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Table S1 Plasmids used in this study.

Plasmids Description Source
pWN416 The cassette TFBA1-PGAL1,10-TTDH2 was cloned and inserted into pRS416. This study
pWN041 The fragment HSP12 (BsaI) was inserted into pWN416 with standardized 

restriction sites.
This study

pWN042 The fragment OLE1 (BsaI) was inserted into pWN416 with standardized 
restriction sites.

This study

pWN043 The fragment SNF1 (BsaI) was inserted into pWN416 with standardized 
restriction sites.

This study

pWN044 The fragment TIP1 (BsaI) was inserted into pWN416 with standardized 
restriction sites.

This study

pWN045 The fragment MPP10 (BsaI) was inserted into pWN416 with standardized 
restriction sites.

This study

pWN046 The fragment CpcloA(1) (BsaI), CpCPR (BsmBI) were inserted into 
pWN416 with standardized restriction sites.

This study

pWN047 The fragment CpcloA(1)_HDEL (BsaI), CpCPR_HDEL (BsmBI) were 
inserted into pWN416 with standardized restriction sites.

This study

pWN048 The fragment CpcloA(1)_KKYL (BsaI), CpCPR_KKYL (BsmBI) were 
inserted into pWN416 with standardized restriction sites.

This study

pWN049 The fragment easC (BsaI) was inserted into pWN416 with standardized 
restriction sites.

This study

pWN050 The fragment easC(SKL) (BsaI) was inserted into pWN416 with 
standardized restriction sites.

This study

pWN051 The fragment fzo1 (BsaI) was inserted into pWN416 with standardized 
restriction sites.

This study

pWN052 The fragment pex34 (BsaI) was inserted into pWN416 with standardized 
restriction sites.

This study

pWN053 The fragment easC(SKL) (BsaI), pex34 (BsmBI) were inserted into 
pWN416 with standardized restriction sites.

This study

pWN054 The fragment CpCPR (BsaI) was inserted into pWN416 with standardized 
restriction sites.

This study

pWN055 The fragment t26CpCPR (BsaI) was inserted into pWN416 with 
standardized restriction sites.

This study

pWN056 The fragment t31CpCPR (BsaI) was inserted into pWN416 with 
standardized restriction sites.

This study

pWN057 The fragment t36CpCPR (BsaI) was inserted into pWN416 with 
standardized restriction sites.

This study

pWN058 The fragment CpcloA(1) (BsaI), t36CpCPR (BsmBI) were inserted into 
pWN416 with standardized restriction sites.

This study

pWN059 The fragment CpcloA(1)-L1-t36CpCPR (BsaI) was inserted into pWN416 
with standardized restriction sites.

This study

pWN060 The fragment CpcloA(1)-L2-t36CpCPR (BsaI) was inserted into pWN416 
with standardized restriction sites.

This study

pWN061 The fragment CpcloA(1)-L3-t36CpCPR (BsaI) was inserted into pWN416 
with standardized restriction sites.

This study

pWN062 The fragment CpcloA(1)-L2-t36CpCPR_KKYL (BsaI) was inserted into 
pWN416 with standardized restriction sites.

This study
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Table S2 Strains constructed in this study.

Strains Description Source
SyBE_Sc06130096 ΔGAL80::PGAL1,10-IDI1-His,ERG20p_ERG20::HXT1p_ERG20, Δ22::LUE2-

TCYC1-dmaw-PGAL1,10-easF-TADH1, Δ15::KanR-TCYC1-easE-PGAL1,10-easC-
TADH2, Δ14::hphMX6-TADH2-fad1-PGAL1,10-ero1-TCYC1, ΔGAL1\7\10::PGAL7-
easD_Cp-TGPM1, ho::TTDH2-easG_Cp-Pgal110-easA_Cf-TFBA1

1

SyBE_Sc06130244 SyBE_Sc06130096, YMRW∆15:: Trp-TCYC1-CpcloA(1)-PGal110-
CpCPR-TADH1

This study

SyBE_Sc06130245 SyBE_Sc06130096, YMRW∆15:: Trp-TCYC1-CpcloA(2)-PGal110-
CpCPR-TADH1

This study

SyBE_Sc06130246 SyBE_Sc06130096, YMRW∆15:: Trp-TCYC1-CpcloA(3)-PGal110-
CpCPR-TADH1

This study

SyBE_Sc06130251 SyBE_Sc06130244 with pWN416 This study
SyBE_Sc06130295 SyBE_Sc06130244 with pWN041 This study
SyBE_Sc06130296 SyBE_Sc06130244 with pWN042 This study
SyBE_Sc06130297 SyBE_Sc06130244 with pWN043 This study
SyBE_Sc06130298 SyBE_Sc06130244 with pWN044 This study
SyBE_Sc06130302 SyBE_Sc06130244 with pWN045 This study
SyBE_Sc06130560 SyBE_Sc06130244, Δsch9 This study
SyBE_Sc06130561 SyBE_Sc06130244 with pWN046 This study
SyBE_Sc06130562 SyBE_Sc06130244 with pWN047 This study
SyBE_Sc06130563 SyBE_Sc06130244 with pWN048 This study
SyBE_Sc06130564 SyBE_Sc06130560 with pWN046 This study
SyBE_Sc06130565 SyBE_Sc06130560 with pWN047 This study
SyBE_Sc06130566 SyBE_Sc06130560 with pWN048 This study
SyBE_Sc06130567 SyBE_Sc06130560 with pWN416 This study
SyBE_Sc06130568 SyBE_Sc06130244 with pWN049 This study
SyBE_Sc06130569 SyBE_Sc06130244 with pWN050 This study
SyBE_Sc06130570 SyBE_Sc06130560 with pWN049 This study
SyBE_Sc06130571 SyBE_Sc06130560 with pWN050 This study
SyBE_Sc06130580 SyBE_Sc06130244 with pWN051 This study
SyBE_Sc06130581 SyBE_Sc06130244 with pWN052 This study
SyBE_Sc06130582 SyBE_Sc06130560 with pWN051 This study
SyBE_Sc06130583 SyBE_Sc06130560 with pWN052 This study
SyBE_Sc06130584 SyBE_Sc06130244 with pWN053 This study
SyBE_Sc06130585 SyBE_Sc06130560 with pWN053 This study
SyBE_Sc06130287 SyBE_Sc06130244 with pWN054 This study
SyBE_Sc06130288 SyBE_Sc06130244 with pWN055 This study
SyBE_Sc06130289 SyBE_Sc06130244 with pWN056 This study
SyBE_Sc06130290 SyBE_Sc06130244 with pWN057 This study
SyBE_Sc06130400 SyBE_Sc06130244 with pWN058 This study
SyBE_Sc06130401 SyBE_Sc06130244 with pWN059 This study
SyBE_Sc06130402 SyBE_Sc06130244 with pWN060 This study
SyBE_Sc06130403 SyBE_Sc06130244 with pWN061 This study
SyBE_Sc06130404 SyBE_Sc06130560 with pWN058 This study
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SyBE_Sc06130405 SyBE_Sc06130560 with pWN059 This study
SyBE_Sc06130406 SyBE_Sc06130560 with pWN060 This study
SyBE_Sc06130407 SyBE_Sc06130560 with pWN061 This study
SyBE_Sc06130593 SyBE_Sc06130560 with pWN416 This study
SyBE_Sc06130576 SyBE_Sc06130560,YPRC∆τ3::Pgal1-CpcloA(1)-L2-t36CpCPR -

TFBA1

This study

SyBE_Sc06130577 SyBE_Sc06130576 with pWN416 This study
SyBE_Sc06130578 SyBE_Sc06130576,∆int11::TTDH2-easC(SKL)-Pgal110-pex34-TFBA1 This study
SyBE_Sc06130590 SyBE_Sc06130578 with pWN416 This study
SyBE_Sc06130591 SyBE_Sc06130578 with pWN060 This study
SyBE_Sc06130592 SyBE_Sc06130578 with pWN062 This study
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Table S3 Primers used in this study.

Primers Sequence (5’-3’)
For cloning cloA(1)
W-1F gtcaaggagaaaaaactataATGTCTTTGCAATGGTTACAACAAACTAG
W-2R agtaacttaaggagttaaatTTAAGTCCATCTATCAGCCAAGATTTGTAATTC
For cloning cloA(2)
W-3F gtcaaggagaaaaaactataATGGCTGTTCATGTTGTTAAATCTTACTC
W-4R agtaacttaaggagttaaatTTAGACATTACCAGATTTATACATTGATCTAGAACC
For cloning cloA(3)
W-5F gtcaaggagaaaaaactataATGAAGTTGCATGTTGTTCAATCTTACC
W-6R agtaacttaaggagttaaatTTATTCTTCGATTAAACATCTTTTACCTTTTGGAG
For cloning CpCPR
W-7F aaaaagtaagaatttttgaaaattcaatataaATGGCAGAATTGGATACCTTGGATATG
W-8R aaaaactatatcaattaatttgaattaacTTAGGACCAAACATCTTCTTGGTATTGGTTAG
For cloning Hsp12
W-9F gtcaaggagaaaaaactataATGTCTGACGCAGGTAGAAAAGGATTC
W-10R agtaacttaaggagttaaatTTACTTCTTGGTTGGGTCTTCTTCACC
For cloW-11Fning OLE1
W-11F gtcaaggagaaaaaactataATGCCAACTTCTGGAACTACTATTGAATTG
W-12R agtaacttaaggagttaaatTTAAAAGAACTTACCAGTTTCGTAGATTTCACCTC
For cloning SNF1
W-13F gtcaaggagaaaaaactataATGAGCAGTAACAACAACACAAACACAG
W-14R agtaacttaaggagttaaatTCAATTGCTTTGACTGTTAACGGCTAATTCC
For cloning TIP1
W-15F gtcaaggagaaaaaactataATGTCCGTTTCCAAGATTGCTTTCG
W-16R agtaacttaaggagttaaatTTATAACAATAAAGCAGCTGCACCTGC
For cloning MPP10
W-17F gtcaaggagaaaaaactataATGTCAGAACTCTTTGGAGTATTGAAATCTAATG
W-18R agtaacttaaggagttaaatTCAAAGTTTTATATTTGTGCTATCTGGCCC
For cloning cloA(1)_HDEL
W-19F gtcaaggagaaaaaactataATGTCTTTGCAATGGTTACAACAAACTAG

W-20R agtaacttaaggagttaaatTTACAATTCGTCGTGTGAACCACCACCAGTCCATCTATCAGCC
AAGATTTGTAATTC

For cloning CpCPR_HDEL
W-21F aaaaagtaagaatttttgaaaattcaatataaATGGCAGAATTGGATACCTTGGATATG

W-22R atcaattaatttgaattaacTTACAATTCGTCGTGTGAACCACCACCGGACCAAACATCTTCT
TGGTATTGGTTAG

For cloning cloA(1)_KKYL
W-23F gtcaaggagaaaaaactataATGTCTTTGCAATGGTTACAACAAACTAG

W-24R agtaacttaaggagttaaatTTACAAGTACTTCTTTGAACCACCACCAGTCCATCTATCAGCC
AAGATTTGTAATTC

For cloning CpCPR_KKYL
W-25F aaaaagtaagaatttttgaaaattcaatataaATGGCAGAATTGGATACCTTGGATATG

W-26R atcaattaatttgaattaacTTACAAGTACTTCTTTGAACCACCACCGGACCAAACATCTTCTT
GGTATTGGTTAG

For cloning easC
W-27F AGTTGAATATTCCCTCAAAAATGGCACCAGACTCCAAACCAAC
W-28R aaatcattcattcttcagacTTACAATCTAGCTGGAATAAAAGATTCTTCAGC
For cloning easC(SKL)
W-29F gtcaaggagaaaaaactataATGGCTCCAGATTCTAAGCCAACTTAC
W-30R agtaacttaaggagttaaatTTATAGTTTAGATGGAATAAAAGATTCTTCTGCTGGAGCTTC
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For cloning Fzo1
W-31F gtcaaggagaaaaaactataATGTCTGAAGGAAAACAACAATTCAAAGACAG
W-32R agtaacttaaggagttaaatCTAATCGATGTCTAAATTTATTTCTTCCACCATCAATTTTTG
For cloning Pex34
W-33F gtcaaggagaaaaaactataATGGTTTCGAAGAAAAATACGGCTGAAATC
W-34R agtaacttaaggagttaaatTTATACAATTATTCTACAAAGTGTTATTATGTTAGATAATCTTT
For cloning t26CpCPR
W-35F gtcaaggagaaaaaactataATGACTATTTGGGGTGTTGTTAAGGACCC
W-36R agtaacttaaggagttaaatTTAGGACCAAACATCTTCTTGGTATTGGTTAGC
For cloning t31CpCPR
W-37F gtcaaggagaaaaaactataATGGTTAAGGACCCTTACGCTAATACCTTCG
W-38R agtaacttaaggagttaaatTTAGGACCAAACATCTTCTTGGTATTGGTTAGC
For cloning t36CpCPR
W-39F gtcaaggagaaaaaactataATGGCTAATACCTTCGCTAACGTTAACGG
W-40R agtaacttaaggagttaaatTTAGGACCAAACATCTTCTTGGTATTGGTTAGC
For cloning cloA(1)-L1-t36CpCPR
W-41F gtcaaggagaaaaaactataATGTCTTTGCAATGGTTACAACAAACTAGAC

W-42R CTTAGCAGCAGCTTCCTTAGCAGCAGCTTCAGTCCATCTATCAGCCAAGATTTGTA
ATTC

W-43F CTAAGGAAGCTGCTGCTAAGATGGCTAATACCTTCGCTAACGTTAAC
W-44R agtaacttaaggagttaaatTTAGGACCAAACATCTTCTTGGTATTGGTTAG
For cloning cloA(1)-L2-t36CpCPR
W-45F gtcaaggagaaaaaactataATGTCTTTGCAATGGTTACAACAAACTAGAC

W-46R TGGAGTTGGAGTTGGAGTTGGAGTTGGAGTCCATCTATCAGCCAAGATTTGTAATT
C

W-47F CAACTCCAACTCCAACTCCAATGGCTAATACCTTCGCTAACGTTAAC
W-48R agtaacttaaggagttaaatTTAGGACCAAACATCTTCTTGGTATTGGTTAG
For cloning cloA(1)-L3-t36CpCPR
W-49F gtcaaggagaaaaaactataATGTCTTTGCAATGGTTACAACAAACTAGAC
W-50R AGAACCACCACCACCAGTCCATCTATCAGCCAAGATTTGTAATTC
W-51F GGACTGGTGGTGGTGGTTCTATGGCTAATACCTTCGCTAACGTTAAC
W-52R agtaacttaaggagttaaatTTAGGACCAAACATCTTCTTGGTATTGGTTAG
For cloning cloA(1)-L2-t36CpCPR_KKYL
W-53F gtcaaggagaaaaaactataATGTCTTTGCAATGGTTACAACAAACTAGAC

W-54R agtaacttaaggagttaaatTTACAAGTACTTCTTTGAACCACCACCGGACCAAACATCTTC
TTGGTATTGG

# Sequences underlined and highlighted in bold locate signal peptides for ER and Peroxisomes
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Table S4 gRNA target sequences used in this study.

Target Sequence（5ʹ-3ʹ）

G418 AGGCAGTTCCATAGGATGGC

YPRCτ3 tattccatggcctcttagtt

Int11 gaacaagaacaacaaactcc

Sch9 TTGGTCACTGATTATATGAG

Ras2 AGGAAGCAGCAAGCTGCACC

PEX5 GCTCAACAACCGCATCAAGC

NCP1 cgtccatgtcacctccattg
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Table S5 1H NMR data of compounds lysergic acid (LA).

Proton serial number 1HNMR (δ, ppm)

14 7.87（1H, br s）

12 7.68（1H, d, j=8.24）

13 7.49（1H, t, j=7.69）

2 7.36（1H, s）

9 7.22（1H, br s）

8 4.39（1H, ov）

5 4.39（1H, ov）

7 3.42-3.89（2H, ov）

18 3.32（3H, ov）

4 3.17-3.25（2H, ov）

HN

N

OHO

H

1 2

3
4

5

6

7
8

9

10
11

12

13

14

15
16

17

18
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Figure S1 1H NMR spectrum of LA in D2O (500 MHz).
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Figure S2 MS spectra of sample LA and standard LA.
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Figure S3 Comparative analysis results of different sequences alignment of cloA from Claviceps 
purpurea source.
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Figure S4 The results of fermentation mass spectrometry of suspected LA were consistent with those of 
reported LA mass spectrometry. A. LA mass spectrometry results in this study. B. LA mass spectrometry results in 
the literature2.
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Figure S5 The results of growth and LA production in control strain(Sc251) and ∆sch9 strain(Sc560).  A. The 
OD600 in strains Sc251 and Sc560. B. The titers of LA in strains Sc251 and Sc560.
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Figure S6 The effect of Δsch9 on LA production. A. Volcano map of differential genes at 48h between 

Δsch9 and control strains. B. KEGG pathway enrichment analysis of DEGs at 48h between Δsch9 and 

control strains. 
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Figure S7 Results of CpCPR transmembrane domain analysis.
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