGGGCCACTCTGTCGGTGAGTATGTTGCCGCGGCGATCGCCGGCGTGTTCTCTCTGG
AGGACGGCCTTAAGCTGATCGCTGAACGCGGCGCACTGATGCAAGCTCTGCCCCAGAACGGTGGCATGGTGGTCGTGTTTGCAGAG
GCCGAGGTTATCAAAAAAATTATTAAACCTTACCAAGAAACCATCGCTATTGCCGCCATCAATGGAACCCAGAACATCGTCATTTCCGG
TGATAACGACGGGCTCGAACAGGTTGTCGGTAAGCTGGACGCACAGGGCATTACCTACAAACAGCTGACAGTTTCCCATGCCTTCCAC
AGCCCGCTGATGCAGCCTATTTTGTCTGACTTCACACAAGTTGCCCAAACCATTAACTACCAGGAACCCCAAATTAATCTTATCTCAAAT
GTGACTGGAAACCTGGTGACTCAGGAAATCGCCAGTCCGGAATACTGGGTTAATCATGTCATTGCACCTGTCAAATTCGCGCAAGGCA
TGGCATCCCTGCAGAAGCAGGCTTGTAATGTCTTTCTGGAGGTAGGCAGCAAGCCGATCCTCTTAGGCATGGGACGCAGCATCCTGG
AAAATATCGAGTCTACAAACACGGGGGTCAAAGATACCAGCTTGTACCTCCCCTCGTTGCGCCCTCGTAAATCTGACTGGTCCCAGAT
CATCAAGTCGCTCGCAAGCCTCTATATCCAGGGCGTCAAGATTGACTGGCAGGGCTTCGAACAGGGTTACGTTCGCGAAAAACTGCA
GCTGCCGACGTATCCTTTCCAGCGTCAGTCTTACTGGCTGGAGAAGAACGAGCAAGTGGCCGCCGTCAATTATGCGAAAGTCCTGGC
CGGCAAGGTTGAGAGCCCTGGAACGACCAAACTGGGATATTATCAAGTTGAATGGCGGGAATATCTGCAGGCTGGTGATCCGAAGGA
ATTTTCTGCTGGTCAGTGGATAATTTTTGGAGATGCGGACAACCTGGGAGCAGAGATCGCCCAGCAGCTCAAATCCTTTAACCAGGAC
TACCTGTTGGTGAGCGAGAAAGGTAACCTCCAGGCCGAGAACAACATTGACATTGATTACAATTCCTACCCGGACTTTCAAAAAGTTAT
TACGAAGCAAGCTAAAATCCAAGGTATTCTGTACCTGTGGTCATTGGATGGCCTAAATGGATCCGAACTGGACACGAAGGACATCGAG
CAGTACCAGCAACGTAACTGTACTTCCATCCTTAATCTGGTTCAGACTCTCTTTAAACAGTCTGTGGTGGCTCCGATTTGGATTATTACC
CGTGATTCTCAGTTTATTGAAACCAAAACAGGCTCTCTCAGTTCGCCTGATGCTAACTCCATTGTCGGCAATAGCCTGTGGGGCTTAGG
TAAGGTTATTGCTTCGGAGCATCCGGAGTACTATGGCGGCATCATCGACCTAAACCGTGAAAAACAGACGACCGAAGCCAACACTGTA
CTGGGGATTATTAATCACAGCCTCCAAGAGGACTACTTCTCAATTCGCCAGGAGAAAATCTATGTGCCCAGGCTTGTCAAAGCAAAGA
GTCTGGGAAAGAAGCTGTCGGCGATCAGCGCGAACGGTAGCTACCTGATTACCGGCGGCCTCGGTGCGCTGGGCTTGCAGGCAGCG
CAGTGGCTCGCATCTCGGGGAGCCAAGAATCTGGTTCTGATCGGACGCTCGCGGCCGAACGAAAAAGCCCAACAAGTTATTACTGAG
CTTGAAAACAATGGCGTCACCATCGAGGTGGTGCCAGCGGATATTACAAATAGCGAGGCGATTGCTAACGTGATCGAAACATATCGTG
CCAATAGCTTGCGCGGCGTGATCCATGCCGCTGGAGTCCTCGACGACGGTATTCTGCAGAATCAGACTTGGGAGAAATTTCACCAGG
TTCTGGCCCCGAAAGTTATCGGCGCCTGGAATCTCCATCAGTGTACGAAGGATCTCGACCTCGATTTCTTTGTCATGTTTTCTTCTGTG
GCCAGTCTGGTTGGCTCGCCGGGTCAGGGTAATTATGCCGCTGCTAACGCAAGCCTGGACGCTATTGCTAACTACCGCCAAAGCATT
GGGCTGCCGGCTCTGTCAATCAACTGGGGAGCGTGGGCTAATTCCGGCATGGCCGTGTCGCAGGGCTTCAATCGTCAGGGTCTGGA
GTTGATTGACCCGCAGCAAGGCCTGGACGCCCTCGCAGAACTTCTCAATGCCAATGCGGCTCAAGTCGGTGTCATGAGTGTGGATTG
GGACGAGCTGTCTAAACAATTTCCGTACCTTAAACAGGCCAATTATTTCAGTGAGCTGCTGGCCACTACGGAGACTACTGAAGAATCTA
AGACTGGTGATGTATATCAGCAGTTGCTCGGCCTCAATCCAGAAGCCCGGGAAGATTATCTGCGTGAATATTTACATAACGCAATTGCC
AACATTCTACAGCTGCAGCCCGACAACCTTTCACTGTCAGAGTCGCTTTTCGATCTGGGCATGGATTCTCTCATGCTCATGGAGGCTAT
CAATCAGCTCAAAGAGGATCTCCAACTCATGCTCTACCCACGTGAGTTCTACGAGCGGCCTCGTATTGACTCACTCGCCAAATACCTC
GCGACCGAGTTCTCCAATTCCGTGAATGCCCATCAGAAGTGCGACCCGGCGGACGCGAGCAGTGCCAAGCGGCGGGCACTGCCTGA
GGGCAGCTCAATCATCTCTGAGCAACTACTGGTCGCCAACGAGCAATTTACCTCGAACATCGAGCAGTTTTCCGCTCCTCATCCCTCG
AGCCTGATCCCTCATCCGCTGAAAGCACCAATTGCCTTCATTCTTAGCTCCCCACGATCGGGATCGACCCTGCTGCGGGTAATGCTTG
CTGGCCATCCGGACATTGCTTCTCCACCTGAACTGCATCTGCTGCCATTTGCCACGATGGCGGCCCGCCAAGCGGAACTTGAGTCGT
CGTATCTGGGTGAAGGCCTGCAACGTGCGTTCATGGAACTGCAGGGTATCGATGCAGAGGCAAGCGAAACCCTCGTATCTGATCTGG
TACGTGACGACATTGCCGTGCCTGAGGTTTACCAGATGCTGCAGGAACTGGCCGGCGATCGGCTGCTGATCGATAAGTCTCCTACCT
ACGCAAGCAACCGTGCGATCCTCAACCAGGCAGAGGCCGTCTTTTCGAACGCCAAGTATATTCACCTGGTGCGCCACCCCTACGCGG
TGATCGAGTCTTTTGCCCGCATGCGGATGGACAAGCTTATCGGCGAGGGCAATTCGAACGCATACCAGCTTGCCGAATCTGTCTGGAA
CCAGTCTAACCATAACATCCTGGATTTCGCGCAACAGATCGACTCGGACAAGCTGCTCCTGGTGCACTATGAGGAATTGGTGGCATCT
CCTGAAAAAGTCATGCGCGAGATTTGTAATTTTTTGGACTTGCCCTTTCATCCGGGCGTTCTAACCCCATACGAGGGTAACCGTATGAC
CGATGGTGTGAGTGATAAGTCAATGAGTATTGGCGATCCCAACTTTCTTAAAAGGAAGCAGATTGATCCTAAAATGGCTGACGCGTGG
CGTGAGATCAAACTGCCGCTGCTTCTGAATGATTTCACGCAGGACATTTCCGCTCGTCTTGACTATGAGCTGACGCAGGAGCTGACCG
CCGAAGATAATATTCCCTTATCAGAGCTGGACCACAAAATGGAAGAGATTTTGGTGAACATCCGTGGTTTACGTGTTTGTCTCTGCACC
TGGGGACCGAAGGAAGGCCCGATTGTTGTGTGTCTGCATGGTATCCTGGACCAGGGAGCCGCGTGGTCCGAAGTGGCCATTCGTCT
GGCCCAAAAAGGCTACCGTGTGGTTGCCCCTGATCTTCGGGGTCACGGCAAGTCAGATCGCGTGGGCAAGGGTGGCTCATATAACTT
GATGGATTTTCTAGGCGACGTAGACGCCATTGTCGAGGCGCTAGCGGGCAAGGCTTTCACCCTGGTGGGCCATTCACTGGGCTCGGT
GGTGGCAGCAATTTTTGCATCTGTGCGGCCCCAACTCGTTAAGAATCTCGTCCTGATTGAAACAATTCTGCCGACGGACGCCGCGGAG
GAAGATGCCGCTGAACAACTCGCGACCCACCTTGATTACCTGGCGTCCCCGCCCCAGCATCCCATCTTTCCGGACGTCGAAGCCGCA
GCCGAACGCCTTCGTCAAGCTACTCCGGGTCTTAGCAAAGCCATTGCCATGATGCTCGCCGAACGAATCACCGAGCCGTATGGCGAC
GGTGTCCGGTGGCGGTGGGAACCACTTCTGCGGACGCGCGCCGGCATTGGCTTTAACGGTATCGGACGATCTCGCTACCTGGGACT
CCTGAAACGTATCAAGGCGCCCATTACCCTCGTGTACGGGGACAAATCTAGCTTCAACCGGAATGAGGACCTTACGGAGCAGCAGGC
TGCGATGCCGAACGCCAAACGGGTGGTACTCTCGGGTGGCCACAATCTTCCCCTGGAAGAACCGAACGGTATCGCGAAGATTATATC
CTCTGCTATCGCCCTCACATCTAAGCTGATCCCGGAATTCTAACGAGGCCTGCGGTGCTTTGGCAGGATCCGGCTGTCTAACAAAGCC
CGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGACGGGTTTTT
TGTCTAGATCAACGGCCTCAACCTACTACTGGGCTGCTTCCTAATGCAGGAGTCGCATAAGGGAGAGCGTCGAGATCCCGGACACCA
TCGAATGGCGCATTTACAGCTAGCTCAGTCCTAGGTACAATGCTAGCCGGAGGAGGGTCAATTCATGGTGGTGAATGTGAAACCAGTA
ACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAAA
CGCGGGAAAAAGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTG
CTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGT
GCCAGCGTGGTGGTGTCGATGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAG
TGGGCTGATCATTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATG
TCTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCA
CCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAAT
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CAAATTCAGCCGATAGCGGAACGGGAAGGCGACTTTAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGCTGAATGAGGGCATCG
TTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGGGCTGCGCGTTGGTGCG
GATATCTCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTATATCCCGCCGTTAACCACCATCAAACAGGATTTTCGCCTGCT
GGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGA
AAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTT
CCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTAAGTTAGCTCACTCATTAGGCACCGGGATCTCGACCGATGCCCTTG
AGAGCCTTCAACCCAGTCAGCTCCTTCCGGTTCGCGCATGCATAAAAACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCAT
CACAAACGGCATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGACGCACACCGTGG
AAACGGATGAAGGCACGAACCCAGTTGACATAAGCCTGTTCGGTTCGTAAACTGTAATGCAAGTAGCGTATGCGCTCACGCAACTGGT
CCAGAACCTTGACCGAACGCAGCGGTGGTAACGGCGCAGTGGCGGTTTTCATGGCTTGTTATGACTGTTTTTTTGTACAGTCTATGCC
TCGGGCATCCAAGCAGCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGAGCAGCAACGATGTTACGCAGCAGCAACGATG
TTACGCAGCAGGGCAGTCGCCCTAAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTAGGCTCGGCCCTGACCAAG
TCAAATCCATGCGGGCTGCTCTTGATCTTTTCGGTCGTGAGTTCGGAGACGTAGCCACCTACTCCCAACATCAGCCGGACTCCGATTA
CCTCGGGAACTTGCTCCGTAGTAAGACATTCATCGCGCTTGCTGCCTTCGACCAAGAAGCGGTTGTTGGCGCTCTCGCGGCTTACGTT
CTGCCCAGGTTTGAGCAGCCGCGTAGTGAGATCTATATCTATGATCTCGCAGTCTCCGGCGAGCACCGGAGGCAGGGCATTGCCACC
GCGCTCATCAATCTCCTCAAGCATGAGGCCAACGCGCTTGGTGCTTATGTGATCTACGTGCAAGCAGATTACGGTGACGATCCCGCAG
TGGCTCTCTATACAAAGTTGGGCATACGGGAAGAAGTGATGCACTTTGATATCGACCCAAGTACCGCCACCTAACAATTCGTTCAAGCC
GAGATCGGCTTCCCGGCCGCGGAGTTGTTCGGTAAATTGTCACAACGCCGCCAGGTGGCACTTTTCGGGGAAATGTGCGCGCCCGC
GTTCCTGCTGGCGCTGGGCCTGTTTCTGGCGCTGGACTTCCCGCTGTTCCGTCAGCAGCTTTTCGCCCACGGCCTTGATGATCGCGG
CGGCCTTGGCCTGCATATCCCGATTCAACGGCCCCAGGGCGTCCAGAACGGGCTTCAGGCGCTCCCGAAGGTTCTAACGTAAACCCA
TTGAATTTAAAAAAGACTTTATGACTGCTTTACTGCTCCATGACCAACATTATTCCCTTGATCATGAAGCCTTTCTCTCAACCCTCAGCAA
CACAGAAAATTTACTCATTATTCAAGATCTAGATGGCGTTTGCATGGGGTTAGTCAAAGACCCCTTAACCCGCAAAATTGATCCTGACTA
TATCCGCGCCACACGCAAGTTTAGAGACCACTTCTTTGTCCTCACCAACGGTGAACATGAAGGCAGAAGGGGAGTAAATCGCATCGTT
GAACGGGCATTTCGCAATGTTGAAGCCAAAGAGGAAACAAGCTATTTACCTGGTTTAGCAGCAGGGGGTGTGCAATGGCAGACAGATA
ATGGCCAAATTTCCCATCCCGGTGTTAGCCAAGCAGAACTCGATTTCCTTGCCACAGTGCCAGATTTAATTGGTCAAAGTTTAGGACAA
TTTTTTACTAAATATGTTGATATTTTTCCCGCTGAGCTTCAACCTGAGCTGATCCATGCTTCTGTTTTAGATAATCTCGTTTCACCGACGG
CAAATTTAAACGTCCTGGCCGAATATTTAGGCGATCGCCTTGAGATTTACCAAGACCTCCAGCGCACCATGGAAACCCTGATGAATGAT
TTGCTAGAAAAAGCTGGCCAACAGGGTTTAGACAATAGTTTTTTCGTGCACTATGCGCCCAATTTAGGCAGAGATAATGTGGGGAAAGA
AATTGTCCGCTTTGCCACAG
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Table S13. Nucleotide sequence of GlpK region of AYG043. Nucleotide sequence encoding GlpK 
(orange region; SYNPCC7002_A2842) and the integrated ols08-lacI-aaC1 cassette downstream (gold 
region; ols08) (blue region; gentamicin resistance aaC1). Downstream homology arm (gray region) is 
also shown.

Nucleotide sequence of AYG043 (glpK::cLac143-ols08-lacI-aaC1)
ATGACCATGGCCCATCAAAAATACATTCTTGCGTTAGACCTCGGTACCACTGGTAATCGTGCCCTTTTGTTTAACCACAAAGGCGATAT
TGTTGCCCAAGCCTATAAAGAATTAACCCAATATTATCCCCAGCCGGGCTGGGTCGAACATGATGCGACGGAAATTTGGAACGACACC
AAAGCCGTCATGCAACAGGTCGTCAACAATAGCAGCATTGAAACCCAGGATATCGCGGCGATCGGCCTGACGGTGCAGCGGGAAACC
TGTGTCCTCTGGGATAAAACCACTGGCAAACCACTTCATAAAGCAATTGTCTGGCAGGATCGGCGGACGGCTCCCCTCTGTCAAACCC
TCAGTGCGGCAGGCAAAGCGGCAGAAATTTACGATAAAACGGGCTTGGTGTTGGATGCTTATTTTTCGGCGACGAAACTGAATTGGTT
ATTAAGCTGGGCTAAGGAAAATAGTGCCATTAACCCCAATAATGTCCTCGCTGGAACCATTGACACCTGGGCCTTGTGGAACCTCACG
GGAGGCAAAGTCCACGCCACAGATCACAGTAATGCCAGCCGGACAATGTTGCTCAATCTCAACCAAAAAGATTGGGATCCGGATTTGT
TGGATTTATTCGATATTCCCCGCCAGATGATGCCAACGGTGCAGTCGAGCCTAGGGGAATTTGGCAAAACCGATCCAAGTTTATTGGG
GGCGGCAATTCCGATCACCGCCATCTTTGGGGATCAACAGGCGGCCCTCTATGCCCATGGTTGCGATCGCCCCGGCTTATTAAAATG
CACCTATGGCACAGGGGCGTTTTTGGTGGCGCACACGGGCGACGAGATTAAACGCTCCAAACATAAGCTCCTAACGACCATCGCGCA
ACCATTGGATACAAGCCCATCACGATGGCACAAATCTCGATATTGGCTATGCCCTCGAAGGGAGTATGTTCACCGCTGGGGCTTGTAT
CCAATGGTTGCGCGATGGCCTACAAATTATCGAAACGGCGGCGGAAACGAATGATCTTGCCCAAGGGGTGAATGATAATGGCGGCGC
TTATTTTGTTCCGGCTTTAAGTGGTCTGGGAGCGCCCCACTGGGATATGAGTGCCAGGGGCGCATTTCTGGGTTTAACGAGAGGCGTC
AAAAAAGAACACATGGTACGGGCTGTCCTAGAGGCGATCGCCTACCAAGCCAAAGAAGTAGTCGAAGCGATTAACCAAGATTCCGGTA
CGCCGATCCAAGAATTAAAAGTCGATGGCGGCGCGTGCAATAACGACTTTCTGATGCAATTCCAAGCTGACGTGTTGGGTATTCCCGT
GGAACGTCCCGCTGTCCTCGATGCCACGGCCCAGGGGGCAGCCTTTGCCGCTGGATTAGCTGTCGGTTTTTGGGATGATTACCAAAC
CCTGGTGCAAAACCGCAAAATTGATTACGTCTTTAAGCCCAGTGCCAACGCCTCCCAAGCCCAAGCCCATTTCAAAGTCTGGCAAAAA
GCCGTTGAACGAGCGAAAAACTGGGCCTAACCCCCTCTTGCCTACAGCATCTCCCCCAGGGGAGAATTCTTCCTGTTTCAACTCCCAA
GGCATCTCCAAACGAATTGTGAGCGCTCACAATTCGGAATTCTTAACAAAAAAGCAGGAATAAAATTAACAAGATGTAATTGACATAAGT
CCCATCACCGTTGTATAAATGTGTGGAATTGTGAGCGGATAACAATTTCACACACCAACTCATAAAGTCAAGTAGGAGATTAATTCCATG
GGATATGTCAAACACTCTAACTTTGTCAACCTTCTGCAAGAAAGAGCTGTGAGCCAGCCGGACAAAGTCATTTTCACTTTTCTGGGTGA
TGGAGAAGCCGAAACCGAATCCTTGACCTATCAGCAGCTGGACAATCAGGCGAAGGCTATCGCAAAGAACCTCTCTAATGTCGCCCAT
TCTCTCTTCGGCGATAAAGGTGAGGGTCAGCGCGCCCTCCTGCTGTATCAGCCTGGTCTGGAGTTCATTACGGCTTTCCTCGGATGCC
TGTACGCGGGAATCATCGCCACACCAGCGTACCCTCCGCGCCAGAATCGTTCTTTTGCCCGTTTGGATACGATTATTAAAGATGCTGG
GGCTGTGTTTGCTCTGACCACCGAATCTCTGAAGCAGAAGATTGAACAAAAGCTGACAAAACATAGCAACATCATTTGTATCCCGACTG
ACAACATTCCCCTGGACCTGGCGAAGAACTGGCAGCAGAGCCCCTATATTCAGAAAGATAACCTGGCCTTCCTGCAGTATACCAGTGG
ATCCACGGGCACTCCTAAGGGTGTGATGGTCAGCCATGGTAATCTGATTCACAACTCGTATCTGATCTCTTCTTGCTTCGAGAACGATT
CTGATTCGATTGGCTGCTCATGGCTTCCCCCGTACCATGATATGGGCCTGATTGGTGGTATCCTGCAACCGATCTACGCTGCAATCAG
CACCATCATTATGCCGCCGGTTTCCTTCCTCCAACGCCCGATCCGTTGGCTTAAGGCCATTAGCAAATATAAAATCACCACCACCGGA
GGACCCAATTTTGCTTACGAAATGTGTGTCAACTCCATTACCGAAAAACAGAAAGCGGACCTGGACCTCTCGTCTTGGAAGCTGGCTTT
TAGCGGGGCTGAACCTGTTCGTGCGGAAACGATCGCTCGTTTTTCGGAGTACTTTGCAGACTGCGGCTTTAAGCGGGAGGCGTTCTA
CCCGTGCTACGGAATGGCAGAAACCACTCTCATTGTCTCCGGGGCGAACAAACACCAGCTTCCCATTGTCAAGACCCTAAGCGCTGA
GGCTCTCACTCAGAACCAGATTATCCCGGTTGAGGAGACAAATACCGATTCTCAAGTCCTAGTGTCTAGTGGTCGCGTTGCTGACGAG
CTGGAGTCTCTTATCGTTAACCCAGACACCTTCACGGAATGTGCAGAAAACGAGGTCGGAGAAATTTGGGTCAAAGGCGCCAGCGTTG
CCCAGGGATATTGGCAGAAGGAGGAGGCCACAAAGAATATCTTTCACGCATATACTAAGGATGGGAAAGGATCTTTCCTCCGTACGGG
TGATCTGGGCTTTATCTCCCAGGGTGAACTGTTCGTTACCGGCCGACTGAAGGACCTGATTATCATCCGCGGTCGGAACCACTACCCG
CAGGATATCGAGGAATCGGTGGCTTTCTGCCATGAAGCGCTGAACTCTGAATCCGGAGCCGCATTCGCGATCGAAACAACGCAGGAC
GAGCAGCTCGTCGTCGTGTTTGAGATTAAACGCACGTTTTTGATGAAGATTTCGCAAGATAAAGTGCTGAACCAAGAGATTTTTACCAA
CATCCGAAATTCTATCGCCCTGAATCACGAGCTTCAAGTGTATTCCATTGTCCTTCTGAAAACCGGCAGCATTCCCAAGACTTCATCCG
GTAAGATTACGCGCTACGCTTGCCGCCAGGGTTTTTTAGATGGCACGTTACAGGTCGTCGCGGAGTGGAAAACCGGAGAGGAAGAAA
CTCAGCTCTCCCGTAACGGTGGCGGAAACCCCGAGAACAACCGGCGTGAGGGTAACCAGGTTAACAATCTGCTGTTCGATGACAACA
GCCCGGTATCGACCATTAATTACTCTCTCTTCACGATCCAGTCCTGGCTGAAGGAGAACATCGCTCAGCGAATTGGGGTGAAACCTAA
ACAAATCGATATCTACCAGCCGTTCATTAATTATGGCCTCGACTCTCTTCAGGCTGTGCGCCTGACTGGAGAACTCGAAGAGTGGCTC
GATTGTCGTCTGTCACCTACCTTGGCCTACGACTACCCAAACATTGCCCAGCTGTCACAGTACCTGGTTGAGGAAAAAACCAACATGA
CTCCTACGCTGGACAATTTCCATCACACTCTGGGGGAGAAGATTGCTATTGTGGGAATGGCCTGTCGCTTTCCGCAGGCAAATAACTG
TGACGAGTTCTGGCAGCTGCTGCAGGAGGGCAAGTCTGCCATCGGTCTGCGGGGTGGCACCGCCCGTAGTTCTAACCGTGTTAATAT
TGACTATGTCGGTGGCTATATCGATAACTACGATCAATTTGACCCACAGTTTTTCGACATTTCACTGAGGGAAGCGGTCAACATCGATC
CCCAGCAGCGTATCCTGCTCCAGGTCACCCATGAAGCCCTCGAAAACGCGAACATTAGCCTCGATATGTTGTCTGGTTCGAACACAGG
CGTATTTATCGGAATCTCCTCCTCTGACTACGCCCAACTCCAGGTGAAGAATGGATGGGAGGTGAACGTGTACACAGGTACGGGCAAC
GCTGGTTCGATCGCCAGCAATCGTATTTCCTATTCGTACAACCTCCTGGGCCCGAGTCTTAGCGTGGACACCGCGTGCAGTAGTTCGC
TTGTCGCAATTGATCTGGCAGTAAACTCGCTGAAGAACGGAGAATGCTCGCAAGCGATCGTGGGCGGTGTTAATCTAATTTTGTCCCC
AGAACTCACCGAAACTTTCGAGAAGGCTGGGATGATGGCACAAGACGGCAAATGCAAAACCTTTAGCGCTGAAGCGGACGGCTATGT
TCGCGGAGAAGGTTGCGGGGTGGTGATCCTCAAGCCACTGAACCAGGCGATCATCGATCGTGACAATATCTTGGCTGTGATTCATGG
CACAGCCGTGAATCAAGACGGAAAGAGCAACGGCCTTACTGCCCCCAGCGGTAAAGCCCAGCAGCGTGTCGTCAAGACCGCATGGC
AGAAGGCGCGCATTACGGGTGATAAGATCAACTATATCGAAGCACACGGCACGGGTACTGCTCTAGGCGATCCCATTGAACTTAACAG
CCTGGGAGAATTGCTGCTGTCTCGTCAAGACGAGGAACTTTCCCCGGTCTGGATTGGAAGTACTAAGACTAATATTGGCCACCTGGAA
GCTGCGGCCGGTATCGCGGGACTGATCAAGACCGTCCTTGCCCTTCATCATGAGGTTATTCCGCCGCTGGTCAACTTTACCCAACTGA
ATCCTTACATCAACATTAACAATAGCCGTATTAAGATTCCTACCGAGTCTATTACCTGGCAGAAGTCAAGCCAGCCCAGATATGCTGGC
ATATCATCCTTTGGCTTTGGAGGAACCAACGCTCATGTGATCATCGGTGACGCTGTGATCGATAATGATACCGAAGCTATTGAGGATGT
TAACACCCGCAAACAGGAGAAAATTAATGAAGGTGAAACCCTGTCCTCCCTGCCTCTTAGTCTGTTTCCGCCGCAGCTGCTCACGATTT
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CGGCGCAATCCGAGTCTGCCTTGTCAGACCTTGTTACCCGGTATCGTGATTTTCTTGAGACAGCGAAGGACGAGGACTTTGCAAACAT
TTGTTATACCAGCAACATTGCCCGCTCGTCACTGAAGTACAAGCTCGCCGTCGTCGGCAAAAACAAGGAAGAAATTCTCAGTCGCTTG
AAAGTGAAGGAGAACAAAACCCTTGAGAACTCGCAGATCGCTTTCCTCTGTACCGGCCAGGGCTCCCAATATTCTAAGATGGGAGAGG
AGCTGTATCAGGCTTCCAGCTATTTCAAGAATATCGTTGACTACTGCGAACAGGTCCTTAATAACTACCTAGAAAAGCCTCTGACCGAA
GTACTGTTTGAAGAGAAGAACGAGAGCCTGCTGAATCAGACCATTTACACGCAGCCCGCGTTGTTCGTTATCGAATACGCATTGGCGA
AACTGTGGTTGCGCTACGGCATCCAACCTTCAATCGTGATGGGTCATTCCGTCGGAGAGTACGTTGCTGCTACCCTGGCAGGCGTATT
CTCCCTGGACGATGGACTGAAGCTGATTGCCTACCGTGGCAAACTCATGCAGAAACTTCCACTTGATGGTGGTATGCTGTGCCTGTTT
ACTTCTCTGGATAACGTGAAGAACCTAATCAACCAGTATAACAATCAGGTGGAAATATCAGCAATCAACGGTGACAACAACATTGTTATC
TCTGGATACAAGCACCTCCTGAAAGAGATCATTATTTCCGCCGAGAAGCAGAATATTAAGAGTTCTAAACTGGCGGTGAGTCATGGATT
TCACTCTTTTTTGATGCAGCCTATTCTGGCGGAGTTCAAAGAGATTGCGGAAACCATCGACTATAATCTGCCGCAGCTGCCAATTATTT
CCAACGTTACCGGCCGCGTAAACAGCGAGGAGATTGCTACGGCCGACTACTGGGTTAATCACGTCATGAAGCCGGTGAACTTCGCCG
ACTCTATTGCCTATCTGAAAAACAATGGTTATCAGATTCTCCTCGAGATCGGTGCCAAGCCCACTCTTTTGGGTATGGCCAAATACCTT
CTCAAAGACGGTGAATATATTTATCTGCCGTCGATTAAGAAGGATTATCCCAACCAGCAGACCCTGCTGAATAGCTTGGCTACACTTTA
CGAACTTGGCTTCAAAATCAACTGGGCGAATTTTCATCAGGATAAACCGCTGCTCAACAAAATCCGGCTGCCCAACTACCCCTGGCAA
AACAGCCGGTACTGGCTCGGGGACGATATCAAGAAGGATAACAGTCTGCTGACTCAGGCGTTGTACCAAATTGAGTGGATCGAGGGT
GAGACATTTCCGCTTATTTCCTCCCTCCCAAAATCCTACCTGATTTTCGTCGAGTCTTACCTCACAGAGAAGCTGGCTCAGGATCTGTC
GAAACAAGGACACAACGTTTACCTGGTCTATCAAGGCAAAGAGTATCGTCAGCAGAACAATTGCTTTTGGCTAGGCAATAAACAAGAG
GACTATCAGCTGCTATGGCAGTCTCTGGATAACCTGATCAAATATACGGACTCGACAGTAAACGACAACATTAGCATTGAACCGCGAG
CTTTCGGAATCGAAGTTATTATCTATGGTTGGGGCCTATCTAACCAGGAGGAGAAAGAAACTATTAATCTTCGTGATTCGAATTATCTGG
GTTGCCTGCCGGTCATCAATCTTCTGCAGTCTCTGGTCATGACTTCATCCCAACCTCAGCTCTGGCTGCTCACGAACCAGTCACAGTG
GGTCACTCATCAGGAAAAAATCAACCCTCAGGGCGGGTCCCTTTGGGGACTCGGCAAGGTGATCGCGCTGGAACATCCTGAGTACTG
GGGCGGTATTATTGATATCGAAATGGACAACCTCGCCTCGAGCTCCCCGATTCTCCAGAAAATCCTCCTGACTAAGAATGAAATTGATG
AGGAATCCCTGCTCACGAAAGGTGGACTTCGACGCGGCGATGAAAAAATGCTGGCGATTCGCGGTAAAAACATCTACTGCCCTCGGC
TCCGTCAAAAACAAAAGGAGTCCCTCACGAACAACATTTCGTTTCAAAATATCTCTTGCACGCTGCGCGCAATTGGTATCGAGTCATCC
ACCTCTTACCTGATCTCGGGCGGCCTGGGCGCTCTGGGTATCCAGTGCGCGAACTGGCTCATCCGCCAGGGAGCGAAGAACCTGATT
CTACTTTCTCGTCGGCAGCCCTCTGCGACGACCCGCAAACAATTAGAGGCGTGGCAAAAGCAAGGCGTCAACTTGTATCTCCCCCAG
GTCGACGTGACGAACTATGAGGAACTGAAAACTGTGTTTGAGTATATCAAGATCAATCTGCCTCCACTCAAGGGCATTATTCACAGTGC
AGGAGTGCTGGCCGATGGCATTCTGACGACCCTGTCTGTGGACAAGCTCGAAATGGTTATGTCCCCAAAGGTGCTGGGCGCCTGGAA
CCTCCACCGCCTGTCTCTCGATCTGCCCATCGAGTTTTTTGTTAACTTTTCGAGCGTGGCCTCCCTGCTCGGCTCGGCGGGACAGGGT
AACTACTCCGCGGGTAATGGCTACCTGGATTCCTTTGCGAGCTTCCGACACTCACTAAACTTGCCTTGTCTGACAATCAACTGGGGCG
CTTTTGATGTGGGTATGGCCGAGTCTAAGCAGCATTCACTGACTGCTAGCGGAATGGAATTGATCAATGTCCATGAAGGAATCGGACT
TCTGGGCGAGCTCATCAACTACCCGCTGTCACAGCTCGGCGTGATGAAGATCAATTGGGAAAAAATCGGGAAAAAATTCCCCTCACTG
TTTAACTCACCGTACGTTAAAGATACCCTGCCAGTGGATGAGGAAACCCTTAATAACCTCTTCGTGGAGCTGACTCAGGCTGATAAGGA
GGAACGGGAGATTCTGCTCGTTGATTATCTGACAAAGAGCATCGAGCTTATTCTGAACCCCAACGGGCATATCAACCCCGACGATAAC
CTGATTGATCTGGGAATGGACTCCCTCATGGTTATGGAGGCGATCAATAACCTGAAAACGGATCTGCAGCTTATGTTGTATCCGCGGG
AATTTTATGAGCGCCCGACTATCTCTGCCTTGGCGTCGTATTTGAGCCAGGAGTTTGCCGTTACCCATCAGAAAGCCGAGGGTAAACC
CCCACTGATTCTCCCTAAAAAAGAGGACCTTGTCCTGAGTAGCTACGCCTCTTCGGTTGAAAATATAACGTATCCTCTGGAGATCGTTA
ATCCTCAACCCATTGCATTTATTCTGAGCTCTCCGCGTAGCGGCTCGACGTTGCTGCGTGTGATGCTGGCGGGACACCCAAACCTGGT
TTCCCCGCCTGAGCTGCATCTTCTGCCCTTCACGACCCTGAAAGAACGGCAGCAGCAGCTGGAAACCAGCCATCTGGACGAAGGTCT
TATTCGCACTCTGATGGATTTGAAGGGCATTACCGCTGAAGAATCAGAGGCCCTGATCAACCAGTGGGTAAAAGAGAACTTGTCTATC
CCGGACCTGTACCGTATCCTGCAGGAACTCAGTGGAAACTGTTTGTTGGTTGACAAGAGCCCGACATACGGAATCGAGATGGCAACC
CTCCTGCATGCGCAGAAAATGTTTTCTAACGCTAAATATATTCATCTGATCCGCCACCCCTATTCGGTCATTGAATCGTTCGCTCGCCT
GCGCATGGATAAGCTGCTTGGCCTCTCTCATCACGGTAACCCTTATGAAGTCGGCGAAAAGATTTGGCGTAAATCAAACGAGAACATA
GTTGATTTCACTTCGCATCTCGAGAGTAGCAAAGTCTACCGCGTGTTTTACGAGGATCTGGTGACCAACCCGGAGATGATCATGCGTG
AAATGTGCGAATTTTTGGAAGTCCCCTTCTCAGAAAGCGTTCTGAATCCCTACCAGGGGAAGCGTATGACGGATGGCGTGCGAAATAC
ATCCATGGCTGTTGGCGATCCGAATTTTCACTCTCGGAGTACCATTGATGCGAGCCTTGCCAATCATTGGCGTAAAATTAACCTCCCTC
TGCAGCTGAACCCTCTGAGCACTAATCTGGCTCACGACTTTAACTACACCCTGCCAGATGAGAAGATCACCATTGAGATGTCGGAGAA
ATTCATTAAAGTGGGGGACCTGAACCTGTGCGTGTGCACCTGGGGTAACCCGGATCACCCTTTGATCGTTCTTGTACATGGTATCCTG
GACCAGGGTTATGGCTGGGACATGGTTGCACGTTCTATTGCTAAAAAAGGATATTACATTGTGGCACCCGACCTCAGGGGCCATGGCA
AGTCCGATCATGTGGCTAAGGGCTGCTCTTACAACCTGTTGGATTTTGTAGCCGATCTTGATTCACTGACGAACCAGCTTACCGACAAG
CCTTTTGTTCTGGTGGGCCACTCGCTCGGTACCATGATTACGAGCATTTTTACCTCGATGCGTCCGCAGAAAGTGTCTAAACTCGTCCT
GCTTGAACCGATCCTTCCAGTCGAAACAACCAGTTTCCAGTTGTCCAATCTGACCTCACAACTGGACTACTTGGTATCTCCACCGGCGT
CGCCAATCTATGGCGACGTGGAGACTGTCGGCCAGCGTTTGCAGACAGCTACTCCCGATCTGACCGCCGATTTCGCGTTGAAATTAG
CCCAGCGGATCACGAAGCCTGTAGAGAATGGCGTCACCTTCACGTACTCGCCACTGTTGACCACACGTGCAGGAATCGTCAATAGTAT
CCAGAGACAGCAGTACCTCCAGATGCTCTCTAACCTGACGCTGCCGCTTACGATTATTTATGGTGATCGCTCGAATTTCAACCGTGAAG
AGGACCTGGAGGCTCAACAGCTCGCGATGGCACAGGCCAATAAGATTATCATAAAAGGAGGTCATAACCTCCACCTGGAAAAGCCGA
ACGACGTTGTATCGGCGATTCTGAGCAACGAATTCCGAGGCCTGCGGTGCTTTGGCAGGATCCGGCTGTCTAACAAAGCCCGAAAGG
AAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGACGGGTTTTTTGTCTAG
ATCAACGGCCTCAACCTACTACTGGGCTGCTTCCTAATGCAGGAGTCGCATAAGGGAGAGCGTCGAGATCCCGGACACCATCGAATG
GCGCATTTACAGCTAGCTCAGTCCTAGGTACAATGCTAGCCGGAGGAGGGTCAATTCATGGTGGTGAATGTGAAACCAGTAACGTTAT
ACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGG
AAAAAGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTGATTG
GCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCG
TGGTGGTGTCGATGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTG
ATCATTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGA
CCAGACACCCATCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAA
ATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAAATTC
AGCCGATAGCGGAACGGGAAGGCGACTTTAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGCTGAATGAGGGCATCGTTCCCAC
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TGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGGGCTGCGCGTTGGTGCGGATATCT
CGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTATATCCCGCCGTTAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCA
AACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAA
AACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACT
GGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTAAGTTAGCTCACTCATTAGGCACCGGGATCTCGACCGATGCCCTTGAGAGCCT
TCAACCCAGTCAGCTCCTTCCGGTTCGCGCATGCATAAAAACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATCACAAAC
GGCATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGACGCACACCGTGGAAACGG
ATGAAGGCACGAACCCAGTTGACATAAGCCTGTTCGGTTCGTAAACTGTAATGCAAGTAGCGTATGCGCTCACGCAACTGGTCCAGAA
CCTTGACCGAACGCAGCGGTGGTAACGGCGCAGTGGCGGTTTTCATGGCTTGTTATGACTGTTTTTTTGTACAGTCTATGCCTCGGGC
ATCCAAGCAGCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGAGCAGCAACGATGTTACGCAGCAGCAACGATGTTACGC
AGCAGGGCAGTCGCCCTAAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTAGGCTCGGCCCTGACCAAGTCAAATC
CATGCGGGCTGCTCTTGATCTTTTCGGTCGTGAGTTCGGAGACGTAGCCACCTACTCCCAACATCAGCCGGACTCCGATTACCTCGGG
AACTTGCTCCGTAGTAAGACATTCATCGCGCTTGCTGCCTTCGACCAAGAAGCGGTTGTTGGCGCTCTCGCGGCTTACGTTCTGCCCA
GGTTTGAGCAGCCGCGTAGTGAGATCTATATCTATGATCTCGCAGTCTCCGGCGAGCACCGGAGGCAGGGCATTGCCACCGCGCTCA
TCAATCTCCTCAAGCATGAGGCCAACGCGCTTGGTGCTTATGTGATCTACGTGCAAGCAGATTACGGTGACGATCCCGCAGTGGCTCT
CTATACAAAGTTGGGCATACGGGAAGAAGTGATGCACTTTGATATCGACCCAAGTACCGCCACCTAACAATTCGTTCAAGCCGAGATC
GGCTTCCCGGCCGCGGAGTTGTTCGGTAAATTGTCACAACGCCGCCAGGTGGCACTTTTCGGGGAAATGTGCGCGCCCGCGTTCCTG
CTGGCGCTGGGCCTGTTTCTGGCGCTGGACTTCCCGCTGTTCCGTCAGCAGCTTTTCGCCCACGGCCTTGATGATCGCGGCGGCCTT
GGCCTGCATATCCCGATTCAACGGCCCCAGGGCGTCCAGAACGGGCTTCAGGCGCTCCCGAAGGTTCTAACGTAAACCCATTGAATT
TAAAAAAGACTTTATGACTGCTTTACTGCTCCATGACCAACATTATTCCCTTGATCATGAAGCCTTTCTCTCAACCCTCAGCAACACAGA
AAATTTACTCATTATTCAAGATCTAGATGGCGTTTGCATGGGGTTAGTCAAAGACCCCTTAACCCGCAAAATTGATCCTGACTATATCCG
CGCCACACGCAAGTTTAGAGACCACTTCTTTGTCCTCACCAACGGTGAACATGAAGGCAGAAGGGGAGTAAATCGCATCGTTGAACGG
GCATTTCGCAATGTTGAAGCCAAAGAGGAAACAAGCTATTTACCTGGTTTAGCAGCAGGGGGTGTGCAATGGCAGACAGATAATGGCC
AAATTTCCCATCCCGGTGTTAGCCAAGCAGAACTCGATTTCCTTGCCACAGTGCCAGATTTAATTGGTCAAAGTTTAGGACAATTTTTTA
CTAAATATGTTGATATTTTTCCCGCTGAGCTTCAACCTGAGCTGATCCATGCTTCTGTTTTAGATAATCTCGTTTCACCGACGGCAAATT
TAAACGTCCTGGCCGAATATTTAGGCGATCGCCTTGAGATTTACCAAGACCTCCAGCGCACCATGGAAACCCTGATGAATGATTTGCTA
GAAAAAGCTGGCCAACAGGGTTTAGACAATAGTTTTTTCGTGCACTATGCGCCCAATTTAGGCAGAGATAATGTGGGGAAAGAAATTGT
CCGCTTTGCCACAG
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Table S14. Nucleotide sequence encoding Aas wildtype region. Nucleotide sequence encoding Aas 
(green region; SYNPCC7002_A0675) and upstream/downstream homology arms (gray regions).

Nucleotide sequence of wildtype aas
TTTGGGGGTAGCGATGCGAATATTCATGCCGACTAACGCGCCACCGAGGAGGATCGAGTGGGCGACATTATTGCCATCACCCACATA
GGTCATGGTCAGGCCTTCCAGTTGGCCGAAGGTTTCCTGCATCGTTTGCAGATCCGCCAACATCTGACAGGGGTGTTCTAAATCTGTA
AGGGCGTTGATAATCGGCATTTCACAGTAATCAGCGAAGGTTTCGAGATCCTGTTGATCAAAGGTACGAATCGCCAAAATATCGAGGTA
GCGGTCTAAAACCCTGGCGGTGTCCTCGATGGGCTCGCCGCGACCCACTTGGGTGCGGTTTGGGTTCAGGTCAATGACATTGCCACC
CAGTTGATACATAGCCACGCTAAAGGAGACTCTGGTGCGGGTAGAGGCTTTGTAGAACAACAGGCCGAGGGTTTTGGGGCAGGTGGG
GGCGATTTTTCCCTGTTTGAGATCTGCCGCCAGGTTTAGCAGGGTAATAATTTCTGTGCTGCTGAGATCTGCAATGCTCAGAAGATCCC
GACCCTTGAGTGCATTCATCCTGTTTTCGGCTCCTTACCGTGGCAAAAAAATCATTATAAGCTCCCCTCCAGATTCCACAAAAGCTTGC
AAGGGCGATCGCCACTGGTCTTCGTCAGGAAATGTTGATGGCGATCCCAAGGGGGTGACACTTGAAAAACTGTCTACTTTTGGGGAGA
TGGGTGAAATCTGGTTTTAAAGTAGGATTGTAGCCATGATTTCGGCTTGTTTTTTGCGCTTTTAAATGGAATTGCCATGAGCACTGCTCC
CTACGACCAGATCCAATCTTTATCAAAAATTTGGGCGATCGCCGCCGAGCGTTATGCCGACATTGTTGCCCTCTATGATCCCCACCAAA
AACCAGAATTCAAACTGACCTATCATCAGCTCTGGCAAGGGATTCAGCAATTTGGGGCTGGCCTCCAAGCCCTCGGTCTTCAACCCCA
GGAAAAAGTCGCCCTGATTGCGGATAATAGCCCCCGTTGGTTCATCGCCGATCAAGGTAGTATTGCGGCGGGGGCAGTGAATGCGGT
GCGCTCATCCCAGGCAGAAAAACAAGAACTGCTCTACATCTACACTGACAGCGAAAGTCGATTTCTCATCGTCGAAGACCGCAAAACC
TTTGAACGCCTCAATCCAGAAATTACAAATCTCCAACCCAGGGCCGTCATTTTCCTTACCGACGAAGAAGTGCCAGAAACGGAACTCCC
GATTTTCAACTTTTCCCAACTGATGACCCTCGGCAGCCAAGAACCCCTGACGATGCCTGGGCGATCGCCCCAAGATTTGATGACCTTG
ATCTACACTTCTGGGACGACGGGCAAACCCAAAGGGGTGATGCTTTCCCACGGCAATGTCCTCTACCAAGTGCGCAACCTCGACCAG
GTGATTCAACCGAATCCTGGCGATGTCACCCTCAGCATTCTCCCCACCTGGCATTCCTATGAACGGGCTGCTGAATATTTCCTCCTGTC
CCAGGGCTGCACCCAAATTTATACGAATATCCGCAACATCAAAAAAGATCTCCAAACCTACAAGCCCGGTTACATGGTTGCGGTGCCG
CGCATTTGGGAATCGATTTACGAAGGAGTGCAGAAAAATCTCCGGGAACAACCCGCCAAAAAACAAAAGCTGGTGAACTTTTTCCTCA
CCTGCTCCCAAAATTATGTCCTGGCCCAGCGTATCGCCAACAACCTCAGCCTGGAGCATTTCCATGTTTCTTCCCTGACGCGGTTAATG
GCTAGAGCAAAGGCGATCGCCCTTTATCCTTTTCACCTCCTCGGCAACAAACTCGTTTACGAAAAAATTCGGGGGGCCACTGGCGGCA
AAATTCGCTACGTAATCAGCGGCGGCGGCTCCCTCGCCCAACACATCGACACCTTCTTTGAAATCGTGGGGATCAATATCCTTGTGGG
TTATGGCCTCACCGAAACTTCTCCTGTGACCAATGCCCGGCGGCCCGAACGCAATGTGTGTGGTTCTGCTGGCCCCGCCCTCAAGGG
CACCGAAATTCGCATTGTTGATCCTGAAACGCGACAAACCCTTTCCCAAGGCCAAAAGGGACTGGTTTTAATCCGTGGCCCCCAGGTA
ATGCAGGGCTACTACCGCAAACCCGAAGCCACCGCCAAGGCCATTGATCCCGAAGGTTGGTTTGACAGCGGCGACCTCGGTTGGGT
GACGCCCCAGGGGGATCTCGTTTTAACGGGCCGGGCAAAGGATACTATTGTCCTCACCAACGGCGAAAACATCGAACCCCAGCCCAT
CGAAGATGCCTGCGCCCGCAGTCCCTACATCGATCAAATTATGCTGGTGGGCCAGGATCAAAAATCCCTTGGTGCTTTAATTGTGCCG
AACCTCGAAGCCCTCGGTCAGTGGATGTCCCAGGGTGGCCTCGGTTTGCAATTGCCAGATCCTGACATTCCTTCAGAACAACTGCCCC
AAACGGATTTGTACAGTAAGCCAGTCTTGAATTTATTTAAACAGGAGCTGAATCGAGAAATTAAAAATCGACCTGGCTATCGGGTGGAT
GACCGCATTAGTGATTTTGCGTTGATTTTGGAGCCTTTTTCCATTGAGAACGGCCTGATGACCCAGACGCTAAAGGTAAAGCGGCCAG
TGGTGGCAGAGAAATATGCGGCCTTAATTGCTTCCCTTTACGACAAAGATTAAGCGATCCGAATGGCGGAATCTTCGGGTATTGATGCT
ACCCTGAAAATATTTTGTAGATAGGGCCCCTTTAGCCCACTGATTTAACAAAACCGAGTTACATTTCTCTAGGAAAACATTCACATGGAC
GGAAACCAAGTGCCTACTGTTACCCTCAAACGCCCAATTAATCTGAAGGTCATCGTGACCCCCCGCTGGAAAGAGGAAGTACAGCAGC
AACTCCAGGGACAAATAGCGACTTTTGATGGTCAATTACAACAACTGGATGTCCAAGGAAATCGCACCATTAGTGAACTTCAACAACAG
GGCAATACCCCCCAGGTCGCTCAACAAATGGAAAATATCCAACTCCAGGTTAACCAAAAAAAGCGGGAACTCCTTGAGAAGAAAAACC
AAGTGCTCCAGCAGCTCCAACAGGTACAAAACTTAGAATTAGATCAAGAGTTTCTCCAGGGTCAAATGGAGAGTTTCTTTGAAGTGAAA
GTGGGCGATAATCTGGTGCGCAAGCTGAATGTTGAACTTGTGGTCCGGGATGGTGTTGTTGAAGAAATTCGCGGCGACCTCTAATTTT
TTTTGTGATTGCTGTCGAGTGACAGTGTTCGGCTCCCCCGATGACACTTGCGGTGCGGGGGATTTTTAATGGGGAAAAAATTCATGAA
AATTGGCATTGTCGGGCTGGGTTTAATCGGTGGATCTTTGGCGATCGCCTTTCGGGAAAAAGGCTTAGAAGTGTTGGGAGTTTCTCGG
AAAAAT
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Table S15. Nucleotide sequence of Aas region of strains AYG046/AYG047. Nucleotide sequence of 
Δaas::aphA1 (blue region; kanamycin resistance aphA1) and upstream/downstream homology arms 
(gray regions).

Nucleotide sequence of AYG046/47 (Δaas::aphA1)
TTTGGGGGTAGCGATGCGAATATTCATGCCGACTAACGCGCCACCGAGGAGGATCGAGTGGGCGACATTATTGCCATCACCCACATA
GGTCATGGTCAGGCCTTCCAGTTGGCCGAAGGTTTCCTGCATCGTTTGCAGATCCGCCAACATCTGACAGGGGTGTTCTAAATCTGTA
AGGGCGTTGATAATCGGCATTTCACAGTAATCAGCGAAGGTTTCGAGATCCTGTTGATCAAAGGTACGAATCGCCAAAATATCGAGGTA
GCGGTCTAAAACCCTGGCGGTGTCCTCGATGGGCTCGCCGCGACCCACTTGGGTGCGGTTTGGGTTCAGGTCAATGACATTGCCACC
CAGTTGATACATAGCCACGCTAAAGGAGACTCTGGTGCGGGTAGAGGCTTTGTAGAACAACAGGCCGAGGGTTTTGGGGCAGGTGGG
GGCGATTTTTCCCTGTTTGAGATCTGCCGCCAGGTTTAGCAGGGTAATAATTTCTGTGCTGCTGAGATCTGCAATGCTCAGAAGATCCC
GACCCTTGAGTGCATTCATCCTGTTTTCGGCTCCTTACCGTGGCAAAAAAATCATTATAAGCTCCCCTCCAGATTCCACAAAAGCTTGC
AAGGGCGATCGCCACTGGTCTTCGTCAGGAAATGTTGATGGCGATCCCAAGGGGGTGACACTTGAAAAACTGTCTACTTTTGGGGAGA
TGGGTGAAATCTGGTTTTAAAGTAGGATTGTAGCCATGATTTCGGCAAGGAAAGGAATTCTTAACAAAAAAGCAGGAATAAAATTAACAA
GATGTAACAGACATAAGTCCCATCACCGTTGTATAAAGTTAACTGTGGGATTGCAAAAGGAGCTCCCAACTCATAAAGTCAAGTAGGAG
ATTAATTCCATGAGCCATATTCAGCGTGAAACGAGCTGTAGCCGTCCGCGTCTGAACAGCAACATGGATGCGGATCTGTATGGCTATA
AATGGGCGCGTGATAACGTGGGTCAGAGCGGCGCGACCATTTATCGTCTGTATGGCAAACCGGATGCGCCGGAACTGTTTCTGAAAC
ATGGCAAAGGCAGCGTGGCGAACGATGTGACCGATGAAATGGTGCGTCTGAACTGGCTGACCGAATTTATGCCGCTGCCGACCATTA
AACATTTTATTCGCACCCCGGATGATGCGTGGCTGCTGACCACCGCGATTCCGGGCAAAACCGCGTTTCAGGTGCTGGAAGAATATCC
GGATAGCGGCGAAAACATTGTGGATGCGCTGGCCGTGTTTCTGCGTCGTCTGCATAGCATTCCGGTGTGCAACTGCCCGTTTAACAG
CGATCGTGTGTTTCGTCTGGCCCAGGCGCAGAGCCGTATGAACAACGGCCTGGTGGATGCGAGCGATTTTGATGATGAACGTAACGG
CTGGCCGGTGGAACAGGTGTGGAAAGAAATGCATAAACTGCTGCCGTTTAGCCCGGATAGCGTGGTGACCCACGGCGATTTTAGCCT
GGATAACCTGATTTTCGATGAAGGCAAACTGATTGGCTGCATTGATGTGGGCCGTGTGGGCATTGCGGATCGTTATCAGGATCTGGCC
ATTCTGTGGAACTGCCTGGGCGAATTTAGCCCGAGCCTGCAAAAACGTCTGTTTCAGAAATATGGCATTGATAATCCGGATATGAACAA
ACTGCAATTTCATCTGATGCTGGATGAATTTTTCTAACCGAGGGCGGTGCTTTGGCAGGATCCGGCTGTCTAACAAAGCCCGAAAGGA
AGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGACGGGTTTTTTGTCTAGA
TCAACGGCCTCAACCTACTACTGGGCTGCTTCCTAATGCAGGAGTCGCGATCCGAATGGCGGAATCTTCGGGTATTGATGCTACCCTG
AAAATATTTTGTAGATAGGGCCCCTTTAGCCCACTGATTTAACAAAACCGAGTTACATTTCTCTAGGAAAACATTCACATGGACGGAAAC
CAAGTGCCTACTGTTACCCTCAAACGCCCAATTAATCTGAAGGTCATCGTGACCCCCCGCTGGAAAGAGGAAGTACAGCAGCAACTCC
AGGGACAAATAGCGACTTTTGATGGTCAATTACAACAACTGGATGTCCAAGGAAATCGCACCATTAGTGAACTTCAACAACAGGGCAAT
ACCCCCCAGGTCGCTCAACAAATGGAAAATATCCAACTCCAGGTTAACCAAAAAAAGCGGGAACTCCTTGAGAAGAAAAACCAAGTGC
TCCAGCAGCTCCAACAGGTACAAAACTTAGAATTAGATCAAGAGTTTCTCCAGGGTCAAATGGAGAGTTTCTTTGAAGTGAAAGTGGGC
GATAATCTGGTGCGCAAGCTGAATGTTGAACTTGTGGTCCGGGATGGTGTTGTTGAAGAAATTCGCGGCGACCTCTAATTTTTTTTGTG
ATTGCTGTCGAGTGACAGTGTTCGGCTCCCCCGATGACACTTGCGGTGCGGGGGATTTTTAATGGGGAAAAAATTCATGAAAATTGGC
ATTGTCGGGCTGGGTTTAATCGGTGGATCTTTGGCGATCGCCTTTCGGGAAAAAGGCTTAGAAGTGTTGGGAGTTTCTCGGAAAAAT
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Table S16. Nucleotide sequence encoding hydrolase A1174 wildtype region. Nucleotide sequence 
encoding putative hydrolase A1174 (orange region; SYNPCC7002_A1174) and upstream/downstream 
homology arm (gray regions).

Nucleotide sequence of wildtype a1174
CACCAAAGCCCAATTCCGCGCCCAAATCGCCGTGGCCCTGGGGGGACGCGCCGCCGAGGATATTGTCTTTGGCTACGATGAAATCAC
TTCTGGGGCCTCCCAGGATATCCAAATGCTCACGAACATTGCCCGTCAAATGGTGACAAAATTTGGGATGTCAGAACTGGGTCACTTT
GCCCTAGAAACCAATCGGGGTGAAGTTTTCCTCAGAAATGATTGGTTTGGGGAGCGGCCTGAATATTCCGAGGCGATCGCCCAGCGC
ATTGACCTCAAGGTGCGCGAAATTATCAACGAGTGCTACGAAACTGCCAAGCAAATTATTCGGGACAATCGTCAACTTGTAGATCGTCT
GGTGGATCGTCTCATCGAAGAAGAAACCATCGAAGGCGAAGACTTTAGTCGTCTCGTCAACGAAGCCCTTGGTCAAACCATCGACCTC
CAAAAGACTGCTTCCGTTGCCTAAATACCATGAAAAGCTTAATCCTCTGGAGCATCAAAGGCTACCGTCGCTGGATTTCCCCCCTATTC
CCCCCCAGTTGTCGCTTTCAGCCCACCTGTTCCCAATATGCCCTCGAAGCCGTGGAACGCTTTGGTGTACTCCGGGGCAGTTGGCTC
GCCCTAAAGCGCCTTGGCCGCTGTCACCCGTTTCACCCTGGGGGTTATGATCCGGTGCCCCATCTTTGCCATCACGATTTAGACAACA
CGCCCTAGGACATTTGTTCCTTATTTCGGTTTTATCCATCGCTCACCATGACCATTACTTCCCCCGCTCATCCCCATACCGATTACAGCT
GGCAATGGCACGGCTTCAATATTAACTATCGTCAGTGGGGCACCCAGGGGCTGCCCGTTCTTTTCGTCCATGGCTTTGGGGCCTCGG
CCGGTCATTGGCGCAAAAATCTTCCGGTTTTAGGGGAACATTACCGCTGCTATGCCATCGACTTACTGGGCTTTGGGAAATCGGCAAA
ACCCCAACCGGAGGTTGAAGCGGACTACACTTTTGAAACTTGGGCCACCCAGATTAAGGCGTTCTGTGCTGAAATCATTGGTGAACCG
GCTTTTCTAGTTGGTAATTCCATTGGTTGTGTCGTTGTCATGCAGGCGGCTGTGTCCTATCCCCACTGGGTGCGGGGGGTTGTGGCAC
TCAATTTTTCCCTGCGGCTGTTCCATGAGCGCAATCTTTTAAAAGCACCTTTTTATCAACGCTGGGGCGTTCCCCTCTTCCAAAAACTCT
TGACCCAAACCCCCCTCGGTTCCTTGTTCTTTAAGCAATTGGCCCAGCCGAAAACAATCCGCAAAATTTTAGCCCAGGCCTACCGAGA
CAAAACAGCGATTACCGATGAGTTGGTGGAGCTGATCCTGACCCCCGCCCAGGACCCAGGGGCGGCAGCGGTTTTCCTGGCCTTTAC
GAGTTATTCCCAGGGGCCACTCCCGGACGACCTGCTGCCCCAGTTGCATTGCCCCACGGCAGTTTTGTGGGGAACAGCGGATCCGTG
GGAACCAGTTGATCTGGGCCGTGCCCTTGTCGCCCAATATCCTCAGATTGAGTTTATTCCCCTCGATAATGTCGGCCATTGTCCCCAG
GATGAAGCTCCGGCATTAGTCAACGGCTATTTACTCGATTGGTTAGGGCGACAACAGTCAGCGTAGCCTAGGGCTTTTACACTCAAAT
CAGTTGAAACCAGGCCCTCCATAATCGAAGGAACGGCGGATTTTGGGAGGATTTACCGTGGGGAGGGAACTCACGGTTTAATATGGTT
AACTAGGCTATAGCCCGTGGGTATTCGTAAAAATTGCTAGGATACGGAGTCCAGAATTTCCATTCACAGGAGTTGCTAAGGCATACATG
GTTGGTCAATTTGCAAATTTCGTCGATCTGCTCCAGTACAGAGCTAAACTTCAGGCGCGGAAAACCGTGTTTAGTTTTCTGGCTGATGG
CGAAGCGGAATCTGCGGCCCTGACCTACGGAGAATTAGACCAAAAAGCCCAGGCGATCGCCGCTTTTTTGCAAGCTAACCAGGCTCA
AGGGCAACGGGCATTATTACTTTATCCACCGGGTTTAGAGTTTATCGGTGCCTTTTTGGGATGTTTGTATGCTGGTGTTGTTGCGGTGC
CAGCTTACCCACCACGGCCGAATAAATCCTTTGACCGCCTCCATAGCATTATCCAAGATGCCCAGGCAAAATTTGCCCTCACCACAACA
GAACTTAAAGATAAAATTGCCGATCGCCTCGAAGCTTTAGAAGGTACGGATTTTCATTGTTTGGCTACAGATCAAGTTGAATTAATTTCA
GGAAAAAATTGGCAAAAACCGAACATTTCCGGCACAGATCTCGCTTTTTTGCAATACACCAGTGGCTCCACGGGCGATCCTAAAGGAG
TGATGGTTTCCCACCACAATTTGATCCACAACTCCGGCTTGATTAACCAAGGATTCCAGGATACAGAGGCGAGTATGGGCGTTTCCTG
GTTGCCGCCCTACCATGATATGGGCTTGATCGGTGGGATTTTACAGCCCATCTATGTGGGAGCAACGCAA
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Table S17. Nucleotide sequence of A1174 region for strain AYG058. Nucleotide sequence for the 
Δa1174::lox66-aaC1-lox71 region (blue region; gentamicin resistance aaC1) and the relevant upstream 
and downstream (gray regions) coding regions.

Nucleotide sequence of AYG058 (Δa1174::lox66-aaC1-lox71)
CACCAAAGCCCAATTCCGCGCCCAAATCGCCGTGGCCCTGGGGGGACGCGCCGCCGAGGATATTGTCTTTGGCTACGATGAAATCAC
TTCTGGGGCCTCCCAGGATATCCAAATGCTCACGAACATTGCCCGTCAAATGGTGACAAAATTTGGGATGTCAGAACTGGGTCACTTT
GCCCTAGAAACCAATCGGGGTGAAGTTTTCCTCAGAAATGATTGGTTTGGGGAGCGGCCTGAATATTCCGAGGCGATCGCCCAGCGC
ATTGACCTCAAGGTGCGCGAAATTATCAACGAGTGCTACGAAACTGCCAAGCAAATTATTCGGGACAATCGTCAACTTGTAGATCGTCT
GGTGGATCGTCTCATCGAAGAAGAAACCATCGAAGGCGAAGACTTTAGTCGTCTCGTCAACGAAGCCCTTGGTCAAACCATCGACCTC
CAAAAGACTGCTTCCGTTGCCTAAATACCATGAAAAGCTTAATCCTCTGGAGCATCAAAGGCTACCGTCGCTGGATTTCCCCCCTATTC
CCCCCCAGTTGTCGCTTTCAGCCCACCTGTTCCCAATATGCCCTCGAAGCCGTGGAACGCTTTGGTGTACTCCGGGGCAGTTGGCTC
GCCCTAAAGCGCCTTGGCCGCTGTCACCCGTTTCACCCTGGGGGTTATGATCCGGTGCCCCATCTTTGCCATCACGATTTAGACAACA
CGCCCTAGGACATTTGTTCCTTATTTCGGTTTTATCCATCGCTCACCGACCTTGTGACGACTAATACCGTTCGTATAATGTATGCTATAC
GAAGTTATCTGCAGCGGCCGCTACTAGTACAACAAAGCCACGTTGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATATAT
CATCATGAACAATAAAACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGTTACGCAGCAGCAACGATGTTACGCAGCAGGGC
AGTCGCCCTAAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTAGGCTCGGCCCTGACCAAGTCAAATCCATGCGGG
CTGCTCTTGATCTTTTCGGTCGTGAGTTCGGAGACGTAGCCACCTACTCCCAACATCAGCCGGACTCCGATTACCTCGGGAACTTGCT
CCGTAGTAAGACATTCATCGCGCTTGCTGCCTTCGACCAAGAAGCGGTTGTTGGCGCTCTCGCGGCTTACGTTCTGCCCAGGTTTGAG
CAGCCGCGTAGTGAGATCTATATCTATGATCTCGCAGTCTCCGGCGAGCACCGGAGGCAGGGCATTGCCACCGCGCTCATCAATCTC
CTCAAGCATGAGGCCAACGCGCTTGGTGCTTATGTGATCTACGTGCAAGCAGATTACGGTGACGATCCCGCAGTGGCTCTCTATACAA
AGTTGGGCATACGGGAAGAAGTGATGCACTTTGATATCGACCCAAGTACCGCCACCTAATCAGAATTGGTTAATTGGTTGTAACACTGG
CAGAGCCTCTAGTATATAAACGCAGAAAGGCCCACCCGAAGGTGAGCCAGTGTGACTCTAGTAGAGAGCGTTCACCGACAAACAACA
GATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCTCTAGTATAACTTCGTATAATGTATGCTATACG
AACGGTACTTTACAAAATCAAACCCGACCTAGGGCTTTTACACTCAAATCAGTTGAAACCAGGCCCTCCATAATCGAAGGAACGGCGG
ATTTTGGGAGGATTTACCGTGGGGAGGGAACTCACGGTTTAATATGGTTAACTAGGCTATAGCCCGTGGGTATTCGTAAAAATTGCTAG
GATACGGAGTCCAGAATTTCCATTCACAGGAGTTGCTAAGGCATACATGGTTGGTCAATTTGCAAATTTCGTCGATCTGCTCCAGTACA
GAGCTAAACTTCAGGCGCGGAAAACCGTGTTTAGTTTTCTGGCTGATGGCGAAGCGGAATCTGCGGCCCTGACCTACGGAGAATTAG
ACCAAAAAGCCCAGGCGATCGCCGCTTTTTTGCAAGCTAACCAGGCTCAAGGGCAACGGGCATTATTACTTTATCCACCGGGTTTAGA
GTTTATCGGTGCCTTTTTGGGATGTTTGTATGCTGGTGTTGTTGCGGTGCCAGCTTACCCACCACGGCCGAATAAATCCTTTGACCGCC
TCCATAGCATTATCCAAGATGCCCAGGCAAAATTTGCCCTCACCACAACAGAACTTAAAGATAAAATTGCCGATCGCCTCGAAGCTTTA
GAAGGTACGGATTTTCATTGTTTGGCTACAGATCAAGTTGAATTAATTTCAGGAAAAAATTGGCAAAAACCGAACATTTCCGGCACAGAT
CTCGCTTTTTTGCAATACACCAGTGGCTCCACGGGCGATCCTAAAGGAGTGATGGTTTCCCACCACAATTTGATCCACAACTCCGGCTT
GATTAACCAAGGATTCCAGGATACAGAGGCGAGTATGGGCGTTTCCTGGTTGCCGCCCTACCATGATATGGGCTTGATCGGTGGGATT
TTACAGCCCATCTATGTGGGAGCAACGCAA


