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Table S1 Aspergillus nidulans strains used in this study 

 

Strain Genotype Source 

LO8030 pyroA4, riboB2, pyrG89, nkuA::argB, 

sterigmatocystin cluster (AN7804 − AN7825)Δ, 

emericellamide cluster (AN2545 − AN2549)Δ, 

asperfuranone cluster (AN1039 − AN1029)Δ, 

monodictyphenone cluster (AN10023 − AN10021)Δ, 

terrequinone cluster (AN8512 − AN8520)Δ, 

austinol cluster part 1 (AN8379 − AN8384)Δ, 

austinol cluster part 2 (AN9246 − AN9259)Δ, 

F9775 cluster (AN7906 − AN7915)Δ, 

asperthecin cluster (AN6000 − AN6002)Δ 

(Chiang et al. 2016) 

PX26 ΔwA::gpdA(p)-orsA::pyrG in LO8030 (Xiang and Li 2022) 

BK08 ΔwA::gpdA(p)-anuA–anuK::afriboB in LO8030 (Xiang et al. 2022) 
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Table S2 Plasmids used and generated in this study 

 

Plasmid Description Source 

pESC-URA Saccharomyces cerevisiae and E. coli shuttle vector Agilent (Santa 

Clara, USA) 

pFK23 URA3, pcr4401 flanking, A. nidulans gpdA promoter, A. fumigatus pyrG, 

ampR 

(Kindinger et 

al. 2019) 

pCas9-tRp-

gRNA 

Ustilaginoidea virens Gln-tRNA promoter, gRNA spacer insert site, 

gRNA scaffold, Aureobasidium pullulans translation elongation factor 

(Ptef) promoter, Cas9, Aspergillus awamori glucoamylase terminator 

(Tgla), ampR 

(Liang et al. 

2018) 

pYH-wA-pyrG URA3, wA flanking, gpdA(p), pyrG, ampR (Yin et al. 

2013) 

pPX26 URA3, wA flanking, gpdA(p), orsA, pyrG, ampR (Xiang and Li 

2022) 

pJN017 URA3, wA flanking, gpdA(p), afriboB, ampR  (Kindinger et 

al. 2019) 

pBK21 URA3, wA flanking, gpdA(p), anuA–K, afriboB, ampR (Xiang et al. 

2022) 

pJZ03 Two-thirds of the pyrG marker at the 3’-end (1146 bps) originated from 

pFK23 were fused to the 1641 bps PCR fragment of the downstream 

region from pcr2372 amplified from genomic DNA of P. crustosum PRB-

2 and inserted into the BamHI restriction site of the pESC-URA vector 

This study 

pJZ05 A 1575 bps PCR fragment of the upstream region from pcr2372 amplified 

from genomic DNA of P. crustosum PRB-2 was fused to 358 bps of the 

downstream region, a 1872 bps PCR fragment including the gpdA 

promoter and two-thirds of the pyrG marker at the 5’-end originated from 

pFK23 and inserted into the BamHI restriction site of the pESC-URA 

vector 

This study 

pJZ06 A 1189 bps PCR fragment of the upstream region from pcr11009 

amplified from genomic DNA of P. crustosum PRB-2 was fused to 327 

bps of the downstream region, a 1145 bps PCR fragment of two-thirds of 

the pyrG marker at the 5’-end originated from pFK23 and inserted into the 

SmaI restriction site of the pESC-URA vector 

This study 

pJZ07 Two-thirds of the pyrG marker at the 3’-end (1140 bps) originated from 

pFK23 were fused to the 1527 bps PCR fragment of the downstream 

region from pcr11009 amplified from genomic DNA of P. crustosum 

PRB-2 and inserted into the SmaI restriction site of the pESC-URA vector 

This study 

pJZ23 Two-thirds of the pyrG marker at the 3’-end (1140 bps) originated from 

pFK23 were fused to the 1643 bps PCR fragment of the downstream 

region from pcr3094 amplified from genomic DNA of P. crustosum PRB-

2 and inserted into the SmaI restriction site of the pESC-URA vector 

This study 

pJZ34 A 1534 bps PCR fragment of the upstream region from pcr3094 amplified 

from genomic DNA of P. crustosum PRB-2 was fused to 328 bps of the 

downstream region, a 1145 bps PCR fragment of two-thirds of the pyrG 

marker at the 5’-end originated from pFK23 and inserted into the SmaI 

restriction site of the pESC-URA vector 

This study 
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Table S2 Plasmids used and generated in this study (continued) 

Plasmid Description Source 

pJZ38 A 1043 bps PCR fragment of the upstream region from pcr4401 amplified 

from genomic DNA of P. crustosum PRB-2 was fused to the 1000 bps wA 

upstream region and one-half of the wA gene (3642 bps), both amplified 

from genomic DNA of A. nidulans LO8030, a 1145 bps PCR fragment of 

two-thirds of the pyrG marker at the 5’-end originated from pFK23 and 

inserted into the SmaI restriction site of the pESC-URA vector 

This study 

pJZ39 Two-thirds of the pyrG marker at the 3’-end (1140 bps) originated from 

pFK23 was fused to one-half of the A. nidulans wA gene (3341 bps) and the 

1000 bps wA downstream region, both amplified from genomic DNA of A. 

nidulans LO8030, a 1039 bps PCR fragment of the downstream region from 

pcr4401 amplified from genomic DNA of P. crustosum PRB-2 and inserted 

into the SmaI restriction site of the pESC-URA vector 

This study 

pJZ65 A 175 bps PCR fragment of the 5S rRNA amplified from genomic DNA of 

P. crustosum PRB-2 was cloned into the KpnI and BamHI restriction site of 

the pmCas9-tRp-gRNA vector 

This study 

pJZ66 The gRNA spacer sequence AAGCCATCTATACGACAGCTGGG 

designed for the deletion of pcr3094 was annealed using corresponding 

sense and antisense oligonucleotides and cloned into the BsmBI restriction 

site of pJZ65 

This study 

pJZ85 The 23 bps gRNA spacer sequence TGGGAACAGAGTGCATGTTGTGG 

designed for the expression of the A. nidulans wA gene in the P. crustosum 

pcr4401 locus was annealed using corresponding sense and antisense 

oligonucleotides and cloned into the BsmBI restriction site of pJZ65 

This study 

pJZ96 A 1579 bps PCR fragment of the upstream region from pcr11223 amplified 

from genomic DNA of P. crustosum PRB-2 was fused to 406 bps of the 

downstream region, a 1145 bps PCR fragment of two-thirds of the pyrG 

marker at the 5’-end originated from pFK23 and inserted into the SmaI 

restriction site of the pESC-URA vector 

This study 

pJZ97 Two-thirds of the pyrG marker at the 3’-end (1140 bps) originated from 

pFK23 were fused to the 1576 bps PCR fragment of the downstream region 

from pcr11223 amplified from genomic DNA of P. crustosum PRB-2 and 

inserted into the SmaI restriction site of the pESC-URA vector 

 

pJZ98 The 23 bps gRNA spacer sequence TACCTGCGTCAGGAGGGTCGTGG 

designed for the deletion of pcr11223 was annealed using corresponding 

sense and antisense oligonucleotides and cloned into the BsmBI restriction 

site of pJZ65 

This study 



 

S6 

 

Table S3 Primers used in this study 

 

Primer Oligonucleotide sequence 5’-3’ Function 

gdpApyrGr1 CGGCCGCATTCTGTCTGAGAG 

Amplification of 2/3 from the pyrG gene (3'end) for split marker cloning in pJZ03 
pyrG_pESCf1 

TTAATATACCTCTATACTTTAACGTCAAGAAC

CCGAGAACTCCTGGACC 

3UTR_pyrGf1 
CAGTGCCTCCTCTCAGACAGAATGCGGCCGC

TGAACCGCAAGAGCCGAG 
Amplification of the downstream region of pcr2372 from P. crustosum 

3UTR_pESCr1 
GGGCCCTATAGTGAGTCGTATTACGGATCGC

GAAAGGCAATGATCGAC 

5UTR_pESCf1 
AATATACCTCTATACTTTAACGTCAAGGAGG

TTGGACATAAGGTTCAC 
Amplification of the upstream region of pcr2372 from P. crustosum 

5UTR_300br1 
CACGATTGAACTCGGCTCTTGCGGTTCAGTTT
GGAGAAGTGAAGAAC 

300b_5UTRf1 
CCAACTTTTGGTTCTTCACTTCTCCAAACTGA

ACCGCAAGAGCCGAG Amplification of 358 bps of the downstream region of pcr2372 from P. crustosum 

for pyrG marker recycling 
300b_gdpAr1 

CTGCGACCGTCCGTCTCTCCGCATGTATGGCC

ATGGCACGAGATCAC 

gdpApyrGf1 CATGCGGAGAGACGGACG 

Amplification of 2/3 from the pyrG gene (5'end) for split marker cloning in pJZ05 
pyrG_pESCr1 

GGGCCCTATAGTGAGTCGTATTACGGATCCA

TCCTCCGAGGCTGAAGAC 

5ligDver_f2 TGCGATGATGAGCTTGTGC 

Screening of ∆pcr2372 transformants pyrGver_r1 GCTCCATATTCTCCGATGATG 

pyrGver_f1 GAGGAAGGCTGCATACATTG 

3ligDver_r2 GGTCGACATAAATGTGGAATGC 

JZ05_5pyrG_f GCTAGCGAGAGTTATTCTGTGTCTG 
Screening of all ∆pyrG transformants 

Amplification of 2/3 from the pyrG gene (5'end) for split marker cloning 

JZ08_3pyrG_r GCGGCCGCATTCTGTCTG 
Screening of all ∆pyrG transformants 

Amplification of 2/3 from the pyrG gene (3'end) for split marker cloning 

JZ06_5pyrG_r 
GAAATCAACTTCTGTTCCATGTCGACGCCCG

AGGCTGAAGACACATCCG 
Amplification of 2/3 from the pyrG gene (5'end) for split marker cloning 

JZ07_3pyrG_f 
GATCCGTAATACGACTCACTATAGGGCCCGA

ACTCCTGGACCTCGCTG 
Amplification of 2/3 from the pyrG gene (3'end) for split marker cloning 
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Table S3 Primers used in this study (continued) 

JZ01_traAup_f 
CCGGATCCGTAATACGACTCACTATAGGGCCCG

GGCCTTTGATGGCAGG 
Amplification of the upstream region of pcr11009 from P. crustosum 

JZ02_traAup_r 
GTGAAATTCTCTAACTATGGTGCTGTAAGCAAT

AGCAATGGGCTCGG 

JZ03_traA300d_f CTTACAGCACCATAGTTAGAG 
Amplification of 327 bps of the downstream region of pcr11009 from P. crustosum 

for pyrG marker recycling JZ04_traA300d_r 
TCAGACACAGAATAACTCTCGCTAGCGGTACGA

CAATGTATGGTAAATC 

JZ09_traAdown_f 
TGCCTCCTCTCAGACAGAATGCGGCCGCCTTAC
AGCACCATAGTTAGAG 

Amplification of the downstream region of pcr11009 from P. crustosum 
JZ10_traAdown_r 

AAATCAACTTCTGTTCCATGTCGACGCCCCAAC
TGCCGCTCCATAG 

JZ36_pyrGver1 CTATTGGACGCGGTGCCGACTTTATCATCG 

Screening of ∆pcr11009 transformants 

Screening of ∆pcr3094 transformants 

Screening of gpdA::pyrG transformants 

Screening of gpdA::orsA::pyrG transformants 

Screening of ∆pcr11223 transformants 

JZ37_pyrG_ver2 GAGACAGGCCACATCGGTGCTGTATTCCTC 

Screening of ∆pcr11009 transformants 

Screening of ∆pcr3094 transformants 

Screening of gpdA::pyrG transformants 

Screening of gpdA::orsA::pyrG transformants 

Screening of ∆pcr11223 transformants 

JZ38_traAdo_v_r2 CGGAGATCCATTACTCGGCTTGACATACCAC 

Screening of ∆pcr11009 transformants 
JZ63_traAdo_v_r TGGCAGCCGCTCTGCAGG 

JZ43_traAscr_f GAACAGGATGCGAGCACTATCTGCACCATC 

JZ44_traAscr_r CTTTCCAGCAATCACGGTTCTGGTTCCTAG 

JZ68_claF_3F_R 
AAATCAACTTCTGTTCCATGTCGACGCCCCGCT
GGCTGTGGCATTCTC 

Amplification of the downstream region of pcr3094 from P. crustosum 

JZ69_claF_3F_F 
GTGCCTCCTCTCAGACAGAATGCGGCCGCGGAG
CATCGGCTTGTTTG 

Amplification of the downstream region of pcr3094 from P. crustosum 

JZ126_claF_5F_f 
GATCCGTAATACGACTCACTATAGGGCCCCGCC
TTGTATTCGCCCAAG 

Amplification of the upstream region of pcr3094 from P. crustosum 
JZ127_claF_5F_r 

GATAACATTAATCAAACAAGCCGATGCTCCGTT

GCTAGTCGCGTTGAGG 
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Table S3 Primers used in this study (continued) 

JZ66_claF_300b_F GGAGCATCGGCTTGTTTG 
Amplification of 328 bps of the downstream region of pcr3094 from P. crustosum 

for pyrG marker recycling JZ67_claF_300b_R 
TTCGTCAGACACAGAATAACTCTCGCTAGCATC

GGCCGCTTATACGG 

JZ190_RNAclaF1_f ATGTAAGCCATCTATACGACAGCTGGG sense and antisense oligonucleotides for the annealing of the gRNA spacer 
designed for the deletion of pcr3094 JZ191_RNAclaF_r AAACCCCAGCTGTCGTATAGATGGCTT 

JZ100_claF_5F_R2 
GATAACATTAATCAAACAAGCCGATGCTCCACC

GGTAACGAGCACACAC 

Screening of ∆pcr3094 transformants JZ117_claF_5F_V GGCCATGGAACTGGTTCGAGAAGTCG 

JZ118_claF_3F_V CTCGAGCTGGCTGCAGTGCC 

JZ161_claF_5F_V CGGGTATAGCTGCAATCGGGCC 

JZ70_4401up_pESC TATGGTAACCCAGCTGGAACC 

Amplification of the upstream region of pcr4401 from P. crustosum 
JZ125_4401up_f 

GATCCGTAATACGACTCACTATAGGGCCCGC

TTGAGAACATTTGGGTCG 

JZ139_wA1_f 
TTTCCCAATGGTTCCAGCTGGGTTACCATAGC
TCTGGAACAGTCTCGCC Amplification of upstream flanking region and 1/2 of the wA gene (5'end) from A. 

nidulans 
JZ140_wA1_r 

CAGACACAGAATAACTCTCGCTAGCGATTAC

CGGCAGTGTCTTACCAGG 

JZ141_wA2_f 
CAGTGCCTCCTCTCAGACAGAATGCGGCCGC

AGCTCTTGAACGAGAAGG 
Amplification of downstream flanking region 1/2 of the wA gene (3'end) from A. 

nidulans 
JZ142_wA2_r CTGCTGTCAGTACGCGAAG 

JZ143_4401d_f 
CTGGAGGAGATCTTCGCGTACTGACAGCAGC

ATTGAACACCTCCCAGCC 
Amplification of the downstream region of pcr4401 from P. crustosum 

JZ144_4401d_r 
AAATCAACTTCTGTTCCATGTCGACGCCCCG

GTGGTAGTTCTGCTGAAC 

JZ234_RNA4401_2f ATGTTGGGAACAGAGTGCATGTTGTGG sense and antisense oligonucleotides for the annealing of the gRNA spacer 

designed for the expression of wA in the P. crustosum pcr4401 locus JZ235_RNA4401_2r AAACCCACAACATGCACTCTGTTCCCA 

JZ128_wA1_r GGCGGAAGATGAGAGATCTC 

Screening of ∆pcr4401::wA transformants 
JZ75_wAdown_f CCGAGTTTGGCGTATACTAC 

JZ123_wA_Fra2_r CCTGAGCCTTTGAGCTCTGGC 

JZ133_wA4_f GCTAGCGATGGAACAGACTC 

JZ177_4401ver_f CGATTGGCCATGCGAGG 

Screening of ∆pcr4401::wA transformants 

Screening of gpdA(p)::pyrG transformants 

Screening of gpdA(p)-orsA::pyrG transformants 

JZ178_4401ver_r GCTCAGAAACGCACACTGG 

Screening of ∆pcr4401::wA transformants 

Screening of gpdA(p)::pyrG transformants 

Screening of gpdA(p)-orsA::pyrG transformants 
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Table S3 Primers used in this study (continued)

JZ188_5SsRNA_f 
ACGACTCACTATAGGGCGAATTGGGTACCAC

ATACGACCATAGGGTGTG 
Amplification of the 5S rRNA promoter from P. crustosum 

JZ189_5SsRNA_r 
AACCGAGACGCTGGATCCGACGTCTCGACAT

ACAACAGTAGGGATTCGC 

JZ243_pPX26ver_r CCGTGCTTTCTGTCATGACC Screening of gpdA(p)-orsA::pyrG transformants 

JZ257_5FRibo_f 
AAAAACCCCGGATCCGTAATACGACTCACTA

TAGGGCCCAAGATCGAGGAAGGGCCGTC 
Amplification of the upstream region of pcr11223 from P. crustosum 

JZ258_5FRibo_r 
GATGATGGGGGCAAAAGTTCAAAACGACAA

GCTCCAGGGATGCGACGGCGGAGAGG 

JZ259_300bRibo_f TCCCTGGAGCTTGTCGTTTTG 
Amplification of 406 bps of the downstream region of pcr11223 from P. crustosum 

for pyrG marker recycling JZ260_300bRibo_r 
TTCGTCAGACACAGAATAACTCTCGCTAGCC

GTGCGGCAATGGGAATTATC 

JZ261_3FRibo_f 
CACGCATCAGTGCCTCCTCTCAGACAGAATG

CGGCCGCTCCCTGGAGCTTGTCGTTTTG 
Amplification of the downstream region of pcr11223 from P. crustosum 

JZ262_3FRibo_r 
CTTCTTCGGAAATCAACTTCTGTTCCATGTCG

ACGCCCCGCTGGTAAGTTTTGTATCGG 

JZ263_sgRNARibof ATGTTACCTGCGTCAGGAGGGTCGTGG sense and antisense oligonucleotides for the annealing of the gRNA spacer 

designed for the deletion of pcr11223 JZ264_sgRNARibor AAACCCACGACCCTCCTGACGCAGGTA 

JZ267_ribo5V_f CCGCCAAAGCCAGAAGCTCAGC 

Screening of ∆pcr11223 transformants 
JZ268_ribo3V_r GATCCTGTCACGCATTGCCGGCC 

JZ269_riboGen_f ACCGGCCCACGCCTCACC 

JZ270_riboGen_r CCTTTCTGGCCACCAGTCCGC 

JZ57_An_traB_5Vr CCTCTCTAACCTCTGGTTCGC 
Screening of gpdA(p)::afriboB transformants 

Screening of gpdA(p)-anuA–K::afriboB transformants 

JZ59_An_traB_GVr CTCATGCATTCAGCGAGAGGG 
Screening of gpdA(p)::afriboB transformants 

Screening of gpdA(p)-anuA–K::afriboB transformants 
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Table S4 Spacer sequences targeting the claF, pcr4401 and pcribo genes 

 

Target gRNA PAM 

claF AAGCCATCTATACGACAGCT GGG 

pcr4401 TGGGAACAGAGTGCATGTTG TGG 

pcribo TACCTGCGTCAGGAGGGTCG TGG 

 

 

 

 

 

 

 

Fig. S1 Schematic illustration of the Cas9 and gRNA expression plasmid pJZ66 (gRNA: guide RNA, 

PAM: protospacer adjacent motif, TEF promoter: Aureobasidium pullulans translation elongation factor 

promoter, NLS: nuclear localization signal, gla terminator: Aspergillus awamori glucoamylase 

terminator, lac: lactose operon, ori: origin of replication, AmpR: ampicillin resistance) 
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Fig. S2 BLASTp sequence alignment of Pcr2372 of P. crustosum (Query) with putative DNA ligase 4 

of Penicillium digitatum (XP_065956922) 
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Fig. S3 BLASTp sequence alignment of Pcr2372 of P. crustosum (Query) with putative DNA ligase 4 

of Penicillium canariense (XP_056541564) 
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Fig. S4 BLASTp sequence alignment of Pcr2372 of P. crustosum (Query) with putative DNA ligase 4 

of Penicillium brasilianum (OOQ89364.1) 
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Fig. S5 Schematic illustration of ligD (pcr2372) deletion in P. crustosum FK15 and PCR verification of 

JZ03 (ΔligD::pyrG) and JZ04 (ΔligDΔpyrG) by amplification of different partial fragments (P1–P4) 

from genomic DNA. Transformants were verified using primers binding both outside of the deletion 

construct and in the pyrG sequence for P1 and P2, outside the deletion construct for P3, and in the pyrG 

sequence for P4. Primer sequences and their corresponding Primer-IDs are given in Supplemental Table 

S3. (5F: upstream flanking region, 3F: downstream flanking region) 

 

 

Fig. S6 Schematic illustration of traA (pcr11009) deletion in P. crustosum JZ04 and PCR verification 

of JZ05 (ΔtraA::pyrG) and JZ06 (ΔtraAΔpyrG) by amplification of different partial fragments (P1–P5) 

from genomic DNA. The presence of traA was verified with primers binding in the traA sequence for 

P1. Transformants were confirmed using primers binding both outside of the deletion construct and in 

the pyrG sequence for P2 and P3, outside the deletion construct for P4, and in the pyrG sequence for P5. 

Primer sequences and their corresponding Primer-IDs are given in Supplemental Table S3. (5F: 

upstream flanking region, 3F: downstream flanking region) 

  

5F ligD 3F

5F 3F pyrG 3F

P1 (2479 bp)                        P2 (2507 bp)

10 kb

3 kb

1kb

    FK15 JZ03      

P1   P2     P1   P2 

5F 3F

5F 3F pyrG 3F

P4 (1682 bp)

10 kb
  

3 kb

1kb

    JZ03   JZ04      

P3   P4     P3   P4 
P3 (6903 bp) 

P3 (4197 bp) 

P. crustosum FK15

ΔpyrG

P. crustosum JZ03

ΔligD::pyrG

P. crustosum JZ03

ΔligD::pyrG

P. crustosum JZ04

ΔligD ΔpyrG

Primers used for amplification of partial fragments P1 – P4:

P1: 5ligDver_f2 and pyrGver_r1

P2: pyrGver_f1 and 3ligDver_r2

P3: JZ05_5pyrG_f and JZ08_3pyrG_r

P4: 5ligDver_f2 and 3ligDver_r2

P. crustosum JZ05

ΔligD ΔtraA::pyrG

Primers used for amplification of partial fragments P1 – P5:

P1: JZ43_traAscr_f and JZ44_traAscr_r

P2: JZ38_traAdo_v_r2 and JZ37_pyrG_ver2

P3: JZ36_pyrGver1 and JZ63_traAdo_v_r

P4: JZ38_traAdo_v_r2 and JZ63_traAdo_v_r

P5: JZ05_5pyrG_f and JZ08_3pyrG_r

5F traA 3F

5F 3F pyrG 3F

P2 (2229 bp)                        P3 (2283 bp)

10 kb

3 kb

1kb

    JZ04         JZ05      

P1   P2   P3     P1   P2   P3P1 (1160 bp) 

5F 3F

5F 3F pyrG 3F

P5 (1682 bp)

10 kb
  

3 kb

1kb

JZ05 JZ06

P4   P5    P4   P5 
P4 (5502 bp) 

P4 (3519 bp) 

P. crustosum JZ04

ΔligD ΔpyrG

P. crustosum JZ05

ΔligD ΔtraA::pyrG

P. crustosum JZ06

ΔligD ΔtraA ΔpyrG
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Fig. S7 BLASTn sequence alignment of 5S rRNA promoter of P. crustosum (Query) with 5S rRNA 

promoter sequence of P. chrysogenum deposited in the 5SRNAdb (Szymanski et al. 2016) 

 

 

 

 

 

 

Fig. S8 Schematic illustration of claF (pcr3094) deletion in P. crustosum JZ06 and PCR verification of 

JZ32 (ΔclaF::pyrG) and JZ35 (ΔclaFΔpyrG) by amplification of different partial fragments (P1–P5) 

from genomic DNA. The presence of claF was verified with primers binding in the claF sequence for 

P1. Transformants were confirmed using primers binding both outside of the deletion construct and in 

the pyrG sequence for P2 and P3, outside the deletion construct for P4, and in the pyrG sequence for P5. 

Primer sequences and their corresponding Primer-IDs are given in Supplemental Table S3. (5F: 

upstream flanking region, 3F: downstream flanking region) 

  

P. crustosum JZ32

ΔligD ΔtraA

ΔclaF::pyrG

Primers used for amplification of partial fragments P1 – P5:

P1: JZ117_claF_5F_V and JZ100_claF_5F_R2

P2: JZ161_claF_5F_V and JZ37_pyrG_ver2

P3: JZ36_pyrGver1 and JZ118_claF_3F_V

P4: JZ161_claF_5F_V and JZ118_claF_3F_V

P5: JZ05_5pyrG_f and JZ08_3pyrG_r

P. crustosum JZ06

ΔligD ΔtraA ΔpyrG

P. crustosum JZ32

ΔligD ΔtraA

ΔclaF::pyrG

P. crustosum JZ35

ΔligD ΔtraA

ΔclaF ΔpyrG

5F claF 3F

5F 3F pyrG 3F

P2 (2577 bp)                        P3 (2560 bp)

10 kb

3 kb

1kb

    JZ06         JZ32      

P1   P2   P3     P1   P2   P3
P1 (1589 bp) 

5F 3F

5F 3F pyrG 3F

P5 (1682 bp)

10 kb
  

3 kb

1kb

    JZ32  JZ35      

P4   P5    P4   P5 
P4 (6127 bp) 

P4 (4147 bp) 
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Fig. S9 Schematic illustration of wA expression in P. crustosum JZ35 and PCR verification of JZ37 

(wA::pyrG) and JZ38 (wAΔpyrG) by amplification of different partial fragments (P1–P5) from genomic 

DNA. Transformants were confirmed by amplification of the upstream and downstream sequence with 

primers binding outside of the deletion cassette and in the wA gene for P1 and P3, and by amplification 

of parts of the wA gene with or without the pyrG sequence for P2 and P4. The presence of pyrG was 

verified with primers binding in the pyrG sequence for P5. Primer sequences and their corresponding 

Primer-IDs are given in Supplemental Table S3. (5F: upstream flanking region, 3F: downstream 

flanking region) 

 

 

Fig. S10 BLASTx sequence alignment of the gene product of riboB from A. nidulans (AN0670.2, 

Query) with Pcr11223 from P. crustosum  

 

Primers used for amplification of partial fragments P1 – P5:

P1: JZ177_4401ver_f and JZ128_wA1_r

P2: JZ75_wAdown_f and JZ123_wA_Fra2_r

P3: JZ133_wA4_f and JZ178_4401ver_r

P4: JZ75_wAdown_f and JZ123_wA_Fra2_r

P5: JZ05_5pyrG_f and JZ08_3pyrG_r

P. crustosum JZ35

ΔligD ΔtraA

ΔclaF ΔpyrG

P. crustosum JZ37

ΔligD ΔtraA ΔclaF

Δpcr4401::wA:pyrG

P. crustosum JZ37

ΔligD ΔtraA ΔclaF

Δpcr4401::wA:pyrG

P. crustosum JZ38

ΔligD ΔtraA ΔclaF

Δpcr4401::wA ΔpyrG

5F pcr4401 pcr4401 3F pcr4401

10 kb

3 kb

1kb

      JZ35     JZ37          

P1   P2   P3     P1   P2   P3

5F pcr4401 1/2 wA 3F pcr4401pyrG5F wA 3F wA

             P1 (2680 bp)                                                   P3 (4429 bp)

P2 (3548 bp) 

1/2 wA

10 kb

3 kb

1kb

JZ37 JZ38 

     P4      P5       P4      P5  

5F pcr4401 1/2 wA 3F pcr4401pyrG5F wA 3F wA

P4 (3548 bp) 

1/2 wA

P5 (1682 bp) 

5F pcr4401 full wA 3F pcr44015F wA 3F wA

P4 (1555 bp) 
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Fig. S11 Schematic illustration of pcribo (pcr11223) deletion in P. crustosum JZ38 and PCR 

verification of JZ51 (Δpcribo::pyrG) and JZ52 (ΔpcriboΔpyrG) by amplification of different partial 

fragments (P1–P5) from genomic DNA. The presence of pcribo was verified with primers binding in 

the pcribo sequence for P1. Transformants were confirmed using primers binding both outside of the 

deletion construct and in the pyrG sequence for P2 and P3, outside the deletion construct for P4, and in 

the pyrG sequence for P5. Primer sequences and their corresponding Primer-IDs are given in 

Supplemental Table S3. (5F: upstream flanking region, 3F: downstream flanking region) 

 

 

 

 

Fig. S12 Schematic illustration of orsA expression in P. crustosum JZ38 and PCR verification of JZ39 

(gpdA(p)::pyrG, empty vector control) and JZ40 (gpdA(p)-orsA::pyrG) by amplification of different 

partial fragments (P1–P2) from genomic DNA. Transformants were verified using primers binding 

outside of the deletion cassette and in the pyrG sequence for P1 and P2, or in the orsA gene for P3, 

respectively. Primer sequences and their corresponding Primer-IDs are given in Supplemental Table S3. 

(5F: upstream flanking region, 3F: downstream flanking region) 

 

Primers used for amplification of partial fragments P1 – P5:

P1: JZ269_riboGen_f and JZ270_riboGen_r

P2: JZ267_ribo5V_f and JZ37_pyrG_ver2

P3: JZ36_pyrGver1 and JZ268_ribo3V_r

P4: JZ267_ribo5V_f and JZ268_ribo3V_r

P5: JZ05_5pyrG_f and JZ08_3pyrG_r

5F pcribo 3F

5F 3F pyrG 3F

P2 (2403 bp)                        P3 (2356 bp)

10 kb

3 kb

1kb

    JZ38         JZ51      

P1   P2   P3     P1   P2   P3
  P1 (1050 bp) 

5F 3F

5F 3F pyrG 3F

P5 (1682 bp)

10 kb

3 kb

1kb

JZ51 JZ52

P4   P5    P4   P5 
P4 (5749 bp) 

P4 (3691 bp) 

P. crustosum JZ38

ΔligD ΔtraA ΔclaF

Δpcr4401::wA ΔpyrG

P. crustosum JZ51

ΔligD ΔtraA ΔclaF

Δpcr4401::wA

Δpcribo::pyrG

P. crustosum JZ51

ΔligD ΔtraA ΔclaF

Δpcr4401::wA

Δpcribo::pyrG

P. crustosum JZ52

ΔligD ΔtraA ΔclaF

Δpcr4401::wA

ΔpcriboΔpyrG

Primers used for amplification of partial fragments P1 – P3:

P1: JZ177_4401ver_f and JZ37_pyrG_ver2

P2: JZ36_pyrGver1 and JZ178_4401ver_r

P3: JZ177_4401ver_f and JZ243_pPX26ver_r

P. crustosum JZ39

ΔligD ΔtraA ΔclaF Δpcr4401

ΔwA::gpdA:pyrG

10 kb

3 kb

1kb

      JZ39  JZ40      

P1    P2    P3   P2  

gpdA orsA5F wA 3F wApyrG

gpdA5F wA 3F wA

P1 (3459 bp) 

pyrG

P2 (2955 bp) 

P2 (2955 bp) P3 (3929 bp) 
P. crustosum JZ40

ΔligD ΔtraA ΔclaF Δpcr4401

ΔwA::gpdA:orsA:pyrG
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Fig. S13 Schematic illustration of annullatin (anu) cluster expression in P. crustosum JZ52 and PCR 

verification of JZ54 (gpdA(p)-anuA–K::afriboB) and JZ56 (gpdA(p)::afriboB, empty vector control) by 

amplification of downstream partial fragment (P1) from genomic DNA. Transformants were verified 

using primers binding outside of the deletion cassette and in the afriboB sequence for P1. Primer 

sequences and their corresponding Primer-IDs are given in Supplemental Table S3. (5F: upstream 

flanking region, 3F: downstream flanking region) 

  

Primers used for amplification of partial fragment P1:

P1: JZ57_An_traB_5Vr and JZ59_An_traB_GVr

P. crustosum JZ52

ΔligD ΔtraA ΔclaF

Δpcr4401::wA Δpcribo ΔpyrG

P. crustosum JZ54

ΔligD ΔtraA ΔclaF Δpcr4401

ΔpyrG ΔwA::gpdA:anuA–K:afriboB

10 kb

3 kb

1kb

JZ52    JZ54    JZ56 

P1      P1      P1    

gpdA anuA-K5F wA 3F wAafriboB

P1 (3418 bp) 

wA5F wA 3F wA

gpdA5F wA 3F wAafriboB

P1 (3418 bp) P. crustosum JZ56

ΔligD ΔtraA ΔclaF Δpcr4401

ΔpyrG ΔwA::gpdA:afriboB
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