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Supplementary Figure 1. Phylogenetic analysis of PKS TRs. TR1 is from coelimycin pathway1, 

TR2 is from B24891 pathway1, TR3 is from cyclizidine pathway2, TR4 is from iminimycin 

pathway3, TR5 is from argimycin pathway4, TR6 is from streptazone pathway5, TR7 and TR8 are 

from unknown pathways, and TR9 is from venediol pathway6.
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Supplementary Figure 2. Natural substrates of PKS TRs. TR1 is from coelimycin pathway1, 
TR2 is from B24891 pathway1, TR3 is from cyclizidine pathway2, TR4 is from iminimycin 
pathway3, TR5 is from argimycin pathway4, TR6 is from streptazone pathway5, TR7 and TR8 are 
from unknown pathways with unknown products, and TR9 is from venediol pathway6. All natural 
products are in the range of medium-chain or long-chain.  
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Supplementary Figure 3. SDS-PAGE analysis of purified TR1 (a), TR2 (b), TR7 (c), TR9 (d), 
maltose binding protein (MBP)-ACP1 (e), ACP9 (f), TADH2 (g)7, and RimM1 ACP (h). The 
protein ladders are PageRule Plus prestained protein ladders, 10 to 250 kDa. All samples were 
directly pooled from size-exclusion chromatography (SEC) purification.  
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Supplementary Figure 4. TR substrate scope analysis and initial reaction rate measurement. 
a-b, TR1 substrate scope analysis, with NADPH (a) or NADH (b) as the cofactor. Black: TR1 + 
NAD(P)H + octanoyl-MBP-ACP1; Blue: TR1 + NAD(P)H + octanoyl-CoA; Brown: TR1 + 
NAD(P)H + octanal; Green: NAD(P)H + octanoyl-CoA; Yellow: NAD(P)H + octanal. Each 
experiment was repeated in duplicate. c, Initial reaction rates of TR1- and TR9-catalysed reactions. 
R2: the coefficient of determination in linear regression. Octanoyl-ACP is octanoyl-ACP1 for the 
TR1 reaction and octanoyl-ACP9 for the TR9 reaction.  
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Supplementary Figure 5. Multiple sequence alignment of ACP-TRs. The ACP catalytic Ser is 
labelled with a black dot, proposed ACP residues which may interact with the “helix-turn-helix” 
(HTH) motif are labelled with yellow dots. Conserved Arg residues responsible for NADP(H) 
coordination are labelled with cyan dots, conserved Asp residue important for substrate specificity 
is labelled with a red star, and catalytic Tyr, Lys and Thr/Ser are labelled with green stars. The 
“TGX2GX2G” P-loop motif is in the black box, and the HTH motif is in the yellow box.  
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Supplementary Figure 6. the mFo-DFc omit map of Arg-1824 and Arg-1834 contoured 3.0 
sigma level coloured in green.  
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Supplementary Figure 7. Terminal thioreductase structures in carrier protein-containing 
multi-domain complexes. The “helix-turn-helix” (HTH) motif composed of α10 and α11 is 
labelled in NPRS 351-PCP-R (a, green, PDB code: 6VTJ), PKS CpkC TR or TR1 (b, magenta, 
PDB code: 8V1X), NRPS MxaA R (c, cyan, PDB code: 4U7W), and SrCAR R (d, yellow, PDB 
code: 5MSR). e,  Overall alignment of the four crystal structures (N = N-terminus, C = C-terminus). 
Cofactors are shown in spheres.  
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Supplementary Figure 8. Scheme of the rimocidin biosynthetic gene cluster. Rimocidin 
loading module (RimA or RimM0) is predicted to promiscuously initiate with either acetyl-, 
propionyl-, or butyryl- starter units, producing CE-108, BU16, and rimocidin8,9 as the pathway 
products.  
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Supplementary Figure 9. Purification of holo-PimS0 (pPant-attached PimS0) loading 
module in E. coli BAP1 cells. a, Domain organisation of PimS0 loading module10. b, Gel-filtration 
elution profile of PimS0 purification, with X-axis being elution volume, and Y-axis being UV 280 
nm absorbance for the blue line and UV 260 nm absorbance for the red line. PimS0 dimer eluted 
at 54 min. c, SDS-PAGE analysis of PimS0 from gel-filtration, fractions in the red box were 
collected for subsequent assays. Furthermore, with coexpression of GroEL-GroES and DnaJ-
DnaK-GrpE chaperones in E. coli BL21(DE3), we successfully purified the apo-PimS0 dimer to 
80% homogeneity. Next we tested whether PimS0 can load acetate, malonate, acetyl-CoA, or 
malonyl-CoA in vitro (Supplementary Figure 10). Holo-PimS0 loaded two of the tested substrates, 
acetyl-CoA and malonyl-CoA. In comparison, neither acetate nor malonate was accepted by apo-
PimS0 despite the presence of a putative CoA-ligase (CoL) domain. Both PimS0 ACP1 and ACP2 
were functional, as demonstrated by detection of acetyl-ACP1 and acetyl-ACP2. Moreover, 
malonyl-ACP1 and malonyl-ACP2 were detected after 1 hour of malonyl-CoA incubation, but 
absent after 4 hours, suggesting that KSs may be capable of malonyl-ACP decarboxylation to 
generate acetyl-ACPs. The fact that PimS0 readily accepted acetyl-CoA and malonyl-CoA as 
substrates suggested a similar initiation mode for RimM0 with a putatively altered substrate pool, 
which may include acetyl-CoA, propionyl-CoA, and butyryl-CoA starter units.  
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Supplementary Figure 10. Substrate scope analysis of PimS0 loading module at 1 h (a), 4 h 
(b), and 24 h (c). Black: no substrate control; Cyan: acetate + CoA; Brown: malonate + CoA; 
White: acetyl-CoA; Orange: malonyl-CoA.  
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Supplementary Figure 11. Promoter screening results of rimM0 in S. albus RimM0M1-TR2 
(QD28-QD30). QD28: S. albus PrpsL(RO)-rimM0 + Pgapdh(EL)-rimM1-TR2; QD29: S. albus 
Pgapdh(EL)-rimM0 + Pgapdh(EL)-rimM1-TR2; QD30: S. albus kasOP*-rimM0 + Pgapdh(EL)-
rimM1-TR2. a, Protein abundance of RimM0 and RimM1 in engineered S. albus when using 
PrpsL(RO), Pgapdh(EL), or kasOP* promoter to drive rimM0 transcription. The rimM1-TR2 
promoter is Pgapdh(EL). Grey: RimM0 protein abundance; White: RimM1 protein abundance. b, 
1,3-Diol production titers after 7 d cultivation in R5 medium. Purple: 1,3-BDO; Green: 1,3-PDO; 
Red: 1,3-HDO. All data are represented as mean value and error bars indicate standard deviation 
(s.d.) of four biological replicates (n = 4).  
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Supplementary Figure 12. 1,3-Diol volatility and consumption test. a, Volatility test of 1,3-
pentanediol (blue) and 1,3-hexanediol (green) in R5 medium. b, S. albus J1074 consumption test 
of 1,3-pentanediol (blue) and 1,3-hexanediol (green) in R5 medium. c, S. coelicolor M1152 
consumption test of 1,3-pentanediol (blue) and 1,3-hexanediol (green) in R5 medium.  
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Supplementary Figure 13. MS spectra of 1,3-diols produced in S. albus RimM0M1-TR1 
(QD27). From top to bottom are MS spectra of 1,3-BDO standard at rt = 1.378 min, QD27 at rt = 
1.366 min, 1,3-PDO standard at rt = 2.046 min, QD27 at rt = 2.050 min, 1,3-HDO standard at rt = 
4.216 min, QD27 at rt = 4.267 min. All observed m/z match well with expected signature m/z 
(dehydrated m/z11, [M + H]+ m/z, and [M + Na]+ m/z).  
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Supplementary Figure 14. S. albus RimM0M1-DEBS TE (QD18) production test. a, Reaction 
scheme of RimM0M1-DEBS TE for 3-hydroxy acid production in Streptomyces. No 3-hydroxy 
acid was detected. b, Consumption test of 3-hydroxypentanoic acid in R5 (black) or R5 + S. albus 
(blue). c, Consumption test of 3-hydroxyhexanoic acid in R5 (black) or R5 + S. albus (blue). All 
cultivation data are represented as mean value and error bars indicate standard deviation (s.d.) of 
three biological replicates (n = 3).  
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Supplementary Figure 15. TR substrate scope analysis with 1,3-butanediol, using NADP+ (a) 
or NAD+ (b) as the cofactor. Black: no enzyme control; Blue: TR1; Brown: TR2; Magenta: TR7; 
Green: TR9; Purple: TADH2 positive control. Each experiment was repeated in triplicate.  
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Supplementary Figure 16. TR substrate scope analysis with 1,3-pentanediol, using NADP+ 
(a) or NAD+ (b) as the cofactor. Black: no enzyme control; Blue: TR1; Brown: TR2; Magenta: 
TR7; Green: TR9; Purple: TADH2 positive control. Each experiment was repeated in triplicate.  
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Supplementary Figure 17. Medium screening for S. albus RimM0M1-TR1 (QD27). 3 d 
RimM0M1-TR1 cultivation results in TSB, R5, M042, and 5 d cultivation results in ISP2, ISP4 
were presented here. 15.0 mg/L 1,3-BDO, 15.4 mg/L 1,3-PDO, and 8.2 mg/L 1,3-HDO were 
produced in R5 after 3 d. All cultivation data are represented as mean value and error bars indicate 
standard deviation (s.d.) of at least two biological replicates. For TSB, R5 and M042 groups, n = 
4; for ISP2 and ISP4 groups, n = 2.  
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Supplementary Figure 18. TR1 and TR2 binding to ACP and enzyme substrates. ITC 
experiments measure the binding of TR1 or TR2 to either RimM1 ACP (ACP0) protein, 3-
hydroxybutyryl-CoA (CoA-1), or NADP+. Each panel shows the experiment injections as a 
function of time above and the integrated heat of each injection as a function of the molar ratio of 
components below. a-b, TR1 or TR2 (10 µM) show little or no binding to RimM1 ACP protein 
(50 µM in the syringe and 0.5 µM injections). c-d, neither TR1 nor TR2 (10 µM) binds 3-
hydroxybutyryl-CoA (1 mM in the syringe, 10 µM injections) alone or  in the presence of 1 mM 
NADP+ in both the syringe and cell. e-f,  TR1 or TR2 (20 µM) binds NADP+ (1 mM in the syringe, 
10 µM injections). In the bottom panel, the data points (circles) are fit to an independent binding 
curve (solid line) with the following fit parameters: Kd, TR1_NADP =4.6 ± 3.3 × 10-5 M, n = 0.7 ± 1.5, 
ΔH = 100 ± 60 kJ/mol; Kd,TR2_NADP =3.4 ± 2.0 × 10-5 M, n = 0.6 ± 1.0, ΔH = 100 ± 60 kJ/mol.  
  



 22 

 
Supplementary Figure 19. TR-catalysed reactions on 3-hydroxybutyryl-CoA. NADPH is the 
cofactor, and NADPH consumption was detected here. Black: no TR control; Blue: TR1 reaction; 
Brown: TR2 reaction. TR1 and TR2 have similar reaction rates. Each experiment was repeated in 
triplicate.   
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Supplementary Figure 20. AlphaFold3 models of chimeric RimM1 ACP-TR complexes. a-h, 
RimM1 ACP-TR1/TR2/TR3/TR4/TR6/TR7/TR8/TR9.  
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Supplementary Figure 21. Predicted RimM1 ACP-TR domain-domain interactions are 
dominantly charge-charge interactions. a, Predicted charge-charge interactions between 
RimM1 ACP and TR1 HTH motif. The three bond distances are 3.3 Å, 5.5 Å, and 5.9 Å. b, 
Predicted charge-charge interactions between RimM1 ACP and TR2 HTH motif. The three bond 
distances are 6.3 Å, 6.8 Å, and 8.8 Å. c, No charge-charge interaction between RimM1 ACP and 
TR3 HTH motif was predicted by AlphaFold 3. d, No charge-charge interaction between RimM1 
ACP and TR4 HTH motif was predicted by AlphaFold 3. Moreover, RimM1 ACP in the ACP-
TR4 model positions its catalytic serine (S1507, RimM1 amino acid numbering) away from TR 
active site. Notably, all of the RimM1 ACP residues (D1512, R1514, R1516, R1524) identified 
here are mostly conserved in TR-cognate ACPs, suggesting potentially conserved charge-charge 
interaction-driven ACP-TR recognition in their native PKSs.  
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Supplementary Figure 22. Expected position error maps of RimM1 ACP-TR models. a-h, 
RimM1 ACP-TR1/TR2/TR3/TR4/TR6/TR7/TR8/TR9.  
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Supplementary Figure 23. Protein abundance of RimM1-TR chimaeras in engineered S. 
albus RimM0M1-TR after 3 d cultivation. Grey: RimM0; Brown: RimM1; Orange: TR. RimM0 
abundances are similar in all strains. In comparison, RimM1-TR2/3/4/6/8 abundance is optimal, 
followed by RimM1-TR1. RimM1-TR7 was not detected in QD35, in agreement with no diol 
production. RimM1-TR9 abundance is quite low which explains the relatively low diol titer in 
QD37. All cultivation data are represented as mean value and error bars indicate standard deviation 
(s.d.) of at least three biological replicates. For QD1, QD27, QD28, QD31 and QD33 groups, n = 
4; for QD34 – QD37 groups, n = 3.  
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Supplementary Figure 24. [13C]labelled L-valine feeding experiment on S. albus RimM0M1-
TR2 (QD28). R5 medium + 5 mM L-valine or [13C]labelled L-valine was selected for comparison. 
a, 1,3-hexanediol MS spectrum in L-valine addition group (rt = 3.99 min, expected dehydrated 
83.1 m/z, observed 83.1 m/z). b, 1,3-hexanediol MS spectrum in [13C]labelled L-valine addition 
group (rt = 3.97 min, expected dehydrated 87.1 m/z, observed 87.2 m/z). c, 1,3-hexanediol MS 
spectrum in L-valine addition group (rt = 3.99 min, expected [M + Na]+ 141.1 m/z, observed 141.0 
m/z). d, 1,3-hexanediol MS spectrum in [13C]labelled L-valine addition group (rt = 3.97 min, 
expected [M + Na]+ 145.1 m/z, observed 145.1 m/z).  
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Supplementary Figure 25. The strategy of chiral CDPA coupling to derivatize 1,3-diols to 
form diastereomers. a, 1,3-HDO. b, 1,3-PDO. c, 1,3-BDO.  



 29 

 

 
 
Supplementary Figure 26. 13C NMR spectra (a) and 1H NMR spectra (b) of purified bio-1,3-
diols from S. albus RimM0M1-TR2 + FkbS (QD76) culture.  
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Supplementary Figure 27. 1H NMR spectra of bio-1,3-BDO derivative from S. albus 
RimM0M1-TR2 + FkbS (QD76) culture. a, full 1H NMR spectra of TBS ether CDPA derivatives 
of racemic 1,3-BDO standard, (3R)-BDO standard, and purified bio-1,3-BDO sample. b, The 
aromatic regions of the 1H NMR spectra. Comparison of the highlighted regions clearly show that 
bio-1,3-BDO from the cell culture has 100% “R” chirality at the C3 position.  
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Supplementary Figure 28. 1H NMR spectra of bio-1,3-PDO derivative from S. albus 
RimM0M1-TR2 + FkbS (QD76) culture. a, full 1H NMR spectra of TBS ether CDPA derivatives 
of racemic 1,3-PDO standard and purified bio-1,3-PDO sample. b, The aromatic regions of the 1H 
NMR spectra.  
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Supplementary Figure 29. 1H NMR spectra of bio-1,3-HDO derivative from S. albus 
RimM0M1-TR2 + FkbS (QD76) culture. a, full 1H NMR spectra of TBS ether CDPA derivatives 
of racemic 1,3-HDO standard, (3R)-HDO standard, and purified bio-1,3-HDO sample. b, The 
aromatic regions of the 1H NMR spectra. Comparison of the highlighted regions clearly show that 
bio-1,3-HDO from the cell culture has 100% “R” chirality at the C3 position.  
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Supplementary Figure 30. Chiral separation of S. albus RimM0M1-TR2 + FkbS (QD76) 
products by GC-MS analysis. All produced 1,3-diols are in (3R)- configuration. a, 1,3-BDO. b, 
1,3-PDO. c, 1,3-HDO.  



 34 

 

 
Supplementary Figure 31. LC-MS detection of 2-methyl-1,3-diols produced in S. albus 
RimM0M1(RimM7 AT)-TR2 + FkbS (QD83). From top to bottom: 2-M-1,3-BDO standard EIC 
([M + H]+ = 105.091006 m/z); 2-M-1,3-PDO standard EIC ([M + Na]+ = 141.088601 m/z); 2-M-
1,3-HDO standard EIC ([M + Na]+ = 155.104251 m/z); QD83 EIC 1 = 105.091006 m/z; EIC 2 = 
141.088601 m/z; EIC 3 = 155.104251 m/z. Rim M1 KR is predicted to be B1-type, suggesting no 
(2S)-methyl epimerization occurrence at the C2 position. The (3R)- and (3S)- (2S)-methyl-1,3-diol 
diastereomer standards were separated to allow product diastereomeric ratio (dr) assessment, and 
our observation of high 2-methyl-1,3-diol product dr is indicative of strict Rim M1 KR 
stereospecificity.  
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Supplementary Figure 32. MS spectra of 2-methyl-1,3-diols produced in S. albus 
RimM0M1(M7 AT)-TR2 + FkbS (QD83). [M + H]+ m/z were presented for 2-M-1,3-BDO 
standard and sample, and [M + Na]+ m/z were shown here for 2-M-1,3-PDO and 2-M-1,3-HDO 
standards and samples.  
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Supplementary Figure 33. Comparative analysis of 1,3-diols produced in S. albus QD28 and 
QD83. From top to bottom are EIC traces of 1,3-HDO standard, 2-M-1,3-PDO standard, S. albus 
RimM0M1-TR2 (QD28) sample, and S. albus RimM0M1(RimM7 AT)-TR2 + FkbS (QD83) 
sample. 1,3-HDO and 2-M-1,3-PDO are isomers ([M + Na]+ = 141.088601 m/z). 1,3-HDO was 
produced only in QD28, whereas 2-M-1,3-PDO was produced only in QD83, confirming precision 
of PKS-TR engineering.  
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Supplementary Figure 34. Detection of 2-methyl-3-hydroxyhexanoic acid produced in S. 
albus. a, EIC profiles of 2-methyl-3-hydroxyhexanoic acid: 7 d cultivation of RimM0M1(PiM7 
AT)-TR7 (QD69) in R5 + 2% Glucose is shown in black, and 7 d cultivation of RimM0M1(PiM7 
AT)-TR7 + FkbS (QD85) in R5 + 2% Glucose + 15 mM L-valine is shown in blue. b, Production 
profiles of 2-methyl-3-hydroxyhexanoic acid. c, Observed [M - H]- of 2-methyl-3-
hydroxyhexanoic acid in the QD85 sample is 145.087317 m/z (theoretical [M - H]- 145.087018 
m/z, mass error 2.06 ppm). All cultivation data are represented as mean value and error bars 
indicate standard deviation (s.d.) of three biological replicates (n = 3).  
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Supplementary Figure 35. Detection of 2-ethyl-3-hydroxyhexanoic acid produced in S. albus. 
a, three PKS pathway designs for 2-ethyl-3-hydroxyhexanoic acid production were tested in S. 
albus. AT: acyltransferase; DD: docking domain; KS: ketosynthase. b, EIC profiles of 2-ethyl-3-
hydroxyhexanoic acid in QD28 control (black), QD40 (blue), QD42 (brown), QD51 (pink) after 3 
d cultivation in R5 + 2% Glucose + 5 mM L-valine, and 2-ethyl-3-hydroxyhexanoic acid standard 
(cyan).  
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Supplementary Figure 36. [13C]labelled L-valine feeding experiment on S. albus 
RimM0M1(RimM13 AT)-TR2 (QD40). R5 medium + 10 mM L-valine or [13C]labelled L-valine 
was selected for comparison. a, 2-ethyl-3-hydroxyhexanoic acid MS spectrum in the L-valine 
addition group (rt = 7.20 min, expected [M - H]- 159.2 m/z, observed 159.2 m/z in the black circle). 
b, 2-ethyl-3-hydroxyhexanoic acid MS spectrum in [13C]labelled L-valine addition group (rt = 7.21 
min, expected [M - H]- 163.2 m/z for a single [13C]labelled L-valine incorporation and 167.2 m/z 
for double [13C]labelled L-valine incorporation, observed 163.0 m/z and 167.2 m/z in red circles).  
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Supplementary Figure 37. Detection of 2-ethyl-1,3-hexanediol produced in S. albus. a, EIC 
profiles of 2-E-1,3-HDO: 7 d cultivation of QD86, QD88 - QD93 in R5 + 2% Glucose + 15 mM 
L-valine. b, Observed [M + Na]+ m/z of 2-E-1,3-HDO standard is 169.119548. c, Observed [M + 
Na]+ m/z of 2-E-1,3-HDO in QD89 sample is 169.118183.  
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Supplementary Figure 38. Detection of 2-E-1,3-BDO and 2-E-1,3-PDO produced in S. albus. 
a, EIC profile of 2-E-1,3-BDO after 7 d cultivation of QD88 - QD90 in R5 + 2% Glucose + 15 
mM L-valine. b, EIC profile of 2-E-1,3-PDO after 7 d cultivation of QD88 - QD90 in R5 + 2% 
Glucose + 15 mM L-valine. c, Observed [M + Na]+ m/z of 2-E-1,3-BDO in QD89 sample is 
141.087884 (theoretical [M + Na]+ 141.088601 m/z, mass error -5.08 ppm). d, Observed [M + Na]+ 
m/z of 2-E-1,3-PDO in QD89 sample is 155.103573 (theoretical [M + Na]+ 155.104251 m/z, mass 
error -4.37 ppm).  



 42 

 

 
Supplementary Figure 39. LC-MS detection of amino alcohols produced in S. albus 
RimM0M1-TR2 + TA1 (QD96). EIC traces: 4-aminobutan-2-ol (a), 1-aminopentan-3-ol (b), and 
1-aminohexan-3-ol (c). RimM0M1-TR2 (QD28) control is coloured in black, RimM0M1-TR2 + 
TA1 (QD96) is coloured in blue, and the standards are coloured in orange. See Supplementary 
Figure 40 for detailed mass-to-charge (m/z) detection.  
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Supplementary Figure 40. MS spectra of amino alcohols produced in S. albus RimM0M1-
TR2 + TA1 (QD96). [M + H]+ m/z were presented for standards and samples of 4-aminobutan-2-
ol, 1-aminopentan-3-ol, and 1-aminohexan-3-ol.  
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Supplementary Figure 41. LC-MS detection of methyl amino alcohols produced in S. albus 
RimM0M1(RimM7 AT)-TR2 + TA1 + FkbS (QD99). S. albus RimM0M1-TR2 + TA1 (QD96) 
that produced 4-aminobutan-2-ol, 1-aminopentan-3-ol, and 1-aminohexan-3-ol serves as control. 
EIC traces: 4-amino-3-methyl-butan-2-ol (a), 1-amino-2-methylpentan-3-ol (b), and 1-amino-2-
methylhexan-3-ol (c). QD96 control is coloured in blue, RimM0M1(RimM7 AT)-TR2 + TA1 + 
FkbS (QD99) is coloured in red. See Supplementary Figure 42 for detailed mass-to-charge (m/z) 
detection.  
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Supplementary Figure 42. MS spectra of amino alcohols produced in S. albus 
RimM0M1(RimM7 AT)-TR2 + TA1 + FkbS (QD99). [M + H]+ m/z were presented for 4-amino-
3-methyl-butan-2-ol standard (a, observed [M + H]+ 104.107123 m/z), and samples of 4-amino-3-
methyl-butan-2-ol (b, observed [M + H]+ 104.106978 m/z), 1-amino-2-methylpentan-3-ol (c, 
theoretical [M + H]+ 118.122641 m/z, observed [M + H]+ 118.122302 m/z, mass error -2.87 ppm), 
and 1-amino-2-methylhexan-3-ol (d, theoretical [M + H]+ 132.138291 m/z, observed [M + H]+ 
132.138177 m/z, mass error -0.86 ppm).  
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Supplementary Figure 43. Intracellular NAD(P) level measurement in S. albus. Each 
experiment was repeated in quadruplicate except for RimM0M1-TR2 + TA1 which was repeated 
in duplicate.  
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Supplementary Table 1. Plasmids and strains used in this study 
 

Strains and 
Plasmids Description Source or 

Reference JPUB ID 

Plasmids    

pHIS E. coli expression plasmid with N-terminal 6✕HIS-TEV tag, 
kanamycin resistance 

Addgene 
plasmid 29653  

pMBP E. coli expression plasmid with N-terminal 6✕HIS-MBP-TEV tag, 
kanamycin resistance 

Addgene 
plasmid 29656  

pG-KJE8 E. coli chaperone coexpression plasmid, chloramphenicol resistance Takara  

pHIS_rimM1 ACP pHIS plasmid carrying rimM1 ACP gene This work JPUB_024305 

pHIS_rimA pHIS plasmid carrying rimM0 gene This work JPUB_024231 

pHIS_pimS0 pHIS plasmid carrying pimS0 gene This work JPUB_024233 

pMBP_ACP1 pMBP plasmid carrying ACP1 gene This work JPUB_024235 

pHIS_ACP9 pHIS plasmid carrying ACP9 gene This work JPUB_024237 

pHIS_TR1 pHIS plasmid carrying TR1 gene This work JPUB_024221 

pHIS_TR2 pHIS plasmid carrying TR2 gene This work JPUB_024223 

pHIS_TR7 pHIS plasmid carrying TR7 gene This work JPUB_024225 

pHIS_TR9 pHIS plasmid carrying TR9 gene This work JPUB_024227 

pHIS_TADH2 pHIS plasmid carrying TADH2 gene This work JPUB_024229 

pSC PhiC31-based Streptomyces integration plasmid with spectinomycin 
resistance 

Cruz-Morales 
et al.12  

p41 VWB-based Streptomyces integration plasmid with apramycin 
resistance 

Cruz-Morales 
et al.12  

pOSV807 pSAM2-based Streptomyces integration plasmid with hygromycin 
resistance 

Addgene 
plasmid 
126600 

 

pOSV809 PhiBT1-based Streptomyces integration plasmid with kanamycin 
resistance 

Addgene 
plasmid 
126602 

 

pSC_rimA0 pSC plasmid carrying PrpsL(RO)-rimM0 This work JPUB_024239 

pSC_rimA6 pSC plasmid carrying Pgapdh(EL)-rimM0 This work JPUB_024169 

pSC_rimA7 pSC plasmid carrying kasOP*-rimM0 This work JPUB_024241 

p41_rimB18 p41 plasmid carrying Pgapdh(EL)-rimM1-DEBS TE This work JPUB_024263 

p41_rimB27 p41 plasmid carrying Pgapdh(EL)-rimM1-TR1 This work JPUB_024242 

p41_rimB28 p41 plasmid carrying Pgapdh(EL)-rimM1-TR2 This work JPUB_024243 

p41_rimB31 p41 plasmid carrying Pgapdh(EL)-rimM1-TR3 This work JPUB_024244 

p41_rimB33 p41 plasmid carrying Pgapdh(EL)-rimM1-TR4 This work JPUB_024245 

p41_rimB34 p41 plasmid carrying Pgapdh(EL)-rimM1-TR6 This work JPUB_024246 

p41_rimB35 p41 plasmid carrying Pgapdh(EL)-rimM1-TR7 This work JPUB_024247 

p41_rimB36 p41 plasmid carrying Pgapdh(EL)-rimM1-TR8 This work JPUB_024248 

p41_rimB37 p41 plasmid carrying Pgapdh(EL)-rimM1-TR9 This work JPUB_024249 
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p41_rimB40 p41 plasmid carrying Pgapdh(EL)-rimM1(rimM13 AT)-TR2 This work JPUB_024293 

p41_rimB42 p41 plasmid carrying Pgapdh(EL)-rimM13(rimM1 docking 
domain)-TR2 This work JPUB_024294 

p41_rimB51 p41 plasmid carrying Pgapdh(EL)-rimM13(rimM1 docking domain-
KS)-TR2 This work JPUB_024296 

p41_rimB66 p41 plasmid carrying Pgapdh(EL)-rimM1(rimM7 AT)-TR2 This work JPUB_024250 

p41_rimB67 p41 plasmid carrying Pgapdh(EL)-rimM1(rimM7 AT)-TR7 This work JPUB_024251 

p41_rimB69 p41 plasmid carrying Pgapdh(EL)-rimM1(pimM7 AT)-TR7 This work JPUB_024252 

p41_rimB73 p41 plasmid carrying Pgapdh(EL)-rimM1(rimM13 AT)-DEBS TE This work JPUB_024290 

p41_rimB74 p41 plasmid carrying Pgapdh(EL)-rimM1(rimM13 AT)-Pik TE This work JPUB_024291 

p41_rimB75 p41 plasmid carrying Pgapdh(EL)-rimM1(rimM13 AT)-Rim TE This work JPUB_024292 

pOSV807_rimJ pOSV807 plasmid carrying Pgapdh(EL)-rimJ This work JPUB_024254 

pOSV807_fkbS pOSV807 plasmid carrying Pgapdh(EL)-fkbS This work JPUB_024255 

pOSV809_TA1 pOSV809 plasmid carrying Pgapdh(EL)-TA1 This work JPUB_024256 

pOSV809_TA2 pOSV809 plasmid carrying Pgapdh(EL)-TA2 This work JPUB_024257 

pOSV809_yqhD pOSV809 plasmid carrying Pgapdh(EL)-yqhD This work JPUB_024258 

pOSV809_chnD pOSV809 plasmid carrying Pgapdh(EL)-chnD This work JPUB_024259 

pOSV809_yahK pOSV809 plasmid carrying Pgapdh(EL)-yahK This work JPUB_024260 

pOSV809_yjgB pOSV809 plasmid carrying Pgapdh(EL)-yjgB This work JPUB_024261 
pOSV809_ScAD

H2 pOSV809 plasmid carrying Pgapdh(EL)-ScADH2 This work JPUB_024262 

pOSV809_MaCA
R pOSV809 plasmid carrying Pgapdh(EL)-MaCAR This work JPUB_024298 

pOSV809_yahK_
MaCAR 

pOSV809 plasmid carrying Pgapdh(EL)-yahK and Pgapdh(EL)-
MaCAR This work JPUB_024299 

pOSV809_yahK_
SrCAR 

pOSV809 plasmid carrying Pgapdh(EL)-yahK and Pgapdh(EL)-
SrCAR This work JPUB_024300 

pOSV809_yahK_
MmCAR 

pOSV809 plasmid carrying Pgapdh(EL)-yahK and Pgapdh(EL)-
MmCAR This work JPUB_024301 

pOSV809_yjgB_
MaCAR 

pOSV809 plasmid carrying Pgapdh(EL)-yjgB and Pgapdh(EL)-
MaCAR This work JPUB_024302 

pOSV809_yjgB_S
rCAR 

pOSV809 plasmid carrying Pgapdh(EL)-yjgB and Pgapdh(EL)-
SrCAR This work JPUB_024303 

pOSV809_yjgB_
MmCAR 

pOSV809 plasmid carrying Pgapdh(EL)-yjgB and Pgapdh(EL)-
MmCAR This work JPUB_024304 

Strains    
E. coli 

BL21(DE3)  NEB  

E. coli BAP1  Pfeifer et al.13  

S. albus J1074  ATCC  
S. coelicolor 

M1152  ATCC  

S. rimosus ATCC 
10970  ATCC  

S. tsukubaensis 
NRRL 18488  NRRL  

S. natalensis 
ATCC 27448  ATCC  
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QD1 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 This work JPUB_024167 

QD2 S. albus J1074 strain with phiC31-based integration of Pgapdh(EL)-
rimM0 This work JPUB_024169 

QD3 S. albus J1074 strain with phiC31-based integration of kasOP*-
rimM0 This work JPUB_024171 

QD4 S. coelicolor M1152 strain with phiC31-based integration of 
PrpsL(RO)-rimM0 This work JPUB_024191 

QD5 S. coelicolor M1152 strain with phiC31-based integration of 
Pgapdh(EL)-rimM0 This work JPUB_024192 

QD6 S. coelicolor M1152 strain with phiC31-based integration of 
kasOP*-rimM0 This work JPUB_024193 

QD18 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-DEBS 

TE 
This work JPUB_024307 

QD27 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR1 This work JPUB_024173 

QD28 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR2 This work JPUB_024175 

QD29 S. albus J1074 strain with phiC31-based integration of Pgapdh(EL)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR2 This work JPUB_024189 

QD30 S. albus J1074 strain with phiC31-based integration of kasOP*-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR2 This work JPUB_024190 

QD31 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR3 This work JPUB_024177 

QD33 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR4 This work JPUB_024179 

QD34 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR6 This work JPUB_024181 

QD35 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR7 This work JPUB_024183 

QD36 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR8 This work JPUB_024185 

QD37 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1-TR9 This work JPUB_024187 

QD40 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1(rimM13 

AT)-TR2 
This work JPUB_024267 

QD42 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM13(rimM1 

docking domain)-TR2 
This work JPUB_024309 

QD51 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM13(rimM1 

docking domain-KS)-TR2 
This work JPUB_024310 

QD66 
S. albus J1074 strain  with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1(rimM7 

AT)-TR2 
This work JPUB_024194 

QD67 
S. albus J1074 strain  with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1(rimM7 

AT)-TR7 
This work JPUB_024196 

QD69 
S. albus J1074 strain  with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1(pimM7 

AT)-TR7 
This work JPUB_024265 

QD73 
S. albus J1074 strain  with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1(rimM13 

AT)-DEBS TE 
This work JPUB_024272 

QD74 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1(rimM13 

AT)-Pik TE 
This work JPUB_024274 
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QD75 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM1(rimM13 

AT)-Rim TE 
This work JPUB_024276 

QD76 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, and 

pSAM2-based integration of Pgapdh(EL)-fkbS 
This work JPUB_024203 

QD77 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, and 

pSAM2-based integration of Pgapdh(EL)-rimJ 
This work JPUB_024201 

QD78 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, 

pSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based 
integration of Pgapdh(EL)-yqhD 

This work JPUB_024208 

QD79 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, 

pSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based 
integration of Pgapdh(EL)-chnD 

This work JPUB_024210 

QD80 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, 

pSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based 
integration of Pgapdh(EL)-yahK 

This work JPUB_024212 

QD81 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, 

pSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based 
integration of Pgapdh(EL)-yjgB 

This work JPUB_024214 

QD82 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, 

pSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based 
integration of Pgapdh(EL)-ScADH2 

This work JPUB_024216 

QD83 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM7 AT)-

TR2, and pSAM2-based integration of Pgapdh(EL)-fkbS 
This work JPUB_024198 

QD84 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM7 AT)-

TR7, and pSAM2-based integration of Pgapdh(EL)-fkbS 
This work JPUB_024200 

QD85 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-

rimM0, VWB-based integration of Pgapdh(EL)-rimM1(pimM7 AT)-
TR7, and pSAM2-based integration of Pgapdh(EL)-fkbS 

This work JPUB_024266 

QD86 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-

rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM13 
AT)-TR2, and pSAM2-based integration of Pgapdh(EL)-fkbS 

This work JPUB_024269 

QD87 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-

rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM13 
AT)-TR2, and phiBT1-based integration of Pgapdh(EL)-MaCAR 

This work JPUB_024270 

QD88 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM13 
AT)-TR2, pSAM2-based integration of Pgapdh(EL)-fkbS, and 

phiBT1-based integration of Pgapdh(EL)-yahK and Pgapdh(EL)-
MaCAR 

This work JPUB_024278 

QD89 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM13 
AT)-TR2, pSAM2-based integration of Pgapdh(EL)-fkbS, and 

phiBT1-based integration of Pgapdh(EL)-yahK and Pgapdh(EL)-
SrCAR 

This work JPUB_024280 

QD90 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM13 
AT)-TR2, pSAM2-based integration of Pgapdh(EL)-fkbS, and 

phiBT1-based integration of Pgapdh(EL)-yahK and Pgapdh(EL)-
MmCAR 

This work JPUB_024282 

QD91 S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM13 This work JPUB_024284 
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AT)-TR2, pSAM2-based integration of Pgapdh(EL)-fkbS, and 
phiBT1-based integration of Pgapdh(EL)-yjgB and Pgapdh(EL)-

MaCAR 

QD92 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM13 
AT)-TR2, pSAM2-based integration of Pgapdh(EL)-fkbS, and 

phiBT1-based integration of Pgapdh(EL)-yjgB and Pgapdh(EL)-
SrCAR 

This work JPUB_024286 

QD93 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM13 
AT)-TR2, pSAM2-based integration of Pgapdh(EL)-fkbS, and 

phiBT1-based integration of Pgapdh(EL)-yjgB and Pgapdh(EL)-
MmCAR 

This work JPUB_024288 

QD94 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR1, and 

phiBT1-based integration of Pgapdh(EL)-TA1 
This work JPUB_024204 

QD95 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR1, and 

phiBT1-based integration of Pgapdh(EL)-TA2 
This work JPUB_024206 

QD96 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, and 

phiBT1-based integration of Pgapdh(EL)-TA1 
This work JPUB_024218 

QD97 
S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, and 

phiBT1-based integration of Pgapdh(EL)-TA2 
This work JPUB_024219 

QD98 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1-TR2, 

pSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based 
integration of Pgapdh(EL)-TA1 

This work JPUB_024220 

QD99 

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimM1(rimM7 AT)-
TR2, pSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-

based integration of Pgapdh(EL)-TA1 

This work JPUB_024308 
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Supplementary Table 2. Primers used in this study 
 

Primer name Sequence (5' to 3') 
pHIS_rimA-F TACTTCCAATCCAATGCAatggtcccggtgcatactg 
pHIS_rimA-R TTATCCACTTCCAATGTTATCAATGTTCTGCATCCATAAGACGG 
pHIS_pimS0-F TACTTCCAATCCAATGCAatggtgcccgtccacacagatgactacgc 
pHIS_pimS0-R TTATCCACTTCCAATGTTAtcagctctccgcgtccatcagccg 

pHIS_rimM1 ACP-F TACTTCCAATCCAATGCAgccgccctgccgccc 
pHIS_rimM1 ACP-R TTATCCACTTCCAATGTTAgacctcggagcgcagatacgcgg 

pMBP_ACP1-F TACTTCCAATCCAATGCAgctgggctaggagatgcag 
pMBP_ACP1-R TTATCCACTTCCAATGTTAtacttcaccatgcaggtactccg 
pHIS_ACP9-F TACTTCCAATCCAATGCAggaggcatgaccggcgcg 
pHIS_ACP9-R TTATCCACTTCCAATGTTActccagcaggaccgtccggagg 
pHIS_TR1-F TACTTCCAATCCAATGCAcgggcggaactgtcggcgg 
pHIS_TR1-R TTATCCACTTCCAATGTTAtcacccggccgccggg 
pHIS_TR2-F TACTTCCAATCCAATGCAaccggggccagcggct 
pHIS_TR2-R TTATCCACTTCCAATGTTActagcgggccggggccg 
pHIS_TR7-F TACTTCCAATCCAATGCAggcggacggacgcagggc 
pHIS_TR7-R TTATCCACTTCCAATGTTAtcagcctgccgcggggaag 
pHIS_TR9-F TACTTCCAATCCAATGCAggcaccacgggcagcggc 
pHIS_TR9-R TTATCCACTTCCAATGTTAtccttcggtcatgggggccgcc 

pHIS_TADH2-F TACTTCCAATCCAATGCAatgtctactacagtcggccaag 
pHIS_TADH2-R TTATCCACTTCCAATGTTAtcagtcagccatagtaatgatacatctc 
pSC_rimA0-0F gacgcggagcactgataactagcataaccccttggggc 
pSC_rimA0-0R gtggacgggcaccatttaccggctttcttcgtgttgaac 
pSC_rimA0-1F atggtgcccgtccacacagc 
pSC_rimA0-1R tcagtgctccgcgtccatcag 
p41_rimB27-0F cgcgatatcgaattcctcgag 
p41_rimB27-0R cttctcctcgttcgacatatggcgtatcccctttcag 
p41_rimB27-1F atgtcgaacgaggagaagctgcg 
p41_rimB27-1R gacctcggagcgcagatacg 
p41_rimB27-2F tgcgctccgaggtccgggcggaactgtcg 
p41_rimB27-2R cgaggaattcgatatcgcgttctttccgattcacccggc 
p41_rimB28-2F tgcgctccgaggtcaccggggccagcggct 
p41_rimB28-2R cgaggaattcgatatcgcgctagcgggccggggcc 
p41_rimB31-2F tgcgctccgaggtcgggtccgccgacccccg 
p41_rimB31-2R cgaggaattcgatatcgcgttacgcctcgacgctgaccgcg 
p41_rimB33-2F ctgcgctccgaggtcggcgcaccgggcggc 
p41_rimB33-2R gctagttactcgaggaattcgtcacggggcgggcaggtaacc 
p41_rimB34-2F ctgcgctccgaggtcggcgggccggacggc 
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p41_rimB34-2R gctagttactcgaggaattcgtcaggcagcgggccgcg 
p41_rimB35-2F ctgcgctccgaggtcggcggacggacgcagggc 
p41_rimB35-2R gctagttactcgaggaattcgtcagcctgccgcggggaagt 
p41_rimB36-2F CTGCGCTCCGAGGTCGCGCCCCAGGACGACACCGGG 
p41_rimB36-2R GCTAGTTACTCGAGGAATTCGTCACGGGGCGGGCGGGAAGTG 
p41_rimB37-2F ctgcgctccgaggtcggcaccacgggcagcggc 
p41_rimB37-2R gctagttactcgaggaattcgtcatccttcggtcatgggggccgc 
p41_RimB40-0F cgtcgacctgcccacgtacgcc 
p41_RimB40-0R ggtgcctgctccaggatgacgtgg 
p41_RimB40-1F cctggagcaggcaccggcggacgcc 
p41_RimB40-1R gtgggcaggtcgacgcggcg 
p41_RimB42-0F ctgcgcagcgagttcaccggggccagcggctcc 
p41_RimB42-0R ggctcgcgctgcttcgcctcg 
p41_RimB42-1F aagcagcgcgagccggtcgtcatcgtcggcatggc 
p41_RimB42-1R gaactcgctgcgcagccgggc 
p41_RimB51-0F aaaggccaggaaccgtaaaaaggccgc 
p41_RimB51-0R cttctcctcgttcgacatatggcgtatcccc 
p41_RimB51-1F atgtcgaacgaggagaagctgcgcga 
p41_RimB51-1R ggtgcctgctccaggatgacgtgg 
p41_RimB51-2F cctggagcaggcaccggcggacgcc 
p41_RimB51-2R cggttcctggccttttgctggccttt 
p41_RimB69-0F cgctgcccacgtacgccttccagcg 
p41_RimB69-0R tcagccaatcgactggcgagcggcat 
p41_RimB69-1F ccagtcgattggctgagctcatgagcgg 
p41_RimB69-1R gcggggggcctcctccaggatgacgtgggcgttggtg 
p41_RimB69-2F gaggccccccgcccgcacga 
p41_RimB69-2R gtacgtgggcagcggcacccgg 
p41_RimB73-0F tagcgcgatatcgaattcctcgagtaactagcataacccc 
p41_RimB73-0R gacctcggagcgcagatacgcggc 
p41_RimB73-1F tgcgctccgaggtcgactccggtacgcctgcac 
p41_RimB73-1R gaattcgatatcgcgctatcagctgttgccgccac 
p41_RimB74-0F tagcgcgatatcgaattcctcgagtaactagcataacccc 
p41_RimB74-0R gacctcggagcgcagatacgcggc 
p41_RimB74-1F tgcgctccgaggtcgccgagcggaactgggccg 
p41_RimB74-1R gaattcgatatcgcgctacttgcccgccccctcgatgc 
p41_RimB75-0F tagcgcgatatcgaattcctcgagtaactagcataacccc 
p41_RimB75-0R gggctgtgcggcgacctcggagcgcagatacgcggc 
p41_RimB75-1F gccgcacagcccggcct 
p41_RimB75-1R gaattcgatatcgcgctatcatgcctggccgagggtggcc 
pSC_RimA6-0F ctagcataaccccttggggcc 
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pSC_RimA6-0R gaccgaaggagcagcagtactctgctgcaacgtgtg 
pSC_RimA6-1F gctgctccttcggtcgga 
pSC_RimA6-1R atggcgtatcccctttcagatact 
pSC_RimA6-2F gaaaggggatacgccatatggtgcccgtccacaca 
pSC_RimA6-2R cccaaggggttatgctagttatcagt 
pSC_RimA7-0F ctagcataaccccttggggcc 
pSC_RimA7-0R gttcgaatgtgaacaagtactagtactctgctgcaacgtgtg 

pSC_RimA7-1 (direct use) agtacttgttcacattcgaacggtctctgctttgacaacatgctgtgcggtgttgtaaagtcgtggccaggagaatacga
cagcgtgcaggactgggggagttcat 

pSC_RimA7-2F ggactgggggagttcatatggtgcccgtccacaca 
pSC_RimA7-2R cccaaggggttatgctagttatcagt 
p41_RimB66-0F ccggcgaggagctggccgccctgccgcccg 
p41_RimB66-0R aacacaccggtctgcggtgggg 
p41_RimB66-1F gcagaccggtgtgttcaaggaagacgacg 
p41_RimB66-1R cagccagtaccactggcgctggaagg 
p41_RimB66-2F ccagtggtactggctgcaggaaactccccacgcggcacca 
p41_RimB66-2R cagctcctcgccggacagcgg 
p41_RimB67-0F gccgccctgccgcccg 
p41_RimB67-0R aacacaccggtctgcggtgggg 
p41_RimB67-2F ccagtggtactggctgcccgccggc 
p41_RimB67-2R cggcagggcggcccgggccgcccagtcggc 

pOSV807_rimJ-0F GACGCTGGAGGACTGActagcataaccccttggggc 
pOSV807_rimJ-0R AGCGTTCAGTATTTCCTTCATgcgtatcccctttcagatactcg 
pOSV807_rimJ-1F ATGAAGGAAATACTGAACGCTATTCAGGC 
pOSV807_rimJ-1R TCAGTCCTCCAGCGTCCC 
pOSV807_fkbS-0F GGTTCCGCAATGTCTGActagcataaccccttggggc 
pOSV807_fkbS-0R CGTCCAGGATTTCCTTCATgcgtatcccctttcagatactcg 
pOSV807_fkbS-1F TGAAGGAAATCCTGGACGCGAT 
pOSV807_fkbS-1R TCAGACATTGCGGAACCGGT 
pOSV809_TA1-0F actagtagcggccgctt 
pOSV809_TA1-0R aaaaaacgctagcagcggc 
pOSV809_TA1-1F cgctgctagcgttttttgctgctccttcggtcgg 
pOSV809_TA1-1R gcggccgctactagtgctgtgcttcctgttcggcttaa 
pOSV809_TA2-0F actagtagcggccgctt 
pOSV809_TA2-0R aaaaaacgctagcagcggc 
pOSV809_TA2-1F cgctgctagcgttttttgctgctccttcggtcgg 
pOSV809_TA2-1R gcggccgctactagtgctgtgcttcctgttcggcttaa 

pOSV809_MaCAR-0F ctagcataaccccttggggcc 
pOSV809_MaCAR-0R gcgtatcccctttcagatactcg 
pOSV809_MaCAR-1F atctgaaaggggatacgccatatatgacggagacgatctccaccgccg 
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pOSV809_MaCAR-1R ctcggtcatctccggggacagcggcgccgacc 
pOSV809_MaCAR-2F ccggagatgaccgagttcatggagagtctgc 
pOSV809_MaCAR-2R agccgctcgagccagtccagcacgagccagcggc 
pOSV809_MaCAR-3F tggctcgagcggctggcg 
pOSV809_MaCAR-3R ccaaggggttatgctagttagacgagacccaggagctggatgtcggag 

pOSV809_ADH_CAR-0F aacagggaagtgagagggcc 
pOSV809_ADH_CAR-0R accttgccgaaggcaattacat 
pOSV809_ADH_CAR-1F gccttcggcaaggtcgc 
pOSV809_ADH_CAR-1R aagtatcttcctggcatcttccag 
pOSV809_ADH_CAR-2F cctctcacttccctgttgctgctccttcggtcgg 
pOSV809_ADH_CAR-2R gatgccaggaagatacttcaaaaaacccctcaagacccgtt 
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Supplementary Table 3. Genes used in this study 

 
Gene 
name 

Sequence (5' to 3') 

rimA 
(rimM0

) 

atggtgcccgtccacacagctgactacgtgatccagccgcccaccgacgcggcggaggtacggggcggccacacgctgcccgaggtgttcgagaccgcgtcgagggccgcccccgacgcg
gtggccatcgtggacggggaccgttcgcggacctgggcgcagtggcgggcggacgtccgcgcgctggcccgtggcctccaggaatcgggcgtcgggcccggtgacgtggtggcggtgcgg
ctgccgaacagctgggagttccagaccctgcacctggccgtcgcggccgtcggcgccgtactgctgcccgtccacgagggcaccccgaccgcggaggtccacgcgctgctgacccgcgcgg
aacccgtactcctcgtcctgtcggcttccgggagcgagggcacggcaacggcccgctcgctcctggagagcgtgccgacgctgcgcggcgtgctgctggccggggcgtcggaggcggagtg
cgaggagccggggatcggggcgctggacgggttgcgggcagcctggacgggcagcgagccccggccggtgcacctcacccccgacatgccgctcgccctgatcccctcgtccggcaccac
ctcggcgcggcccaagctgtgcgtgcacacccacggcggcctgctggcgaacaccgcggccgtcgtggccgatgccgccgacgccttcggcggcacggtcctgaccgcctgcccgatgacc
cacctgttcgggctccagtccctgcacacggcgctgttcgccgcccggacgcaggtcctgctcaccggctgggacgtggaccgcttcctggagctggcgcgggagcacaacccccgcgtcgtct
tcgccgtacccgcccaactgcgggacatcgtcgcgcgactcgccagggcgggcgagccggcgggcttcgcgccgcaccaggtgcgtacggcgggcgccgccctcgcacccgcgctcgccg
cacagatacgcgccgccctcgactgcgaaccggtcgtggtgtggggcatgtccgagatcggcaccggcaccgcaacccgggcccaccaccccgacggcagcgtgggagaaccggtcgacg
gcgtgcgcgtacgggtcgtcgacgagcacggcgcggagtgcgcggcgggggagacgggcgagctccagtaccagggcccggcgatgttccgcggctatttccgcgagccggagctgacgc
gctcggccctcaccgacgacggctggctgcggaccggcgacatcgccgccatcgacgcggacggcgtggtcgtcctgcacggccgggcggccgaagtgatcgccaccggaggccggaagt
tcggcgccaccgaaatcgagagcctgctcgcggagctcgcgggcctgggcccgctggccgtggcgggggcgccggacgaccggctcggcgagtacccgtgcctggtcgtgaccgaccgcg
cggaccgtacgatcgggctgaccgaggtgaccgcgttcctgcgccggcggggactcgccgaccacaagatccccctcgaactggtcaccgtgcgcgagctgcccttcacccccgcggggaag
ctcgaccgcagggcactcaaggagcagctgcgcaccggcctggaagcgacgcccgtggcggcccgtctcggcgcggtcccgccggagacggccgaagaggcgctggaactggtacgcga
ctgcgtcggccaggtcctcggcagcagcggcgacccggccggccccgccgtcggtgcgccggaattccccgacaccgaattccgccggctcggcctcgactccgtcctcgcggtgcggctgc
gcaacctgctgcgggaggagaccgggctgtccctcccggtcacgctggccttcgacttcccgacgccgcgggccgtggcgcacgcactggccgagcagaacgacccggcttcggcggcggc
atcggggaagacggcggaggaggcgcggaggttcccggccgacgaggccgatccggtggcgatcgtcgccatggcctgccgcctgccgggcggcgccgactctcccgacgccctgtggga
gctgctggccggcggaaccgacgcgatgcggcccttcccggacgaccgcggctgggacctggaccgcctcttcgacgaggaccccgaccggccgggcacctgctacgcacgcgaaggcgg
cttcctgcccggcgcgggcgacttcgacgcgggcttcttcggcctgtccgaccacgaggcgacggccaccgacccgcagcagcgcctgctcctggtggcggcctgggagaccttcgagcggg
cgggcatcgacccggcgtccctgaagggcacccgtacgggcgtgttcaccggcgcgatggagcgcggctacggcgctctcgcgtccgccgtccccagcgagtgggagagcacgctcaccac
cggggccgccaacagcgcgatctccgggcgcatcgcctacacctacggcctcgaaggccccgcgctgaccgtcgacaccgcctcctcgtcctccctcgtcgccctgcacctggcctgccgctcc
ctgcggtcgggcgagaccgacctggcgctggccggcggcgtcaccgtcatggcgaccccggcgcccttcacccacttcgcccggctgcgcgcgctcgccaccgactcgcgcgccaaggcgt
acgcggacaccgcgaacggctccgcgtgggcggaaggcgcgggactgctgctgctggagcggctgagcgacgcccgccgcaacggacaccgtgtactggcgctcgtacggggctccgcgg
tgaaccaggacggcgcctccaacgggctcaccgccccgagcggccccgcgcagcagcgcgtcatccgccaggccctggccgacgccggtctgacgccgcgggacgtggacgcggtggag
gggcacggcaccggcactccgctcggcgacccgatcgaggcccaggccctgatggccacctacggccaggagcggccggagggacggccgctgtggctggggtcggtgaagtccaacctc
gggcacacacaggccgctgccggggtcgtcggggtcatcaagacggtgctcgcgctgggccgcggcgtcctgcccaggacgctgcacgtggagactccttccaccaaggtcgactggtccgc
cggggcggtacggctgctgaccgaggcgcagccctggccccaggagagcgggcacacgcggcgggcaggagtgtcgtccttcgggctcaccggcaccaacgcccacgtgatcctggagga
ggccccggacgggacgcagagcgcgcccggatcggaaccggccgacgacaccgccgtaccgtgggtgctctccgcacggagccggacggcgctgcgcgaacaggcccgccgcctggcc
gagcacgtgaccgctcaccccggcctgcgcacacaggacatcgcccacgccctggccaccacccgcacccggcaccggcaccgggccgtcgtcagcggctccgaccgggaccggatgctg
tccgcgacggccgcgttcgggcgcggggagcgggccgcggacgtcaccccgctcgattccgcgccgggcggcctggccttcgtcttctccggacagggcggccagcaccccggcatgggg
cgcggggcggccgaggcgttccccgtgttcggggaggcgctgcgcgaggtgtgcgacaccctcgacccgctgctggcacgtccgctgacctcggtgatgtgggcggacgccgactccgagg
aggcgacgctgctgcacaacgccgagttctcgcagccctcgctgttcgccctccaggtcgccctctaccggctgtacgagtcctggggcatggccccggaccgtctcgcgggccattcggccgg
cgagatcgccgccgcgcatgtcaccggcatcctcaccctccaggacgcctgcgccctggtggcctcccggggcaggctgatcagctcgctgccggtcggcggcgcgacggtggcggtgcgca
tctcggaggacgaggtgcgggggtggctcgccgaggagacgaccggctcggtctcgatcgcggccgtcaacgggccgcactccctcgtactctccggtgccgaggccccgctcatcgccctca
cggaccggctccgcgacgccggccacaagacccaccgcatccccatgagggtcgcggcccactcaccgctgatggaccccatcctgggggagttccgcgcggtcgtccgcacgctggcctac
ggcacgcccaccatccccctcgtctccaccgtcaccggccgcccgctgaccgacgaggaggcgcgcgaccctgagcactgggtacggcacgtgcggcagcccgtgcgcttcaaggacgcga
tcggccggctccgggaggagcgcgtcaccggcttcctggagctgggcgccgagccgctgctcacccccatgatcgacgagtgcctggaggcggccggcccgcagcacggaaccgccgtggt
gccgagcctgagctccggcgtaccggaccggcagatcctgctctccgcggccgcccgggtgcacacccacggcgcacccgtcgactgggacgcggtgctgcccggggcccggcccgtcga
cctgccgacgtacgcgttccagcggcggcggttctggctggcggcggggccgggtgcggccgccgaggccggtttcgtgggtgccgcgatcggcgcgggcgcgccggcggccgatgcgga
ggagccgtcgggcctggaagcccggctggccggtctcgaagacgccgaacaggacgcgtacgtacgctccctggtgctcgccgagacctcggccgtgctcggcggccaggaaccgctcgac
agcgaaggcacccacaccttcaaggagatgggcatcaactcggtgaacgccgtcgagctccgcaaccgcctcatcgcggccacggacctgcggctccccgccacgctcgtctacgaccacccc
accccgaacgcggtcgtccgcctcgtacgcgaacgcctcgcgcgcccggccaccgccgcacgcgacgtggactcggtcgtggccgagctggagtccctgctcacggccggcgcggaggtct
cggcggaggcggtggcacggctgaaggcgatggcggcggggcgggacggcactacggacaccggttccggcgggcccctggacctgacgtcggccagcgacgaggacctgttccggctg
atggacgcggagcactga 
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pimS0 atggtgcccgtccacacagatgactacgcgatccagccgcccgccgacaccgcgcatggagggggtggcttcacactgcctgctgtgttcgaggccgccgtggaatccgcccccgacgcagtg
gccctcgtcgacgggcaccgttcctggacctgggcgcagtggcgcgcagacgtcgatgcgctggcccgcgggttgcaggagtcgggtatcgcacccggtgacgtggtggcggtgcggctgcc
gaactgcgggaggtttcccaccctgcacctggccgtcgcggccgtcggagcggtactgctgcccatccaccagggcaccccgctcccggaggtcgacgcgctgctgacccgggcggaacccg
cccttctcgtcctgtcggccgccgggagcgacggcctggcgacggcccgttcgcttctggagagcgtgccgtcgctgcgcggcgtgctgctggccggggcgtcggagacggggagtcgggat
ccgtcggaggtggggagtcaggatccgggcgtcgggtcgctggacgggctgctggcggcctgggcgggcagcgggccccggccggtggacgtcacccccgatatgccgctcgttctcgtcc
cctcgtccgggacggtctcggcacggcccaaactgtgtgtgcacagccacgacggtctgctgtcgaacaccgcagccgtcaccgccgaggccgccgacgccttcgacggtccggtcctcacgg
cctgcccgatgacccatctgttcggcctccagtccctgcacgcggcgctgttcgccgcctgcacgcaggtcctgctcaccggctgggacgtggaccgcttcctggaacaggctcgggagcacgg
cccccgtgtcgtgttcgccgtgcccgcccaactgcgggacgtcgtgacacgactggccaggaccggcgaaccggcgggcttcacgccgtaccaggtgcgtaccgcgggggccgccgtcgcg
cccgcgctcgccgtacgggtacgcgccgtcctcgactgcgaactggtcgtggtgtgggggatgtccgagatcggcaccggcacccgcacccgggcccaccaccccgacggctgtgtgggaga
gccggtcagcggggtggacgtgcgcgtcgtcgacgagcacggccaagagtgcgcggcggacgagaggggtgaactccagtaccgggggccagggttgttccgcggctatttccgcgaaccg
gagctgacgcgctcggccctcaccgacgacggctggctgcggaccggcgatctcgcgaccgtcgacgcggacggcgtggtggtgctgcacggccgggcggccgagctgatcaatacgggg
ggccggaagttcagcgccggcgaggtcgagggactgctctccggctttacggacctgggcccgctggccgtcgtcggcgcaccggacgaccggctcggggagtacccgtgcctggtcgtgac
cgaccacgcggacggcaccatcggcctgagcgaggtgaccgcgttcctgcgccggctggggctcgccgaccacaagatccccctcgaactggtcaccgtgcgcgagcttcccttctcccctgc
cgggaagctcgaccgcggggcgctcaagcggctgctcgccaaccttgcggaggtgtccgttccggcccgtctcggcgcggtcccgccctacacggccgaggaggcgctggacctcgtacgcg
actgcgtcggccgggtgctccgttacggcggcgcggccgtccccttccccccggacaaggacttcttctccccggacaaggacttccgccagctcggcctggactccatcggcgcggtgcggct
gcggaatctgctgcgggaggagaccgggctgccgctcccggccaccctggccttcgactcccccactccgcgagccgtcgcgcgcgtcctggccgagcaggaggagccgtcccaggacgag
ccgagggagaacccggcggacggtgccgacccggtggcgatcgtgggcatggcctgccggctgccgggcggagccgactcccccgacgccctgtgggagctgctcgccgacgggaccga
cgcgatgtcccccttccccacggaccgcggctgggacctggaccggctgttcgacgaggatgccgaccgcccgggtacctcgtacgcccgcgaaggcggcttcctgcacgacgcgggcgact
tcgacgcgggcttcttcggcctgtcggaccaggaggcgacggcgaccgatccgcagcagcggctgcttctggaggcggcctgggagaccttcgagcgggcgggcatcgacccgcagtccctg
aggggaagccgtacgggcgtgttcacgggcgcgatggaccgcggctatggaaccagcgcgtccgccgcgcccagcgcatgggagagcatgctcatcaccgggaccgccggcagcgcggtc
tcggggcgcatcgcctacacctacgggctcgaaggccccgcgctgacggtcgacaccgcctcctcgtcctccctcgtcgccctgcatctggcctgccggtcgctgcgctcgggcgagaccgacc
tggcgctggccggcggcgtcaccgtcatggcgaccccggcgcccttcgcacacttctcccggctgcgcgcgctgtcccccgactcccgctccatggcgtacgcggacgccgcgaacggctcgg
cgtggtcggagggcgcggggctgcttctgctggagcggctgagcgacgcccggcgcaacggacaccgtgtcctggcgctcgtacggggctccgccgtgaatcaggacggcgcctccaacgg
gctcaccgcgccgagcggacccgcacagcagcgcgtcatccgccaggccctggccgacgccgggctgacgccgcaggacgtggacgccgtggaggggcacggcaccggcacgccgctc
ggcgaccccatcgaggcgcaggcgctgctggccacgtacggccaacagcggcctgtggaacggccgttgtggctggggtcggtgaagtcgaacttcgggcacacacaagccgccgccgggg
tcgtcggcgtcatcaagacggtgctcgcgctgcgccacggcgtcctgccgcagacgctgcacgtggacgctccctcggccaaggtggactggtccgccggttcggtacggctgctgaccgagg
cgcggccctggccacgggagagcggacgtacgcgccgggcgggggtgtcctcgttcgggctcaccggcaccaacgcgcacgtgatcctggaggaggcgccgggagaggcggcggcagg
ggcgcgggccgaggttcccgaggaggcgcggtgcgcctcctcaccggctcgactcccggagccgtccggcgacgcggccgcgccctgggtgctgtccgcccggagccgggcggcgctgc
gcgcgcaggcgctccgcctggccgaccaggtggccgccgaccccggtctacgggcccaggatgtcgcccatgccctggccacctcccgtaccctgcaccggcaccgggccgtcgtcagcgg
ctccgaccgggcacaaatgctcgccgcggcaaagcggttcgggctcggtgagcggaccgcgggcgtcaccccggacgattccgcgccgggcctgctggccttcgtcttctccgggcagggca
gccagcgcagcggcatggggcgcgcggcggccgaggcgttcccggtcttcggacgggcgctgggcgaggtgtgcgccgcgctggacccgctgctgacacgcccactgacctcggtgatgtg
ggcggctcccggctccgaggaggcggcccgtctcgacgacaccacctacacgcagcccgccctgttcgccgtccaggtcgccctgtaccggctgttcgagtcctggggcgtggtgccggacca
gctggtggggcattcggtcggcgagatctccgccgcccatgtggcaggcgtgctcggcctccgggacgcgtgcaccctggtggcggcccgtagcaggctgatgggcgcgctgccgcccggcg
gtgcgatggtggcggtacgcatcacggaacccgaagtgaccccatggctcgcggagttgacggacgaggtgtcgatcgcggccgtcaacggtccgcactccctcgtgctcgcgggcgccgag
gccccgctcgtcgccctcacggaccggctcgccgccgccggacacaagacccggcgcctcatggtgagcaccgcgccccactcgccgctgatggaccccatgctggaggagttccgcgcggt
cgtccgcacgctgtcctacgccgcgcccgccgttcccctcgtctccaccgtcaccggccgcccgctgaccggcgaggaggcgcgcgacccggaccactgggtgcggcatgtgcggcagtccg
tccgcttcaaggacgcgatcggccggctccgggacgaacgcgtcaccgggttcctggagctgggtgccgaaccggcactcacaccgatgatcgacgagtgcctggagtccgccgacgggcag
cccgggaccgccctggtgccgagtctgcgcgccggagtgccggagcgggatgccctgctcaccgcggtcgcccgggtgcacgcccagggcgttcccgtcgactgggacgcggtgctccccg
gggcccggcccgttgccctgccgacgtatgcgttccagcggcggcggttctggctggcgtcggctccggcgggctcggcggggccgaccgccgacgggggcttcgcgggcgtcgcggatac
cgcggacgggacggcggccggtgaagagccgccggggctggaggcccggctgtccggtctcgacgaggccgaacagcacgcgctcgtactggccctggtcctcgccgagacctcggccgt
gctcggcggccaggagacgcctggcgaggagccgcacggcgaggagggccaccgcacgttcaaggagatgggcatcaactcgttgaacgccgtcgaactgcgcaaccgccttatcgcagcc
acggacctgcggcttcccgccacgctcgtctacgactaccccacgccgaaggccgtcgtccgactcgtacgcgaacgactcgcgcgaccggcctcccccgcacgcgatgtggcctccgtcgtg
gccgagttggagtccctgctgacggccggtgcggaggtctcggaggagaccgcggcgcggttgaaagcggtgacggcggtgtcgacggggacgacggggtcgggcagcggtacgggcgc
cggctccggcggggctctggacctggtatcggccagtgacgaggaactgttccggctgatggacgcggagagctga 

ACP1 gctgggctaggagatgcagaacaaagggaggcggtgttgggcatcgtgctgggtcaagcggcagttgttctcggccacagcgatgctaccggtattgatcgtcagcgtagcttcaccgctttaggc
ttcgacagcctgacctctgtcgagctgcgcaaccagctgggcacctccaccggtctgcgtttgccaccgacgctggtttttgaccacccgactccggtggccttggcggagtacctgcatggtgaag
ta 

ACP9 GGCGGGATGACCGGGGCCGAGCAGCTCGCGTACCTCCTGGGGGTCGTCCGGGCCGAGGCCGGTGCCGTGCTCGGCCAT
CCCGACCCGGCGGGCATCGCCGGCGACCAGCCGTTCCCGTCGCTCGGCTTCGACTCGCTGACCGCCGTGGAACTCCGC
AACCGGCTCGACGACGTCGTCGGCGGCAGGCTCCCCGCCACGCTGGTGTTCGATCACCCCACCCCTGTGGCGCTCGCG
GAGTACCTCCGCACGGTCCTGCTGGAG 

TADH2 atgtctactacagtcggccaagttatcagatgtaaggccgccgttgcttgggaagccggtaagccattggttatggaagaagtcgatgttgccccaccacaaaagatggaagttagattgaaaatctt
gtacacttctttgtgtcacaccgatgtctacttctgggaagccaagggtcaaaacccagtcttcccaagaattttgggtcacgaagctgctggtattgtcgaatctgttggtgaaggtgttaccgatttggc
tccaggtgaccatgtcttaccagtttttaccggtgaatgtaaggactgtgctcattgcaaatccgaagaatccaacatgtgttctttgttgcgtatcaacactgacagaggtgtcatgttgaatgacggtaa
gtccagattctccattaacggtaacccaatctaccacttcgttggtacctcaaccttttctgaatacaccgtggttcacgttggttgtgttgccaaaattaaccctttagctccattagacaaggtttgcgtatt
gtcttgtggtatctccactggtttgggtgcttccttgaacgttgctaagccaaccaagggttcttctgtcgctatcttcggtttaggtgctgtcggtctagccgctgctgagggggctagaatcgctggtgc
ctctagaatcattggtgttgacttgaatgcttctcgttttgaacaagctaagaaatttggtgtcactgaattcgtcaacccaaaggactattccaagcctgttcaagaagtcattgctgaaatgactgatggt
ggtgttgatagatccgttgaatgtactggtcacattgatgctatgattagtgctttcgaatgtgtccacgatggttggggtgttgctgtcttggtcggtgttccacacaaggaagcagtattcaagacccat
ccattgaacttccttaacgaaagaaccttgaagggtactttcttcggtaactacaagccaagatctgacattccatgtgttgttgaaaagtacatgaacaaggaattagaattggaaaaattcatcactca
cactttgccattcgctgaaatcaacaaggctttcgacttgatgttgaagggtgaaggtttgagatgtatcattactatggctgactga 
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rimB 
(rimM1

) 

atgtcgaacgaggagaagctgcgcgagtacctcaagcgcgcgatcgcggacctccacgagacccgtcagcagttggacgagaccgaggcgaagcagcgcgagcccatcgcgatcgtctcga
tggcctgccgcttccccggcggcgtccggtccccggaagacctctgggacctgctgcgggacggcgtcgacgcgatctcctccttcccccgcaaccgcggctgggacctggacacgctctacca
ccccgagccgtcccaccagggcaccacctacgcccgtgagggcgggttcctgcacgaggcgggcgagttcgaccccggcttcttcgggatctccccgcgcgaggcgctggccatggaccccc
agcagcggctgctgctggagaccgcgtgggaagccgtcgaacgcgccggcatcgacccggaatccctcgcgggcagcagcaccggcgtgttcgtcggcaccggccacggggagtacgaca
ccgagggcggccggcgcgccgacgaggtcggcgggcacctgctgaccggcaaccacatcagcatcgcctccggccggatctcctacgtgctgggcctggagggccccgcgctgaccgtgg
acacggcctgctcctcgtcgctggtcgccctgcacctggccgcgcatgcgctgcggcgcggcgagtgctccatggccctggtgggcggcgcgaccgtgatgtccacgccgaagatcttcgtgga
gttctcccgccagcgcggcctggcgcccgacggccgctgcaagccgtttgcggccgccgccgacggcaccggctggagcgagggcgtcggcatgctgtgcgtcgagcggctgtcggacgcg
gtacgcaacggccatcccgtactcgccgtactgaagggctcggccgtcaaccaggacggcgcgtccaacggcctgaccgcccccaacggcccctcgcagcaacgcgtcatccgtcaggcgct
caccggagccgggctggccgccgcggacatcgacgccgtggaggcgcacggcaccggcaccaccctcggcgaccccgtggaggcgcacgcgctgctggccacgtacggacagcagcgc
cccgccgaccggcccgtgctgatcggcgccatgaagtccaacatcgggcacacccaggccgccgccggtatcgcgggcgtgatgaagatggtcctggcgatgcggcacgggcagctgccca
ggaccctgcacctggacgagcccaccgggcacgtcgactggagcgagggcaacgccagactcctcgcggagcccgagccctggccgagcgccgaccggccccgccgcgccgccgtctcct
cgttcggcatcagcggcaccaacgcccacgtcatcctggagcaggcacccgcccaggacgccacaccggcccccgaaccggccgcccggccgggcgcgctgcccctggtcctgtccgccc
gcaccgaagaggccctgcgcgcccaggccgaacggctcggccgccacctgcgggaccgggccgacctggaaccggccgcggtcgcacgcgccctcgcgagcagccgtacgctcatggag
caccgcgcggtcgtcgtcgcggacgaccgggaagcgctgctcagcggcctggacgcgctggccgccggccgtaccgccaccggcctggccggcggcgtcgccgtcaacgcccccaccgc
gttcctcttcgccggacagggctcgcagcgcgccggcatgggacgcgagctgtacgcggcgtaccccgtgttcgccgcggccttcgacgcggtgtgcgcggaactcgacccgcacctggacc
ggccgctgcgcgacatcgtcttcgccggggaaggcagtgacgaggccgccctgctggaccgcaccgcctacacgcagaccgccctgttcgccctggagaccgccctgttccggctggtcgaat
cctggggcatggcgccccggttcgtcgccggacactccatcggcgagctgaccgccgcccacgtcagcggcgtactgaccctccaggacgccgcacggctggtcgccgcgcgcggcaccct
gatgcaggcgctgcccgaaggcggcgcgatggtggcgatccaggccaccgaggaggagatacgaggccacctcgcggaccgcgagaacgtggccctggcagccgccaacgggcccgact
ccaccgtcatttcgggcgacgagcaggccgtggccgagatcgcggagcactgggcggcgcagggccgccgcaccaagcggctgcgggtcagccacgccttccactccccgcacatggacg
gcatgctggaggaattccggcgcgtcgcgcgcggcctgaccttccacgcgccccgtatccccgtcgtgtccacggtgaccggcgcgctcgccgccgaggaggacctgcgctcgcccgactact
gggtacggcaggtccgcgaagcggtgcgcttctgcgccgcggtccgcaccctcgaagccgaaggcgtcaccacgtacgtggagatcggccccggcggcgtcctgacgcccatggtccagga
cagcctgaccaccctcgaagcgcccgtgctcgtcccgctgctgcgcaccggacgccccgaggcgcacgccctcaccgaggccgtcgccaccgccttcgcgcacggcgagcgtgtcgactgg
accgcctgcttgggcgcgcccggcacctcgcacgtcgacctgcccacgtacgccttccagcgccagtggtactggctggacccggccggccgcgacgaggagcagacggccgccgccgaag
cgggcgaggccggcttctgggcggccgtcgaacgcgaggacctccaggaactctcggccgtcctggccatcgacggcagcgaggcggactccctcggcagcctcctgcccaccctctcctcct
ggcaccggcagcgcaggacgcaggccgccgcggaccgtttcagctaccgcgtccactggaccccgcgcaccgcctccggcggccccgccgccaccggccactggctcgtcgtcctgcccga
aggcggcaccgacgacccgtggaccgcccgcctcctggacgcgctgcacgacctgggcctgcacaccgacgtacgcgaactgcccgccgaccacgaccccgacgcgcccatcgcctggcc
cgacaccccgctcgacggcgtgctctccctcctggccctggacgagcggccccacccggacctgccctccgtgccccgcggcctggccgccaccaccacactgctgcacgccctggagagcg
cgggcgtccaggcgccgctgtggtgcgcgacccgcggcgccgtcgccgtcgaccggcacgacgcgctcgacagccccgtacaggctcagatctggggcctgggccgggtggccgccctgg
aagcgccgcagagctggggcggcctcgtcgacctccccgagaacctggaccggcgcgccgtctccgcgctgctggacgccctcgcctcggaagaggaccaggtcgcgatccgcccggccg
ggaccttcgcccgccgcctggaaaggatcgccccaggcggcgacaccggcgcccggtggagcatccacggcaccgtcctggtcaccggcggcaccggcgccctcggcggccacctcgccc
actggctggccgacgccggggccgaacacctcgtgctcaccggccgccgcggcccgcaggcccccggcgcccaggaactcgccgccgcgctcaccgaccggggcgtcaaggtcaccctcg
ccgcctgcgacgccgccgaccgcgaagcgctggcggccgtcctcgcggacatcccgccggagctgccgctgaccggcgtcgtgcacgccgcgggcgtcctggacgacggtgtactggccg
cgctcacccccgagcgcttcgagaccgtactgcgccccaaggcgcgcgccgcacagcacctgcacgacctcacccagggcatggacctggacctcttcgtcctgttctcctcgatcgtcggcgtc
ctgggcaacgccggacaggccggctacgccgccgccaacgcccacctggacgcccttgccgcacaccgccgccaacagggcctcccggccacctccgtgtcctggggcccctgggcgggc
gagggcatggccaccgacagcgacgcggccgaccggctgagccgcgacggactgctgcccatggccgcggcccccgcactcgccgccctgcgccaggccctcgcccaggacatgacgca
cgtgaccgtggccgacatcgactggagcgcgtacgccccggccctgaccgccgtccgccccagccccctcatcggcgacctgcccgaggcccgccgcgcgctcggccccgcggacggccc
gcgccgggaacgctcccccctgcgcgaccggatcgccgccctgccgcccgccgagcaggaacaggccctcgtcaccacggtcagggaagaagccgcgaaggtcctcggacacccctcgcc
ggacaccgtcgacgtccagcgcgccttccgcgagcagggcttcgactcgctgatgtcggtcgacctgcgcaaccggctctccgccgccaccggcctgcggctgcccgccaccctgctgtacga
ccacccctccaccgtcgcggtcgccgcgtatctgcgctccgaggtc 

TR1 cgggcggaactgtcggcggacggttccgcgagccggccgggcgtggacttcgccgccgaggtccggctcgccgacgacgtccggccggccgacgaggtgatcaccacggccgcggaccc
gaaggagatcctgctgaccggtgcgagcgggttcctcggcgcgttcctgctgcgcgacctgatgcggaccaccaccgcccgggtgcactgcctggtccgcggggcggacgaggcggcggcc
atggagcggctgaaggcgaacgccgagtggtaccgggtgtgggacgacatcgacccggagcgggtctcggtcgtcctcggcgatctcgccgagccgcggctgggcctggacgaggagagct
tcgacgcgctcgcccgtaccgtcgacgtggtctaccacaacggcgcgcgggtgcactggctgctgccgtacgagaccctcaaggcctccaacgtcacgggtacggaggaggtgctgcggctgg
ccgcccggcaccgcacggttccggtgcactacgtttccaccgtcggcgtgttcgacggggtgcgggagcccggcgtgccgctgagggtcaccgatccgaccgggcccgccgagtccctgccg
agcggatatctgcgctccaagtgggtggcggagcaggtcatcgaggtggcccgggaccggggtctgcccgtgtcggtctaccgggtggacgtcatctccggcgaccgggtgaacggtgcctgc
cagacccgtgacttcgtctggctgacgctgaaggggctcatccaggcccgcagtgtgcccaagggcaccgagggccgcttccacctgctgccggtggactacgtgagcgccgcgatcaccggt
atctcccggcagcccggtacggtcggccgtaccttccacctcttcaaccagagctcgctggcgctcagccagtgcgtggagctcctgcgctcgctcggatacgagctggacgaggtcgactggga
cacctggactcaggtggtgacgtccggtgacaacgcactgctgccgctgctcgacgccttcgagatgatgacgtcggacaccgacggcttctacccgccgatcgacaccgctgagacggtggcg
gcgctggagggaaccggtatcgggattccggtgctgacgcgggagctgttcgagaagtatgtggccttcttcgtcgaggagggacacttcccggcggccgggtga 

TR2 accggggccagcggctccggggccgcggacacggaagcctccggcaccgtggactacgcggcggacatccagctcgcggacgacatccgccccgccggcgaggtcgtgcgtaccgccgt
cgatccgcgcgacgtactgctcaccggcgccagcggattcctcggcgccttcctgctgcgggatctgatgcgtaccaccaccgcccggatccactgcctggtccggggcgccgacgactccgcc
gcgtacgagcggctgcgcgagagcctggagtggtaccgggtctggggccagatcgatccggagcggctcttcgtcctcgcgggcgatctggccgagccccggttcggtctcgccgaggacac
cttcgacggcctggccgttaccgtcgatgtcgtctaccacgccggggcgaccgtgcactggctgcatccgtacccggccctgaaggcggccaatgtcggcggtacggaggagattctgcggctg
gccgcgcgccaccgtacggtgccggtccactatgtctccacggtcggcgtgttcaacgggcccgtgacaccgggcgttccgctgaaggtgaccgatcccacgggaccggccgaagccctgccc
agcggctatctccagagcaagtgggtcgccgaacaggtgctggacctggccagggagcggggcattccggtgtcggtgtaccgggtcgacgtgatctccggcgaccaggtcaacggcgcctg
ccagacccgcgacttcgtatggctcacgctcaagggcctgcttcagtcgggggccgtgccgtccggtacgggagggcgcttccatctgctgccggcggactatgtgagcgcggcgatcctcggg
gtctcgcgcgatcccggctcggcgggcggcacgttccacctgttcaaccgcagctcgctgagcctggcggactgtgtggagcggctgcgcggtctggggtacgaactccgggacaccgggcg
ggaggagtggaccgaggcggtgcgctcggaccgcgacaacgcgctgctgccgctgctccacgccttcgagatgatgaccacggacacggacgccttctatccgcccatcgacacggccgaga
cggaccgggcgctggcgggcaccgggatcgtctgcccgccgctgacgggtgaactcttcgacaagtacgtggagttcttcgtggcggagggccacttcccggcggccccggcccgctag 

TR3 ggggggtccgccgacccccgttccacggtcgactttgccgccgagatccgacttgcgcccgacatcgtcgccgtcccggacgtgcacctcacggacgacccccgccacatcctgctcaccggc
gcgacgggcttcctgggctccttcctcctccgtgacctcctgcggtcaacgtccgcgcgcatccactgcctggtgcggggggcggacgcgagcgacgctcgggcccggctcacggccgcagc
ggcctggtacgaaaccggcgccgacctcgacttcgaccggatcgacatcgccgtgggcgacctcgccgagccggccctgggcctcgacgaggccgcgttcgacgagctcgccagaaatgtcg
acgtcgtctaccacgccggcgcgtccgtcaactggctgtacccgtacgaggccctgcggcccgcgaacatcgccggcaccgaggaggtactgcgtctggccgcgcgacaccggaccgtccca
gtccactacatctcgtcgactggagtgtacgcgcaggagccggcagagggccggcggattgccgtggacgacccgatcggcccgccggagctgctttctaacgggtatcggcaggccaagtgg
gtcgccgagggcatcatcggcatcgcgcggagcaggggcatcccggtgtccgtgtaccgcgtcgacgtcgtgagcggggaccaggtgaacggcgcgtgccagacccaggacttcgtctggct
gagcatccgcgggatgctggaagccggggccgcccccgcgggaatatccggtttcttccacccaacacccgtcgactacgtgtccgcggccatccgctggctgtcgtcgcgggtcaccggcgtc
ggtgacaccttcaacctgagcaacccgcatcggctccatttcgccgaggtcgtcgagcgcctacgggcgctcggccacaccctcgtggacctggacccagccgagtggtcgcgttccgtgagga
aagaccccgagaactccctgctgccgctgctcgacgtgttcgaggcggcgatcgccggaaccggtggctacccggacatcgacaccgacggaacggaggccgcactggccggctccggtatc
gactgcccacaggtcaccggcgacctcctggtccggtacctgacgttcttcaccgagaagggctacttcccgaaccccgatcgcgatggcgcggtcagcgtcgaggcgtaa 
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TR4 ggcgcaccgggcggcggcagggtcgtggacttcgcggccgaggtgcggctggccgacgacatccgggccgcggacaccgtgcacaggacggacgatccgcggcaggtgctgctgaccgg
cgccaccggcttcatcggctcgttcgtgctgcgcgacctgctgcgtaccacctccgccaccgtgcactgcctggtgcgggccgccgacgaggaggcggcgtacgccaagatccgtgccgcttcc
gcgtactaccggacgggcatcgagctggaccgggtgcgcgtggtcctgggcgacctcggtgcgccggggctggggctcgacgcggcgacggcggaccggctggcccgcgaggccgacgt
ggtgttccacatcggcgcccatgtcaactggctctatccgtacgcgaagctgaaggcggccaacgtcaccgcgacggaggagatcctgcggatcgcggcgaagcaccgcacggtgccggtgc
actacatctcgtccaccggtgtctacgcgaacctgccggaggagggtgtacgcctctccgaggacgcgccgatcggtccgccggagcagctcctcagcggctaccggcagtcgaagtgggtgt
gcgaggagatcatcggcatcgcccgcgagcgcggtgtcccggtgtcgtcgtaccgggtggacgtggtgacgggcgatcaggtcaacggcgcctgccagacacaggacttcgtctggctgagta
tccgcggcatcgtggaggcgcaggccgtgccggacagtctggagagccacttccacccgacgcccgccgactacgtcagcggcgcgatgctccagctggcgtggcggctcaccggcaccgg
tgacacctacaacctctcgaacccggagcggttgacgttcggggagatcatcgacgcgctgcgggcccggggccaccgcatcgacgacctggacctcacggcgtggacccgcaaggtccgct
cggaccggtccaacgcgatgcagccgctgctcgaccagttcgtggggctcgtggggctgccgggcggcacctacccgagcatcgactgctccaaggccgatgccgcgctggcggacacctcg
gtcgtctgcccgcccgtgcggagcgacctgctggagacctacctggacttcttcaccgaagtcggttacctgcccgccccgtga 

TR6 ggcgggccggacggcgacgagggcgggaccgcggcggccgacccggcacgggagtacgcggcggagatcgtgctggacgaggcgatccggcccgccgacgaggtgctgcaccaggtc
gaggacccggcggaggtcttcctgaccggcgcgaccgggttcctcggcgcgttcctgctgcgcgacctgctgcgggggactcgggccacgctgcactgcctggtccgtgcccgggacgcggc
ggacgggctgcggcggctgcgggagaacctggagtactaccgcgtgtgggacgaggtggacccggcccgcctggagatcgtcgtcggggacctcgcagagccgcttttcgggctgagcgag
gaggagttcgacgacctcgcccgccgggtcgacgtggtctaccacggcggcgcgaaggtccactggctgcacccgttcagctcgctcaaggcggccaacgtgggcggcacgcgggaggtcct
gcggctcgccgcgcgccaccgcaccgtcccggtccactacctgtccacgaccggggtcttcgccaccgaccgggcggagaacagcccgctgagggcggacgatcccaccggccccgccga
ggcgctgcccagcggctatctgcgcagcaagtgggtggccgagcaggtcgtcggcatcgctcgcgacagggggctgccggtgtcggtgtaccgcgtggacgtcgtctccggcgaccaggtca
acggggcctgccagatgcgtgacttcgtctggctgagcctgcgcggtctgatccaggcgggcgcgtacccggccgggctggccgccgcggtccccctgaccccggtggactacgtcagctcgg
ccgtggtcgccctgtccacgtcggccgggaccggttcgggcaccttccatctctacaaccagagtcacatgacgttcgccgacttcattaccgagttgagggcgacgggttacccgctgaaggaag
tcgagtgggacgcgtggagcacactcgtgaggtcggaccccgacaacgtcatgcttccgctgctggaagcgttcgagatgatggcgaagagcgagggcaccttctatccacccgtggacacga
gcgtggccgaactggccctggcgggcccgggagttgagtgccccgagatggagccggagctgttccggcggtacgtcgccttcttccgggaggccggtttccttccgccggtgaacgaggacg
cgcggcccgctgcctga 

TR7 ggcggacggacgcagggcccggcggccaagacggacgtcccggacttcgccgctgaggtgcggctggccgaggacatccggcccgcggccgatgtggtgtccgtggccgacgacccccg
gcacgtgctgctgaccggcgccagcggtttcctcggcgccttcctgatgcgcgatctgatgcgcacgacacgggcgacggtgcactgcctggtgcggggtgaggacgaggccggggcgcacg
cccggctgcgggagaacctggaacgctacggcgtctgggacgaggtggacgccgaccgtctctcggtggtcgtgggcgatctggcgcagccgcggctcgggctggccgaggacgccttcga
ccatctggcgaggacggtcgacgccgtctaccacaacggcgcccgggtgcactggctgcacccgtacgcgacgctcaaggcggccaacgtcctcggcacggaggagatcctgaggctggcg
gcgcgccaccgcacggtgccggtgcactacgtgtcgaccgtcggcgtcttcgacggcacggcggccaggggcgtaccgctgcgggtgaccgacccgaccggtcccgccgagcggctgccc
agcggctatctgcagagcaagtgggtcgccgagcggatcatcgggatcgcccgtgaccggggcctgccggtgtccgtctaccgagtggacgtcatctcgggcgaccagcgcaacggcgcctg
ccagaccagcgatttcgtgtggctgagcatcaagggcctactgcaggcgggtggggtcccggccgatgtcgggggtcgtttccacctgcttcccgtggactacgtcagcgcggccatcctccgca
tcgcgagccgcccctcggccgcgggcggcaccttccatctcttcaacccgagttccatcagcctgcgggagtgcattcgccatctgcggtcgttcggatactcgctgaccgagctggactggaaca
cctggcgggcccgcgtgcatgacgacccggccaacgccatggcgccgctgctgcacgccttcgagatgatgacggccgacaccgacgcgttctatccgcccatggacacaacggagaccgag
gcagcgctggacggcagtggcatcgtttgcccgccgttgacccgagaactcttcgagaagtacgtacggttcttcgtcgagacggggcacttccccgcggcaggctga 

TR8 gcgccccaggacgacaccgggccgggcccggccgtggactacgccgccgacctcgacctgcccgccgacatccgcccggccggcgaggtcgtccgcaccgtcaccgacccgtcggacctc
ctcgtcaccggagcgagcggcttcctcggagcgttcctggtgcgcgacctcatgcgcaccacgaccgcccgcctgcactgcctggtgcgcggcgccgacgacgcggcggcgtacgagcggct
gcgctccagcctcacctggtaccgcgtgtgggacgagatcgacgagagccggctgcgggtccgcgccggggacctggccgaggagcgactcggcctgaccgaggaggagttcgacggcct
cgcccacaccgtggacgccgtctaccacgcgggcgctaccgtgcactggctccacccctacgaggcactgcgcgcggccaacgtccacggcacccgcgagatcctgcgcctcgccgcccgc
caccgcaccgtcccggtgcactacatctccacggtcggtgtcttcaacggcccggtcacccccggcgtccccctgaaggtcaccgacccgaccggccccgccgaagcgctgcccagcggctac
ctccagtccaagtgggtcgccgaacagctcgtcggactcgcccgggagcggggtctgccggtgtccgtgcaccgcgtcgacgtcatctccggagacacccgcaacggggcctgccagacccg
cgacttcgtctggctcagcctcaagggcctcctccaggcgcaggccgcaccggccggcgtcgcaggccgcttccatctgctgcccgtcgactacgtcagcgccgccatcgtcgggatctcgcgg
cgcgagccggccggcggcaccttccacctgttcaaccggagctccctgagcctcgccgactgcgtgtcgtacctgcgcgaactcgggtaccggctcgacgagacggaccgggagcggtggag
cgccgcggtgcggtccgaccgggacaacgccctgctgccgctgctgcacgccttcgacatgatgacgtccgacaccgacggcttctacccgcccatcgacacggccgagaccgaggcggcac
tggccggcacggacatcgcctgcccgccgctgacgcgcgaactcttcggcaggtacgtggagttcttcgtccaggaagggcacttcccgcccgccccgtga 

TR9 ggcaccacgggcagcggcgcgggtagggccggggccaagggcgacggcggcgccgcccatgccgtggacttcgccgccgagacggtcctgcccgaggacgtccgccccgaaggcgtgg
tcacccgagttgcgaccgaccccacgacggtgttcctcaccggcgccacggggttcctgggcgccttcgtactgcgggacctgctgacgaccaccaccgcccgcgtccgggtgctcgtccggg
gcgccgaccaggccgacgcccaggagcggctgcgcgccaacctggactggtaccgcatcgccgaggagatcgatgagagccgcatcgacgtcgtggtcggcgacctggcgcgtcccctgct
cggactcgacgagggggagttcgaccgtctgtcgcgcgagaccgacgtggtctaccacgtcggggcctccgtcaactggctgcacccctacgaggacctgaaggcggccaacgtctcgggtac
catcgaggtcctccggctcgccgcccggcaccgctcggtgcccgtgcactacgtgtccaccaccggcgtcttctccggaacggactcgggaggcgccgcgctcgcgccggacgcgccgaccg
gccccgcggagtccctgccgacgggttacgtgcagagcaagtgggtctgcgagcagctgatcggcacagcccgggagcgcgggctccccgtcagcgtgtaccgggtcgacgtcatctccggc
gaccagcggaacggcgcctgccagacccgcgacttcgtctggctgtcgctcaagggcatcctccaggcgggcgcggtgccggagggcatggtcggcccggtccacctgatgccggtggacta
cgtctcggcagcgatcctgaccatgagcgggcgagagggggccgtcggccgcaccttccacctctacaacccgtccgagctgaccttcgcggaggcggccgagcacctgcgctccttcggcta
cccgcttggcgaactggaccgggacgcctggctcgaactggtgcggtccgaccgcggcaacgccctggtcccgctgctcgacgcgttcgagatgctcacggcggactcctcaggcttctacccg
ccgatggacatcaccgacacgctggaggtgttagctggttcgggggtgcactgcccgcccgtgaccaagcagctcttcggccgctacgtcgacttcttcaccgaggtgggctacttcccggcggc
ccccatgaccgaagga 

rimM7 
AT 

gaggccccccgcccgcaggagacggctcccaccgagccggtgcccccggccggtgacgccgtgccctgggtgctgtccgcccgtaccccgggcgcactgcgcgcccaggcggccaagctc
gccgcccacctcgacggcgagcaggcacccggcgcgctggacgtcgcccacagcctggtggcctcgcgcacgctcttcgaccaccgcgccgtcgtcgtcggcaccgatgacaccgcacggc
gggccgcactggacgccctcgccaccggcggctccgcgcccggcgtcgtgcagggcacggccgacaccgacggcaagaccgtcttcgtcttccccggccagggctcccagtgggtcggcat
gggcgcgcggctcctggaggagtccccggtcttcgccgagcgcctgaccgagtgcgccaccgccctgtcggccttcaccgactggtccctgctggacgtactgcgccagaccgaaggcgcgc
cgaccctggaccgcgtcgacgtggtccagcccgcgtccttcgccgtcatggtctccctggccgcgctgtggtccgcccacggcatcacccccgacgccgtgatcggccactcgcagggcgagat
cgccgcggccgccgtcgccggggcgctgtccctggaggacgcggcccgcgtcgtcgcgctgcgcagccaggccatcgcccgcggcctcgccgggtccggcggcatgatgtcggtcccgct
gcccgccgccgaggtcgaacagcgcctcgccgcgtacgagcacctgtccatcgccgccgtcaacggcccccgctccaccgtcgtctccggcgccaccgcgccgctggacgcgctccaggcc
gaactggtcggcgcggacatccgcgcccggcgcatcgccgtggactacgcctcgcactccgcgcaggtcgagatggtgcgcgacgagctgcacaccgtcctcgcgccggtccgcccgcgcc
cggccgaggtgcccttcttctccaccgtcaccggcgactggctcgacaccaccgccatggacggcgactactggtacaccaacctgcgccagaccgtccgcttccagcacggcatcggtgaact
cctcgcccagggccaccgcttcttcatcgaggtcagctcccacccggtgctgtccatcggcgtccaggagaccgtcgaggaagccggcggcacggccgcggtgctcggcacgctccggcgcg
acaccggcggtgtcgaccgcttcctgacctcgctcgccgaggctttcgtacggggcgccggcgccgactgggccgccgtcctcgcggacaccggcgcccgccgcgtcccgctgcccacctac 
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pimM7 
AT 

gaggccccccgcccgcacgaggcgacccccgcggggccggtgcccccggccggggacgccatcccctgggtgctgtccgcccggaccccgggcgcgctgcgcgcccaggcggcccagc
tcgccgcccacctcgacggcgaggcacccgatgccctcgacgtcggccacaccctggtggccgcgcgcaccctcttcgaccaccgcgccgtcgtcgtcggcaccgacgacgcatcccggcgc
gcggccctggacgccctcgccaccggcggctccgcacccggcatcgtccagggcacggccgacaccgacggcaggaccgtcttcgtcttccccggccagggctcccagtgggccggcatgg
gagcgcggctccttgaggagtccccggtcttcgccgcgcgcctgaccgaatgcgccaccgccctctcggagttcgtcgactggtccctgctcgacgtgctgcgccaggccgacggcgcgccga
ccctggaccgcgtcgacgtcgtccagcccgcctccttcgccgtcatggtctccctggccgcgctgtggacctcccacggcatcaccccggacgccgtggtcggccactcgcagggcgagatcgc
cgcggccgccgtcgccggggcgctctccctggaggacgcggcccgcgtcgtcgcgctgcgcagccaggccatcgcccgcgggctggccggaaccggcggcatgctgtcggtcccgctgcc
cgccgccgacgtcgaacagcgcctcgccgcctatgaggacctgtcgatcgccgccgtcaacggcccccggtccaccgtcgtctccggcgccaccgcgccgctggacgccctccaggccgaac
tggtcggcgaggacatccgtgcccggcgcatcgccgtggactacgcctcgcactccgcccaggtcgagcgggtgcgcgacgaactgcgcaccgtcctcgaaccggtgcgcccgcgcccggc
gcaggtgcccttcttctccaccgtcaccggtgactggctggacaccaccgtcatggacgcggagtactggttcaccaacctgcgccggaccgtccacttccagcccgccatcggcgaactcctcg
cccagggccaccacttcttcatcgaggtcagctcccaccccgtcctgtccatgggcatccaggcgaccgccgaggaagccggggccgccgccgcggtgctcggcacgctccggcgcgacacc
ggcgccaccgaccgcttcctggcctccctggccgaagccttcgtccggggcgcggacgccgactggtccgccgtcttcgccggcaccggcgcccgccgggtgccg 

rimM13 
AT 

caggcaccggcggacgccgggcggccggccgaggacacccggcccgcccagccgggagccgtcccgtggctcgtctcgggcaagtccgcccaggcgctggacgacgggatcggacagc
ttcgggagtgggtcgccgagcggccggaactcgcgccggccgacgtgggcttctcgctggccaccgggcggccgctgttcgcgcaccgcgcggtgctgctggacggtgccgaggtggcgcg
cggcaccgccgaggaccgctcgctggccatgctcttcccgggccagggcggacagcgcatcggcatgggccgcgagctgtacgaccggttcccggtgttcgccgaggccctggacgcggtac
tggcacacttcgacgacgaactgcgcgaggtgatgcgcagcgacgccgagcggctggactgcaccgagttcacccagccggccatgttcgccatccaggtggcactgttccggctcgtcgaatc
ctggggcgtacggcccgacttcgtcggcgggcactcgttcggcgaaatcgccgccgcgcacgtcgccggggtcctctccctcaaggacgcctgcaccctggtggccgcccgcgggcggctga
tgggcaccctggagggccgcggcgccatcatggtggcggtccaggcgagcgagcaggaagtggccgcgcggctggtcgacggcgtctcgatcgcggcggtcaacggaccggagtccgtcg
tcatcgccggcgacgggcccgccacccagcgcatcaccgacgcgttcgccgccgagggccgcaagacgcggcaggtggcggtgcaggtcgccggccactgcccgctgatggacccgatcc
tggacgagttccgccaggtcgccgagggcctgtcctaccaggagccgcgcatcccgctcgtctccaccgtgaccggcgggcgggccccggaggagctgatgcgctccgccgactactgggtc
cgcaacgtgcgtgagcccgtccgcttcgccgacgcgatccgcaccctggccgacgaggacgtctcggccttcctggagctgggcctcgacggggcactgacgggcatggtcccgcacaacct
ggatggcaccgccgtcaccgtcagcgccctgcgcaaggaccaccccgaagagacggccctgctcaccaccctggcgcagctgcacgtcgccggggtcgacgcggactgggcccgcgtcttc
gacggcaccggcgcccgccgcgtcgac 

rimM13 
(excludi
ng TE) 

gagccggtcgtcatcgtcggcatggcctgccggctgcccggcggcgtgcggtccccggaggacctgtggcggctcgtcaccgacgagcgcgacggcatctccgccttcccgaccgaccggg
gctgggacctggagaccctgctcggcggggccgagggcgaccagggccgcagctccgcgtccaagggcggcttcctggacggcctcggcgacttcgacgcccccttcttcggcatctccccg
cgcgaggccatggccatggacccgcagcagcggctgatgctggaaacctcctgggaggccgtcgaacgggccggcatcgacccggtgtccctgcgcggcaccgagaccggcgtcttcgtcg
gcaccagcggctccgactacgccagcatcctgatgaactccggcgaggacgtggaggcccacgccagcaccggcctcgcgggcagcgtcctgtccgggcggctgtcctacaccttcggcctg
gagggcccggccgtcaccgtcgacaccgcgtgctcctcctcgctcgtctccctccatctggcggcccatgcgctgcgcaacggcgagtgctcgctcgcgctggccggcggtgtgacgctgctgt
ccacgccgatgagcatcgccggattcagccggcagggcgcgctggcgacggacggccggtgcaaggcgttctccgacgacgccgacggcacgagctgggccgagggcgtcggcgtcctcg
tactggaacggcagtccgacgcccgccgcaacggccacgagatcctcgccgtcgtccgcggttcggccgtcaaccaggacggcgcgtccaacggcctgaccgcccccaacggcccctccca
gcagcgcgtcatcggccaggccctggccaacgccgggctgtccgccgacgaggtggacgcggtcgaggcacacggcaccggcacctcgctcggtgacccgatcgaggcccaggcgctgct
cgccacctacggccaggaccggcccgaggggcagccgctgctcctcggctcgctgaagtcgaacatcggccacaccatggcggcggccggtgtctccggcgtcatcaagatggtcctggcgc
tgcggcacggcgtcctgccgcgctccctgcacatcgacacgccctcctcccacgtcgactggacggcgggagacgtccggctcctcaccgagcggaccgactggccggacaccggccgccc
gcgccgcggcgccgtctcctccttcggcatgagcggcaccaacgcccacgccatcctcgaacaggcaccggcggacgccgggcggccggccgaggacacccggcccgcccagccgggag
ccgtcccgtggctcgtctcgggcaagtccgcccaggcgctggacgacgggatcggacagcttcgggagtgggtcgccgagcggccggaactcgcgccggccgacgtgggcttctcgctggcc
accgggcggccgctgttcgcgcaccgcgcggtgctgctggacggtgccgaggtggcgcgcggcaccgccgaggaccgctcgctggccatgctcttcccgggccagggcggacagcgcatc
ggcatgggccgcgagctgtacgaccggttcccggtgttcgccgaggccctggacgcggtactggcacacttcgacgacgaactgcgcgaggtgatgcgcagcgacgccgagcggctggactg
caccgagttcacccagccggccatgttcgccatccaggtggcactgttccggctcgtcgaatcctggggcgtacggcccgacttcgtcggcgggcactcgttcggcgaaatcgccgccgcgcac
gtcgccggggtcctctccctcaaggacgcctgcaccctggtggccgcccgcgggcggctgatgggcaccctggagggccgcggcgccatcatggtggcggtccaggcgagcgagcaggaa
gtggccgcgcggctggtcgacggcgtctcgatcgcggcggtcaacggaccggagtccgtcgtcatcgccggcgacgggcccgccacccagcgcatcaccgacgcgttcgccgccgagggc
cgcaagacgcggcaggtggcggtgcaggtcgccggccactgcccgctgatggacccgatcctggacgagttccgccaggtcgccgagggcctgtcctaccaggagccgcgcatcccgctcgt
ctccaccgtgaccggcgggcgggccccggaggagctgatgcgctccgccgactactgggtccgcaacgtgcgtgagcccgtccgcttcgccgacgcgatccgcaccctggccgacgaggac
gtctcggccttcctggagctgggcctcgacggggcactgacgggcatggtcccgcacaacctggatggcaccgccgtcaccgtcagcgccctgcgcaaggaccaccccgaagagacggccct
gctcaccaccctggcgcagctgcacgtcgccggggtcgacgcggactgggcccgcgtcttcgacggcaccggcgcccgccgcgtcgacctgcccacctaccccttccagcgccagcggtact
ggcccaagcgcagggccctggcgggcgatgtgacctccgccggcctgctgcccaccgaacacccgctgctcggcgcggcggtaccgctggcggacggcggcggcacgctgttcaccagcc
ggctgtcgctggaaacccacccctggctcaaggaccacgtggcgggcggcacggccgtcttcccggccgccggcttcgtcgagctggccctgagcgccggggaccgcttcgactgcgaccgg
atcgccgaactgaccctcgacacgccgctggggctcaccgacggcgcggccctggtgctccaggtgtgggtcggcgcccccgacgacgacggcacccggcagatccggttcttcacgcggcc
ccaggccgcgctggacgagccctgggtccggcacgccacgggcatcctcgccgccgaccggcacaccgacaccctcgacgtgtccggctggccgcccagcgacgcgaccgagatggacgt
ggacgagtactacgagggcaccgaattcggacccgccctccaggggctgcgggcggtctgggtccgcgacgacgagaccttcgtcgaagccgaactccaggacgacgccgcctccgacgcc
ccgtccttcggcctgcacccggcactgctcgaagcggtcctgcacggcacctccttcagcggcgtgggtgacagggagcacatctcctacggcgcctcctggaacgacgtgtcgctgcacgcct
cgggtgccgcggcgctgcgggcacggatcacgaagaccggcgaggacaccgtcaccgtcaccgcggtcgacgccgccggggaacccgtcctgtcggcccgcaccgtcacactgcgcgcgc
tggccgaagcccccgagcgcacctccagcggccagagccagaaactgctccgcctggagtggatccccgcaccgcgcacggaggacgcgccgagcgcccggagcaccgtcctggcgccc
ctgggcaccacgtccctcgccggcctcacggacacccccgacctggtcgtggtccccgtgccccgtacggcggacggctacccggaggccgtgcacgagctgacgacccaggccctgctcct
ggtacagcagtggatcgccgacgagcgcttcaccacgtcccagatggtgttcctgacctccggcgccgtcgacggcggcgacctggccggctccgccctgtggggcctgctgcgctcgacgat
cgcggaacaccccggccgtttcgtgctggccgacgtcgaggacccggacgagaacggcggcgacctcgccacgctcctcgacgccctgccgggtctgctgcccaccggtgagacccagttcg
tcgtccgcgacggcgcggtgctcatggggcggctggcctggctgcccgccgacgccggcacccggccggcgcagtgggaccccgaggggaccgtactgatcaccggcggcaccggcggtc
tgggcatcgagctcgcccggtacctggccacgaccggcacccggcacctgctgctggtcagccgcagtggcccggcggcccgcggggcggacgaactggccgaagagctgcgggccctgg
gcgcgcagcccacgatcgcggcctgcgacacggcggaccccgccgcgctcgccggcctgctggccgccatccccgaggagcacccgctgaccgcggtcgtccacctcgccggcgtcctcg
acgacggcgtggtcaccgcgctgaccccggagcgcctgacgccggtgctgcggccgaaggtggacgccgcctggcacctgcacgaggccaccaaggacctcggcctgtccgcgttcatcatg
ttctcctccgtctccggtgtgctgggcgcccccggcgtggccaactacgcctccgcgaacgccttcctcgacggcctgatccggcaccgcgccgccctgggcctgccgggccagtcactggtgtg
gggccactgggacggcggcggcatggccgacgcgatgaaccaggccaccgtgcagcgcatgcgcctcaacggcatggcgccggtctccatcgaggagggcatggaactgttcgacatcgcg
cgcggctacgccgagcccgtcgtgatggcggtgggcctgatccccggcgcccgtgtgccggaaggacagatcccgccgctcttcagggggctggtgcggcacagcaggcggaccgccgtca
acgccgcgagcacgtccgcctccccggacaccttcgcccagcagctgctggcgctgccggagggggagcgcgtacgccacctcgtcgacctggtccgtaccgaggccgccaccatcctcggc
catgtctccgccgaggagatcgaggccggccgggacttctacgagctgggcatcgactcgctgacctcgatcgagctgcgcaaccggctcgccaccgtcaccgggctccagctcccggcgacc
ctggtcttcgacaacaagacccccgacgccctcggcgcccggctgcgcagcgagttc 
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fkbS ATGAAGGAAATCCTGGACGCGATCTCGTCGGCGGATGCGACGCCGGCGGACTTCGCCGCCCTCGCAGTCCCCGAGTCC
TACCGCGCGGTGACCGTGCACAAGGACGAAGCCGAGATGTTCGCCGGCCTGCCGAGCCGGGACAAGGACCCCCGTAA
GTCGCTGCATGTCGAAGACGTCGCGGTGCCCGAACTCGGGCCCGGTGAGGCGCTCGTCGCCGTGATGGCCAGCTCCGT
CAACTACAACTCCGTGTGGACGTCGATCTTCGAGCCGCTGTCCACCTTCGGCTTCCTGGAGCGCTACGGGCGCGTCAGC
GAACTCACCCGGCGGCACGATCTGCCGTACCACGTCATCGGCTCGGACCTGGCGGGCGTCGTCCTGCGCACCGGGCCC
GGGGTGAACGCCTGGAAACCGGGGGACGAGGTCGTCGCCCACTGTCTGTCGGTGGAGCTGGAGTCCTCGGACGGGCAC
AACGACACCATGCTCGACCCCGAGCAGCGGATCTGGGGCTTCGAGACCAACTTCGGCGGCCTCGCCGAACTCGCGCTG
GTCAAGTCGAACCAGCTGATGCCCAAGCCAGCCCATCTGTCCTGGGAGGAGGCCGCGGCGCCGGGGCTGGTGAACTCC
ACCGCGTACCGCCAGCTGGTCTCCCGCAACGGCGCCCGGATGAAGCAGGGCGACAACGTCCTGATCTGGGGTGCGAGC
GGCGGGCTCGGCTCGTACGCCACCCAGTTCGCGCTCGCCGGGGGCGCCAACCCGATCTGTGTGGTCTCCAGCGACCGC
AAGGCGGACATCTGCCGGTCGATGGGCGCGGAGGCGATCATCGACCGGAGCGCCGAGGACTACCGGTTCTGGAAGGA
CGAGCGGTCGCAGGACCCGCGTGAGTGGAAGCGGTTCGGCGCCCGGATCCGTGAGCTGACCGGCGGCGAGGACGTCG
ACATCGTCTTCGAGCACCCCGGCCGGGAGACCTTCGGGGCCTCCGTGTACGTCACCCGCAAGGGCGGCACGATCGTCA
CCTGCGCCTCGACCTCGGGCTATCAGCACGAGTACGACAACCGCTACCTCTGGATGTCGCTGAAGCGGATCATCGGCTC
CCACTTCGCCAACTACCGGGAGGCGTGGGAGGCCAACCGGCTGATCGCCAAGGGGAAGATCCACCCCACGCTGTCGAA
GGTGTACCCCCTGGCGGAGACCGGCCAGGCGGCGCACGACGTCCACCGCAACGCCCACCAGGGCAAGGTCGGCGTCCT
CTGTCTGGCACCCCGTGAGGGCATGGGTGTGCGGGACGAGGAGACGCGCGCCCGGCACCTCGGCGCCATCAACCGGTT
CCGCAATGTCTGA 

rimJ ATGAAGGAAATACTGAACGCTATTCAGGCGCCGGACACCACGGCCGCCGACTTCGCCGCGCTGCCGCTGCCCGAGTCG
TACCGCGCGATCACCGTCCACAAGGACGAGACCGACATGTTCGAGGGGCTCGCGGGGTGCGACAAGGACCCGCGCAA
GTCGCTGCACCTCGACGAGGTGGCCGTCCCCGAACTCGGTCCCGGCGAGGCCCTGGTGGCCGTCATGGCGTCCTCGGT
GAACTACAACAGCGTCTGGACCTCGATCTTCGAGCCGCTGCCGACGTTCGGGTTCCTGGAGCGGTACGGCCGGCGCAG
CGAGCTCGCCAAGCGGCACGACCTGCCGTACCACGTCATCGGCTCCGACCTGGCGGGCGTCGTGCTGCGCACCGGGCC
CGGCGTCACCGTCTGGAAGCCCGGTGACGAGGTCGTCGCGCACTGCCTGTCCGTCGAGCTGGAGAGCGCGGACGGCCA
CGGTGACACGATGCTCGACCCCGAGCAGCGCATCTGGGGCTTCGAGACCAATTTCGGCGGTCTCGCCGAACTCGCGCT
GGTGAAGTCGAATCAGCTGATGCCCAAGCCCGGCCATCTCACGTGGGAGGAGGCGGCGGCCTCCGGGCTGGTGAATTC
CACCGCGTACCGCCAGCTGGTGTCCCGCAACGGCGCGGGCATGAAGGTCGGTGACAATGTGCTGATCTGGGGCGCGAG
CGGCGGACTCGGTTCGTACGCGACGCAGTTGGTGCTGGCCGGCGGCGGCACACCCGTCTGTGTGGTGTCCAACGACCA
GAAGGCGGAGATCTGCCGGTCCATGGGCGCGGAAGCGGTCATCGACCGCAACGCCGAGGGGTACCGGTTCTGGAAGG
ACGAGCAGACGCAGGACCCCCGGGAGTGGAAGCGGTTCGGCAAGCGCATCCGCGAGCTGACCGGCGGCGAGGACGTG
GACATCGTTTTCGAGCACCCGGGGCGGGAGACGTTCGGCGCGAGTGTGTTCGTCACGCGCAAGGGCGGCACGGTCGTC
ACCTGCGCCTCCACCTCGGGCTACCAGCACCAGTACGACAACCGCTATCTGTGGATGTCGCTCAAGCGCATCGTGGGCT
CGCACTTCGCCAACTACCGCGAGGCGTGGGAGGCCAACCGCCTGATCGCCAAGGGCAGGATCCACCCGACGCTGTCCC
AGACCTACCCCCTGAGGGAGACCGGGCAGGCGGCGTACGACGTGCACCGCAACCTCCACCAGGGCAAGGTCGGCATT
CTGGCGCTCGCTCCCGAGGAAGGACTCGGCGTACGGGACGCCGAGTTCCGGGCGCGGCACGCCAGCGCCATCAACCGC
TTCCGCGGGACGCTGGAGGACTGA 

TA1 atgaccgaccagccgaccacacgggacggcttcgccgagccgtttctgctggaggtgctcgcctccggcggcctggacgccgcctacgtgcgcgcggagggcaacaccctgtaccggcgcg
gtgaggacggcgaggagatcgccgtactcgacttcgtcggcggctacggctcgctgatgctcgggcacaacaacccggagatcaacgaccgggccagagaactgctggaccggcagacgcc
cgtccacgcgcagttctcccgccatccgtacgccgacgaactggcggcggagctgaaccggatcgtccagcgcgaacgcggcgacgacgagtcgtactacgccatcttcgccaacagcggcg
cggaggccgtcgaggcggcgatgaagcacgccgaactcgaccgcggactgcggctgtcggcactcaccgaggagatcgacgcccacctggaggaggtccgggcccgggtcgccgacggc
accgccacggtcccgccacgggtcgccgggtccgccgacgagctgatcgcggacgtccggcgcaggaacgaggaacagctggcccgcggcccgctgttcctcaccccggaaggcgccttcc
acggcaagctcgccggcagcgtccagctcacccacaacccgggctaccggctgccgttcaagtccctcgccgcgcaggccaggttcgtgccccgggaccagccgggggcgctgcgcaagat
cgtcgacgaggagcggccgcacctgctcgacctggtcgtggagggcggccgggtacaggtcgtcgagcgggaccacccgctgttcacggccttcgtcctggagcccgtccagggtgagggc
ggcatccacgagctgtccgccgagttcgtggcggaggtccaggaggtctgtgccgaggcccggatcccggtcgtcgtcgacgagatccagagcggcatgggacgcaccggcagcttcctggc
ggccacccggctggggctgaagggcgactactacacgctggccaagagcctgggcggcggtatcgccaagtccgcggtgctgctcgtccgcaagccgctctaccacgggcagttcgaactgg
cccacagctccaccttcgccaaggacgccttctcctgcctcatcgggctcaaggtgctcgagatcatggaggccgacgacggtgcggtctaccgccgggcggcggagcgcggtgagcgcctgc
tcggaatgctccggtcggtccgggcggacttccccgagacggtgcgggacgtgcgcgggcgcggcctgatgctggggctcgagttccgggaccagtcggacgccacggccgacccgctgcg
gcaggtcgcccggagcgggttcttcggctacttcgtcgcgggccacatcctgcgggagcaccgcgtccgtgtcttcccgacgtcgagcgcggtgaacacgctgcggttcgagccgtcggtgtatg
tcacggacgaggagatcgaccggctggaggccgcgctgcgcgacgtgtgcgcgatcatccgggacaccgacggagcgcggctggctccgatcggctga 

TA2 atggatcacaccaacaccgcaaccccgtccagagaactggccgaaccttttctccgtgaagtactcgccggcgtgggcctgtcggtcgaatacgtccgtgcgaagggcaatacgctctaccaacg
ggacggcgagggtggcgagataccggtcgtcgacttcgcgggcggctacggctccgtcctgctcgggcacaaccggccggaaatcgtcgaaagggcgcgggaactgctcgacggggacac
cccggtgcacgcgcagttctccagccacccctacgccaacaccctcgccgccgagctgaaccggatcatccgccgggaactgggcactgacgaaccgtatttcgccgtattcgcgaacagcggt
gcggaagcggtcgaggccgcggtcaaacacgccgagctggaccgggggatgcgcatcgccgcgctcctggaggagatctccgtacagaacgacgccgcgcgcaccgcggtggagaacgg
caccgccgtcgtcgccgagcacaccctcgaacggctcggcctcaccccgccccgggaccccgccgaggccttcggtctgctgacggccgagctcgcccggcgcaacgccggacagaccgc
gcggccgccgctgttcctggcgctggagggcgggttccacggcaagctcgcggcgagtgtgcagctcacgcacaacgaggggtaccgcacccccttcaagtcgctggccgcgcaggcccggt
tcgtaccgcaggaccggcccgatgtcctgaagcaggtgcatgccgaggagcggggcgttctcctcggcacgcaggtcgtcgacgggcagctcaccctcaccgagcgggagttccccgtcttct
gcgccttcctggtggaacccattcagggcgagggcggaatccgggtgctttcccgggaattcgccggggaaatccagaagttctgcgagtcgatcgactgccccgttgtcgtcgacgagatccag
agcggaatgggcaggaccggaacacttctcgccagtgccccgctcggactgcgcggcgactatttcaccctcgccaagacactgggcggcggaatcgccaagacatccgtgatgctggtgcgc
gagaagtattaccggaaggaattcgagatcgtccacagctcgaccttcgccaaggacagcttctcctgtcatatcgccctcaaggtcctcgaactgctggaggccgacggcggacgggcctaccg
ggccgcggaggagcgcggcgcggccctgcgggcggcgctggacggcgtacgggcggacttccccgacgtcgtcggagacgtccggggccggggcctgatgctgggcctcgaattcctgga
ccagtcggggtcgtcgtccccggtgatccaggagatcgcggtcggcgggttcttcggctacgtcctcgccgggcatctgctgcgccgccaccgggtgcgtacatttcctacggcgagcgcggtca
acaccctgcgcttcgagccttccatcgagctgaccgacgccgagatcgcccagctcgacgccgggctgcgcgatgtgtgcgagctgctcagggccggggcgggcgaagcgctgaccgcggc
ctga 

TE1 
(DEBS 

TE) 

gactccggtacgcctgcacgtgaagctagctctgcactgcgtgacggctaccgccaagcgggtgtgagcggccgtgttcgtagctacctggatctgttggcaggtctgtcggatttccgcgaacatt
ttgatggtagcgatggttttagcctggatctggttgatatggcagatggtccgggtgaggtgaccgttatttgctgcgcgggtacggctgcgatctctggtccgcatgagttcacccgtctggcaggtg
ccctgcgcggcattgcacctgttcgtgcggtgccgcagccgggttacgaagaaggcgaaccgctgccttctagcatggcggctgttgcagctgtgcaggctgatgctgtcattcgtacgcaaggcg
ataagccgttcgtggttgcgggtcactcggcaggcgcgctgatggcgtacgcgctggcgaccgaactgctggatcgtggtcacccgcctcgcggtgttgtcctgattgatgtgtacccgcctggtca
tcaggacgcgatgaacgcgtggctggaggaactgacggcaacgttgttcgaccgtgaaactgttcgtatggacgacacccgtctgaccgcgttgggtgcttacgaccgcctgacgggtcaatggc
gtcctcgcgaaaccggtttgccgaccctgttggttagcgcgggtgaaccaatgggcccgtggccggacgatagctggaaaccgacctggcctttcgagcacgacaccgttgcggtcccgggtgat
catttcacgatggttcaagaacatgctgatgcgattgcccgtcacattgacgcctggctgggtggcggcaacagctga 
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TE2 
(pik TE) 

gccgagcggaactgggccgtcgccgagccgtcggatcacgagcaggcggaggaggagaaggccgccgctccggcgggggcccgctccggggccgacaccggcgccggcgccgggatg
ttccgcgccctgttccggcaggccgtggaggacgaccggtacggcgagttcctcgacgtcctcgccgaagcctccgcgttccgcccgcagttcgcctcgcccgaggcctgctcggagcggctcg
acccggtgctgctcgccggcggtccgacggaccgggcggaaggccgtgccgttctcgtcggctgcaccggcaccgcggcgaacggcggcccgcacgagttcctgcggctcagcacctccttc
caggaggagcgggacttcctcgccgtacctctccccggctacggcacgggtacgggcaccggcacggccctcctcccggccgatctcgacaccgcgctcgacgcccaggcccgggcgatcct
ccgggccgccggggacgccccggtcgtcctgctcgggcactccggcggcgccctgctcgcgcacgagctggccttccgcctggagcgggcgcacggcgcgccgccggccgggatcgtcct
ggtcgacccctatccgccgggccatcaggagcccatcgaggtgtggagcaggcagctgggcgagggcctgttcgcgggcgagctggagccgatgtccgatgcgcggctgctggccatgggc
cggtacgcgcggttcctcgccggcccgcggccgggccgcagcagcgcgcccgtgcttctggtccgtgcctccgaaccgctgggcgactggcaggaggagcggggcgactggcgtgcccact
gggaccttccgcacaccgtcgcggacgtgccgggcgaccacttcacgatgatgcgggaccacgcgccggccgtcgccgaggccgtcctctcctggctcgacgccatcgagggcatcgaggg
ggcgggcaagtag 

TE3 
(rimM1
3 TE) 

gccgcacagcccggcctgggcggcggcgagggcggcctcctgctggccgggcccgaccccgactcgctggagcggatgttcctcgacgcgatggacgagggcaggttcccggagatccgg
ctcatgctgcgggccctgaccggcctgcgcacgaccttcgagaacacggccgaactggtggagctgccgctgccgaccacgctcgccgagggccccgccgagccgcggctgatctgcatcag
cacacccaccgccaacggcggtgtccacgaatacgccaggttcgccgcgtccttccggggcgaacggcacgtcagcgcactgccgctggtcggcttcgccgccggggaacggctgcccgcca
cacccaccagcgcggtcaggaccatcgcggagagcgctctgcgcgcaagcgacggcaaccccttcatcctggtcggacactcctccggcggtgcgtacgcctacgtggccgccgggctgctg
gagagcacctggggcatcaagcccgaggccgtggtgctgctggacaccgtcagcatccggcacgacgaccgggaggacatcgactacgacaacctgatgcaccgcaacttcctcgccgacca
ggaatccccggtgcgggtgaccaactcccggctgtccgggatggggcggtacatgggcctgctcgggcagctcgacgtccagcacaccagcgctcccgtgctgatcgtccgcgccgcccagg
agaccttcgccatggagggcaccgcggccgtctcgcccgacgacacgaagagcgacatgctcccgtcggccgatgtccgcatcgtcgacgcggaccacttctccatggtccgcgaccacgccc
cgcagaccgcgcagatcgtcaaggactggctggccaccctcggccaggcatga 

MaCAR atgacggagacgatctccaccgccgccgtgcccaccaccgacctggaggaacaggtcaagcgccggatcgagcaggtggtttcgaacgacccgcagctggcggcgctgctgccggaggact
cggtcaccgaggccgtcaacgagccggacctgccgctggtcgaggtcatccgccggctgctggagggctacggcgatcgccccgcgcttggccagcgggccttcgagttcgtcaccggcgac
gacggtgccaccgtgatcgcgctgaagcccgagtacacgaccgtctcctaccgggaactgtgggagcgggcggaggcgatcgccgcggcctggcacgagcagggcatccgtgacggggact
tcgtcgcccagctcggcttcacctcgacggacttcgcctcgctcgacgtcgcgggcctgcgcctgggcacggtcagcgtgccgctgcagaccggcgccagcctccagcagcgcaacgccatac
tggaggagacccgcccggccgtgttcgcggcgtccatcgaatacctggacgcagccgtggacagcgtcctcgcgacgccctccgtgcgtctgctctcggtcttcgactaccacgccgaggtcga
ctcccagcgggaggcgctcgaagcagtccgcgcccggctcgagagcgccggccgcaccatcgtcgtcgaggccctcgccgaggcactggcccgcggccgggacctccctgccgcgcccct
gccctcggcggaccccgacgccctgcgcctcctcatctacaccagcgggagcacaggtacgccgaagggcgcgatgtacccgcagtggctggtggccaacctgtggcagaagaagtggctca
ccgacgacgtgatcccgtcgatcggagtgaacttcatgccgatgagccacctggccgggaggctgaccctgatgggcaccctcagcggcgggggaacggcctactacatcgcctcctccgacct
ctccaccttcttcgaggacatcgcgttgatccgaccgtccgaggtgctgttcgtgccccgggtggtggagatggtcttccaacgcttccaggccgagctggaccggtccctcgcccccggcgagtc
caacagtgagatcgccgaacgcatcaaggtccggatccgcgagcaggacttcggcggccgcgtcctgtccgcgggttcggggtcggcgccgctgtccccggagatgaccgagttcatggaga
gtctgctccaggtccctctgcgcgacggctacgggagcacggaggcgggtggggtgtggcgggacggcgtcctgcagcggccgccggtcacggactacaagctggtggatgtacccgagctg
ggctacttcaccaccgactccccgcacccgcgcggtgagttgcggctgaagtcggaaacgatgttcccgggctactacaagcggccggagacgactgccgacgtcttcgacgacgagggctact
acaagaccggcgacgtcgtcgccgaactcggccccgatcacctgaagtatctggaccgggtgaagaacgtgcttaagctggcccagggcgagttcgtcgccgtctccaagctggaggccgcct
acacgggaagccccctggtgcggcagatcttcgtgtacggcaactccgagcgttcgttcctcctcgcggtggtggtgcccacccccgaagtgctggagcgctacgccgacagcccggacgcgct
caagccgctgatccaggactcgctgcagcaggtggccaaggacgccgagctccagtcctacgagatcccccgggacttcatcgtcgagacggtgcccttcaccgtggagtccggcctgctctcc
gacgcccgcaagctgctgaggccgaagctgaaagaccactacggggagcggctcgaggcactgtacgcggagctggcggagagccagaacgagcgactgcgccaactggcgcgcgaggc
cgccacccgccccgtcctggagaccgtcaccgacgccgctgcggcgctgctgggggcgtcctcgagcgacctcgcccccgacgtccgcttcatcgacttgggcggagactccctgtcggccct
ctcgtacagcgaactcctccgcgacatcttcgaggtcgacgtcccggtgggggtcatcaactccgtcgccaacgacctcgccgccatcgcccggcacatcgaggcgcagcgcacgggtgccgc
cacccagccgaccttcgcgtccgtccacggcaaggacgcaaccgtgatcaccgctggcgagctgaccctcgacaagttcctggacgaatcgctgctcaaggcggcgaaggacgtccagcccg
ccaccgcggacgtcaagaccgttctcgtcacgggcggcaacggctggctgggccgctggctcgtgctggactggctcgagcggctggcgccgaacggcggcaaggtgtatgcgctcatccgc
ggcgcggacgccgaagccgcgcgggcccgcctcgacgccgtctacgagtccggagacccgaagctgtccgcccactaccggcaactggcccagcagtcgctggaggtgatcgccggggac
ttcggcgaccaggacctcggcttgtcgcaggaggtctggcagaagctcgccaaggacgtcgacctgatcgtccactccggcgccctggtcaaccacgtcctcccctactcccagctgttcgggcc
caacgtcgccggcaccgccgagatcatcaagctcgcgatctccgagcggctcaagcccgtcacgtacctgtcgacggtgggcatcgccgaccagatccccgtgaccgagttcgaggaggactc
ggatgtgcgggtcatgagcgcggaacgtcagataaacgacggatacgccaacggctacggcaactccaagtgggcgggagaggtgctgctgcgcgaggcgcacgacctggccggtctgccg
gtccgcgtcttccgcagcgacatgatccttgcgcacagcgactaccacggccagctgaacgtcaccgacgtgttcacccggtccatccagagcctgctcctcaccggcgtggccccggcatcgtt
ctacgagctggacgccgacggcaaccgccagcgagcccattacgacggggtacccggcgacttcacggcagccagcatcaccgcgatcggcggggtgaacgtggtcgacggctaccgctcc
ttcgacgtcttcaacccgcaccacgacggcgtctcgatggacaccttcgtggactggctgatcgacgcggggtacaagatcgcgcggatcgacgactacgaccagtggctggcccgcttcgaact
ggcgctgaaagggctacccgagcagcagagacagcagagcgtgctcccgctgctgaagatgtacgagaagccgcagccggccatcgacggctcggctctgcccacggccgagttctcccgc
gccgtgcacgaggcgaaggtcggcgacagtggcgagatcccgcacgtgaccaaggagctgatcctgaagtacgcctccgacatccagctcctgggtctcgtctaa 

SrCAR atgaccgagtcccaaagctacgagacccggcaggcgcgaccggccggccagtcgctggccgaacgcgtcgcccggctcgtcgcgatcgacccccaggccgcggcggcagtgcccgacaa
ggccgtggcggaacgtgcgacccagcagggcctgcggctggcgcagcgcatcgaggccttcctgtcgggctacggcgaccggcccgcgctggcccagcgcgccttcgagatcacaaaggat
ccgatcaccggtcgggccgtggcgacgctgctgccgaagttcgagaccgtctcctaccgggagttgctggagcggtcccacgcgatcgcgtccgagctggccaaccacgccgaggcccccgt
caaggcgggggagttcatcgcaaccatcggcttcaccagcacggactacacctccctcgacatagcgggcgtactcctggggctcacctcggtgcccctccagaccggcgccaccaccgacac
gctcaaggccatcgccgaggagacggccccggccgtcttcggcgcatcggtcgagcacctcgacaacgccgtcaccaccgccctcgccacgccgagcgtccgccggctgctggtgttcgacta
ccgccagggcgtcgacgaggaccgcgaggcggtcgaagcggcccgcagccgcctcgccgaggcggggagcgcggtgctggtggacaccctcgatgaggtcatcgctcgtggccgcgcgc
tcccgcgggtggccctgccccccgccaccgacgccggtgacgactccctgtctctactgatctacacgtccggcagcacggggacgcccaagggcgcgatgtacccggagcgcaacgtcgcc
cagttctggggcggcatctggcacaacgcgttcgacgacggcgactcggccccggacgtgccggacatcatggtcaacttcatgccgctgtcgcacgtcgccgggcggatcggactgatgggc
accctgtcctcggggggcacgacctacttcatcgccaagagcgacctgtccaccttcttcgaggactactccctcgcgcgccccaccaagctgttcttcgtgccgcgcatctgcgagatgatctacc
agcactaccagtccgaactggaccggatcggtgccgccgacggctcgccgcaggccgaggccatcaagaccgagttgcgcgagaagctcctcggcggaagggtgctcacggcggggtcgg
gaagtgcaccgatgagccccgagctgaccgccttcatcgagtcggtcctccaggtccacctggtggacggctatggatcgaccgaggccgggccggtgtggcgggaccgcaagctcgtcaagc
cgcccgtcaccgagcacaagctgatcgacgtccccgaactgggttacttctccacggactcgccctacccgcgcggcgagctggccatcaagacgcagaccatcttgcccggctactacaagcg
cccggagacgaccgccgaggtcttcgacgaggacggcttctacctcaccggcgacgtggtcgccgaggtcgcgcccgaggagttcgtatacgtcgaccgccgcaagaacgtcctgaagctgtc
gcagggcgagttcgtcgcgctgtccaagctcgaagccgcctacggcacctccccgctggtccggcagatctccgtctacggctccagccaacgctcgtacctgctcgccgtggtcgtgcccaccc
cggaggcgctcgcgaagtacggggacggcgaggcggtgaagtccgcgctgggcgacagcttgcagaagatcgcccgcgaggagggccttcagtcctacgaggtgccccgcgacttcatcat
cgaaaccgacccgttcaccatcgagaacggcatcctgtccgatgcgggcaagaccctgcgccccaaggtcaaggcccggtacggcgagcggctggaggccctgtacgcccagctcgccgag
acccaggccggggagctgcgtagcatccgggtcggcgcgggggaacggcctgtcattgagaccgtgcagcgggcagctgccgcgctcctcggcgccagcgccgcggaggtcgaccccgaa
gcccacttcagcgacctcggcggcgactccctctccgcgctgacctactccaacttcctgcacgagatcttccaggtggaggtgccggtctccgtgatcgtcagcgcggccaacaacctccggtcg
gtggccgcacacatcgagaaggagcgcagctccggctccgaccggccgaccttcgcctccgtgcacggggcgggcgccaccacgatccgtgcctcggacctgaaactggagaagttcctcga
cgcccagacgctggcggcggccccgtcgctgccgaggccggcgagcgaggtgcgcacggtgctgctgactggttctaacggctggctcggccgtttcctggcactggcctggctggagcggct
ggtgccgcagggcgggaaggtggtcgtgatcgtccgcggcaaggacgacaaagccgccaaggcccgcctcgactccgtgttcgagtccggcgacccggcactgctcgcgcactacgaggac
cttgccgacaagggcttggaagtgctcgccggggatttctccgacgcggacctgggactgcgtaaggccgactgggaccggctggccgacgaggtggacctgatagtgcacagcggcgccctc
gtcaaccacgtcctcccgtacagccagctgttcggccccaacgtggtcggcaccgccgaagtcgccaagctggcgctcacgaagcgcctgaagccggtcacctacctgtccaccgtcgcggtgg
cggtcggcgtcgagccgtccgcattcgaggaggacggcgacatccgcgacgtgtcggccgtccggtcgatcgacgagggctacgccaacggttacggcaactccaagtgggccggcgaggt
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cctgctgcgcgaggcctatgagcacgcgggcctgccagtgcgcgtcttccgctccgacatgatcctggcccaccgcaagtacaccgggcagctgaacgttcccgaccagttcacgcggctcatc
ctcagcctgctcgcgacgggcatcgcccccaagtcgttctaccagctggacgccaccggtggccggcagcgggctcactacgacgggatccccgtcgacttcaccgcggaggcgatcaccacg
ctcggcctcgccggaagcgacggctaccactccttcgacgtcttcaacccgcaccacgacggtgtaggtctagacgagttcgtcgactggctggtcgaggcgggccacccgatctcccgggtcg
acgactacgcggagtggctgtcgcggttcgagaccagcctcagggggctgcccgaggcccagcgccagcacagcgtgctgccgctcctgcacgcgttcgcccaaccggcccccgccatcgac
ggctcgcccttccagaccaagaacttccagtcgagtgtgcaggaggcgaaggtgggggccgagcacgacatcccgcatctggacaaggcgctgatcgtcaagtacgcggaagacatcaagca
gctcggcctgctc 

MmCA
R 

atgtccccgatcacccgcgaggagcggctcgagcgccgcatccaggacctctacgccaacgacccgcagttcgccgccgccaagcccgccaccgcgatcaccgcggccatcgaacgccccg
gcctgccgctgccccagatcatcgagacggtgatgaccggctacgccgaccggcccgccctggcccaacgctccgtggagttcgttaccgacgccggcaccggccacaccaccctgcgtctcc
tgccgcacttcgagactatcagttacggcgagctctgggaccggatctcagctctggcagatgtgctgtcgaccgagcagaccgtgaagccgggagaccgcgtctgcctgctgggcttcaactcc
gtcgactacgcgacgatcgacatgacgctggcgagactgggtgccgtcgccgtgccgctccagacgagcgccgccatcacccagctgcagcccatcgtcgccgagacccagcctaccatgatc
gcggccagcgtggacgccctcgccgacgcgaccgaactggccctctccgggcagaccgccacccgggtcctcgtgttcgaccaccaccggcaggtggacgcccaccgcgcggcggtcgagt
ccgcccgggagcggcttgcagggtcggccgtcgtcgagaccctcgcggaagcgatcgcccgcggcgacgtcccccggggggcctcggcggggtcggcccccggcaccgacgtgtcggac
gacagcctcgcactgctcatctacacctccggctccacgggtgcgccgaagggcgcgatgtacccgcggcggaacgtcgcgacgttctggcgcaagcgcacctggttcgagggcgggtacga
gccctccatcacgctcaacttcatgccgatgagccacgtcatgggccgccagatcctgtacggaacgctgtgcaacggcggcacggcgtacttcgtggccaagtccgacctgagcaccctgttcg
aggacctggcgctggtgcggcccaccgagctgaccttcgtcccgcgcgtctgggacatggtcttcgacgagttccagtccgaggtcgacaggcgtctggtcgacggcgcggaccgggtggccc
tggaagcgcaggtcaaggccgagatccgcaacgacgtgttgggcggtcgctacacgtcggccctcacaggctcggcgccgatcagcgacgagatgaaagcgtgggtcgaggagctcctcgac
atgcacctcgtcgagggctacggctccacggaggccggcatgatcctgatcgacggcgcgatccgacggcccgccgtgctcgactacaagctggtcgacgtcccggacctgggctacttcctga
cggaccggccgcacccccggggagaactgctggtcaagaccgactcgctgttcccgggctactaccagcgcgccgaggtgaccgcggacgtattcgacgcggacgggttctaccggaccgg
ggacatcatggccgaggtcggcccggaacagttcgtctatctggaccgccggaacaacgtcctcaagctctcgcagggcgagttcgtgaccgtctccaagctggaggcggtcttcggcgacagt
ccgctggtgcggcagatatacatctacggtaactcggcgcgggcctacctgctcgccgtcatcgtccccacgcaggaggcactcgacgcggtgcccgtcgaggagctgaaggcccggctgggc
gattcgctccaggaagtggccaaggccgccggactccagtcctacgagatcccccgcgacttcatcatcgagaccacgccctggaccctggagaacggcctgctgaccggcatccgcaagctc
gctcgcccgcagctcaagaagcactacggtgaactgttggagcagatctacaccgacctggcgcatggccaggccgacgagctgcgctccctcaggcagagcggcgccgacgccccggttct
ggtcacggtctgccgcgctgccgcggcgctcctcgggggcagcgcgtccgacgtgcaacccgacgcccacttcaccgacctgggcggggactccctgtcggccctgtccttcaccaacctgct
gcacgagatcttcgacatcgaggtcccggtgggagtgatcgtgtccccggccaacgatctccaggcgctcgccgactacgtcgaggccgcccgcaagccggggagcagccgtcccaccttcgc
ctccgtccacggtgcctcgaacggccaggtgacggaggtgcacgccggcgacctcagcctggacaagttcatcgacgcggccacgctggccgaggcgccgcgcctgcccgccgccaacacc
caggtccgcaccgtgctgctgacaggggcgaccggcttcctcggccgctacctcgcgctggagtggctggagcggatggacctcgtcgatggcaagctgatctgcctggtgcgggcgaagagc
gacacggaagccagggcgcgtctggacaagaccttcgactccggggaccccgagctgctggcgcattaccgggcgctggcgggcgaccacctggaggtcctggccggtgacaagggcgag
gcggacctcggactcgaccgacagacctggcagcgcctcgccgacaccgtcgacctcatcgtggacccggccgcgctggtgaaccacgtgctcccctacagccagctgttcggcccgaacgc
cctcggcaccgccgaactcctgcggctcgccttgacgtcgaagatcaagccgtactcctacacctccaccatcggcgtcgccgaccagatcccgcccagcgcgttcaccgaggacgcggacatc
cgggtgatctccgccacgagagccgtggacgactcgtacgccaacggctactccaactccaagtgggcgggggaggtgctgctccgcgaggcgcacgacctgtgcggcctgccggtggcggt
cttccggtgcgacatgatcctcgccgataccacctgggccggccagctcaacgtgcccgacatgttcacccgcatgattctgtccctggcggccaccggcatcgcccccggctccttctacgagct
ggccgccgacggggcgcggcagcgcgcccactacgacggtctgcccgtcgagttcatcgcggaggccatctcgacgctgggcgcccagtcgcaggacggcttccacacctaccacgtcatga
acccgtacgacgacggtatcggactcgacgagttcgtcgactggctcaacgagagcggctgccccatccagcgcatcgccgactacggcgactggctgcaacggttcgagacggccctgcgcg
ccctgccggaccggcagcggcacagctcgctgctgcccctgctgcacaactaccgccagccggagcgcccggtccgcggctcgatcgctccgacggaccgcttccgcgccgccgtccagga
ggccaagatcgggcccgacaaggacatcccgcacgtcggcgcgccgatcatcgtcaagtacgtatccgacctgcgcctgctcgggctcctc 

YqhD atgaacaacttcaacctgcacacgcccacccgcatcctgttcggcaagggcgccatcgcgggactccgcgagcagatcccgcacgacgcgcgggtgctgatcacgtacggcggcgggagcgt
caagaagacgggcgtcctcgaccaggtcctggacgccctgaagggcatggacgtgctggagttcggcggcatcgagcccaatccggcctacgagaccctgatgaacgcggtgaagctggtcc
gcgaacagaaggtcaccttcctgctggcggtgggaggcggcagcgtcctcgacggaacgaaattcatcgctgccgccgcgaactacccggagaacatcgacccctggcacatcctccagaccg
ggggcaaggaaatcaagtcggcgatcccgatgggctgcgtgctcaccctgccggccaccggtagcgagtccaacgccggggcggtcatctcccgcaagaccaccggcgacaagcaggcgtt
ccactccgcccacgtccagcccgttttcgcggtgctggacccggtctacacctacacgctcccgccccggcaggtggccaacggtgtcgtcgacgccttcgtgcacaccgtcgagcagtacgtga
ccaagccggtggacgcgaagatccaggaccggttcgccgaagggatcctcctgacgctcatcgaggacgggccgaaggcgctgaaggagccggagaactacgacgtgagggccaacgtcat
gtgggccgccacccaggcccttaacggcctgatcggcgccggcgtgccgcaggactgggcgacccacatgctgggccacgagctgaccgccatgcacggcctcgaccacgcccagacactg
gccatcgtcctgcccgcactgtggaacgagaagcgcgacaccaagcgggccaagctgctgcagtacgccgaacgggtctggaacatcaccgagggctccgacgacgagcgaatcgacgccg
ccatcgcggcgacgcgcaacttcttcgagcaactgggtgtacccacgcatctgtcggactacgggctggatggctcgtccatacccgcgctcctcaagaagctcgaggagcacgggatgaccca
gctcggcgagaaccacgacatcaccctcgacgtctcgcgccggatctacgaggcggcccgt 

ChnD atgcactgctactgcgtgacccaccacgggcagccgctcgaggacgtcgagaaggaaatcccccaacccaagggcaccgaggtcctgctgcacgtcaaggcggccggactgtgccacaccga
tctgcacctgtgggagggctactacgacctgggcggcggcaagcggctgagcctcgccgaccgggggctaaaaccgccgctgaccctctcccacgagatcaccggtcaggtcgtcgccgtcg
gcccggacgcggagtccgtgaaggtgggcatggtctccttggtgcacccctggatcggctgcggggagtgcaactactgcaagcgcggcgaggagaacctgtgtgcgaagccgcagcagctc
ggcatcgccaagcccgggggcttcgccgagtacatcatcgtcccgcacccgcgctacctggtggacatcgccgggctggacctggccgaggcagcgccgctggcctgcgccggcgtcaccac
gtacagcgcgctcaagaagttcggcgacctcatccagtccgagccggtcgtgatcatcggcgcgggcggactcgggctcatggccctggagctgctcaaggccatgcaggcgaagggcgcga
tcgtggtcgacatcgacgactccaagctcgaggccgcccgcgcggcgggcgccctctcggtcatcaactcgcgttcggaggacgccgcccagcagctgatccaggccaccgacggtggagct
cggctgatcctcgacctcgtcgggagcaaccccaccttgtccctcgcgctggcgtccgcggcccgggggggtcacatcgtgatctgcggcctgatgggcggcgagatcaagctgtcgatccccg
tgataccgatgcgccccctgacgatccagggctcctacgtcggcacggtggaggagctgcgcgaactggttgaactcgtgaaggagacgcacatgtcggccatccccgtcaagaagctgccgat
cagccagatcaacagcgccttcggcgacctgaaggacggcaacgtcatcggccggatcgtgctgatgcatgagaactaa 
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YahK atgaagatcaaggcggtcggcgcctactcggccaagcagcccctcgaaccgatggacatcacgcggcgggagcccggcccgaacgacgtcaagatcgagatcgcgtactgcggcgtgtgtca
ctccgacctgcaccaggtgcgctccgagtgggcgggcaccgtctacccgtgcgtgcccggtcacgagatcgtcggccgggtcgtcgcggtaggcgaccaggtcgagaagtacgcccccggag
acctcgtgggggtgggctgcatcgtcgactcctgcaagcactgcgaagagtgcgaggacggcctggagaactactgcgaccacatgaccggcacctataactccccgacgccggacgaaccc
ggacacaccctgggcggctacagccagcagatcgtggtgcacgagcgctacgtcctgcgcatccgccacccgcaggagcagctcgccgccgtggcgccgctgctgtgcgcgggcatcacca
cgtactcgccgctgcggcactggcaggccggccccggcaagaaggtgggcgtcgtcgggatcggtggcctcggccacatgggcatcaagctcgcgcacgccatgggcgcgcatgtcgtggc
cttcacgaccagcgaggcgaaacgcgaggcggccaaggccctgggggcggacgaggtggtcaacagccgcaacgccgacgaaatggctgcccacctgaagtccttcgacttcatcctgaaca
cggtcgccgcaccccacaacctggacgacttcaccaccctcctcaagcgtgacgggaccatgacgctggtgggtgccccggccactccgcacaagtcgccggaggtcttcaacctgatcatgaa
gcggagggcgatcgccgggtcgatgatcgggggaatccccgagacccaggagatgctcgacttctgcgccgagcacggcatcgtggccgacatcgagatgatccgggccgatcagatcaacg
aggcctacgagcggatgctgcgcggcgacgtcaagtaccgcttcgtcatcgacaaccgcaccttgaccgactaa 

YjgB atgtccatgatcaagtcgtacgccgcgaaggaggccggaggcgagctggaggtctacgagtacgaccccggggaactgcggccgcaggacgtcgaggtgcaggtcgattactgcgggatctg
ccactccgacctgtcgatgatcgacaacgagtggggcttctcgcagtacccgctggtcgcggggcacgaggtcattgggcgggtggtggccctcggcagcgcggcccaggacaagggcctcc
aggtgggccagcgggtcggcatcggctggacggcccgctcgtgtggacactgcgacgcttgcatctccggcaaccagatcaactgcgagcagggcgcggtgccgacgatcatgaaccgcggc
gggttcgccgagaagctccgtgcggactggcagtgggtgatccccctgcccgagaacatcgacatcgagagcgcgggtccgctgctgtgcggcggcatcacggtcttcaagccgctcctcatgc
accacatcaccgcgacgtcccgcgtgggcgtcatcggcatcggggggctgggccacatcgcgatcaagctcctgcacgcgatgggctgcgaggtgaccgccttctcgtccaacccggccaagg
agcaggaggtcctcgccatgggtgccgacaaggtggtcaactcccgggacccgcaagccctgaaggcgctggccggccagttcgacctcatcatcaacaccgtgaacgtctccctggactggc
agccgtacttcgaggcactcacctacggcggcaacttccacaccgtcggcgccgtcctgacccccctgtccgtccccgcgttcaccctgatcgccggcgaccggagcgtgagcggtagtgccac
cggcaccccctacgaattgcgcaagctgatgcgcttcgcggccaggtcgaaagtcgcgcccacgaccgagctgttcccgatgagcaagatcaacgacgccatccagcacgtacgcgacggcaa
ggcccggtaccgcgtcgtgctcaaggccgacttctaa 

ScADH
2 

atgtcgatccccgagacccagaaggccatcattttctacgaatcgaacggcaagctggagcacaaggacatcccggtgccgaagcccaaaccgaacgaactgctgatcaacgtcaagtacagcg
gcgtctgccacaccgacctgcacgcctggcacggggattggcccctgccgacgaagctcccgctggtgggtgggcacgagggcgccggcgtggtggttggcatgggtgagaatgtgaagggc
tggaagatcggcgactacgcgggcatcaagtggctgaacgggagctgcatggcgtgtgagtactgcgagctcggcaacgagtccaactgcccgcacgcggacctgtccgggtacacccacga
cggctccttccaggagtacgcgaccgccgacgccgtccaggccgcgcacatcccgcagggcacagacctcgccgaggtggcgccgatcctgtgcgccgggatcaccgtctacaaggcgctca
agtcggccaacctgcgggccggccactgggcggccatcagcggcgcggctggcggtctcggaagcctggccgtgcagtacgccaaggccatgggctaccgcgtcctgggcatcgacgggg
ggccgggaaaggaggagctgttcacgtcgctcggcggcgaggtgttcatcgacttcaccaaggagaaggacatcgtgtcggcggtcgtgaaggccaccaacggcggcgcccatggcatcatc
aacgtctccgtcagcgaagcggcaatcgaggcctccacgcgttactgccgggcgaacggcaccgtggtcctcgtcggcctccccgcgggcgcgaagtgctcctccgacgtcttcaaccacgtcg
tcaagtccatctcgatcgtcggctcctatgtgggcaaccgcgccgacacccgcgaggccctggacttcttcgcccgggggctcgtgaagagtcccatcaaggtcgtaggtctgagctcgctgccc
gagatctacgagaagatggagaagggccagatcgccggccgctacgtcgtcgacacgtccaagtaa 
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Supplementary Table 4. Statistics for data collection and refinement of CpkC TR 

 
    CpkC TR 

Data collection   
Wavelength (Å) 0.97741 
Resolution range (Å) 44.76  - 1.84 (1.88  - 1.84) 
Detector Distance (mm) 220 
Φ (deg.) collected / ΔΦ (deg.) 180/0.25 
Exposure time (seconds) 0.3 
Temperature of collect (Kelvin) 100 

Data statistics   
Space group                                        P 21 21 21 
Unit-Cell parameters (Å) a=49.63 b=103.55 c=148.32 

Total reflections 445567 (44265) 
Unique reflections 67220 (4891) 
Multiplicity 6.6 (6.7) 
Data completeness (%) 100 (99.7) 
<I/σ(I)> 12.5 (0.9) 
Rmerge (%) 
Rpim (%) 

0.095 (1.90) 
0.059 (1.20) 

CC1/2 0.999 (0.358) 

Structure Refinement   
Reflections used in refinement 67220 (4891) 
Reflections used for Rfree 1828 (151) 

Rfactor 0.183 (0.338) 

Rfree 0.218 (0.352) 

RMS from ideal geometry   
  Bond lengths (Å) 0.008 
  Bond angles (º) 0.77 
Average B-factor 35.9 
  Macromolecules 35.2 
  Ligands 37.0 
  Solvent 38.6 
Ramachandran Plot   
  Favoured region (%) 97.5 
  Outliers region (%) 
Rotamer outliers (%) 

0 
0.1 

Number of TLS groups 16 
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Supplementary Table 5. Thermodynamic analysis of different synthesis pathways of 2-
ethyl-1,3-hexanediol and 2-ethyl-3-hydroxyhexanoic acid 

Product Synthesis pathway Stoichiometric of synthesis 
pathway 

ΔrG’o 
(kcal/mol) 

2-ethyl-1,3-
hexanediol 

PKS KS catalysed 
decarboxylative 
Claisen 
condensation-based 
pathway 

Butyryl-CoA + Ethylmalonyl-
CoA + 4 H+ + 3 NAD(P)H → 
2-ethyl-1,3-hexanediol + 2 
CoA + CO2 + 3 NAD(P)+ 

-2.78 

Thiolase catalysed 
non-decarboxylative 
Claisen 
condensation-based 
pathway 

2 Butyryl-CoA + 3 H+ + 3 
NAD(P)H → 2-ethyl-1,3-
hexanediol + 2 CoA + 3 
NAD(P)+ 

0.31 

2-ethyl-3-
hydroxyhexano
ic acid 

PKS KS catalysed 
decarboxylative 
Claisen 
condensation-based 
pathway 

Butyryl-CoA + Ethylmalonyl-
CoA + H+ + NAD(P)H + H2O 
→ 2-ethyl-3-hydroxyhexanoic 
acid + 2 CoA + CO2 + 
NAD(P)+ 

-7.36 

Thiolase catalysed 
non-decarboxylative 
Claisen 
condensation-based 
pathway 

2 Butyryl-CoA + NAD(P)H + 
H2O → 2-ethyl-3-
hydroxyhexanoic acid + 2 CoA 
+ NAD(P)+ 

-4.27 

a.  Calculated through stoichiometric summations of standard formation Gibbs energies 

(ΔfG’o) of each substrate and products of the pathways. ΔfG’o were estimated through the group 

contribution method under standard conditions (298K, pH 7, zero ionic strength)14. 
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