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Supplementary Figure 1. Phylogenetic analysis of PKS TRs. TR1 is from coelimycin pathway?,
TR2 is from B24891 pathway!, TR3 is from cyclizidine pathway?, TR4 is from iminimycin
pathway?, TR5 is from argimycin pathway*, TR6 is from streptazone pathway®, TR7 and TR8 are
from unknown pathways, and TR9 is from venediol pathway?®.



Supplementary Figure 2. Natural substrates of PKS TRs. TR1 is from coelimycin pathway',
TR2 is from B24891 pathway!, TR3 is from cyclizidine pathway?, TR4 is from iminimycin
pathway?, TR5 is from argimycin pathway*, TR6 is from streptazone pathway>, TR7 and TR8 are
from unknown pathways with unknown products, and TR9 is from venediol pathway®. 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 (¢), TR9 (d),
maltose binding protein (MBP)-ACP1 (e), ACP9 (f), TADH2 (g)’, 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.



TR1 reduction assay with NADPH
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TR1-catalysed reaction TR9-catalysed reaction
Cofactor Substrate Initial reaction rate R2 Initial reaction rate R2
(x103 AUV, n/min) (%103 AUV, ,/min)
Octanoyl-ACP 2.7 0.986 26.3 0.992
NADPH Octanoyl-CoA 2.1 0.997 9.4 0.998
Octanal 0.2 0.965 2.1 0.998
Octanoyl-ACP 3.2 0.763 1.3 0.658
NADH Octanoyl-CoA 0.1 0.971 0.5 0.838
Octanal 13 0.988 0.4 0.956

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-ACPI1; Blue: TR1 + NAD(P)H + octanoyl-CoA; Brown: TRI1 +
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.
R?2: 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.




NRPS MxaA R

Supplementary Figure 7. Terminal thioreductase structures in carrier protein-containing
multi-domain complexes. The ‘“helix-turn-helix” (HTH) motif composed of «10 and all 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 StCAR R (d, yellow, PDB
code: SMSR). 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 RimMO0) is predicted to promiscuously initiate with either acetyl-,

propionyl-, or butyryl- starter units, producing CE-108, BU16, and rimocidin®® 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 module!®. b, Gel-filtration
elution profile of PimSO0 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. ¢, SDS-PAGE analysis of PimSO from gel-filtration, fractions in the red box were
collected for subsequent assays. Furthermore, with coexpression of GroEL-GroES and Dnal-
DnaK-GrpE chaperones in E. coli BL21(DE3), we successfully purified the apo-PimS0 dimer to
80% homogeneity. Next we tested whether PimSO can load acetate, malonate, acetyl-CoA, or
malonyl-CoA in vitro (Supplementary Figure 10). Holo-PimSO0 loaded two of the tested substrates,
acetyl-CoA and malonyl-CoA. In comparison, neither acetate nor malonate was accepted by apo-
PimSO0 despite the presence of a putative CoA-ligase (CoL) domain. Both PimSO 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 PimSO readily accepted acetyl-CoA and malonyl-CoA as
substrates suggested a similar initiation mode for RimMO 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 rimMQ0 in S. albus RimM0M1-TR2
(QD28-QD30). QD28: S. albus PrpsL(RO)-rimM0 + Pgapdh(EL)-rimM1-TR2; QD29: S. albus
Pgapdh(EL)-rimMO0 + Pgapdh(EL)-rimM1-TR2; QD30: S. albus kasOP*-rimM0 + Pgapdh(EL)-
rimMI-TR2. a, Protein abundance of RimMO and RimMI in engineered S. albus when using
PrpsL(RO), Pgapdh(EL), or kasOP* promoter to drive rimM0 transcription. The rimMI1-TR2
promoter is Pgapdh(EL). Grey: RimMO protein abundance; White: RimM1 protein abundance. b,
1,3-Diol production titers after 7 d cultivation in RS 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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Diol volatility test in RS
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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 RS 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 RS 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/z'!, [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 RimMOM1-DEBS TE for 3-hydroxy acid production in Streptomyces. No 3-hydroxy
acid was detected. b, Consumption test of 3-hydroxypentanoic acid in RS (black) or RS + S. albus
(blue). ¢, Consumption test of 3-hydroxyhexanoic acid in RS (black) or RS + 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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1,3-butanediol oxidation
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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: TRY; Purple: TADH2 positive control. Each experiment was repeated in triplicate.
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Supplementary Figure 17. Medium screening for S. albus RimMOM1-TR1 (QD27). 3 d
RimMOM1-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 RS 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, RS 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. [TC
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 uM) show little or no binding to RimM1 ACP protein
(50 uM in the syringe and 0.5 puM injections). c-d, neither TR1 nor TR2 (10 uM) binds 3-
hydroxybutyryl-CoA (1 mM in the syringe, 10 uM injections) alone or in the presence of 1 mM
NADP" in both the syringe and cell. e-f, TR1 or TR2 (20 puM) binds NADP" (1 mM in the syringe,
10 uM injections). In the bottom panel, the data points (circles) are fit to an independent binding
curve (solid line) with the following fit parameters: Ka, Tri napp =4.6 £3.3 x 10° M, n=0.7 + 1.5,
AH = 100 £ 60 kJ/mol; Kq,tr2 NapP =3.4 £ 2.0 x 10° M, n= 0.6 + 1.0, AH = 100 + 60 kJ/mol.
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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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@ HTH motif ACP

Supplementary Figure 20. AlphaFold3 models of chimeric RimM1 ACP-TR complexes. a-h,
RimM1 ACP-TR1/TR2/TR3/TR4/TR6/TR7/TR8/TRO.

23



RimM1 ACP RimM1 ACP

c RimM1 ACP

TR3 HTH motif
! 2 $1507

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 A, 5.5 A, and 5.9 A. b,
Predicted charge-charge interactions between RimM1 ACP and TR2 HTH motif. The three bond
distances are 6.3 A, 6.8 A, and 8.8 A. ¢, No charge-charge interaction between RimM1 ACP and
TR3 HTH motif was predicted by AlphaFold 3. d, No charge-charge interaction between RimM 1
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.

RimM1 ACP
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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/TRO.
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Supplementary Figure 23. Protein abundance of RimM1-TR chimaeras in engineered S.
albus RimMOM1-TR after 3 d cultivation. Grey: RimMO0; Brown: RimM1; Orange: TR. RimMO
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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R5 + 5 mM L-valine R5 + 5 mM [*3C]-L-valine

1451

7 16 141.0

Supplementary Figure 24. [1*C]labelled L-valine feeding experiment on S. albus RimM0M1-
TR2 (QD28). R5 medium + 5 mM L-valine or ['*C]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 ['3*C]labelled L-valine addition
group (rt = 3.97 min, expected dehydrated 87.1 m/z, observed 87.2 m/z). ¢, 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 ['*C]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. ¢, 1,3-BDO.
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Supplementary Figure 26. >*C NMR spectra (a) and 'H NMR spectra (b) of purified bio-1,3-
diols from S. albus RimMO0M1-TR2 + FkbS (QD76) culture.
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Supplementary Figure 27. 'H NMR spectra of bio-1,3-BDO derivative from S. albus
RimMOM1-TR2 + FkbS (QD76) culture. a, full 'HNMR 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 'H 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. 'H NMR spectra of bio-1,3-PDO derivative from S. albus
RimMOM1-TR2 + FkbS (QD76) culture. a, full 'HNMR 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 'H

NMR spectra.
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Supplementary Figure 29. 'TH NMR spectra of bio-1,3-HDO derivative from S. albus
RimMOM1-TR2 + FkbS (QD76) culture. a, full 'HNMR 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 'H 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 RimMO0M1-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. ¢, 1,3-HDO.
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Supplementary Figure 31. LC-MS detection of 2-methyl-1,3-diols produced in S. albus
RimMOM1(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 (35)- (25)-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.

34



105.090991

2-M-1,3-BDO standard:
(rt =1.976 min)
m/z=105.090991

93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117

105.091039

2-M-1,3-BDO sample:
(rt=2.038 min)
m/z =105.091039 ‘ |

| ‘ |
o S PRI O O O O ST U D W U N (PO, U A
93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117

141.088407
2-M-1,3-PDO standard:

(rt =3.940 min)
m/z=141.088407

134.5135 135.5136 136.5137 137.5138 138.5139 130.5140 140.5141 141.5142 142.5143 143.5144 144.5145 145.5146 146.5147 147.5148 148.5149

2-M-1,3-PDO sample:

(rt = 4.004 min) 141.088667
m/z = 141.088667 ‘

|
1

134.5135 135.5136 136.5137 137.5138 138.5139 139.5140 140.5141 141.5142 142.5143 143.5144 144.5145 145.5146 146.5147 147.5148 148.5149

155.104013

2-M-1,3-HDO standard:
(rt=5.939 min)
m/z = 155.104013

PR ) i s AL % ”
141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170

155.104129

2-M-1,3-HDO sample:
(rt =5.970 min)
m/z = 155.104129

\

141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170

Counts vs. Mass-to-Charge (m/z)

Supplementary Figure 32. MS spectra of 2-methyl-1,3-diols produced in S. albus
RimMOM1(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
RimMOM1-TR2 (QD28) sample, and S. albus RimMOMI(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 RimMOM1(PiM7
AT)-TR7 (QD69) in RS + 2% Glucose is shown in black, and 7 d cultivation of RimMOM1(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. ¢, 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. [!3C]labelled L-valine feeding experiment on S. albus
RimMOM1(RimM13 AT)-TR2 (QD40). R5 medium + 10 mM L-valine or ['3C]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 ['*C]labelled L-valine addition group (rt = 7.21
min, expected [M - H] 163.2 m/z for a single ['*C]labelled L-valine incorporation and 167.2 m/z
for double ['*C]labelled L-valine incorporation, observed 163.0 m/z and 167.2 m/z in red circles).
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EIC trace: 2-ethyl-1,3-hexanediol
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— QD93: RimMOM1(RimM13 AT)-TR2 + FkbS + YjgB + MmCAR
QD92: RimMOM1(RimM13 AT)-TR2 + FkbS + YjgB + SrCAR
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/\/L QD90: RimMOM1(RimM13 AT)-TR2 + FkbS + YahK + MmCAR
/N — — QD89: RimMOM1(RimM13 AT)-TR2 + FkbS + YahK + SrCAR

k,, — QD88: RimMOM1(RimM13 AT)-TR2 + FkbS + YahK + MaCAR

— QD86: RimMOM1(RimM13 AT)-TR2 + FkbS
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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. ¢, Observed [M +
Na]* m/z of 2-E-1,3-HDO in QD89 sample is 169.118183.

40



EIC trace: 2-ethyl-1,3-butanediol EIC trace: 2-ethyl-1,3-pentanediol
QD90
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Vo S
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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. ¢, 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).
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Supplementary Figure 39. LC-MS detection of amino alcohols produced in S. albus
RimMOM1-TR2 + TA1 (QD96). EIC traces: 4-aminobutan-2-ol (a), 1-aminopentan-3-ol (b), and
I-aminohexan-3-ol (¢). RimMOM1-TR2 (QD28) control is coloured in black, RimMOM1-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, I-aminopentan-3-ol, and 1-aminohexan-3-ol.
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EIC trace: 4-amino-3-methylbutan-2-ol

4-amino-3-methylbutan-2-ol standard
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- QD99: RimMOM1(RimM7 AT)-TR2 + TA1 + FkbS
— QD96: RimMOM1-TR2 + TA1

3 4 5 6 7
Time (min)
b EIC trace: 1-amino-2-methylpentan-3-ol
— QD99: RimMOM1(RimM7 AT)-TR2 + TA1 + FkbS
— QD96: RimMOM1-TR2 + TA1
6 7 8 9
Time (min)
c EIC trace: 1-amino-2-methylhexan-3-ol

= QD99: RimMOM1(RimM7 AT)-TR2 + TA1 + FkbS

— QD96: RimMOM1-TR2 + TA1

6 7 8 9
Time (min)
Supplementary Figure 41. LC-MS detection of methyl amino alcohols produced in S. albus
RimMOM1(RimM7 AT)-TR2 + TA1 + FkbS (QD99). S. albus RimMOM1-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 (¢). QD96 control is coloured in blue, RimMOM1(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
RimMOM1(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).

45



400

w

o

o
1

pmol/0.5 OD 600 nm
g S
1 1

= 8
o
o0
o
2 o
o
oo
uéo\ . &Q‘Q .'8‘} 4?5 on"
& & 5" x
N i &
Q& N A
& S ™
&S
& &

BN NAD total
0 NADRP total

Supplementary Figure 43. Intracellular NAD(P) level measurement in S. albus. Each
experiment was repeated in quadruplicate except for RimMOM1-TR2 + TA1 which was repeated

in duplicate.
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Supplementary Table 1. Plasmids and strains used in this study

Strains and .. Source or
Plasmids Description Reference JPUBID
Plasmids
E. coli expression plasmid with N-terminal 6 XXHIS-TEV tag, Addgene
pHIS . . .
kanamycin resistance plasmid 29653
E. coli expression plasmid with N-terminal 6 XHIS-MBP-TEV tag, Addgene
pMBP . . .
kanamycin resistance 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 ACPI gene This work JPUB_ 024235
pHIS _ACP9 pHIS plasmid carrying ACP9 gene This work JPUB_ 024237
pHIS TR1 pHIS plasmid carrying TRI 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 TADH?2 gene This work JPUB_ 024229
Ne PhiC31-based Streptomyces integration plasmid with spectinomycin | Cruz-Morales
P resistance etal?
41 VWB-based Streptomyces integration plasmid with apramycin Cruz-Morales
P resistance etal?
. . L . Addgene
pOSV807 PSAM2-based Streptomyces 1ntie;garrallt10n plasmid with hygromycin plasmid
resistance 126600
. . . . . Addgene
pOSV809 PhiBT1-based Streptomycei égit:ti;actéon plasmid with kanamycin plasmid
126602
pSC_rimAQ 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
p41l rimB27 p41 plasmid carrying Pgapdh(EL)-rimMI1-TR1 This work JPUB_ 024242
p41 rimB28 p41 plasmid carrying Pgapdh(EL)-rimMI1-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)-rimMI1-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)-rimMI1-TR7 This work JPUB_ 024247
p41 rimB36 p41 plasmid carrying Pgapdh(EL)-rimMI1-TRS 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
p4l rimB42 p41 plasmid carrying Pgapd}.L(EL)-rzli 3(rimM1 docking This work JPUB_024294
domain)-TR2
p4l rimB51 p41 plasmid carrying Pgapdh(EL)-rimM13(rimM1 docking domain- This work JPUB_024296
KS)-TR2
p41_rimB66 p41 plasmid carrying Pgapdh(EL)-rimMI(rimM7 AT)-TR2 This work JPUB_024250
p41_rimB67 p41 plasmid carrying Pgapdh(EL)-rimMI1(rimM7 AT)-TR7 This work JPUB_024251
p41_rimB69 p41 plasmid carrying Pgapdh(EL)-rimMI(pimM7 AT)-TR7 This work JPUB_ 024252
p41 rimB73 p41 plasmid carrying Pgapdh(EL)-rimM1(rimM13 AT)-DEBS TE This work JPUB_024290
p41l 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_rim]J 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_yghD pOSV809 plasmid carrying Pgapdh(EL)-yqghD 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
pOSVSI(_)I%ScAD pOSV809 plasmid carrying Pgapdh(EL)-ScADH?2 This work JPUB_ 024262
pOSV80§7MaCA pOSV809 plasmid carrying Pgapdh(EL)-MaCAR This work JPUB_ 024298
pOS\l\//faOng}ll{ahKf pOSV809 plasmid carrying I;gzgjl;e(EL)-yahK and Pgapdh(EL)- This work JPUB_024299
pOS\gi(é%g I}QahKf pOSV809 plasmid carrying I;%agllez(EL)-yahK and Pgapdh(EL)- This work JPUB. 024300
pOSR//Ii(l)g XyﬁhKf pOSV809 plasmid carrying Z%Zéj/;e(EL)-yahK and Pgapdh(EL)- This work JPUB. 024301
pOS&iOgX}lg gB_ pOSV809 plasmid carrying %agyj}/;(EL)-ngB and Pgapdh(EL)- This work JPUB_024302
pOSVfgi %] gB S pOSV809 plasmid carrying Igfgiﬁz(EL)-y]gB and Pgapdh(EL)- This work JPUB._ 024303
pOS&i?gg}lg gB_ pOSV809 plasmid carrying Af;rgnagjllze(EL)-y]gB and Pgapdh(EL)- This work JPUB. 024304
Strains
E. coli
BL21(DE3) NEB
E. coli BAP1 Pfeifer et al.®
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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QDI

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 M 1152 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

QDI8

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimMI1-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)-rimMI1-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)-rimMI1-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)-rimMI1-TR2

This work

JPUB_024189

QD30

S. albus J1074 strain with phiC31-based integration of kasOP*-
rimM0 and VWB-based integration of Pgapdh(EL)-rimMI1-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)-rimMI1-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)-rimMI1-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)-rimMI1-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)-rimMI1-TRS

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-TRY

This work

JPUB_024187

QD40

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0 and VWB-based integration of Pgapdh(EL)-rimM]I (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)-rimM1I (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)-rimM1I (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)-rimMI (pimM?7
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)-rimMI (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)-rimMI(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)-rimMI(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)-rimMI1-TR2,
pPSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based
integration of Pgapdh(EL)-yqghD

This work

JPUB_024208

QD79

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimMI1-TR2,
pPSAM2-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)-rimMI1-TR2,
pPSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based
integration of Pgapdh(EL)-yahK

This work

JPUB_024212

QDS

S. albus J1074 strain with phiC31-based integration of PrpsL(RO)-
rimM0, VWB-based integration of Pgapdh(EL)-rimMI1-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)-rimMI1-TR2,
PSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based
integration of Pgapdh(EL)-ScADH?2

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

QDSS

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)-rimMI (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)-rimMI (rimM13
AT)-TR2, and phiBT1-based integration of Pgapdh(EL)-MaCAR

This work

JPUB_024270

QDS8

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

This work

JPUB_024284

50




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)-rimMI (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)-rimMI (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

QD%

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)-TAl

This work

JPUB_024204

QDY5

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)-TAl

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)-rimMI1-TR2,
PSAM2-based integration of Pgapdh(EL)-fkbS, and phiBT1-based
integration of Pgapdh(EL)-TAl

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)-TAI

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 pimSO-F

TACTTCCAATCCAATGCAatggtgcccgtccacacagatgactacge

pHIS pimS0-R

TTATCCACTTCCAATGTTAtcagctctecgegtecatcageeg

pHIS_rimM1 ACP-F

TACTTCCAATCCAATGCAgccgcecectgecgeee

pHIS_rimM1 ACP-R

TTATCCACTTCCAATGTTAgacctcggagegeagatacgegg

pMBP ACPI1-F TACTTCCAATCCAATGCAgctgggctaggagatgcag
pMBP ACP1-R TTATCCACTTCCAATGTTAtacttcaccatgcaggtactecg
pHIS ACP9-F TACTTCCAATCCAATGCAggaggcatgaccggegeg
pHIS ACP9-R TTATCCACTTCCAATGTTActccagcaggaccgtccggagg
pHIS TRI1-F TACTTCCAATCCAATGCAcgggcggaactgtcggegg
pHIS TR1-R TTATCCACTTCCAATGTTAtcacccggeecgeeggg
pHIS TR2-F TACTTCCAATCCAATGCAaccggggccageggct
pHIS TR2-R TTATCCACTTCCAATGTTActagcgggcecggggecg
pHIS TR7-F TACTTCCAATCCAATGCAggcggacggacgcaggge
pHIS TR7-R TTATCCACTTCCAATGTTAtcagccetgeegeggggaag
pHIS _TRO-F TACTTCCAATCCAATGCAggcaccacgggcageggc
pHIS TR9-R TTATCCACTTCCAATGTTAtccttcggtcatgggggccgee

pHIS_TADH2-F

TACTTCCAATCCAATGCAatgtctactacagtcggccaag

pHIS_TADH2-R

TTATCCACTTCCAATGTTAtcagtcagccatagtaatgatacatctc

pSC rimA0-0F gacgcggagcactgataactagcataaccecttggggc
pSC rimA0-OR gtggacgggcaccatttaccggcetttcttcgtgttgaac
pSC rimAO-1F atggtgcccgteccacacage
pSC rimAO0-1R tcagtgctcegegtecatcag

p4l rimB27-0F

cgcgatatcgaattcctegag

p4l rimB27-0R

cttctectegttcgacatatggegtatecectttcag

p4l rimB27-1F

atgtcgaacgaggagaagctgcg

p4l rimB27-1R

gacctcggagcegceagatacg

p4l rimB27-2F

tgegetccgaggteecgggcggaactgteg

p4l rimB27-2R

cgaggaattcgatatcgcgttctttccgattcaccegge

p4l rimB28-2F

tgcgetccgaggtcaccggggccageggct

p4l rimB28-2R

cgaggaattcgatatcgegcetagegggecggggce

p4l rimB31-2F

tgcgeteccgaggtegggteegecgaccceecg

p4l rimB31-2R

cgaggaattcgatatcgcegttacgectcgacgcetgaccgeg

p4l rimB33-2F

ctgegetcecgaggteggegeaccgggeggce

p4l rimB33-2R

gctagttactcgaggaattcgtcacggggcgggcaggtaace

p4l rimB34-2F

ctgecgeteccgaggteggeggeecggacgec
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p4l rimB34-2R

gctagttactcgaggaattcgtcaggeagegggccgeg

p4l rimB35-2F

ctgegetcecgaggtcggeggacggacgeaggge

p4l rimB35-2R

gctagttactcgaggaattcgtcagectgecgeggggaagt

p4l rimB36-2F

CTGCGCTCCGAGGTCGCGCCCCAGGACGACACCGGG

p4l rimB36-2R

GCTAGTTACTCGAGGAATTCGTCACGGGGCGGGCGGGAAGTG

p4l rimB37-2F

ctgegetecgaggteggeaccacgggeageggc

p4l rimB37-2R

gctagttactcgaggaattcgtcatcettcggtcatgggggccge

p41_RimB40-0F

cgtcgacctgeccacgtacgec

p41 RimB40-0R

ggtgcctgetccaggatgacgtgg

p41 RimB40-1F

cctggageaggeaccggeggacgee

p41 RimB40-1R

glgggeaggicgacgeggcg

p41 RimB42-0F

ctgcgeagegagttcaccggggccageggcetce

p41 RimB42-0R

ggcetegegetgcttcgecteg

p41 RimB42-1F

aagcagcgcgagecggtcgteatcgtcggeatgge

p41 RimB42-1R

gaactcgcetgegeageegggc

p41 RimB51-0F

aaaggccaggaaccgtaaaaaggecgc

p41 RimB51-0R

cttctectegttcgacatatggegtatcecc

p41 RimB51-1F

atgtcgaacgaggagaagctgcgega

p41 RimB51-1R

ggtgcctgetccaggatgacgtgg

p41 RimB51-2F

cctggageaggeaccggeggacgee

p41 RimB51-2R

cggttcetggecttttgetggecttt

p4l RimB69-0F

cgctgeccacgtacgecttccageg

p4l RimB69-0R

tcagccaatcgactggcgageggcat

p41 RimB69-1F

ccagtcgattggetgagctcatgagegg

p41 RimB69-1R

geggggggcctectccaggatgacgtgggcgtiggte

p41 RimB69-2F

gaggcecceegeccgeacga

p41 RimB69-2R

gtacgtgggcageggeacccgg

p4l RimB73-0F

tagcgcgatatcgaattcctcgagtaactageataaccce

p41 RimB73-0R

gacctcggagegeagatacgeggc

p41 RimB73-1F

tgegetecgaggtegactecggtacgectgeac

p41 RimB73-1R

gaattcgatatcgcgctatcagetgttgecgecac

p41 RimB74-0F

tagcgcgatatcgaattcctcgagtaactageataaccce

p41 RimB74-0R

gacctcggagegeagatacgeggc

p41 RimB74-1F

tgcgetccgaggtegecgageggaactgggceg

p41 RimB74-1R

gaattcgatatcgcgctacttgeccgeccectcgatge

p4l RimB75-0F

tagcgcgatatcgaattcctcgagtaactageataaccce

p41 RimB75-0R

gggcetgtgcggegacctcggagegeagatacgegge

p41 RimB75-1F

gccgcacageccggect

p41 RimB75-1R

gaattcgatatcgcgctatcatgectggecgagggtggcc

pSC_RimA6-0F

ctagcataaccccttggggcce
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pSC_RimA6-0R

gaccgaaggagcagcagtactctgetgcaacgtgtg

pSC _RimA6-1F getgetectteggtegga

pSC RimA6-1R atggcgtatccectttcagatact
pSC_RimA6-2F gaaaggggatacgccatatggtgccegtecacaca
pSC RimA6-2R cccaaggggttatgctagttatcagt
pSC_RimA7-0F ctagcataaccccttggggce

pSC RimA7-0R gttcgaatgtgaacaagtactagtactetgetgeaacgtgtg

pSC_RimA7-1 (direct use)

agtacttgttcacattcgaacggtctctgctttgacaacatgetgtgeggtgtigtaaagtcgtggecaggagaatacga
cagcgtgcaggactggggooagttcat

pSC_RimA7-2F

ggactgggggagttcatatggtgeccgtecacaca

pSC_RimA7-2R

cccaaggggttatgctagttatcagt

p4l RimB66-0F

ccggegaggagetggeegeectgeegeecg

p4l RimB66-0R

aacacaccggtctgeggtggeg

p41 RimB66-1F

gcagaccggtgtgttcaaggaagacgacg

p41 RimB66-1R

cagccagtaccactggcgcetggaagg

p41 RimB66-2F

ccagtggtactggcetgcaggaaactcecccacgeggceacca

p41 RimB66-2R

cagctcctcgecggacagegg

p4l RimB67-0F

gecgecectgecgeceg

p4l RimB67-0R

aacacaccggtctgeggtggege

p41 RimB67-2F

ccagtggtactggctgeccgeegge

p41 RimB67-2R

cggeagggeggcccgggecgeeccagteggc

pOSV807_rimJ-OF

GACGCTGGAGGACTGActagcataaccecttggggc

pOSV807_rimJ-OR

AGCGTTCAGTATTTCCTTCATgcgtatcccctttcagatactcg

pOSV807_rimJ-1F

ATGAAGGAAATACTGAACGCTATTCAGGC

pOSV807 rimJ-1R

TCAGTCCTCCAGCGTCCC

pOSV807_fkbS-0F

GGTTCCGCAATGTCTGACctagcataaccccttgggge

pOSV807_fkbS-0R

CGTCCAGGATTTCCTTCATgcgtatccectttcagatactcg

pOSV807_fkbS-1F

TGAAGGAAATCCTGGACGCGAT

pOSV807_fkbS-1R TCAGACATTGCGGAACCGGT
pOSV809 TAI1-0F actagtagcggccgctt
pOSV8&09 TA1-0R aaaaaacgctagcageggc

pOSV809 TAI-1F

cgctgcetagegttttttgetgetecttcggtegg

pOSV809 TAI-1R

geggcecgcetactagtgetgtacttectgttcggettaa

pOSV809 TA2-0F

actagtagcggccgctt

pOSV809 TA2-0R

aaaaaacgctagcagcggc

pOSV809 TA2-1F

cgctgcetagegttttttgetgetecttcggtegg

pOSV809 TA2-1R

geggcecgcetactagtgetgtacttectgttcggettaa

pOSV809 MaCAR-OF

ctagcataaccccttggggcce

pOSV809 MaCAR-OR

gegtatcccectttcagatacteg

pOSV809 MaCAR-1F

atctgaaaggggatacgccatatatgacggagacgatctccaccgecg
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pOSV809 MaCAR-1R

ctcggtcatctccggggacageggegecgace

pOSV809 MaCAR-2F

ccggagatgaccgagttcatggagagtetge

pOSV809 MaCAR-2R

agccgetcgagecagtecageacgagecagegge

pOSV809 MaCAR-3F tggctcgageggetggeg
pOSV809 MaCAR-3R ccaaggggttatgctagttagacgagacccaggagctggatgtcggag
pOSV809 ADH CAR-OF aacagggaagtgagagggce

pOSV809 ADH CAR-OR

accttgccgaaggcaattacat

pOSV809 ADH CAR-IF

gecttcggcaaggtcge

pOSV809 ADH CAR-1R

aagtatcttcctggcatcttccag

pOSV809 ADH CAR-2F

cctetecactteectgttgetgetectteggtegg

pOSV809 ADH CAR-2R

gatgccaggaagatacttcaaaaaacccctcaagaccegtt
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Supplementary Table 3. Genes used in this study

Gene Sequence (5' to 3")
name
rimA atggtgcccgtccacacagetgactacgtgatccagecgeccaccgacgeggeggaggtacggggcggecacacgetgeccgaggtgticgagaccgegtcgagggecgeecccgacgeg
(rimM0 | gtggccatcgtggacggggaccegticgeggacetgggegeagtggegggeggacgtecgegegetggeecgtggectccaggaatcgggegtegggeccggtgacgtggtggeggtecgg
) ctgeegaacagcetgggagticcagaccetgeacctggecgtecgeggecegteggegecgtactgetgeccgtecacgagggeaccccgaccgeggaggtecacgegetgetgaccegegegg

aacccgtactectegtectgteggettccgggagegagggeacggcaacggeccgetegetectggagagegtgecgacgetgegeggegtgetgetggeeggggegteggaggeggagtg
cgaggagccggggateggggcgetggacgggttgcgggcagectggacgggcagegageeccggecggtgeacctcacceecgacatgecgcetegecctgatecectegtecggeaccac
ctcggegeggceccaagetgtgegtgcacacccacggeggectgetggegaacaccgeggecgtegtggecgatgecgecgacgectteggeggeacggtectgaccgectgeccgatgace
cacctgttcgggcetccagtecctgeacacggegcetgticgecgeccggacgeaggtectgetcaccggetgggacgtggaccgettectggagetggegegggageacaaccceegegtegtet
tcgeegtaccegeccaactgegggacatcgtegegegactegecagggegggegagecggegggcttecgegecgeaccaggtgegtacggegggegecgeectcgeacccgegetegecg
cacagatacgcgccgecctcgactgegaaccggtegtggtgtggggcatgtccgagatcggeaccggeaccgceaacccgggeccaccaccccgacggeagegtgggagaaccggtegacg
gegtgegegtacgggtegtcgacgageacggegeggagtgegeggegggggagacgggcgagetccagtaccagggeccggcegatgticcgeggcetatttccgegagecggagetgacge
gctecggecectcaccgacgacggetggetgecggaccggegacatcgecgecatcgacgeggacggegtggtegtectgecacggeegggeggecgaagtgatcgecaccggaggecggaagt
tcggcgecaccgaaatcgagagectgetegeggagetegegggectgggeccgetggeegtggegggggcegeecggacgaccggetcggegagtacccgtgectggtegtgaccgacegeg
cggaccgtacgatcgggctgaccgaggtgaccgegttectgegeeggeggggactcgecgaccacaagatecccctecgaactggtcacegtgegegagetgeccttcaceceecgeggggaag
ctcgaccgcagggcactcaaggagceagetgegeaccggectggaagegacgeecgtggeggeccgtetcggegeggteecgecggagacggecgaagaggcgetggaactggtacgega
ctgegteggecaggtectcggeageageggegacceggeeggecccgeegteggtgcgecggaattceccgacaccgaattccgeeggetcggectegactecgteetegeggtgcggcetge
gcaacctgcetgegggaggagaccgggcetgteecteceeggtcacgetggecttegacttccecgacgecgegggecgtggegeacgeactggecgageagaacgaceeggcettcggeggeggce
atcggggaagacggeggaggaggegeggaggticceggecgacgaggecgatceggtggegatcgtegecatggectgecgectgecgggeggegecgactctececcgacgecctgtggga
getgetggeeggeggaaccgacgegatgeggcececttcecggacgaccgeggetgggacctggaccgectettcgacgaggaccecgaccggecgggeacctgetacgecacgegaaggcgg
cttectgeecggegegggegacttcgacgegggcttettcggectgteccgaccacgaggegacggecaccgacccgeageagegectgetectggtggcggectgggagacctticgageggg
cgggcatcgacccggegtecctgaagggceaccegtacgggegtgttcaccggegegatggagegeggcetacggegetctegegteecgecegtececcagegagtgggagageacgetcaccac
cggggecgecaacagegegateteegggegeatcgectacacctacggectcgaaggeccegegetgaccgtegacaccgectectegtecteectegtegecctgeacctggectgeegetee
ctgeggtegggegagaccgacctggegetggecggeggegteacegtecatggegaccccggegeccttcacceacttegeeccggetgegegegetecgecaccgactcgegegecaaggegt
acgcggacaccgecgaacggetcegegtgggeggaaggegegggactgetgetgetggageggetgagegacgeccgecgeaacggacaccegtgtactggegetegtacggggeteegegg
tgaaccaggacggcgcectccaacgggetcaccgececgageggeccegegeageagegegteatcegecaggecectggecgacgeceggtetgacgecgegggacgtggacgeggtggag
gggeacggcaccggceactccgetcggegacccgatcgaggeccaggecctgatggecacctacggecaggageggecggagggacggecgetgtggetggggteggtgaagtccaaccte
gggcacacacaggcecgcetgecggggtegteggggtcatcaagacggtgctegegetgggecgeggcegtectgeccaggacgcetgecacgtggagactecttccaccaaggtegactggteege
cggggeggtacggcetgetgaccgaggegeagecctggecccaggagagegggeacacgeggegggeaggagtgtegtecttecgggetcaccggeaccaacgeccacgtgatectggagga
ggeeeeggacgggacgeagagegegeccggatcggaaccggecgacgacaccgecgtacegtgggtgetcetcegeacggagecggacggegetgegegaacaggeeegeegeetggee
gagcacgtgaccgctcacceeggectgegeacacaggacatcgeccacgecctggecaccacccgeacccggeaccggeaccgggecgtegtcageggetecgaccgggaccggatgcetg
tccgegacggecgegttegggegeggggagegggecgeggacgtcacceegetcgattcecgegeegggeggectggecttegtcttctcecggacagggeggecageacceeggeatgggg
cgeggggeggecgaggcegtteccegtgticggggaggegetgegegaggtgtgegacaccctegaccegetgetggeacgtecgetgaccteggtgatgtgggcggacgecgacteegagg
aggcgacgcetgetgcacaacgecgagttctcgecagecctegetgtticgeectccaggtegecctetaccggetgtacgagtectggggcatggecceggaccegtetegegggecattcggecgg
cgagatcgecgecgegceatgtcaccggcatectcaccetccaggacgectgegecctggtggecteccggggeaggcetgatcagetegetgeeggteggeggegegacggtggcggtecgea
tctcggaggacgaggtgcgggggtggetcgecgaggagacgaccggeteggtctegatcgeggecgtcaacgggecgeactecctegtactetceggtgecgaggeceegetcatcgececteca
cggaccggcetecgegacgecggecacaagacccaccgeatceecatgagggtegeggeccactcaccgetgatggaccccatcetgggggagtteccgegeggtegtecgeacgetggectac
ggcacgcccaccatceecctegteteccaccgtcaccggecgeccgetgaccgacgaggaggegegegaccetgageactgggtacggeacgtgeggeageccgtgegettcaaggacgega
tcggeecggcetecgggaggagegegteaccggcttectggagetgggegecgagecgetgetcacceccatgatcgacgagtgectggaggeggecggeccgeageacggaaccgeegtggt
geegagectgageteeggegtaccggaccggceagatcectgctetcegeggecgeccgggtgcacacccacggegeacccgtecgactgggacgeggtgctgeccggggeccggeeegtcga
cctgecgacgtacgegttccageggeggeggtictggetggeggeggggecgggtgeggecgecgaggeeggtttegtgggtgecgegateggegegggegegecggeggecgatgegga
ggagccgtecgggcectggaageccggetggecggtctcgaagacgecgaacaggacgegtacgtacgeteectggtgetcgecgagaccteggeegtgetecggeggecaggaaccgetcgac
agcgaaggceacccacaccttcaaggagatgggcatcaactcggtgaacgecgtcgagcetecgeaaccgectcatcgeggecacggacctgeggetececcgecacgetegtetacgaccaccce
accccgaacgeggtegtecgectegtacgegaacgectcgegegeecggecaccgecgeacgegacgtggacteggtegtggccgagetggagteectgetcacggecggegeggaggtet
cggceggaggceggtggcacggetgaaggegatggeggeggggcgggacggcactacggacaccggtteccggegggeccetggacctgacgtcggecagegacgaggaccetgttceggetg
atggacgcggagceactga
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pimS0

atggtgcccgtccacacagatgactacgegatccagecgeccgecgacaccgegeatggagggggtggcttcacactgectgetgtgticgaggeegecgtggaateccgeccccgacgeagtg
geectegtecgacgggceaccgttectggacctgggegeagtggcgegeagacgtegatgegetggeeegegggttgcaggagtegggtatcgecacceggtgacgtggtggeggtgcggetgce
gaactgcgggaggtttcccaccctgeacctggecgtegeggecgtcggageggtactgctgeccatccaccagggeaccecgetececeggaggtcgacgegetgetgaccegggeggaacceeg
cccttetegtectgteggecgecgggagegacggectggegacggeccegttcgetictggagagegtgecgtegetgegeggegtgetgetggecggggegteggagacggggagtegggat
ccgteggaggtggggagtcaggatcegggegtegggtegetggacgggcetgetggeggectgggegggcagegggecccggecggtggacgtcacceccgatatgecgetegttetegtee
cctegtecgggacggtetcggeacggeccaaactgtgtgtgecacagecacgacggtetgetgtcgaacaccgeagecegtcaccgecgaggecgecgacgecttcgacggtecggtectcacgg
cctgeecgatgacccatetgttcggectecagtcectgecacgeggegcetgttecgecgectgeacgecaggtectgctcaccggetgggacgtggaccgcettcetggaacaggetegggageacgg
cceeegtgtegtgttcgecgtgeccgeccaactgegggacgtcgtgacacgactggecaggaccggegaaccggegggcttcacgeegtaccaggtgegtacegegggggecegecegtegeg
ccegegetegecgtacgggtacgegecegtectecgactgegaactggtegtggtgtggggoatgtccgagatcggeaccggeaccegeaccegggeccaccaccccgacggcetgtgtgggaga
geeggtcageggggtggacgtgegegtegtecgacgageacggecaagagtgegeggeggacgagaggggtgaactccagtaccgggggecagggttgticegeggcetatttccgegaaccg
gagctgacgegctcggcecctcaccgacgacggcetggetgeggaccggegatetegegaccgtegacgeggacggegtggtggtectgecacggecgggeggecgagetgatcaatacgggg
ggcecggaagttcagegecggegaggtegagggactgceteteeggetttacggacctgggeccgetggecgtegtcggegeaccggacgaceggetcggggagtaceegtgcctggtegtgac
cgaccacgcggacggceaccatcggectgagegaggtgaccgegttectgegeeggetggggetcgecgaccacaagatccccctecgaactggtcacegtgegegagctteccttctecectge
cgggaagctcgaccgeggggcgctcaageggcetgetcgecaaccttgeggaggtgteegticeggeecgtcteggegeggtecegecectacacggecgaggaggegetggacctegtacgeg
actgegteggecgggtgctecgttacggeggegeggecgteecctteccceeccggacaaggacttetictcccecggacaaggacttccgecageteggectggactceceateggegeggtgeggcet
gceggaatctgetgegggaggagacegggetgecgeteccggecaccctggecttcgactececccactcecgegagecegtegegegegtectggecgageaggaggagecgteccaggacgag
ccgagggagaacccggeggacggtgecgacceggtggegategtgggcatggectgeeggetgecgggeggagecgacteceecgacgecctgtgggagetgetegecgacgggaccga
cgcgatgteccecttccccacggaccgeggcetgggacctggaccggcetgticgacgaggatgecgaccgecegggtacctegtacgeccgegaaggeggcttectgecacgacgegggegact
tcgacgegggcttcttcggectgtcggaccaggaggegacggegaccgatccgeageageggetgcettetggaggeggectgggagaccttcgagegggegggeatcgaccegeagteectg
aggggaagcecgtacgggegtgttcacgggegegatggaccgeggcetatggaaccagegegtececgeegegeccagegeatgggagageatgetcatcaccgggaccgeeggeagegeggte
tcggggcegceatcgectacacctacgggcetcgaaggeccegegetgacggtegacaccgecteetcgtecteectegtegecctgeatctggectgecggtegetgegetegggegagaccgace
tggegetggecggeggegteacegtcatggegaccceggegeccttegeacacttetecceggetgegegegetgteccecgacteecgetecatggegtacgeggacgecgegaacggetegg
cgtggtcggagggcgeggggctgctictgetggageggcetgagegacgeccggegeaacggacaccgtgtectggegetegtacggggceteegecgtgaatcaggacggegectccaacgg
gctecaccgegecgageggaccegeacageagegegtcatcegecaggecectggeecgacgeegggetgacgeecgeaggacgtggacgeegtggaggggeacggeaccggeacgecgete
ggcgaccecatcgaggegeaggegetgetggecacgtacggcecaacageggectgtggaacggecgtigtggetggggtcggtgaagtcgaacticgggcacacacaagecgecgeeggeg
tcgteggegtcatcaagacggtgetecgegetgegecacggegtectgecgeagacgetgeacgtggacgeteccteggecaaggtggactggteegecggticggtacggetgctgaccgagg
cgcggecctggecacgggagageggacgtacgegeegggegggggtgtectegtticgggcetcaccggeaccaacgegeacgtgatectggaggaggegecgggagaggeggeggcagg
ggegegggecgaggttcccgaggaggegeggtgcgectectcaccggetcgacteccggagecgtecggegacgeggecegegecctgggtgetgteegeccggageegggeggegetge
gegegeaggcegcetecgectggecgaccaggtggecgecgaccecggtetacgggcccaggatgtecgeccatgecctggecaccteccgtaccctgeaccggeacegggecegtegtecagegg
ctccgaccgggceacaaatgetcgecgeggeaaageggttcgggetcggtgageggaccgegggegtcaccecggacgattcegegecgggectgetggecttegtettetcegggeagggea
gccagegeageggceatggggcgegeggeggecgaggegticeeggtettcggacgggegetgggegaggtgtgecgeegegetggacccgetgetgacacgececactgaccteggtgatgtg
ggeggcetceeggetcecgaggaggeggeccgtctcgacgacaccacctacacgeagececgecctgticgecgtecaggtegecectgtaccggcetgticgagtectggggegtggtgccggacca
getggtggggcattcggtcggegagatetcegecgeccatgtggeaggegtgetecggectecgggacgegtgcaccctggtggeggeccgtagecaggetgatgggcgegetgeecgeeeggeg
gtgcgatggtggcggtacgcatcacggaacccgaagtgaccccatggetcgeggagttgacggacgaggtgtecgatcgeggecegtcaacggteccgeacteectegtgetcgegggegeecgag
geecegetegtegecectcacggaccggetegecgecgecggacacaagacceggegectcatggtgageaccgegecccactegecgetgatggaccecatgetggaggagttcecgegeggt
cgtcegeacgctgtectacgecgegececgecgtteccetegtetecacegtcacecggecgecegetgaccggegaggaggegegegacceggaccactgggtgeggeatgtgecggeagtecg
tccgcettcaaggacgcegateggecggetecegggacgaacgegtecaccgggttectggagetgggtgecgaaccggeactcacaccgatgatcgacgagtgectggagtcecgeegacgggeag
ccegggaccegecctggtgecgagtetgegegecggagtgeccggagegggatgecctgetcaccgeggtegeecgggtgecacgeccagggegtteecgtegactgggacgeggtgcteceeg
gggececggeccgttgecetgecgacgtatgegttccageggeggeggttetggetggegteggetececggegggceteggeggggecgaccgecgacgggggcticgegggegtegeggatac
cgcggacgggacggeggecggtgaagagecgeeggggctggaggeccggcetgtecggtetecgacgaggecgaacageacgegetegtactggecectggtectcgecgagaccteggeegt
getcggeggecaggagacgcectggegaggagecgeacggegaggagggccaccgeacgttcaaggagatgggcatcaactcgttgaacgecgtegaactgegeaaccgecttatcgecagee
acggacctgeggcttcccgecacgetegtetacgactaccccacgecgaaggecgtegteecgactegtacgegaacgactecgegegaccggecteccecgeacgegatgtggecteegtegtg
gecgagttggagtecctgetgacggecggtgeggaggtetcggaggagaccgeggegeggttgaaageggtgacggeggtgtecgacggggacgacggggtcgggcageggtacgggcgce
cggcteeggeggggctetggacctggtatcggecagtgacgaggaactgticcggetgatggacgeggagagetga

ACPI

getgggctaggagatgcagaacaaagggaggcggtgttggacatcgtgetgggtcaageggeagttgttctcggecacagegatgetaceggtattgatcgtcagegtagcettcaccgcetttagge
ttcgacagcctgacctetgtcgagetgegeaaccagetgggeaccteccaccggtetgegtttgecaccgacgetggtttttgaccacccgactecggtggecttggeggagtacctgeatggtgaag
ta

ACP9

GGCGGGATGACCGGGGCCGAGCAGCTCGCGTACCTCCTGGGGGTCGTCCGGGCCGAGGCCGGTGCCGTGCTCGGCCAT
CCCGACCCGGCGGGCATCGCCGGCGACCAGCCGTTCCCGTCGCTCGGCTTCGACTCGCTGACCGCCGTGGAACTCCGC
AACCGGCTCGACGACGTCGTCGGCGGCAGGCTCCCCGCCACGCTGGTGTTCGATCACCCCACCCCTGTGGCGCTCGCG
GAGTACCTCCGCACGGTCCTGCTGGAG

TADH?2

atgtctactacagtcggcecaagttatcagatgtaaggecgecgttgettgggaagecggtaagecattggttatggaagaagtcgatgttgecccaccacaaaagatggaagttagattgaaaatett
gtacacttctttgtgtcacaccgatgtctacttctgggaagccaagggtcaaaacccagtcticccaagaattttgggtcacgaagetgetggtattgtcgaatctgtiggtgaaggtgttaccgatttgge
tccaggtgaccatgtcttaccagtttttaccggtgaatgtaaggactgtgctcattgcaaatccgaagaatccaacatgtgttctttgttgegtatcaacactgacagaggtgtcatgttgaatgacggtaa
gtccagattctccattaacggtaacccaatctaccacttegttggtacctcaaccttttctgaatacaccgtggticacgttggttgtgttgccaaaattaaccectttagetccattagacaaggtttgegtatt
gtettgtggtatctccactggtttgggtgcticettgaacgttgctaagccaaccaagggttcttetgtegetateticggtttaggtgctgtecggtctagecgetgetgagggggctagaategetggtac
ctctagaatcattggtgttgacttgaatgcttctcgtittgaacaagctaagaaatttggtgtcactgaattcgtcaacccaaaggactattccaagectgttcaagaagtcattgetgaaatgactgatggt
ggtgttgatagatccgttgaatgtactggtcacattgatgctatgattagtgctttcgaatgtgtccacgatggttgggotgttgctgtettggteggtgticcacacaaggaagceagtattcaagaccceat
ccattgaacttccttaacgaaagaaccttgaagggtactttcttcggtaactacaagccaagatctgacattccatgtgtigttgaaaagtacatgaacaaggaattagaattggaaaaattcatcactca
cactttgccattcgctgaaatcaacaaggctticgacttgatgttgaagggtgaaggtttgagatgtatcattactatggctgactga
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rimB
(rimM1

atgtcgaacgaggagaagetgcgegagtacctcaagegegegatecgeggacctccacgagaceegtcageagttggacgagaccgaggegaageagegegageccatcgegategtetega
tggectgeegcettecceggeggegtecggtecececcggaagacctetgggacctgetgegggacggegtegacgegatetectecttcceecgeaaccgeggetgggacctggacacgetctacca
cceegagecgteccaccagggeaccacctacgeccgtgagggcgggttectgecacgaggegggegagttcgacceeggcettcttcgggatcteccecegegegaggegetggecatggaceece
agcagcggcetgetgctggagaccgegtgggaageegtcgaacgegecggeatcgaccecggaatcectcgegggeageageaccggegtgticgteggeaccggecacggggagtacgaca
ccgagggceggecggegegecgacgaggteggegggeacctgetgaccggcaaccacatcageatcgecteccggecggatcetectacgtgetgggectggagggcceegegetgacegtgg
acacggcctgctectegtegetggtegeectgecacctggecgegeatgegetgeggegeggegagtgctecatggeectggtgggeggegegaccegtgatgtccacgecgaagateticgtgga
gttctccegecagegeggectggegeccgacggecgetgcaagecgtttgeggecgecgecgacggeaccggetggagegagggegtcggceatgetgtgegtegageggetgteggacgeg
gtacgcaacggccatccegtactcgecgtactgaagggetcggecgtcaaccaggacggegegteccaacggectgaccgeccccaacggeccctcgecageaacgegteateegtcaggeget
caccggagecgggetggeegeegeggacatcgacgecgtggaggegeacggeaccggeaccacceteggegacceegtggaggegeacgegetgetggecacgtacggacageagege
ccegeegaccggeccgtgetgatcggegecatgaagtccaacatcgggeacacccaggecgecgecggtatcgegggegtgatgaagatggtectggegatgecggecacgggeagetgeeca
ggaccctgeacctggacgageccaccgggeacgtegactggagegagggcaacgecagactectcgeggageecgagecctggecgagegecgaccggececgecgegecgeegtetect
cgttcggeatcageggeaccaacgeccacgtcatcctggageaggeaccegeccaggacgecacaccggeccccgaaccggecgeccggeegggegegetgeccctggteetgtecegeee
gcaccgaagaggccctgegegeccaggecgaacggceteggecgecacctgegggaccgggecgacctggaaccggecgeggtegeacgegecectegegageagecgtacgetcatggag
caccgegeggtegtegtecgeggacgaccgggaagegcetgetcageggectggacgegetggecgecggecgtaccgecaccggectggecggeggegtegecgtcaacgeecccaccge
gtteetettcgecggacagggcetcgeagegegecggeatgggacgegagetgtacgeggegtaceeegtgttegecgeggecttcgacgeggtgtgegeggaactcgaceegeacctggace
ggecegetgegegacategtettcgecggggaaggceagtgacgaggecgecctgetggaccgeaccgectacacgecagaccgecctgticgeectggagaccegecctgtticcggetggtegaat
cctggggcatggegecceggttcgtegecggacacteccateggegagetgaccgecgeccacgtcageggegtactgacceteccaggacgecgeacggetggtegecgegegeggeacccet
gatgcaggegcetgeccgaaggeggegegatggtggcgateccaggecaccgaggaggagatacgaggcecacctecgeggaccgegagaacgtggecctggeagecgecaacgggeccgact
ccaccgtcatttcgggcegacgagceaggcecgtggecgagatcgeggageactgggcggegeagggecgecgeaccaageggcetgegggtcagecacgecttccactcceegeacatggacg
geatgctggaggaattccggegegtegegegeggectgaccttccacgegecccgtateceegtegtgtecacggtgaceggegegetegecgecgaggaggacctgegetegeccgactact
gggtacggcaggtcegegaageggtgcgcetictgegecgeggtecgeaccetcgaagecgaaggegtcaccacgtacgtggagateggeccecggeggegtectgacgeccatggteccagga
cagcctgaccaccctegaagegeccgtgetegteccgetgetgegeaccggacgeeccgaggegeacgecctcaccgaggecgtegecaccgecttcgegeacggegagegtgtcgactgg
accgcectgcttgggegegeccggceacctegeacgtcgacctgeccacgtacgecttccagegecagtggtactggetggaceeggeeggecgegacgaggageagacggecgeegecgaag
cgggcegaggecggcttetgggeggecgtecgaacgegaggacctccaggaactetcggecgtectggecatcgacggeagegaggeggacteecteggeagectectgeccacccetceteeteet
ggeaccggceagegceaggacgcaggecgecgeggaccgtttcagetaccgegtccactggaccecgegeaccgectecggeggeccegecgecaccggecactggetegtegtectgeeccga
aggcggcaccgacgacccgtggaccgececgectectggacgegetgeacgacctgggectgeacaccgacgtacgegaactgeccgecgaccacgaccccgacgegeccatcgectggece
cgacacccegcetcgacggegtgetcteectectggecctggacgageggecccacceggacctgeecteegtgeccegeggectggecgecaccaccacactgetgeacgeectggagageg
cgggegtccaggegecegetgtggtgegegaccegeggegecgtegecgtecgaccggeacgacgegetcgacageccegtacaggcetcagatetggggectgggecgggtggecgeectgg
aagcgcecgeagagcetggggcggcectegtcgacctcececgagaacctggaccggegegecegtetecgegetgetggacgeectcgectcggaagaggaccaggtecgegatecgeeeggeeg
ggaccttcgeccgecgectggaaaggatcgecccaggeggegacaccggegeccggtggageatccacggeaccgtectggtcaccggeggeaccggegececteggeggecacctegece
actggcetggecgacgecggggecgaacacctegtgetcaccggecgecgeggeccgeaggeccccggegeccaggaactegecgecgegetcaccgaccggggegtcaaggtcacecteg
ccgecetgegacgecgecgaccgegaagegetggeggecgtectegeggacatcecgecggagetgecgetgaccggegtegtgeacgeegegggegtectggacgacggtgtactggeeg
cgctcacceccgagegcettcgagaccgtactgegecccaaggegegegecgeacageacctgecacgacctcacccagggeatggacctggacctettegtectgttctectcgategteggegte
ctgggcaacgcecggacaggecggetacgecgecgecaacgeccacctggacgeccttgecgeacaccgecgecaacagggectececcggecaccteegtgtectggggceectgggeggge
gagggcatggccaccgacagegacgeggecgaccggetgagecgegacggactgetgeccatggecgeggeccccgeactecgecgeectgegecaggecctegeccaggacatgacgea
cgtgaccgtggecgacatcgactggagegegtacgecccggcecctgaccgeegtececgeeccageccccteatcggegacctgeccgaggeccgeegegegeteggeeeccgeggacggece
gegecgggaacgcetceeecctgegegaccggategecgecctgecgeecgecgageaggaacaggcecctegtcaccacggtcagggaagaagecgegaaggtectcggacacccctegee
ggacaccgtcgacgtccagegegectticegegageagggcttcgactcgetgatgteggtecgacctgegeaaccggetcteccgecgecaccggectgeggetgcecgecaccctgetgtacga
ccacccctccaccgtegeggtecgecgegtatetgegetecgaggtc

TRI

cgggceggaactgtcggeggacggttccgegagecggecgggegtggacttcgecgecgaggtecggetcgecgacgacgtecggecggecgacgaggtgatcaccacggecgeggacce

gaaggagatcctgctgaccggtgcgagegggttecteggegegticetgetgecgegacctgatgeggaccaccaccgeccgggtgeactgectggteegeggggeggacgaggeggeggee

atggagcggctgaaggcgaacgecgagtggtaccgggtgtgggacgacatcgacceggagegggteteggtegtecteggegatctecgecgageegeggetgggectggacgaggagaget
tcgacgegcetcgeccgtaccgtcgacgtggtctaccacaacggegegegggtgcactggetgetgecgtacgagaccctcaaggectccaacgtcacgggtacggaggaggtgetgecggctgg
ccgeeeggeaccgeacggttceggtgeactacgtttccaccgtcggegtgticgacggggtgcgggageeeggegtgecgetgagggtecaccgatccgaccgggeccgecgagtecectgecg

agcggatatctgcgetccaagtgggtggeggageaggtcatcgaggtggccegggaccggggtetgeccgtgteggtetaccgggtggacgtcatetccggegaccgggtgaacggtgecetge
cagacccgtgacttcgtetggetgacgetgaaggggctcatccaggeccgeagtgtgeccaagggeaccgagggecgcettccacctgetgecggtggactacgtgagegecgegatcaccggt

atctcceggceageccggtacggteggecgtaccttccacctettcaaccagagetegetggegetcagecagtgegtggagetectgegetegetcggatacgagetggacgaggtegactggga
cacctggactcaggtggtgacgtccggtgacaacgceactgetgecgetgetcgacgecttcgagatgatgacgtcggacaccgacggcettctaccecgecgatcgacaccgetgagacggtegcg
gegcetggaggoaaccggtatcgggaticcggtgctgacgegggagcetgticgagaagtatgtggccticticgtcgaggagggacacttccecggeggecgggtga

TR2

accggggccageggcetceggggccgeggacacggaagectcecggeaccgtggactacgecggeggacatccagetcgeggacgacatececgeccegecggegaggtegtgegtaccgeegt

cgatccgegegacgtactgctcaccggegecageggattecteggegecttectgetgegggatetgatgegtaccaccaccgeccggatecactgectggtecggggegecgacgacteegee
gcegtacgageggcetgegegagagectggagtggtacegggtetggggccagatcgatceggageggcetcttegtectcgegggegatetggecgageececggttcggtetcgecgaggacac

cttcgacggcectggecgttaccgtcgatgtegtctaccacgecggggegaccgtgeactggetgeateegtacceggecctgaaggeggecaatgtcggeggtacggaggagattetgeggetg
geegegegecaccgtacggtgecggtecactatgtctccacggteggegtgttcaacgggeccgtgacaccgggegticecgetgaaggtgaccgatceccacgggaccggecgaagecctgece
agcggctatctccagagcaagtgggtcgecgaacaggtgctggacctggecagggageggggcaticeggtgteggtgtacegggtegacgtgatetceggegaccaggtcaacggegectg

ccagacccgcegacttcgtatggcetcacgetcaagggectgcettcagtcgggggccgtgecgteeggtacgggagggcegcttccatetgetgecggeggactatgtgagegeggegatecteggg
gtctegegegateecggetecggegggeggceacgticcacctgtticaaccgeagetegetgagectggeggactgtgtggageggetgegeggtetggggtacgaactccgggacaccgggeg

ggaggagtggoaccgaggeggtgcgetcggaccgegacaacgegetgetgecgetgctccacgecttcgagatgatgaccacggacacggacgcecttctatcegeccatcgacacggecgaga
cggaccgggcegetggegggeaccgggatcgtetgeccgecgetgacgggtgaacteticgacaagtacgtggagtteticgtggeggagggcecactteccecggeggeeeecggeccgetag

TR3

ggggggtcecgecgacceccgttccacggtegactttgecgecgagatcegacttgegeccgacatcgtegeegtecececggacgtgeacctcacggacgacceccgecacatectgetcaccgge
gcgacgggcttectgggctecttectectecgtgacctectgeggtcaacgteegegegeatecactgectggtgcggggggeggacgegagegacgetcgggeceggetcacggecgeage
ggcctggtacgaaaccggegecgacctcgactticgaccggatcgacatcgecgtgggegacctegecgagecggecctgggectcgacgaggecgegticgacgagetcgecagaaatgteg
acgtcgtctaccacgecggegegteegtcaactggetgtaccegtacgaggecctgeggeccgegaacatcgecggeaccgaggaggtactgegtetggecgegegacaccggaccegteeca
gtccactacatctegtcgactggagtgtacgegeaggagecggeagagggccggeggattgeegtggacgaceegatcggeccgecggagetgcttictaacgggtatcggcaggccaagtgg
gtcgecgagggcatcateggeatcgegeggageaggggcatcecggtgteegtgtacecgegtcgacgtegtgageggggaccaggtgaacggegegtgecagacccaggacttegtetgget
gagcatccgegggatgctggaagecggggecgeccccgegggaatatceggtticttccacccaacaccegtegactacgtgtecegeggecatecgetggetgtegtegegggtecaccggegte
ggtgacaccttcaacctgagcaacccgceatcggetccatttcgecgaggtegtcgagegectacgggegeteggecacaccctegtggacctggacccagecgagtggtegegttcegtgagga
aagaccccgagaactecectgetgeegetgctegacgtgttcgaggeggegatcgecggaaccggtggetaceceggacatcgacaccgacggaacggaggecgeactggeeggetceggtate
gactgeccacaggtcaccggegaccteetggtecggtacctgacgttcttcaccgagaagggctacttcccgaaccecgatcgegatggegeggtecagegtegaggegtaa
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TR4

ggegeaccgggeggeggcagggtegtggacttcgeggecgaggtgcggctggecgacgacatcegggecgeggacaccegtgeacaggacggacgateecgeggeaggtgctgetgacegg
cgccaccggcettcatcggetegttegtgetgecgegacctgetgegtaccacctecgecaccgtgeactgectggtgegggecgecgacgaggaggeggcgtacgecaagatcegtgecgettee
gcegtactaccggacgggceatcgagetggaccgggtgcgegtggtectgggegaccteggtgegeeggggctggggctegacgeggegacggeggaccggetggeccgegaggecgacgt

ggtgttccacatcggegeccatgtcaactggetcetatccgtacgegaagetgaaggeggecaacgtecaccgegacggaggagatcetgeggatcgeggegaageaccgeacggtgceggtge

actacatctcgtccaccggtgtctacgegaacctgecggaggagggtgtacgectcteccgaggacgegecgatcggtecgecggageagetectcageggetaccggeagtecgaagtgggtgt

gcgaggagatcatcggeatcgeccgegagegeggtgteeeggtgtegtegtaccgggtggacgtggtgacgggegatcaggtcaacggegectgecagacacaggacttegtetggctgagta
tccgeggceatcgtggaggegeaggecgtgccggacagtctggagagecacttccacccgacgeccgecgactacgtcageggegegatgetecagetggegtggeggcetcacecggeaccgg
tgacacctacaacctctcgaacccggageggttgacgttcggggagatcatcgacgegetgegggeccggggecaccgeatcgacgacctggacctcacggegtggaccegeaaggtecget
cggaccggtccaacgegatgcagecegetgctegaccagttcgtggggctegtggggctgecgggeggeacctaccecgageatcgactgetccaaggecgatgecgegetggeggacacctcg
gtegtetgecegeecgtgeggagegacctgetggagacctacctggacttcttcaccgaagteggttacctgeccgeeecgtga

TR6

ggegggecggacggegacgagggegggaccgeggeggecgacceggeacgggagtacgeggeggagategtgetggacgaggegatecggeecgecgacgaggtgetgeaccaggte
gaggacccggeggaggtcttcctgaccggegegaccgggttecteggegegttectgetgegegacctgetgegggggactegggecacgetgeactgectggteegtgeccgggacgeggce
ggacgggctgcggeggctgegggagaacctggagtactaccgegtgtgggacgaggtggacceggeccgectggagategtegteggggacctcgecagagecgcttttcgggctgagegag
gaggagttcgacgacctcgeccgeegggtegacgtggtetaccacggeggegegaaggtecactggetgeacceegticagetcgetcaaggeggecaacgtgggeggeacgegggaggtect
geggcetcgeegegegecaccgeaccgteccggtecactacctgtccacgaccggggtettcgecaccgaccgggeggagaacageccgetgagggeggacgatcccaccggeeccgeega
ggegetgeccageggctatetgegecageaagtgggtggccgageaggtegteggeatcgetegegacagggggcetgeeggtgteggtgtaccgegtggacgtegteteceggegaccaggtea
acggggcctgecagatgegtgacttegtetggetgagectgegeggtetgatccaggegggegegtacceggecgggcetggecgecgeggteeecctgaccceggtggactacgtcagetegg
ccgtggtegecectgtecacgteggecgggaccggttcgggeaccttccatctctacaaccagagtcacatgacgttcgecgacttcattaccgagttgagggcgacgggttaccecgetgaaggaag
tcgagtgggacgegtggagceacactcgtgaggtecggaccecgacaacgtcatgettcegetgetggaagegticgagatgatggcgaagagegagggceaccttctatccacccgtggacacga
gegtggecgaactggecctggegggeccgggagttgagtgeccecgagatggagecggagetgticcggeggtacgtegecttcttccgggaggecggtticeticegecggtgaacgaggacg
cgeggeccgetgectga

TR7

ggeggacggacgcagggeccggeggecaagacggacgtceeggacttegecgetgaggtgeggetggecgaggacatccggeecgeggecgatgtggtgteccgtggccgacgaceeccg

gcacgtgcetgetgaccggegecageggtttcectecggegecttectgatgegegatetgatgegeacgacacgggegacggtgcactgectggtgeggggtegaggacgaggecggggegeacg
cceggetgegggagaacctggaacgetacggegtctgggacgaggtggacgecgaccegtctetcggtggtegtgggegatetggegeagecgeggetegggetggecgaggacgecticga

ccatctggcgaggacggtegacgecgtetaccacaacggegeccgggtgcactggetgcacccgtacgegacgetcaaggeggccaacgtectcggecacggaggagatcetgaggetggeg

gegegecaccgeacggtgecggtgeactacgtgtegaccgteggegtettcgacggeacggeggecaggggegtaccgetgegggtgaccgacccgaceggteccgecgageggetgece

agcggctatctgcagagceaagtgggtegecgageggatcatcgggategeccgtgaccggggectgecggtgtecgtetaccgagtggacgtcatetcgggegaccagegeaacggegectg

ccagaccagcgatttcgtgtggetgagcatcaagggcectactgecaggegggtggggteccggecgatgtcgggggtegtttccacctgcttccegtggactacgtcagegeggcecateetecgea
tcgegagecgeccetecggecgegggcggceaccttecatetcttcaacccgagttccatcagectgegggagtgeattegecatetgeggtegttcggatactcgetgaccgagetggactggaaca
cctggegggceccgegtgcatgacgacccggecaacgecatggegecegetgetgeacgectticgagatgatgacggecgacaccgacgegttctatccgeccatggacacaacggagaccgag
geagegcetggacggeagtggeatcgtttgccegecgttgacccgagaactcttcgagaagtacgtacggttcttcgtcgagacggggcacttcececgeggeaggetga

TRS

gcgecccaggacgacaccgggecgggeccggecgtggactacgecgecgacctegacctgeeccgecgacatcecgeccggecggegaggtegtecgeaccgtcaccgaceegtecggaccete
ctcgtcaccggagegageggcettectcggagegttectggtgegegaccteatgegeaccacgaccgeecgectgeactgectggtgegeggegecgacgacgeggeggegtacgagegget
gegctecagecteacctggtaccgegtgtgggacgagatcgacgagageeggcetgegggtecgegecggggacctggecgaggagegactecggectgaccgaggaggagttcgacggect
cgcccacaccgtggacgecgtetaccacgegggcegcetaccgtgecactggeteccaceectacgaggeactgegegeggecaacgteccacggeaccegegagatcetgegectegecgeecge
caccgcaccgteccggtgcactacatctccacggteggtgtcttcaacggeccggtcaccecceggegteceectgaaggtecaccgacccgaccggecccgecgaagegetgeccageggcetac
ctccagtccaagtgggtcgecgaacagetegtcggactecgecegggageggggtetgecggtgtecgtgcaccgegtecgacgtecatetccggagacaceegeaacggggcectgecagacccg
cgacttcgtctggetcagectcaagggcectcetccaggegeaggecgeaccggecggegtecgeaggecgcttecatetgetgeccgtecgactacgtcagegecgecategtegggatctegegg
cgcgageecggeceggeggceaccttccacctgttcaaccggageteectgagectecgecgactgegtgtegtacctgegegaactecgggtacecggetcgacgagacggaccgggageggtegag
cgeecgeggtgeggtecgaccgggacaacgecctgetgecgetgetgeacgectticgacatgatgacgtccgacaccgacggcettctaccegeccatcgacacggecgagaccgaggeggeac
tggccggceacggacatcgectgeccgecgcetgacgegegaactettcggeaggtacgtggagttcttcgtccaggaagggeacttccecgeecgeceegtga

TRY

ggeaccacgggeagceggegegggtagggccggggccaagggegacggeggegecgeccatgeegtggacttcgecgecgagacggtectgeccgaggacgtecgeeccgaaggegteg
tcacccgagttgecgaccgaccccacgacggtgttectcaccggegecacggggttcctgggegecttegtactgegggacctgetgacgaccaccaccgeccgegtecgggtgetegteeggg

gegecgaccaggecgacgeccaggageggcetgegegecaacctggactggtaccgeatcgecgaggagatcgatgagagecgeatcgacgtegtggteggegaccetggegegteecctget
cggactcgacgagggggagttcgaccgtctgtcgegegagaccgacgtggtetaccacgtcggggcectecgtcaactggetgeaccectacgaggacctgaaggeggecaacgtetcgggtac
catcgaggtccteeggetegecgeccggeaccgeteggtgeccgtgeactacgtgtccaccaccggegtcettetccggaacggactegggaggegecgegetegegecggacgegecgaccg
geecegeggagtecetgecgacgggttacgtgcagagceaagtgggtetgegageagetgatcggeacagececgggagegegggcteccegtcagegtgtaccgggtegacgtcatetecegge
gaccagcggaacggcegcectgecagacccgegacttcgtetggetgtegetcaagggceatecteccaggegggegeggtececggagggcatggtcggeccggtecacctgatgeeggtggacta
cgtctcggeagcegatectgaccatgagegggegagagggggaccgteggecgeaccttccacctctacaaccegtececgagetgacceticgeggaggeggecgageacctgegetecttcggeta
ccegettggegaactggaccgggacgectggetecgaactggtgcggtecgaccgeggeaacgecctggteeegetgctegacgegttcgagatgetcacggeggactectecaggcettctacecg
ccgatggacatcaccgacacgcetggaggtgttagetggttcggggotgcactgeccgeccgtgaccaageagetetticggecgetacgtegacttettcaccgaggtgggctacttceeggegge

ccccatgaccgaagga

rimM?7
AT

gaggcccececgeccgeaggagacggcetecccaccgagecggtgcceccggecggtgacgecgtgeectgggtgctgtecgecegtacceegggegeactgegegeccaggeggecaagete
geegececacctegacggegageaggeacceggegegetggacgtegeccacagectggtggectegegeacgcetcttcgaccaccgegeegtegtegtecggeaccgatgacaccgeacggce
gggecegeactggacgecctegecaccggeggeteegegeccggegtegtgecagggeacggecgacaccgacggceaagaccgtettegtcettcceeggecagggceteccagtgggteggeat
gggegegeggcetectggaggagtceecggtettcgecgagegectgaccgagtgegecaccgecctgteggecttcaccgactggteectgetggacgtactgegecagaccgaaggegegce
cgaccctggaccgegtegacgtggtccageecgegtecttcgeegteatggtetecetggecgegetgtggtecgeccacggceatcacceccgacgecegtgatcggecactegeagggegagat
cgeecgeggeegecegtegeeggggcgcetgteectggaggacgeggeecgegtegtegegetgegeagecaggecategeccgeggectcgeegggtecggeggeatgatgteggteeeget
geecgecegecgaggtcgaacagegectegecgegtacgagceacctgtecatcgecgecgtcaacggeccccgetecaccegtegtetececggegecaccgegecgetggacgegetccaggec
gaactggtcggegeggacatccgegececggegeatecgeegtggactacgectegeactecgegeaggtegagatggtgcgegacgagetgcacaccgtectegegeeggtecgeeegegec
cggcecgaggtgcccttcttctccaccgtcaccggegactggetecgacaccaccgecatggacggegactactggtacaccaacctgegecagaccgtecgettccagecacggeatcggtgaact
cctegeccagggecaccgcttcttcatcgaggtcageteccacceggtgctgtecatecggegtccaggagaccgtcgaggaagecggeggeacggeegeggtgcteggeacgetecggegeg
acaccggeggtgtcgaccgcttcctgacctcgetegecgaggctticgtacgggacgecggegecgactgggecgecgtectcgeggacaccggegeeegecgegteccgetgeccacctac
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pimM7
AT

gaggececcecgeecgeacgaggegacceccgeggggecggtgecceeggeeggggacgecatceectgggtgetgtecegeecggaceecgggegegetgegegeeccaggeggeecage
tcgeegeccacctecgacggegaggeaccegatgecctecgacgteggecacaccctggtggecgegegeaccctetticgaccaccgegecgtegtegtcggeaccgacgacgeatcecggege
geggecectggacgecctegecaccggeggetccgeacceggeatcgteccagggeacggecgacaccgacggeaggaccgtcettegtettcceceggecagggetcecagtgggecggeatgg
gagcgceggctecttgaggagtecceggteticgeecgegegectgaccgaatgegecaccgecctetcggagttegtcgactggteeetgetecgacgtgetgegecaggecgacggegegeega

ccetggaccgegtegacgtegteccageecegectecttcgecgtcatggteteectggecgegetgtggaccteccacggeatcacceeggacgecgtggteggecactegeagggegagatcege
cgeggecgeegtegecggggcegctetecectggaggacgeggeccgegtegtegegetgegeagecaggecategeccgegggcetggecggaaccggeggceatgetgteggtecegetgee

cgccgecgacgtcgaacagegectegecgectatgaggacctgtegatcgecgecgtcaacggecccecggtecaccgtegtetceggegecaccgegecegetggacgeccteccaggecgaac
tggtcggcgaggacatcegtgeccggegeatcgecgtggactacgectcgeactececgeccaggtecgagegggtgegegacgaactgegeaccegtectecgaaccggtgegeccgegeecgge

gcaggtgcccttcttctccaccgtcaccggtgactggctggacaccaccgtcatggacgeggagtactggttcaccaacctgegecggaccgtecacttccageccgecatcggegaactecteg

cccagggcecaccacttcttcatcgaggtcagetcccaccecegteetgtccatgggeatccaggegaccgecgaggaagecggggccgeegecgeggtgcteggeacgetecggegegacace
ggegcecaccgaccgcttectggecteectggecgaagecttegtecggggegeggacgecgactggteegecgtettcgeeggeaccggegeecgeegggtgecg

rimM13

caggcaccggeggacgecgggeggecggecgaggacacceggeccgeccageegggagecegteeegtggetegtetcgggeaagtecegeccaggegetggacgacgggatcggacage
ttcgggagtgggtegecgageggecggaactegegeeggecgacgtgggcttctegetggecacegggeggecgetgttcgegeaccgegeggtgctgetggacggtgccgaggtggecgeg
cggcaccgecgaggaccgcetcgetggecatgcetcettceccgggecagggeggacagegeatcggeatgggecgegagetgtacgaceggttceeggtgticgecgaggecctggacgeggtac
tggcacacttcgacgacgaactgcgegaggtgatgcgecagegacgecgageggctggactgecaccgagttcacccagecggecatgticgecatccaggtggeactgticcggetegtcgaate
ctggggcgtacggeccgacttcgteggegggcactegttcggegaaatcgecgeegegeacgtegecggggtectetcectcaaggacgectgeaccetggtggecgeeegegggeggcetga
tgggcaccctggagggecgeggcgcecatcatggtggeggtccaggegagegageaggaagtggecgegeggetggtegacggegtetegatcgeggeggtcaacggaccggagtecgteg
tcatcgecggegacgggeccgecacccagegeatcaccgacgegticgecgecgagggecgeaagacgeggeaggtggeggtgcaggtegecggecactgeccgetgatggaccegatce
tggacgagttccgeccaggtegecgagggcectgtectaccaggagecgegeateccgetegtctecacegtgaccggegggegggecceggaggagetgatgegetecgecgactactgggte

cgcaacgtgcegtgageccgtcegeticgecgacgegatccgeacccetggecgacgaggacgtcteggecttectggagetgggectcgacggggcactgacgggceatggteccgeacaacct

ggatggcaccgecegtcaccgtcagegecctgegeaaggaccaccecgaagagacggcecctgetcaccaccctggegeagetgeacgtegecggggtegacgeggactgggccegegtctte

gacggeaccggegeecgecgegtegac

rimM13
(excludi
ng TE)

gagccggtcgtcatcgtcggeatggectgecggcetgeecggeggegtgcggtecccggaggaccetgtggeggetegtecaccgacgagegegacggceatcteegecttcccgaccgaceggg
getgggacctggagaccetgetcggeggggecgagggcgaccagggecgeagetecgegtecaagggeggcttectggacggectcggegacticgacgecccecttettcggeateteeecg
cgcgaggcecatggecatggacccgeageageggetgatgetggaaacctectgggaggecgtcgaacgggecggeatcgacceggtgtecctgegeggeaccgagaccggegtettegteg
gcaccagceggctccgactacgecagceatectgatgaactccggegaggacgtggaggeccacgecageaccggectcgegggcagegtectgtecegggeggetgtectacacctteggectg
gagggcccggcecgtecaccgtegacaccgegtgctectectegetegteteectecatctggeggeccatgegetgegeaacggegagtgctegetcgegetggecggeggtgtgacgetgetgt
ccacgccgatgagceatcgecggattcagecggeagggegegcetggegacggacggecggtgcaaggegtictccgacgacgecgacggeacgagetgggccgagggcgteggegteeteg
tactggaacggcagtccgacgeccgecgecaacggecacgagatcetecgecgtegtecgeggttecggecgtcaaccaggacggegegtccaacggectgaccgeecccaacggeccctecca
gcagcgcegteatcggecaggecctggecaacgecgggcetgteccgecgacgaggtggacgeggtegaggeacacggeaccggceacctegetecggtgacccgatcgaggeccaggegcetget
cgccacctacggecaggaccggeccgaggggeagecgetgetectecggetegetgaagtcgaacatcggecacaccatggeggeggeceggtgtetecggegtcatcaagatggtectggege
tgcggeacggcegtectgeegegeteectgcacatcgacacgeccteeteccacgtcgactggacggegggagacgtecggetectcaccgageggaccgactggecggacaccggecgecee
gegeegeggegeegtetectecttcggeatgageggeaccaacgeccacgecatectcgaacaggeaccggeggacgecgggeggecggecgaggacacceggeecgeccageegggag
ccgteecgtggctegtetcgggeaagtcecgeccaggegetggacgacgggatcggacagettecgggagtgggtegecgageggecggaactegegecggecgacgtgggcttetegetggee
accgggceggcecgcetgttcgegeaccgegeggtgetgetggacggtgecgaggtggegegeggeaccgecgaggaccgetegetggecatgetettceccgggecagggeggacagegeate
ggcatgggccgegagcetgtacgaccggttcceggtgttecgecgaggecctggacgeggtactggeacacttcgacgacgaactgegegaggtgatgegeagegacgecgageggcetggactg
caccgagttcacccagecggcecatgttcgeccatccaggtggeactgttccggetegtecgaatectggggegtacggeccgacticgteggegggcactegttcggegaaatcgecgeegegeac
gtcgeeggggtectctecctcaaggacgectgeaccetggtggecgeecgegggeggetgatgggcaccctggagggecgeggegecateatggtggeggtecaggegagegageaggaa
gtggecgegeggcetggtegacggegtetecgategeggeggtcaacggaccggagteegtegtecatcgecggegacgggeccgecacccagegeatcaccgacgegttcgecgeegaggge
cgcaagacgceggceaggtggcggtgcaggtegecggcecactgeecgetgatggacccgatectggacgagttccgecaggtegecgagggcectgtectaccaggagecgegceatecegetegt
ctccaccgtgaccggegggegggecccggaggagetgatgegetecgecgactactgggtecgeaacgtgegtgageecegteegeticgecgacgegatecgeaccecetggecgacgaggac
gtcteggecttectggagetgggectecgacggggcactgacgggceatggteccgeacaacctggatggcaccgecgtecaccgtcagegecctgegeaaggaccaccccgaagagacggecect
gctcaccaccctggegeagetgeacgtegecggggtcgacgeggactgggeccgegtettcgacggeaccggegeecgecgegtegacctgeccacctacceecttccagegecageggtact
ggceccaagegeagggecctggegggegatgtgaccteccgecggectgetgeccaccgaacacccgetgetecggegeggeggtacegetggeggacggeggeggcacgcetgttcaccagee
ggcetgtcgetggaaacccaccectggctcaaggaccacgtggegggeggeacggecgtettceccggecgecggcettegtecgagetggecectgagegeecggggaccegettegactgegacegg
atcgccgaactgaccctcgacacgecgcetggggcetcaccgacggegeggecectggtgctccaggtgtgggteggegecceecgacgacgacggeacceggeagateeggttcttcacgeggee
ccaggcecgegetggacgagecctgggteecggeacgecacgggceatectcgecgecgaccggeacaccgacaccectcgacgtgteccggetggecgeccagegacgegaccgagatggacgt
ggacgagtactacgagggcaccgaattcggacccgecctccaggggcetgegggcggtetgggteccgegacgacgagaccticgtcgaagecgaacteccaggacgacgeegecteegacgee
ccgtectteggectgecacccggeactgetcgaageggtectgeacggceacctecttcageggegtgggtgacagggagceacatctectacggegectectggaacgacgtgtegetgeacgect
cgggtgecgeggegetgegggeacggatcacgaagaccggegaggacaccgtcaccgtcaccgeggtecgacgecgecggggaacccegteetgtcggeccgeaccgtecacactgegegege
tggccgaagececccgagegeacctccageggecagagecagaaactgetcecgectggagtggateccegeaccgegeacggaggacgegecgagegeccggageaccegteetggegece
ctgggcaccacgtccctcgecggectcacggacaccccegacctggtegtggteceegtgeccegtacggeggacggcetacceggaggecgtgeacgagetgacgacccaggecctgetect
ggtacagcagtggatcgecgacgagcegcettcaccacgtcccagatggtgticectgacctececggegecgtegacggeggegacctggecggeteegecectgtggggcctgetgegetcgacgat
cgcggaacacceeggecgtttegtgetggccgacgtcgaggacccggacgagaacggeggegacctegecacgeteetecgacgeectgecgggtetgetgeccaccggtgagacccagticg
tcgtecgegacggegeggtgctcatggggcggctggectggetgccecgecgacgecggeacceggecggegeagtgggaccecgaggggaccgtactgatcaccggeggeaccggeggte
tgggcatcgagetcgeccggtacctggecacgaccggeacccggeacctgetgetggtcageegeagtggeccggeggeecgeggggceggacgaactggecgaagagetgegggecectgg
gegegceageccacgatcgeggectgegacacggeggaccecgeegegetecgeeggectgetggecgecatceccgaggageacccgetgaccgeggtegtecacctcgeeggegtecteg
acgacggcegtggtcaccgegetgacceccggagegectgacgeeggtgetgeggecgaaggtggacgecgectggeacctgeacgaggecaccaaggaccteggectgteecgegttcatcatg
ttctectecgtetecggtgtgctgggegeecceggegtggecaactacgecteccgegaacgecttectecgacggectgatccggeaccgegecgeectgggectgecgggecagteactggtgte
gggcecactgggacggeggeggceatggecgacgegatgaaccaggcecaccgtgcagegeatgegectcaacggeatggegecggtetccatcgaggagggcatggaactgtticgacatcgeg
cgcggctacgecgageccgtegtgatggeggtgggcectgateccceggegeceegtgtgeccggaaggacagateccgecgetettcagggggetggtgcggcacageaggeggaccgecgtca
acgcegegageacgtecgectecccggacaccttcgeccageagetgetggegetgeecggagggggagegegtacgecacctegtegacctggtecgtaccgaggecgecaccatectegge
catgtctccgecgaggagatcgaggecggecgggacttctacgagetgggceategactegetgacetecgategagetgegeaaccggcetegecaccegtcaccgggeteccageteeceggegacce
ctggtcttcgacaacaagacccccgacgeectcggegeecggetgegeagegagtic
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FibS

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

TAI

atgaccgaccagccgaccacacgggacggcettcgccgagecgtttetgetggaggtgcetecgecteccggeggectggacgecgectacgtgecgegeggagggceaacaccectgtaccggegeg
gtgaggacggcgaggagatcgecgtactcgacticgteggeggetacggetegetgatgetcgggeacaacaacccggagatcaacgaccgggecagagaactgetggaccggeagacgece
cgtccacgcegceagttctcccgecatccgtacgecgacgaactggeggeggagetgaaccggategtccagegegaacgeggegacgacgagtegtactacgecatettcgecaacageggeg
cggaggcecgtegaggeggegatgaageacgecgaactcgaccgeggactgeggcetgtcggeactcaccgaggagatcgacgeccacctggaggaggteegggeccgggtegecgacgge
accgcecacggtcccgecacgggtegecgggtececgecgacgagetgatcgeggacgtecggegecaggaacgaggaacagetggeccgeggececgetgttectcaccecggaaggegecttee
acggcaagctcgecggeagegtccagetcacccacaaccegggcetaccggetgecgttcaagteectegecgegeaggecaggttcgtgecccgggaccageegggggegetgegeaagat
cgtcgacgaggageggecgceacctgetegacctggtegtggagggeggecgggtacaggtegtcgagegggaccaccegetgttcacggecttegtectggageccgteccagggtgagggce
ggcatccacgagcetgtccgecgagticgtggcggaggtccaggaggtctgtgecgaggeccggateceggtegtegtecgacgagatccagageggeatgggacgeaccggeagcettectgge
ggccacceggetggggcetgaagggcgactactacacgetggecaagagectgggeggeggtatcgecaagtecgeggtgctgetegtecgeaagecegetctaccacgggeagticgaactgg
cccacagctccaccttcgeccaaggacgcecttctectgectcatcgggetcaaggtgetcgagatcatggaggecgacgacggtgeggtetaccgecgggeggeggagegeggtgagegecetge
tcggaatgctceggteggteccgggeggacttcececcgagacggtgcgggacgtgegegggegeggectgatgetggggetcgagtticcgggaccagtcggacgecacggecgacecgetgeg
gcaggtcgeecggagegggttcttcggcetacttegtcgegggecacatcetgegggageaccgegtecgtgtettcccgacgtegagegeggtgaacacgetgeggttcgageegteggtgtatg
tcacggacgaggagatcgaccggcetggaggccgegetgegegacgtgtgegegatcatccgggacaccgacggagegeggetggctecgatcggetga

TA2

atggatcacaccaacaccgcaaccccegtccagagaactggecgaaccttttetcecgtgaagtactcgecggegtgggectgtcggtegaatacgtecgtgecgaagggcaatacgetctaccaacg
ggacggcegagggtggcgagataccggtegtegacttcgegggeggetacggetecgtectgetegggeacaaccggecggaaategtcgaaagggegegggaactgetcgacggggacac
cceggtgeacgegceagttctccagecacccctacgecaacaccctcgecgecgagetgaaccggatcateccgecgggaactgggeactgacgaaccgtatttcgecgtattcgegaacageggt
gcggaagceggtcgaggecgeggtcaaacacgecgagetggaccgggggatgegeatcgecgegetectggaggagatctccgtacagaacgacgecgegegeaccgeggtggagaacgg
caccgcecgtegtegecgagceacaccetcgaacggetcggectcaccececgeccegggacccegecgaggectteggtetgetgacggecgagetegeccggegeaacgecggacagaccge
geggecgecgetgttecetggegetggagggcgggttccacggcaagetcgeggegagtgtgeagetcacgcacaacgaggggtaccgeaccceccttcaagtegetggecgegeaggeccggt
tcgtaccgcaggaccggeccgatgtectgaagcaggtgcatgecgaggageggggcgttcteccteggeacgeaggtegtcgacgggeagetcaccctcaccgagegggagtteceegtettet
gegecttectggtggaacccaticagggegagggceggaatcecgggtgctttceccgggaattecgecggggaaatccagaagttctgegagtegategactgeceegttgtegtcgacgagatceag
agcggaatgggcaggaccggaacacttctcgecagtgeceegetcggactgegeggegactatttcaccetcgecaagacactgggeggeggaatcgecaagacatcegtgatgetggtacge
gagaagtattaccggaaggaattcgagatcgtccacagetcgaccttcgecaaggacagcttctectgtcatatcgecctcaaggtectcgaactgetggaggecgacggeggacgggectaceg
ggeegeggaggagegeggegeggceectgegggeggegetggacggegtacgggeggacttccecgacgtegteggagacgteeggggecggggcectgatgetgggectcgaattcetgga
ccagtcggggtegtcgtecccggtgatccaggagategeggteggegggttcticggetacgtectcgecgggceatctgetgegecgecaccgggtgcgtacatttcctacggegagegeggtea
acaccctgegcttcgagcecttccatcgagetgaccgacgecgagatcgeccagetcgacgecgggetgegegatgtgtgegagetgetcagggecggggegggegaagegetgaccgeggece
ctga

TE]
(DEBS
TE)

gactccggtacgectgcacgtgaagcetagetctgeactgegtgacggetaccgecaagegggtgtgageggecgtgttcgtagetacctggatetgttggeaggtctgtecggatttccgegaacatt
ttgatggtagcgatggttttagectggatctggttgatatggcagatggteccgggtgaggtgaccgttatttgetgegegggtacggetgegatetctggtecgeatgagttcaccegtetggeaggtg

ccetgegeggceattgeaccetgticgtgeggtgecgeagecgggttacgaagaaggegaaccgetgecttctageatggeggctgttgecagetgtgecaggetgatgetgtcatticgtacgcaaggeg
ataagccgttegtggttgcgggtcactcggecaggegegetgatggcegtacgegetggegaccgaactgetggategtggtcacccgectegeggtgttgtectgattgatgtgtaccecgectggtca
tcaggacgcgatgaacgegtggcetggaggaactgacggcaacgttgttcgaccgtgaaactgticgtatggacgacaccegtetgaccgegttgggtgcttacgaccgectgacgggtcaatgge

gtcetegegaaaccggtttgecgaccecetgttggttagegegggtgaaccaatgggeccgtggecggacgatagetggaaaccgacctggectticgageacgacaccgttgeggteccgggtgat
catttcacgatggttcaagaacatgctgatgcgattgeccgtcacattgacgectggetgggtggeggceaacagetga

61




TE2
(pik TE)

gcegageggaactgggecgtegecgagecgteggatcacgageaggeggaggaggagaaggeegeegeteeggegggggeecgetecggggecgacaccggegeeggegecgggatg
ttccgegecctgttceggeaggecgtggaggacgaccggtacggegagttecctegacgteetcgecgaagectecgegttcegeccgeagttcgectcgeccgaggectgeteggageggetceg
acceggtgetgcetegecggeggtcecgacggaccgggeggaaggecgtgecgttetecgteggetgeaccggeaccgeggegaacggeggeccgeacgagttectgeggcetcageacctectte
caggaggagcgggacttcctecgecgtacctetecceeggetacggeacgggtacgggeaccggeacggecctectecccggecgatetcgacaccgegetcgacgeccaggeeegggegateet
ccgggecgeeggggacgececcggtegtectgetecgggeacteeggeggegecctgetegegeacgagetggecttecgectggagegggegeacggegegecgecggecgggatcgtect
ggtcgacccctatccgecgggcecatcaggageccatcgaggtgtggagecaggeagetgggegagggectgttcgegggegagetggagecegatgtecgatgegeggcetgetggecatgggce
cggtacgegeggttcetegecggeecgeggecgggecgcageagegegecegtgettetggtecgtgectccgaaccgetgggegactggcaggaggageggggcgactggegtgeccact
gggaccttccgcacaccgtegeggacgtgccgggcgaccacttcacgatgatgegggaccacgegecggeegtegecgaggecgtecteteetggetcgacgecatcgagggeatcgaggg
ggegggcaagtag

TE3
(rimM1
3TE)

geegceacageccggectgggeggeggegagggeggecteetgetggeecgggeccgaccecgactegetggageggatgttecctecgacgegatggacgagggeaggttcecggagateegg
ctcatgctgegggcecctgaccggectgegeacgacctticgagaacacggecgaactggtggagetgecgetgecgaccacgetcgecgagggecccgecgagecgeggetgatetgecatcag
cacacccaccgcecaacggeggtgtccacgaatacgccaggttcgecgegtecttccggggegaacggeacgtcagegeactgeegetggteggettcgeecgeeggggaacggetgeccgeca
cacccaccagcegceggtcaggaccatcgeggagagegctetgegegeaagegacggceaaccccttcatectggtecggacactectceggeggtgegtacgectacgtggecgecgggetgctg
gagagcacctggggcatcaagcccgaggecegtggtgctgctggacaccgtcageatccggeacgacgaccgggaggacatcgactacgacaacctgatgecaccgceaacttectcgecgacca
ggaatccccggtgcgggtgaccaacteccggcetgteccgggatggggcggtacatgggectgetecgggeagetcgacgtccageacaccagegeteecgtgetgatecgtecgegeecgeecagg
agaccttcgccatggagggceaccgeggecgtctecgeccgacgacacgaagagegacatgeteecgtcggecgatgtecgeatcgtegacgeggaccacttetccatggtececgegaccacgecee
cgcagaccgcegceagatcgtcaaggactggcetggecaccetcggecaggeatga

MaCAR

atgacggagacgatctccaccgecgecgtgeccaccaccgacctggaggaacaggtcaagegecggatcgageaggtggtttcgaacgacccgeagetggeggegetgctgecggaggact
cggtcaccgaggcecgtcaacgagecggacctgecgetggtcgaggteatcegeeggetgctggagggctacggegategeccegegettggecagegggcecttcgagticgtcaccggegac
gacggtgccaccgtgatcgegcetgaageccgagtacacgaccgtctectaccgggaactgtgggagegggeggaggcegatcgeegeggectggeacgageagggceatcegtgacggggact
tcgtegeccageteggettcacctcgacggacttcgectegetegacgtegegggectgegectgggeacggtcagegtgecgetgcagaccggegecagectccageagegeaacgecatac
tggaggagacccgeccggecgtgticgeggegtecatcgaatacctggacgeagecgtggacagegtectegegacgeccteegtgegtetgetcteggtettcgactaccacgecgaggtega
ctcccagegggaggegcetegaageagtecgegeceggetcgagagegeceggecgeaccatcgtegtcgaggeectegecgaggeactggeecgeggecgggaccteectgecgegeccect
geecteggeggaccecgacgecctgegectectcatctacaccagegggagceacaggtacgecgaagggegegatgtacccgeagtggetggtggecaacctgtggcagaagaagtggcteca
ccgacgacgtgatcccgtecgatcggagtgaacttcatgecgatgagecacctggecgggaggcetgaccctgatgggeaccetcageggegggggaacggcectactacategectectcecgacct
ctcecaccttcttcgaggacatcgegttgatccgacegteccgaggtgctgticgtgeccegggtggtggagatggtettccaacgetticcaggecgagetggaccggteectecgeeeccggegagte
caacagtgagatcgccgaacgcatcaaggtccggatccgegageaggacttcggeggeegegteetgtecgegggtteggggteggegecgcetgtececceggagatgaccgagttcatggaga
gtctgetccaggtecectetgegegacggetacgggageacggaggegggtggggtatggcgggacggegtectgecageggecgecggtecacggactacaagetggtggatgtacccgagetg
ggctacttcaccaccgactceccgeaccegegeggtgagttgeggetgaagtcggaaacgatgttcccgggetactacaageggecggagacgactgecgacgtettcgacgacgagggctact
acaagaccggcgacgtcgtcgecgaactcggecccgatcacctgaagtatctggaccgggtgaagaacgtgettaagetggeccagggegagticgtegecgtctccaagetggaggecgect
acacgggaagccccctggtgeggceagatcttegtgtacggeaactccgagegttegticetectegeggtggtggtgeccacceccgaagtgetggagegetacgecgacageccggacgegcet
caagccgctgatccaggactcgetgcageaggtggecaaggacgecgagcetecagtectacgagatcececccgggacttcategtcgagacggtgeccttcacegtggagtecggectgetctee
gacgcccgceaagcetgetgaggecgaagetgaaagaccactacggggageggcetcgaggeactgtacgeggagetggecggagagecagaacgagegactgegecaactggegegegaggce
cgccacccgecccgtectggagaccgtecaccgacgecgetgeggegetgetgggggegtectecgagegacctecgeccccgacgtecgettcatcgacttgggecggagacteeetgteggecect
ctcgtacagcgaactcctccgegacatctticgaggtegacgtceeggtgggggteatcaactecegtcgecaacgacctecgecgecatcgeecggeacatcgaggegeagegeacgggtgccge
cacccagccgaccttegegtcegteccacggeaaggacgcaaccgtgatcaccgetggegagetgaccctegacaagttcctggacgaategetgetcaaggeggegaaggacgtecageecg
ccaccgeggacgtcaagaccgttctegtcacgggeggcaacggetggctgggccgetggetegtgetggactggetecgageggetggegecgaacggeggcaaggtgtatgegetcatecge
ggegeggacgcecgaagecgegegggceccgectecgacgecgtetacgagtcecggagaccegaagetgtecgeccactaccggeaactggeccageagtegetggaggtgatcgeeggggac
ttcggegaccaggacctcggcttgtcgcaggaggtetggeagaagetcgecaaggacgtecgacctgategtecactceggegecctggtcaaccacgtectecectacteccagetgttcgggcce
caacgtcgeccggeaccgecgagatcatcaagetegegatcteccgageggcetcaagececgtcacgtacetgtcgacggtgggcatcgecgaccagateecegtgaccgagttcgaggaggacte
ggatgtgcgggtcatgagcgeggaacgtcagataaacgacggatacgecaacggetacggcaactccaagtgggcegggagaggtgctgetgegegaggegeacgacctggeeggtetgeeg
gtcegegtettccgeagegacatgatecttgegeacagegactaccacggecagetgaacgtcaccgacgtgttcacceggtecatccagagectgetceetcaceggegtggecceggceatcgtt
ctacgagctggacgecgacggceaaccgecagegageccattacgacggggtaccecggegacttcacggeagecageatcaccgegateggeggggtgaacgtggtecgacggetaccgetee
ttcgacgtcttcaacccgcaccacgacggegtctcgatggacaccttcgtggactggetgatcgacgeggggtacaagategegeggatcgacgactacgaccagtggetggeccgcettcgaact
ggegcetgaaagggctacccgageageagagacageagagegtgetececegetgctgaagatgtacgagaagecgeagecggcecatcgacggeteggetcetgeccacggecgagttetceege
geegtgecacgaggcegaaggtcggegacagtggegagateccgeacgtgaccaaggagetgatectgaagtacgectccgacatccagetectgggtctegtctaa

SrCAR

atgaccgagtcccaaagctacgagacccggeaggegegaccggecggecagtegetggecgaacgegtegeecggetegtegegategacceccaggecgeggeggeagtgeccgacaa
ggeegtggcggaacgtgegacccageagggectgeggetggegeagegeatcgaggecttectgtecgggetacggegaccggeccgegetggeccagegegecttcgagatcacaaaggat
ccgatcaccggtegggecgtggegacgetgetgecgaagticgagaccgtctectaccgggagttgctggageggteccacgegatecgegtecgagetggecaaccacgecgaggececcegt
caaggcgggggagttcatcgcaaccatcggcttcaccagcacggactacacctcectcgacatagegggcegtactectggggcetcacctcggtgeeccteccagaccggegecaccaccgacac
gctcaaggecatcgecgaggagacggececcggecgtettcggegeatcggtecgageacctecgacaacgecgtcaccaccgecctegecacgecgagegtecgecggcetgetggtgticgacta
ccgecagggegtecgacgaggaccgegaggceggtcgaageggeccgeagecgectegecgaggeggggagegeggtgctggtggacacecetcgatgaggtcategetegtggeegegege
tceegegggtggecctgecccecgecaccgacgecggtgacgacteectgtetctactgatctacacgtccggeageacggggacgeccaagggegegatgtacccggagegeaacgtegee
cagttctggggcggcatctggeacaacgegttcgacgacggegactcggecceggacgtgccggacatcatggtcaacttcatgecgetgtegeacgtegecgggeggatcggactgatggec
accctgtcetecggggggcacgacctacttcatcgecaagagegacctgtccaccttettcgaggactacteectegegegecccaccaagetgttettcgtgecgegeatetgegagatgatctace
agcactaccagtccgaactggaccggatcggtgccgecgacggetcgecgeaggecgaggecatcaagaccgagttgecgegagaagetecteggeggaagggtgctcacggeggggtegg
gaagtgcaccgatgagecccgagetgaccgcecttcatcgagteggtectccaggtccacctggtggacggetatggatcgaccgaggeegggeeggtgtggegggaccgeaagetegtcaage
cgccegtecaccgageacaagetgatcgacgtecececcgaactgggttactictccacggactegeectaceccgegeggegagetggecatcaagacgcagaccatcttgeccggetactacaageg
cceggagacgaccgecgaggtettcgacgaggacggctictacctcaccggegacgtggtegecgaggtegegeccgaggagttcgtatacgtcgaccgecgceaagaacgtectgaagetgte
gcagggcgagttcgtcgegcetgtccaagetcgaagecgectacggeaccteceegetggteecggeagatctecgtetacggetccagecaacgcetegtacetgetcgeegtggtegtgeccacee
cggaggcegctcgegaagtacggggacggegaggeggtgaagteegegetgggegacagettgcagaagatcgeccgegaggagggccttcagtectacgaggtgeccegegacttcatcat
cgaaaccgacccgttcaccatcgagaacggceatcctgteccgatgegggceaagacectgegecccaaggtcaaggeccggtacggegageggcetggaggecctgtacgeccagetegecgag
acccaggecggggagetgegtageatcegggteggegegggggaacggcectgtcattgagaccegtgeagegggeagetgeegegetectcggegecagegecgeggaggtcgaccccgaa
gcccacttcagegaccteggeggegactecectetccgegetgacctactccaacttcetgecacgagatettccaggtggaggtgcecggtetecegtgatcgtcagegeggecaacaaccteeggteg
gtggccgceacacatcgagaaggagegeagetcecggeteccgaccggecgaccticgectecgtgeacggggegggegecaccacgateegtgectecggacctgaaactggagaagttectcga
cgcccagacgcetggeggeggecccgtegetgecgaggecggegagegaggtgegeacggtgetgetgactggtictaacggetggeteggecgtttcetggeactggectggetggageggct
ggtgecgecagggegggaaggtggtegtgategteccgeggcaaggacgacaaagecgecaaggeccgectcgactecgtgticgagteecggegacceggeactgetegegeactacgaggac
cttgccgacaagggcttggaagtgctcgecggggatttctccgacgeggacctgggactgegtaaggecgactgggaccggetggecgacgaggtggacctgatagtgeacageggegececte
gtcaaccacgtcctececgtacagecagetgticggecccaacgtggtcggecaccgecgaagtegecaagetggegetcacgaagegectgaagecggtecacctacetgtecaccgtegeggteg

cggtcggcegtegagecgtecgeattcgaggaggacggcegacatccgegacgtgteggecgtecggicgatcgacgagggcetacgecaacggttacggeaactccaagtgggecggegaggt
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cctgetgegegaggcectatgageacgegggectgecagtgegegtettcegetccgacatgatectggeccaccgeaagtacaccgggeagcetgaacgttcccgaccagttcacgeggctcate
ctcagcctgetcgegacgggceatcgecccecaagtegtictaccagetggacgecaccggtggecggeagegggcetcactacgacgggateccegtegacttcaccgeggaggegatcaccacg
ctcggectcgecggaagegacggctaccactecttcgacgtcettcaaccecgeaccacgacggtgtaggtctagacgagticgtegactggetggtegaggegggecaccegatcteecgggteg
acgactacgcggagtggctgtcgeggttcgagaccagectcagggggctgeccgaggeccagegecageacagegtgetgecgetectgeacgegttcgeccaaccggecccecgecatcgac
ggctcgeccttccagaccaagaacttccagtcgagtgtgcaggaggegaaggtgggggccgageacgacatcccgeatetggacaaggegetgategtcaagtacgecggaagacatcaagea
geteggectgete

MmCA

atgtccccgatcaccegegaggageggcetcgagegecgeatccaggacctctacgecaacgacccegeagttecgecgecgecaageccgecaccgegatcaccgeggecatcgaacgecceg
gectgeegetgecccagatcatcgagacggtgatgaccggetacgecgaccggeccgecctggeccaacgeteegtggagttcgttaccgacgecggeaccggecacaccaccctgegtetee
tgcegceacttcgagactatcagttacggcgagcetctgggaccggatctcagetctggeagatgtgctgtcgaccgageagaccegtgaagecgggagaccegegtetgectgetgggcttcaactee
gtcgactacgcgacgatcgacatgacgetggegagactgggteccgtegeegtgecgeteccagacgagegecegecatcacccagetgecageccategtcgecgagacccagectaccatgate
geggecagegtggacgecctegecgacgegaccgaactggecctetccgggeagaccgecaccegggtectegtgtticgaccaccaccggeaggtggacgeccaccgegeggeggtegagt
ccgeeegggageggcettgcagggteggecgtegtegagaccetecgeggaagegatcgeccgeggegacgteecccggggggecteggeggggteggeccccggeaccgacgtgteggac
gacagcctcgcactgctcatctacacctccggeteccacgggtgcgecgaagggegegatgtaccegeggeggaacgtecgegacgtictggegeaagegeacctggttcgagggegggtacga
gccctecatcacgcetcaacttcatgecgatgagecacgteatgggecgecagatcetgtacggaacgetgtgcaacggeggeacggegtacttegtggecaagtecgacctgageaccctgttcg
aggacctggegctggtgcggcccaccgagcetgaccttcgteeegegegtetgggacatggtcettcgacgagttccagtccgaggtecgacaggegtetggtcgacggegeggaccgggtggece
tggaagcgcaggtcaaggccgagatccgeaacgacgtgttgggeggtcgctacacgtecggecctcacaggetcggegecgatcagegacgagatgaaagegtgggtegaggagetectcgac
atgcacctcgtcgagggctacggetccacggaggecggeatgatectgatcgacggegegatcecgacggececgecgtgetcgactacaagetggtecgacgteceggacctgggctacttectga
cggaccggecgeacceccggggagaactgetggtcaagaccgactegetgticcegggcetactaccagegegecgaggtgaccgeggacgtattcgacgeggacgggttctaccggaccegg
ggacatcatggccgaggteggeccggaacagttcgtctatctggaccgecggaacaacgtcctcaagetetcgeagggegagttcgtgaccgtetccaagetggaggeggtcttcggegacagt
ccgetggtgeggeagatatacatctacggtaactcggegegggectacctgetegecgteatcgtecccacgeaggaggeactcgacgeggtgeccgtcgaggagetgaaggeccggetggge
gattcgctccaggaagtggccaaggecgecggactccagtectacgagatcececccgegacttcatcatcgagaccacgecctggaccetggagaacggcectgetgaccggeatcecgeaagete
gctcgececgceagcetcaagaageactacggtgaactgttggageagatctacaccgacctggegeatggecaggecgacgagetgcgetecctcaggeagageggegecegacgeceeggttct
ggtcacggtetgeegegetgecgeggcegcetectegggggcagegegtecgacgtgeaacccgacgeccacttcaccgacctgggeggggacteectgteggecctgtecttcaccaacctget
gcacgagatcttcgacatcgaggtceeggtgggagtgatcgtgteccceggecaacgatetccaggegetegecgactacgtcgaggecgeccgeaagecggggageagecgteccaccttege
ctcegtecacggtgectcgaacggecaggtgacggaggtgcacgecggegacctcagectggacaagttcatcgacgeggcecacgetggecgaggegeegegectgeccgecgecaacace
caggtccgeaccgtgetgetgacaggggegaccggcttecteggecgcetacctegegetggagtggetggageggatggacctegtecgatggcaagetgatetgectggtgegggegaagage
gacacggaagccagggcgcegtetggacaagaccttcgactcecggggacccegagetgetggegeattacegggegetggegggcegaccacctggaggtectggecggtgacaagggegag
gcggaccteggactcgaccgacagacctggeagegectcgecgacaccgtcgacctcategtggaceeggecgegetggtgaaccacgtgeteccctacagecagetgttcggeccgaacge
ccteggeaccgecgaactectgeggcetegecttgacgtcgaagatcaagecgtactcctacacctccaccateggegtcgecgaccagateccgeccagegegttcaccgaggacgeggacate
cgggtgatctccgecacgagagecgtggacgactcegtacgecaacggcetactccaactccaagtgggegggggaggtactgetcegegaggegeacgacctgtgecggectgecggtggeggt
cttccggtgcgacatgatcctcgecgataccacctgggecggecagcetcaacgtgeccgacatgtticacccgeatgattetgteectggeggecaccggeatcgecceeggcetecttetacgaget
ggeegecgacggggegeggeagegegeccactacgacggtctgeecgtegagttcatcgeggaggecatetcgacgetgggegeccagtcgcaggacggcettccacacctaccacgtcatga
acccgtacgacgacggtatcggactcgacgagttcgtcgactggctcaacgagageggetgccccatccagegeatcgecgactacggegactggetgcaacggttcgagacggecctgegeg
ccetgecggaccggeageggeacagetegetgetgeccetgetgcacaactaccgecagecggagegeecggtecgeggcetegatecgeteccgacggaccgettececgegeegeegtccagga
ggccaagatcgggceccgacaaggacatccegeacgtcggegegecgatcatcgtcaagtacgtatccgacctgegectgetegggetecte

YqhD

atgaacaacttcaacctgcacacgcccacccegeatcectgttcggecaagggegecatcgegggacteccgegageagatcecgeacgacgegegggtgetgatcacgtacggeggegggagegt
caagaagacgggcgtcctcgaccaggtectggacgecctgaagggeatggacgtgetggagttcggeggeatcgageccaateccggectacgagaccectgatgaacgeggtgaagetggtee

gcgaacagaaggtcaccttectgetggeggtgggaggcggcagegtectecgacggaacgaaattcatcgetgecgecgegaactacccggagaacatcgaccectggeacatccteccagaccg
ggggcaaggaaatcaagtcggegatcecgatgggetgegtgetcacectgecggecaccggtagegagtccaacgecggggceggtcatctceccgecaagaccaccggegacaageaggegtt

ccactcegeccacgteccageccgttttcgeggtgctggacccggtctacacctacacgetececgecceggeaggtggecaacggtgtecgtegacgecttegtgcacaccegtegageagtacgtga
ccaagccggtggacgcgaagatccaggaccggttcgecgaagggatcectectgacgetcatcgaggacgggecgaaggegetgaaggagecggagaactacgacgtgagggcecaacgtcat
gtgggcecgcecacccaggeccttaacggectgatcggegecggegtgecgeaggactgggegacccacatgetgggecacgagetgaccgecatgecacggectcgaccacgeccagacactg
gccatcgtcetgeccgeactgtggaacgagaagegegacaccaagegggecaagetgetgcagtacgecgaacgggtcetggaacatcaccgagggcetccgacgacgagegaatcgacgecg
ccatcgeggcegacgcegceaacttcttcgageaactgggtgtacccacgceatetgtecggactacgggetggatggetegtecataccecgegetectcaagaagetcgaggageacgggatgaceea

getcggegagaaccacgacatcaccetcgacgtetcgegecggatctacgaggeggecegt

ChnD

atgcactgctactgcgtgacccaccacgggeagecgetcgaggacgtcgagaaggaaatcececccaacccaagggeaccgaggtectgetgeacgtcaaggeggecggactgtgecacaccga
tctgeacctgtgggagggctactacgacctgggeggeggeaageggcetgagectcgecgaccgggggctaaaaccgecgetgaccctcteccacgagatcaccggtcaggtegtegeegteg
geecggacgeggagtecgtgaaggtggacatggtctecttggtgeaccectggateggetgeggggagtgeaactactgcaagegeggcgaggagaacctgtgtgegaageegeageagete
ggcatcgccaageecgggggcticgecgagtacatcategteccecgeaccegegetacetggtggacatcgecgggetggacctggecgaggeagegecegetggectgegecggegtecaccac
gtacagcgcegctcaagaagttcggegacctcatccagtcegagecggtegtgatcatcggegegggeggactecgggctecatggecctggagetgetcaaggecatgcaggegaagggegega
tcgtggtcgacatcgacgactccaagetcgaggecgeecgegeggegggcegeccteteggteatcaactegegticggaggacgecgeccageagetgatccaggecaccgacggtggaget
cggctgatcctecgacctegtecgggagceaaccccaccttgteectegegetggegtecgeggeccgggggggtcacatcgtgatetgeggectgatgggeggegagatcaagetgtegateeecg
tgataccgatgcgecccctgacgatccagggetectacgtecggeacggtggaggagetgegegaactggttgaactcgtgaaggagacgceacatgtcggecatceecgtcaagaagetgecegat
cagccagatcaacagcgcecticggegacctgaaggacggceaacgtcatcggecggatcgtgetgatgcatgagaactaa
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YahK

atgaagatcaaggcggtcggegectactcggecaagecageccctcgaaccgatggacatcacgeggegggageecggeccgaacgacgtcaagatcgagatcgegtactgeggegtgtgtea
ctcegacctgeaccaggtgegetcecgagtgggegggcaccgtetaceegtgegtgeceggtcacgagategteggecgggtegtecgeggtaggegaccaggtecgagaagtacgeecceggag
acctegtgggggtgggactgeategtcgactectgecaageactgegaagagtgcgaggacggectggagaactactgegaccacatgaccggeacctataactccccgacgecggacgaacce
ggacacaccctgggeggctacagecageagategtggtgcacgagegetacgtectgegeatcecgecaccegeaggageagetegecgeegtggegecegetgetgtgegegggeatcacca
cgtactcgccgcetgeggeactggeaggecggecccggeaagaaggtgggacgtegtecgggateggtggectcggecacatgggeatcaagetegegeacgecatgggcgegeatgtegtggce
cttcacgaccagcgaggcgaaacgcgaggcggccaaggecctggggocggacgaggtggtcaacagecgcaacgecgacgaaatggctgeccacctgaagtecttegacttcatecctgaaca
cggtcgecgeaccccacaacctggacgacttcaccaccctectcaagegtgacgggaccatgacgetggtgggtgccecggecacteccgeacaagtegecggaggtcttcaacctgatcatgaa

geggagggcgatcgecgggtegatgatcgggggaatcceccgagacccaggagatgetegacttetgegecgageacggceategtggecgacatcgagatgatcegggecgatcagatcaacg
aggcctacgagcggatgctgegeggegacgtcaagtaccgettcgtcatcgacaaccgceaccttgaccgactaa

YjgB

atgtccatgatcaagtcgtacgecgegaaggaggecggaggcegagetggaggtctacgagtacgaccceggggaactgeggecgeaggacgtcgaggtgcaggtegattactgegggatetg
ccactccgacctgtcgatgatcgacaacgagtggggctictcgeagtaccegetggtegeggggcacgaggtcattgggegggtggtggeccteggeagegeggeccaggacaagggcectce

aggtgggccagegggteggeatcggetggacggeccgcetegtgtggacactgegacgcettgeatctccggeaaccagatcaactgegageagggegeggtgecgacgatcatgaaccgeggce
gggticgccgagaageteegtgeggactggeagtgggtgatececccctgeccgagaacatcgacatcgagagegegggtecgetgetgtgeggeggceatcacggtcttcaagecgcetecteatge

accacatcaccgcgacgtccegegtgggegtcateggeatcggggggctgggccacatcgegatcaagetcetgeacgegatgggetgegaggtgaccgecttetcgteccaacceggecaagg
agcaggaggtcctcgecatgggtgccgacaaggtggtcaactcccgggaccegceaagecctgaaggegetggecggecagttcgacctcatcatcaacaccgtgaacgteteeetggactgge
agccgtacttcgaggcactcacctacggeggceaacttccacaccgtecggegecgtectgaccccectgteegteccegegttcaccctgatcgecggegaccggagegtgageggtagtgecac
cggcaccccctacgaattgegcaagetgatgegetticgeggecaggtcgaaagtecgegeccacgaccgagetgttcccgatgageaagatcaacgacgecatccageacgtacgegacggeaa
ggececggtaccgegtegtgetcaaggecgacttctaa

ScADH

atgtcgatccccgagacccagaaggcecatcattttctacgaatcgaacggceaagetggagceacaaggacatcccggtgccgaageccaaaccgaacgaactgetgatcaacgtcaagtacageg
gegtctgecacaccgacctgeacgectggeacggggattggeccctgecgacgaagetccegetggtgggtgggeacgagggcgecggegtggtggttggcatgggtgagaatgtgaaggec
tggaagatcggcegactacgegggcatcaagtggctgaacgggagetgcatggegtgtgagtactgegageteggeaacgagtccaactgeccgeacgeggacctgtcegggtacacccacga
cggctecttccaggagtacgegaccgecgacgecgteccaggecgegeacatceccgeagggceacagacctecgecgaggtggcegecgatcetgtgegecgggatcacegtctacaaggegetca
agtcggccaacctgegggecggecactgggeggecatcageggegeggetggeggtetcggaagectggecgtgcagtacgccaaggecatgggetaccgegtectgggcatcgacgggg

ggecgggaaaggaggagcetgticacgtegeteggeggegaggtgticatcgacttcaccaaggagaaggacatcegtgtcggeggtegtgaaggecaccaacggeggegeccatggeatcate
aacgtctccgtcagegaageggcaatcgaggectecacgegttactgecgggegaacggceaccegtggtectegtcggecteceegegggegegaagtgctecteegacgtettcaaccacgteg

tcaagtccatctcgatcgtecggcetectatgtgggcaaccgegecgacaccegegaggecctggacttcticgeecegggggctegtgaagagteccatcaaggtegtaggtctgagetegetgece
gagatctacgagaagatggagaagggccagatcgecggecgetacgtecgtcgacacgtccaagtaa
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Supplementary Table 4. Statistics for data collection and refinement of CpkC TR

Data collection

Wavelength (A)

Resolution range (A)
Detector Distance (mm)

® (deg.) collected / A® (deg.)
Exposure time (seconds)

Temperature of collect (Kelvin)

Data statistics
Space group
Unit-Cell parameters (A)

Total reflections
Unique reflections
Multiplicity

Data completeness (%)
<Uo(l)>

Rmerge (%)

Rypim (%)

CCin

Structure Refinement
Reflections used in refinement
Reflections used for Riree
Rfactor

Riree

RMS from ideal geometry
Bond lengths (A)

Bond angles (°)

Average B-factor
Macromolecules
Ligands
Solvent

Ramachandran Plot
Favoured region (%)
Outliers region (%)

Rotamer outliers (%)

Number of TLS groups

CpkC TR

0.97741

44.76 -1.84 (1.88 -1.84)
220

180/0.25

0.3

100

P212121
a=49.63 b=103.55 c=148.32

445567 (44265)
67220 (4891)
6.6 (6.7)

100 (99.7)

12.5 (0.9)
0.095 (1.90)
0.059 (1.20)

0.999 (0.358)

67220 (4891)
1828 (151)

0.183 (0.338)
0.218 (0.352)

0.008
0.77
35.9
35.2
37.0
38.6

97.5
0
0.1
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 AG™®
pathway (kcal/mol)
2-ethyl-1,3- PKS KS catalysed Butyryl-CoA + Ethylmalonyl- -2.78
hexanediol decarboxylative CoA +4 H + 3 NAD(P)H —
Claisen 2-ethyl-1,3-hexanediol + 2
condensation-based CoA + CO; + 3 NAD(P)"
pathway
Thiolase catalysed 2 Butyryl-CoA +3 H + 3 0.31
non-decarboxylative NAD(P)H — 2-ethyl-1,3-
Claisen hexanediol + 2 CoA + 3
condensation-based NAD(P)"
pathway
2-ethyl-3- PKS KS catalysed Butyryl-CoA + Ethylmalonyl- -7.36
hydroxyhexano decarboxylative CoA + H"+ NAD(P)H + H,O
ic acid Claisen — 2-ethyl-3-hydroxyhexanoic
condensation-based acid + 2 CoA + CO, +
pathway NAD(P)"
Thiolase catalysed 2 Butyryl-CoA + NAD(P)H + -4.27
non-decarboxylative H,O — 2-ethyl-3-
Claisen hydroxyhexanoic acid + 2 CoA
condensation-based +NAD(P)"
pathway
a. Calculated through stoichiometric summations of standard formation Gibbs energies

(A«G’°) of each substrate and products of the pathways. A«G’° were estimated through the group

contribution method under standard conditions (298K, pH 7, zero ionic strength)!4.
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