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1. Supplementary tables
Table S1. Fungal strains and plasmids used in this study
Strain/plasmid Description Reference
Aspergillus nidulans 
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 (AN8512-8520)Δ, austinol cluster part 1 
(AN8379-AN8384)Δ, austinol cluster part 2 (AN9246-9259)Δ, 
F9775 cluster (AN7906-7915)Δ, asperthecin cluster (AN6000-
AN6002)Δ

1

TYZS7 pYZS4 in A. nidulans LO8030 This study
Saccharomyces 
cerevisiae BJ5464-
NpgA

MATα ura3-52 his3-Δ200 leu2-Δ1 trp1 pep4::HIS3 prb1 Δ1.6R 
can1 GAL

2

pXW55 2μ, URA3, ADH2p::ACPC, Amp 3

pRGAMA1 pyrG, AMA1 4

pYZS4 AMA1::T7792_04478::pyr4 This study
pYLV2 URA3::ADH2p::T7792_04478 ORF This study
TXX = original transformant
pXX = plasmid



Table S2. PCR primers used in this study
Name Oligonucleotide sequence (5’-3’) Use
XmaI-7792-C40 
for pRG-AMAI-F

ccccccgggcaagccgtgtgtaagaagtgg

NotI-7792-C40 for 
pRG-AMAI-R

gaatgcggccgcctcctgacattatgcattcggc

Construction of pYZS4

detect_F ctgccatgaagagtgaccgc
detect_R gactcgaggataacgtgtccg

Confirmation of TYZS7

4478_1_F ggctagcgattataaggatgatgatgataagactagtatgttcactcttgagcctgc
4478_1_R ggtatcttgctcgatgagctcc
4478_2_F gtcagagaatgctgactctcaacc
4478_2_R gtgagtgaattcggacctcctc
4478_3_F cgatgcctgcttccaagca
4478_3_R ccggtagcagccatgatatcc
4478_4_F ccatcctgatccactctggc
4478_4_R gtcatttaaattagtgatggtgatggtgatgcacgtggctagcccagctggcaacaag

Construction of pYLV2



Table S3. HR-ESI-MS data for isolated compounds
Compound Formula Calculated Ion Observed

1 C18H30O4 311.2222 [M+H]+ 311.2225

2 C18H30O5 327.2171 [M+H]+ 327.2170

3 C18H30O5 327.2171 [M+H]+ 327.2169

4 C16H26O5 299.1858 [M+H]+ 299.1856

5 C20H34O4 339.2535 [M+H]+ 339.2533

6 C20H34O4 339.2535 [M+H]+ 339.2532

7 C18H28O5 325.2015 [M+H]+ 325.2017

8 C18H30O3 295.2273 [M+H]+ 295.2269

9 C18H30O3 295.2273 [M+H]+ 295.2276



2. Supplementary figures
A

B

Figure S1. The app biosynthetic gene cluster and its homologues in Trichoderma (A), and gene 
function predictions (B)



Figure S2. Transformant verification of App1 in A. nidulans by diagnostic PCR 
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Figure S3. 1H NMR spectrum of 1 in CDCl3 (500MHz)
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Figure S4. 13C NMR spectrum of 1 in CDCl3 (125MHz)
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Figure S5. 1H-1H COSY spectrum of 1 in CDCl3
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Figure S6. HSQC spectrum of 1 in CDCl3
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Figure S7. HMBC spectrum of 1 in CDCl3

Figure S8. 1H NMR spectrum of 2 in CDCl3 (500MHz)



Figure S9. 13C NMR spectrum of 2 in CDCl3 (125MHz)

Figure S10. 1H-1H COSY spectrum of 2 in CDCl3



Figure S11. HSQC spectrum of 2 in CDCl3

Figure S12. HMBC spectrum of 2 in CDCl3



Figure S13. 1H NMR spectrum of 3 in CDCl3 (500MHz)

Figure S14. 13C NMR spectrum of 3 in CDCl3 (125MHz)



Figure S15. 1H-1H COSY spectrum of 3 in CDCl3

Figure S16. HSQC spectrum of 3 in CDCl3



Figure S17. HMBC spectrum of 3 in CDCl3

Figure S18. 1H NMR spectrum of 4 in CDCl3 (500MHz)



Figure S19. 13C NMR spectrum of 4 in CDCl3 (125MHz)

Figure S20. 1H-1H COSY spectrum of 4 in CDCl3



Figure S21. HSQC spectrum of 4 in CDCl3

Figure S22. HMBC spectrum of 4 in CDCl3
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Figure S23. ROESY of 4 in CDCl3 (500MHz)

Figure S24. 1H NMR spectrum of 5 in CDCl3 (500MHz)



Figure S25. 13C NMR spectrum of 5 in CDCl3 (125MHz)

Figure S26. 1H-1H COSY spectrum of 5 in CDCl3



Figure S27. HSQC spectrum of 5 in CDCl3

Figure S28. HMBC spectrum of 5 in CDCl3



Figure S29. 1H NMR spectrum of 6 in CDCl3 (500MHz)

Figure S30. 13C NMR spectrum of 6 in CDCl3 (125MHz)



Figure S31. 1H-1H COSY spectrum of 6 in CDCl3

Figure S32. HSQC spectrum of 6 in CDCl3



Figure S33. HMBC spectrum of 6 in CDCl3

Figure S34. 1H NMR spectrum of 7 in CDCl3 (500MHz)



Figure S35. 13C NMR spectrum of 7 in CDCl3 (125MHz)

Figure S36. 1H-1H COSY spectrum of 7 in CDCl3



Figure S37. HSQC spectrum of 7 in CDCl3

Figure S38. HMBC spectrum of 7 in CDCl3



Figure S39. 1H NMR spectrum of 8 in CDCl3 (500MHz)

Figure S40. 13C NMR spectrum of 8 in CDCl3 (125MHz)
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Figure S41. HSQC spectrum of 8 in CDCl3
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Figure S42. HMBC spectrum of 8 in CDCl3



Figure S43. 1H NMR spectrum of 9 in CDCl3 (500MHz)

Figure S44. 13C NMR spectrum of 9 in CDCl3 (125MHz)



Figure S45. 1H-1H COSY spectrum of 9 in CDCl3
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Figure S46. HSQC spectrum of 9 in CDCl3
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Figure S47. HMBC spectrum of 9 in CDCl3
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Figure S48. ROESY of 9 in CDCl3 (500MHz)



3. Supplementary nucleotide sequence data
Genomic sequence: app1 
Size: 7634 bp
ATGTTCACTCTTGAGCCTGCTTTGGACATCCCCTCCGACTCAGAGTCGTTGCTTCGCAGCCATGCGAAGGACGCCATCGTTGTCACTGAAGCATCCTATTTGAATGATGATT
TGCAGGAAACTTCTGGGCCCTCTAGTGCCTGTACAATTGAAGACAATACCGTGTGCATTGTTGGCATGGGTCAGTCTCTCAAAAACCCTCTTTAACACGACGCTGTTTTGC
TAATACATTCGGTGATTTCACAGCTTGCCATCTCCCCGGCGGAATCACCTCACCATCGGGGCTTTGGGACTATGTGTACAACAAAAAAACCGCGCAAGGCACTGTGCCGC
TGGATCGGTATAACATCGAGGGCTTCTACCACAAGGATGGTAGCAGGGCTGGCGTCATGAGCGTCAACGGCGGATACTTCCTTCAAGAAGATGTCCGAAAGTTTGATCCC
TCGTTCTTTGGTATCAATAACCTTGAAGCGTCTTACATGGATCCTCAGCAGCGAAAGCTGCTTGAAGTTGTCTACGAATGCTTTGAAAATGCTGGTCTATCTATGGAAGAT
GTGTCTGGCACTAACACGGCTGTGTATGTCGGCAACTTCACTGTCGACTACTCTGTCATGCAGTCTCGTGATACAGACTACGTTCACAGACTAGCTGCTACTGGTGGTGGC
ACTTCTATCATGTCCAACCGTATCAGCCATGTCTTCAATTTGCATGGCCCTAGGTTAGTTACTCTTCTGCTCTCGGCCTTCTCCGGAAGAGGGCTATTGCGGAACTTCTGAA
CTAACTCATATTAACTAGCTTTACCTTGGATACTGCTTGCTCTTCCACCATTTATGCACTTCACCAGGCCGTGAACGCCATCAAGAATGGTGACTGCGACTCTGCCATTGTT
GCGGGAGCCAACTTGATCACGTCTCCCGAGCAGCACTTTGGAACAGCAAAGGGTGGCTTCCTCTCTCCAACCTCGGCTTGCCATACATTCGACACGTCAGCAGATGGTTA
CGCTCGTGCAGAGGCTCTTAACGCTATCTACATCACGCGATTGTCGTCTGCCATGAAGAGTGACCGCAAGATCCATGCAGTCATTCGTGGAACGGCCATCAACGCGTAAG
TCGAGTATCTCAGCTCAAACGGAATATAATTGGCTAATAAGACAAAGCAATGGCAAAACTCCTGGCATTACCTTGCCCGATGCCAAGATGCAGGCTGCTGTAATCAGAAA
AGCATACCAGAATGCCGGCCTTTCATTTGCCGATACCGACTATGTTGAGTGCCACGGCACTGGTACACCAGTTGGTGATCCGATAGAGGTGGATGGTATCGCGGCCTGTTT
TGCAGGTCGTGAGGGAGAGCCTCTGAGAATTGGATCAGTATGTGTCATCCATTGATGTCTCCATGTGCCATATCACGTTATTGACTGAACGCCAATCACAGGTGAAAACG
AACATGGGTCACAGTGAAGCCGCCAGCGGTTTGACATCCATCATCAAAGTTGCGCTCGCTTTTGAGCACGGAGTAATCCCACCCACTTATGGCGTGAAGAACGTGAACCC
CAAGCGTAAGACCCCATCTTCATCACCCACAAATGACATCGAGAGGCAATTCGCTGACCATTTATAATTATAGTGAAACTCAAGGAGCGAAATATGAAGGTATTGACCGA
CGTCGAGTCGTGGCCCAGAGCCCTTCGCCGCGCTGGTGTTAATTCCTTTGGTTACGGCGGTGCCAACGGACACGTTATCCTCGAGTCTATCGATAGCTACTTCGTTGGCTCT
CTGGCTTCATCTCCCATCACGAGGACTTTGTCAAGCCCTTATGATTTCGAGAAGGATCAAGTCTTTGTGCTTCCTTTCTCTGCCTCTTCAAGCAAGTCGTTGGAGGTTCGCC
GTAAGCAAGCTATTTCGACCATGGAGAAGACTGAGGCCAAGTCTCTCAAGGCCCTTGCTGCTGCTATGAGCAAGCGACAGGCCAAGATGCGCCTGCGCGACTACGTACTC
GCGTCAGAGAATGCTGACTCTCAACCAAAACTGATTGAGATGTCTGATGCCGGCGACAAGGCAAGCTCAGGCGCGCAACCCTTGCCATTTGCCTTTGTCTTCACTGGTCA
GGGCGCACAATACGCAAACATGGCAAAGGAGCTCATCGAGCAAGATACCGGCTTTTTGGCCAGCATTCGTGATCTCGATGAGGTCTTGCACTCTCTACCCGCCGAATACA
AGCCCTCTTGGACTTTGGAGCAGACCATTCTCGACAAGCCTGCCACGAGTAAGATTAACGACGTCACTCGTAGCCAGCCGATCTGCACCGCAGTTCAGGTGGCTCTCGTTA
ACATGCTGCGAAGCTGGGGTGTGACGCCGAAAGCTGTTATCGGTCATTCTTCTGGAGAGATTGCTGCAGCATACGCCGCCGGCCTCCTTACTGCCTCTGAAGCTATTCTGG
CAGCCTATTTCCGGGGGTTTGCAGTTGGTCAACTTCGGTCTCGCGGCAACATGATGGCTGCTGGCGTCACTCCTGATGCTGCCAATGCTTTGATTGAACAGCTTGGCCTGG
ATGAAGTGCGAGTCGCATGTGTCAACGCGCCTGAGAGCGTTACTATTAGTGGAGCTGTCAAAGATATTGATGCTCTTCAGTCTGAACTCCAGAAAGAAGGCAAATTTGCT
CGCAAGCTTGAAACTGGTGGCCGTGCCTACCACTCTCACATGATGGTCGAAATCGGCGACCTGTACGAGTCACTTGTGACGCCTTATTTCGCCAGCAAAGTTGCTGATGAA
ATTGAAGCCAAGATGTTCTCCACGGTCGGTCACACTGCTAATGCCATTGGCGCTGTTGATCTCTCCACCAATATGGCATCTTACTTCCGGAAGAACCTTGAGCAACCTGTT
CAATTCAGTGCGGGCTTGACCAACATGATCTCAGGCGACAAGTATCATTTGATTGAAATTGGTCCTCATTCTGCTCTCAAAGGCCCTATCCAGCAAATCCGAACCAGCGCC
AAGCGCGACAAGGACGCCGTCCCCTACTCTCCCACTCTTGTCCGAAAGGAGAACGCGTATATCTGCTTGAAGAAGCTTGCGGGCACTCTCTTCACTTATGGCCACGACCTC
GACTGGTATGCTGTTAACAACGTCCCGCGATACCGTGCGCTCCCTAATCCTCCTCTCTCTTCTTATCCCTGGGACTACTCCAAGCCTCTGCCGTGGCATGAGCCTCGTGCTA
GTGTTGAGCACCGTCTCCGAAAGCATCCGCGTCACGAGCTCCTTGGAACACAAGTAACAGCAGGTAACGGTATCGAGTGGTGCTGGCGAAACATCCCCCGCATGTCTGAG
ATGCCTTGGCTGCGTGACCACAAGCTTGGCGAGTCACAAGTGGTTTTGCCAGGAGCGGCATACATGGCGATTGCTATCGAAGCTCTCTCACAGGTTCAGAACATCAAGGC
TAAGCTCGTTGCGGGAGAGCCGTTCTCTTTCGAGTTTGAGAATATCAATATAAGCGCAGCATTTGTCGTCCCTGACGAGAGCGAGGCTGAGGCTGACAGCACTGAGCTTC
ACACGGTCATGTCTCCTCGCAAGATCTCTACCGCAAATACATCTGGCAATTGGCATGAATTCTCCATCTCCTCTTGGGTGTCTGGTGTCGCTACTTTGCACTGCATGGGTAG
CATCCGAGTCATCGAGTCAACCATGAAGCCCAGTGACGGATCTGCCCTTATTTCAGGACAAGGCCACGAAGTCTGGGGTATGAGCCGCTGGTATACCAAGGCAAAGGAG
GAAGGCCTCAACTTTGGCCCAACTTTCCAGTCGCTGACAAGTCTGCACACGGATGGCAACAGAACTTCAACAGATTCTATCGCGACCACTCTTCTGGAACCTCCGTCCGCA
GCTGCCACCGGCATGTTCTACGCCATGCACCCTATCACTATCGATGCCTGCTTCCAAGCAGCCATCATGGGCGGTACTGCTGGTAATATCAATACGCTTCGAGCCTTTGTA
CCAGTCTTCGTTTCCAGCTGCTCTATTCAGATTCCTCGGGGAGGAGCTGCCAGTCTGGGCAAAGAGGAGGTCCGAATTCACTCACGGATGGAGAAGACGGGCTTTTCTAC
CCGTGCTGTTGCTTTTACTCTTCGATTGCCGGATGGCACACCTGCCATTGACATGCCGCACCTACGCATGAACGCGTATACTGGTAAAGCTCCCGTGCAGCCTGAGACAAG
CATCTATCTCCAACGCCAGCCATGTCTTCGTGTCCAATGGAAGCCAGATGTTCTGCGCCTCCAGCCAGGCGCTGAAAGCGCTATTCAGGAGTATATTTCCTCCTTTGCTGCT
GAACAGTCTGACGATTTGAATGACAACGGGGCCCTTATTGTATTTGCAGCTCTTCTCGATCTCTTCGGCCACAAGGTTCCCCGTATGAGCGTTTTGGAACTCGGGCAAGAG
CGTCAATGGACCCCGAAGGATTGCCAATCCATTCTGGGCAAGGACACTGCATTCCCTCGTTTCCGAGTTTGGAACGATGGCAAGCTTGGTGAGGACAATAAGATTGCCAT
TGAGAATGCCAAGGAATCCAATCCCTACGATGCTGTTCTGATTCCTCATCTGTCTGTTTCGAAGAAGCTCTGGAGCAAGGCAGCACAGGAGATTGCCTCCTTAGTTTCCGA
CGACGGGATCATTATCACTCGGAAAAGCAAGGATGCCATCTCCGCTCTGAAGGCTACTGGCTTTGTGACTCTATCTCTCCCGAACGAGACTCTCATCGCAGTGAAGAGCC
CCAAGAAGACTGGTTTGGAAGGCAAGGAAGTAGTTATTGTCAAGCCAAACTCTTCTTCTCCTTCCATCGATTCTCTGGCTGCTGCTGTGACTGCTCACCTGAAGAGCGCTG
GTGTTGCTCAGCTCAGCATCGCCTCTATCGCCAATATTGAGTCTGTCAATCTCAACGACCAAGTTGTTTGCATATCTCTTCTAGAGATGGAACGCGAATTTCTTGCCACCAT
CAGCGGCGAAGACATGGATCGCTTCCGTAAGATCACAGACAATGTCGGTGATCTTTTGTGGCTCACGGGAGCAAACATGCTTTCTGCACCCAACCCTGATCTCACCTTGTC
TAGCGGTCTCTCTCGAGCTCTCATGCTAGAGCAGCCGGCATTGAGGTATGCTGTTTTGGACATTGGAGCTGATATTACCAAGCCCAACTACACTGCAACTATCTGCAACAA
CGTCTCGGCAGCCTTGACATTCCGTTACGAAACAGACGATAACGAATTTATCCAGAAAGATGGAATCCTTTACGTCAGCCGTTTCGCTCCTGATGTTGAGTTGAACTCCTT
GTTCCGACAGCGTATGACTCCGGATACTATGAAGGTCGTCCCTCTTGAAGAGGTTGGCCCAGCCAAGCTGTCTATTGGTCAGGTTGGAATGACCGACACTATTCACTTTCA
GCAAGTCTCTGAGCGCAAGACCACGCCTCCAGCTGGTTTTGTGGATGTTGATCTCCGAGCTGTGGGCCTCAATGCCAAAGACATCTACGCCCTCAATGGTCGTGCCGAGA
CTCGATCGGCTACTACTGCTCTTGACTTTGGTGGTGTTATCTCGGCCGTTGGACCTGATGTCCAGCACCTTAAGGTAGGAGACCGCGTGGCTGGTTTCGTTCCTAACCACTT
TGGCACTACGGAACGCGTCACTGTGCAAGCTGTCCATAAGATGCTGCCAGAGGAGGATTTCACTGTCCTGCCTACGCTTCTGACAGTCTACTGTACTGCTCTGGTTGCCCT
TCGTGACCGCGCTCATCTTCGTGCCGGCGAATCCATCCTGATCCACTCTGGCGCTGGTGCCTTTGGTCTTGCCGCCATCACTATGGCCAAGCACATGGGCGCTACAGTATTT
GCAACTGTTGGTTCTCAATCTAAGCGCGATTATCTTGTCAAGGAGATGGGCGTCCCAACGGAAAACATCTTCAACTCTCGCAATGCTTCTTTCATGGAGGATATCATGGCT
GCTACCGGCGGCCGAGGTGTCAATGTCATTGTCAACTCTCTTGTTGGAGACCTGATGCATGCCTCTTGGTCTTGCATTGCTCCTTTTGGACGATTCGTCGAGATTGGCAAGC
GTGAGTTGATTGACGCTGGCAAGCTTGATATGCGCATCTTCCTGAAGAACGCTACATTCACTGCCTTTGACTTGTCGGAGTTTTTCTACGCCGAAGATAACTACTACCAGG
GTGTGGTCTACAACTACACGGCTGAAGTGATTGAGATGTACCGCGCCGGTATCATCAAGGCTTCGCCTATTGCAACCTTTGATGTTGCGGAGATTGGCCAAGCTTACCGAT
ACTTTGGCAACAAAGATCGCGTCGGCAAAGTTGTCATCTCAATGGAGAATCCCCAGAGTCTTGTCCAGGTCATGCCAGCATCTTACCAATCCGTGTTCCATCCTGAGAAGA
CTTATTTGCTCGTTGGTTGTCTCGGTGGTCTCGGCCGCAGTCTCAGTCGCTGGATGATGTCTCGCGGTGCCCGCAAATTCTGCTTCCTTGGACGTTCTGGATGCGATAAGCC
CAGCGCAGCTGAGCTTGTCAACCGTCTCCGAGATGCCGGTGCCAGCGTCACTGTTGTTCGTGGCGATGTGTCCAACGAGGATCAGGTTCGTGAAGCTGTCGCAGCTTCTGC
CAAGGATGGCCCCATTGGCGGTGTCGTCCAGGCGGCTATGGGCCTCAGTGAAGCTTTGTTCTCTGTCATGACGAACAAGGCCTGGCACACTGGCATACAGCCCAAGTGGA
AGGGCTCTTGGAACCTTCACAATGCCCTAGAGGGCCATGATGCCGACCTTGATTTCTTCCTCCTGACTTCATCGATTTCTGGCAGCTGTGGCACCGCTACCGAGAGTAACT
ACTGCTCTGCTAACGGCTTCCTCGATTCGTTCGCTAGATGGCGCCGCTCTCAAGGCAAGCCTGCCGTTTCTGTTGGCTTGGGCATGATTTCGGAAGTTGGTTATCTCCATGA
AAACCCTGAGATCGAGGCCATGCTGCTCCGCAAGGGTATTCAGCCGCTCAACGAGGATGAGTTCCTTCAAGTTCTAGACTACGGTATTGCCGGCCCAGGCAGTGATGCCG
AATTTGCTCGCGGTGTCTCCATGAACAGAGAAGCCGCTCATATCTTGACGGGTCTGGAGTCTTACGGTGTCCGCAAGCTGATGGCTCAGGGCTTCGAGGTGAACAACGGT
GTCATGGATGAGTCCCGCACGTCAATTCTTGCTGCGTCTCTGCTCTCTGAGAAGGATGCCAAGGAGGAAGAGAAAGGTGCCGATGTTGGACAGCTCCTCGCCGCTGCCGA
ATGGGTCAAGGACGTTCCCACAAGTGCTCTCCCTATGTTGATGCCCGAGGCCAGCGCACCCACGATGCTGGATGCCATCTTACGCCTTACGAAGAAGCGGTTCAGCAACC
TGATCTTGATGCAGCTAGATGCAGTTGACGAGCGTGCCCCTCTCCCATCCTTTGGTGTTGACAGCATGCTTGCTGCAGAGTTCCGAACTTGGTTCTTCAACACGTTCAAGAT
TGATGTACCTTTCCTCGATATTGTCAGCCCACAAAAGTCTCTGCACACGCTGGCAGAATTTGTTGAGGAGAAGCTTGTTGCCAGCTGGGCTAGCTAG



mRNA sequence: app1
Size: 7305 bp
ATGTTCACTCTTGAGCCTGCTTTGGACATCCCCTCCGACTCAGAGTCGTTGCTTCGCAGCCATGCGAAGGACGCCATCGTTGTCACTGAAGCATCCTATTTGAATGATGATT
TGCAGGAAACTTCTGGGCCCTCTAGTGCCTGTACAATTGAAGACAATACCGTGTGCATTGTTGGCATGGCTTGCCATCTCCCCGGCGGAATCACCTCACCATCGGGGCTTT
GGGACTATGTGTACAACAAAAAAACCGCGCAAGGCACTGTGCCGCTGGATCGGTATAACATCGAGGGCTTCTACCACAAGGATGGTAGCAGGGCTGGCGTCATGAGCGT
CAACGGCGGATACTTCCTTCAAGAAGATGTCCGAAAGTTTGATCCCTCGTTCTTTGGTATCAATAACCTTGAAGCGTCTTACATGGATCCTCAGCAGCGAAAGCTGCTTGA
AGTTGTCTACGAATGCTTTGAAAATGCTGGTCTATCTATGGAAGATGTGTCTGGCACTAACACGGCTGTGTATGTCGGCAACTTCACTGTCGACTACTCTGTCATGCAGTC
TCGTGATACAGACTACGTTCACAGACTAGCTGCTACTGGTGGTGGCACTTCTATCATGTCCAACCGTATCAGCCATGTCTTCAATTTGCATGGCCCTAGCTTTACCTTGGAT
ACTGCTTGCTCTTCCACCATTTATGCACTTCACCAGGCCGTGAACGCCATCAAGAATGGTGACTGCGACTCTGCCATTGTTGCGGGAGCCAACTTGATCACGTCTCCCGAG
CAGCACTTTGGAACAGCAAAGGGTGGCTTCCTCTCTCCAACCTCGGCTTGCCATACATTCGACACGTCAGCAGATGGTTACGCTCGTGCAGAGGCTCTTAACGCTATCTAC
ATCACGCGATTGTCGTCTGCCATGAAGAGTGACCGCAAGATCCATGCAGTCATTCGTGGAACGGCCATCAACGCCAATGGCAAAACTCCTGGCATTACCTTGCCCGATGC
CAAGATGCAGGCTGCTGTAATCAGAAAAGCATACCAGAATGCCGGCCTTTCATTTGCCGATACCGACTATGTTGAGTGCCACGGCACTGGTACACCAGTTGGTGATCCGA
TAGAGGTGGATGGTATCGCGGCCTGTTTTGCAGGTCGTGAGGGAGAGCCTCTGAGAATTGGATCAGTGAAAACGAACATGGGTCACAGTGAAGCCGCCAGCGGTTTGAC
ATCCATCATCAAAGTTGCGCTCGCTTTTGAGCACGGAGTAATCCCACCCACTTATGGCGTGAAGAACGTGAACCCCAAGCTGAAACTCAAGGAGCGAAATATGAAGGTAT
TGACCGACGTCGAGTCGTGGCCCAGAGCCCTTCGCCGCGCTGGTGTTAATTCCTTTGGTTACGGCGGTGCCAACGGACACGTTATCCTCGAGTCTATCGATAGCTACTTCG
TTGGCTCTCTGGCTTCATCTCCCATCACGAGGACTTTGTCAAGCCCTTATGATTTCGAGAAGGATCAAGTCTTTGTGCTTCCTTTCTCTGCCTCTTCAAGCAAGTCGTTGGA
GGTTCGCCGTAAGCAAGCTATTTCGACCATGGAGAAGACTGAGGCCAAGTCTCTCAAGGCCCTTGCTGCTGCTATGAGCAAGCGACAGGCCAAGATGCGCCTGCGCGACT
ACGTACTCGCGTCAGAGAATGCTGACTCTCAACCAAAACTGATTGAGATGTCTGATGCCGGCGACAAGGCAAGCTCAGGCGCGCAACCCTTGCCATTTGCCTTTGTCTTCA
CTGGTCAGGGCGCACAATACGCAAACATGGCAAAGGAGCTCATCGAGCAAGATACCGGCTTTTTGGCCAGCATTCGTGATCTCGATGAGGTCTTGCACTCTCTACCCGCC
GAATACAAGCCCTCTTGGACTTTGGAGCAGACCATTCTCGACAAGCCTGCCACGAGTAAGATTAACGACGTCACTCGTAGCCAGCCGATCTGCACCGCAGTTCAGGTGGC
TCTCGTTAACATGCTGCGAAGCTGGGGTGTGACGCCGAAAGCTGTTATCGGTCATTCTTCTGGAGAGATTGCTGCAGCATACGCCGCCGGCCTCCTTACTGCCTCTGAAGC
TATTCTGGCAGCCTATTTCCGGGGGTTTGCAGTTGGTCAACTTCGGTCTCGCGGCAACATGATGGCTGCTGGCGTCACTCCTGATGCTGCCAATGCTTTGATTGAACAGCTT
GGCCTGGATGAAGTGCGAGTCGCATGTGTCAACGCGCCTGAGAGCGTTACTATTAGTGGAGCTGTCAAAGATATTGATGCTCTTCAGTCTGAACTCCAGAAAGAAGGCAA
ATTTGCTCGCAAGCTTGAAACTGGTGGCCGTGCCTACCACTCTCACATGATGGTCGAAATCGGCGACCTGTACGAGTCACTTGTGACGCCTTATTTCGCCAGCAAAGTTGC
TGATGAAATTGAAGCCAAGATGTTCTCCACGGTCGGTCACACTGCTAATGCCATTGGCGCTGTTGATCTCTCCACCAATATGGCATCTTACTTCCGGAAGAACCTTGAGCA
ACCTGTTCAATTCAGTGCGGGCTTGACCAACATGATCTCAGGCGACAAGTATCATTTGATTGAAATTGGTCCTCATTCTGCTCTCAAAGGCCCTATCCAGCAAATCCGAAC
CAGCGCCAAGCGCGACAAGGACGCCGTCCCCTACTCTCCCACTCTTGTCCGAAAGGAGAACGCGTATATCTGCTTGAAGAAGCTTGCGGGCACTCTCTTCACTTATGGCC
ACGACCTCGACTGGTATGCTGTTAACAACGTCCCGCGATACCGTGCGCTCCCTAATCCTCCTCTCTCTTCTTATCCCTGGGACTACTCCAAGCCTCTGCCGTGGCATGAGCC
TCGTGCTAGTGTTGAGCACCGTCTCCGAAAGCATCCGCGTCACGAGCTCCTTGGAACACAAGTAACAGCAGGTAACGGTATCGAGTGGTGCTGGCGAAACATCCCCCGCA
TGTCTGAGATGCCTTGGCTGCGTGACCACAAGCTTGGCGAGTCACAAGTGGTTTTGCCAGGAGCGGCATACATGGCGATTGCTATCGAAGCTCTCTCACAGGTTCAGAAC
ATCAAGGCTAAGCTCGTTGCGGGAGAGCCGTTCTCTTTCGAGTTTGAGAATATCAATATAAGCGCAGCATTTGTCGTCCCTGACGAGAGCGAGGCTGAGGCTGACAGCAC
TGAGCTTCACACGGTCATGTCTCCTCGCAAGATCTCTACCGCAAATACATCTGGCAATTGGCATGAATTCTCCATCTCCTCTTGGGTGTCTGGTGTCGCTACTTTGCACTGC
ATGGGTAGCATCCGAGTCATCGAGTCAACCATGAAGCCCAGTGACGGATCTGCCCTTATTTCAGGACAAGGCCACGAAGTCTGGGGTATGAGCCGCTGGTATACCAAGGC
AAAGGAGGAAGGCCTCAACTTTGGCCCAACTTTCCAGTCGCTGACAAGTCTGCACACGGATGGCAACAGAACTTCAACAGATTCTATCGCGACCACTCTTCTGGAACCTC
CGTCCGCAGCTGCCACCGGCATGTTCTACGCCATGCACCCTATCACTATCGATGCCTGCTTCCAAGCAGCCATCATGGGCGGTACTGCTGGTAATATCAATACGCTTCGAG
CCTTTGTACCAGTCTTCGTTTCCAGCTGCTCTATTCAGATTCCTCGGGGAGGAGCTGCCAGTCTGGGCAAAGAGGAGGTCCGAATTCACTCACGGATGGAGAAGACGGGC
TTTTCTACCCGTGCTGTTGCTTTTACTCTTCGATTGCCGGATGGCACACCTGCCATTGACATGCCGCACCTACGCATGAACGCGTATACTGGTAAAGCTCCCGTGCAGCCTG
AGACAAGCATCTATCTCCAACGCCAGCCATGTCTTCGTGTCCAATGGAAGCCAGATGTTCTGCGCCTCCAGCCAGGCGCTGAAAGCGCTATTCAGGAGTATATTTCCTCCT
TTGCTGCTGAACAGTCTGACGATTTGAATGACAACGGGGCCCTTATTGTATTTGCAGCTCTTCTCGATCTCTTCGGCCACAAGGTTCCCCGTATGAGCGTTTTGGAACTCGG
GCAAGAGCGTCAATGGACCCCGAAGGATTGCCAATCCATTCTGGGCAAGGACACTGCATTCCCTCGTTTCCGAGTTTGGAACGATGGCAAGCTTGGTGAGGACAATAAGA
TTGCCATTGAGAATGCCAAGGAATCCAATCCCTACGATGCTGTTCTGATTCCTCATCTGTCTGTTTCGAAGAAGCTCTGGAGCAAGGCAGCACAGGAGATTGCCTCCTTAG
TTTCCGACGACGGGATCATTATCACTCGGAAAAGCAAGGATGCCATCTCCGCTCTGAAGGCTACTGGCTTTGTGACTCTATCTCTCCCGAACGAGACTCTCATCGCAGTGA
AGAGCCCCAAGAAGACTGGTTTGGAAGGCAAGGAAGTAGTTATTGTCAAGCCAAACTCTTCTTCTCCTTCCATCGATTCTCTGGCTGCTGCTGTGACTGCTCACCTGAAGA
GCGCTGGTGTTGCTCAGCTCAGCATCGCCTCTATCGCCAATATTGAGTCTGTCAATCTCAACGACCAAGTTGTTTGCATATCTCTTCTAGAGATGGAACGCGAATTTCTTGC
CACCATCAGCGGCGAAGACATGGATCGCTTCCGTAAGATCACAGACAATGTCGGTGATCTTTTGTGGCTCACGGGAGCAAACATGCTTTCTGCACCCAACCCTGATCTCA
CCTTGTCTAGCGGTCTCTCTCGAGCTCTCATGCTAGAGCAGCCGGCATTGAGGTATGCTGTTTTGGACATTGGAGCTGATATTACCAAGCCCAACTACACTGCAACTATCT
GCAACAACGTCTCGGCAGCCTTGACATTCCGTTACGAAACAGACGATAACGAATTTATCCAGAAAGATGGAATCCTTTACGTCAGCCGTTTCGCTCCTGATGTTGAGTTGA
ACTCCTTGTTCCGACAGCGTATGACTCCGGATACTATGAAGGTCGTCCCTCTTGAAGAGGTTGGCCCAGCCAAGCTGTCTATTGGTCAGGTTGGAATGACCGACACTATTC
ACTTTCAGCAAGTCTCTGAGCGCAAGACCACGCCTCCAGCTGGTTTTGTGGATGTTGATCTCCGAGCTGTGGGCCTCAATGCCAAAGACATCTACGCCCTCAATGGTCGTG
CCGAGACTCGATCGGCTACTACTGCTCTTGACTTTGGTGGTGTTATCTCGGCCGTTGGACCTGATGTCCAGCACCTTAAGGTAGGAGACCGCGTGGCTGGTTTCGTTCCTA
ACCACTTTGGCACTACGGAACGCGTCACTGTGCAAGCTGTCCATAAGATGCTGCCAGAGGAGGATTTCACTGTCCTGCCTACGCTTCTGACAGTCTACTGTACTGCTCTGG
TTGCCCTTCGTGACCGCGCTCATCTTCGTGCCGGCGAATCCATCCTGATCCACTCTGGCGCTGGTGCCTTTGGTCTTGCCGCCATCACTATGGCCAAGCACATGGGCGCTAC
AGTATTTGCAACTGTTGGTTCTCAATCTAAGCGCGATTATCTTGTCAAGGAGATGGGCGTCCCAACGGAAAACATCTTCAACTCTCGCAATGCTTCTTTCATGGAGGATAT
CATGGCTGCTACCGGCGGCCGAGGTGTCAATGTCATTGTCAACTCTCTTGTTGGAGACCTGATGCATGCCTCTTGGTCTTGCATTGCTCCTTTTGGACGATTCGTCGAGATT
GGCAAGCGTGAGTTGATTGACGCTGGCAAGCTTGATATGCGCATCTTCCTGAAGAACGCTACATTCACTGCCTTTGACTTGTCGGAGTTTTTCTACGCCGAAGATAACTAC
TACCAGGGTGTGGTCTACAACTACACGGCTGAAGTGATTGAGATGTACCGCGCCGGTATCATCAAGGCTTCGCCTATTGCAACCTTTGATGTTGCGGAGATTGGCCAAGCT
TACCGATACTTTGGCAACAAAGATCGCGTCGGCAAAGTTGTCATCTCAATGGAGAATCCCCAGAGTCTTGTCCAGGTCATGCCAGCATCTTACCAATCCGTGTTCCATCCT
GAGAAGACTTATTTGCTCGTTGGTTGTCTCGGTGGTCTCGGCCGCAGTCTCAGTCGCTGGATGATGTCTCGCGGTGCCCGCAAATTCTGCTTCCTTGGACGTTCTGGATGCG
ATAAGCCCAGCGCAGCTGAGCTTGTCAACCGTCTCCGAGATGCCGGTGCCAGCGTCACTGTTGTTCGTGGCGATGTGTCCAACGAGGATCAGGTTCGTGAAGCTGTCGCA
GCTTCTGCCAAGGATGGCCCCATTGGCGGTGTCGTCCAGGCGGCTATGGGCCTCAGTGAAGCTTTGTTCTCTGTCATGACGAACAAGGCCTGGCACACTGGCATACAGCC
CAAGTGGAAGGGCTCTTGGAACCTTCACAATGCCCTAGAGGGCCATGATGCCGACCTTGATTTCTTCCTCCTGACTTCATCGATTTCTGGCAGCTGTGGCACCGCTACCGA
GAGTAACTACTGCTCTGCTAACGGCTTCCTCGATTCGTTCGCTAGATGGCGCCGCTCTCAAGGCAAGCCTGCCGTTTCTGTTGGCTTGGGCATGATTTCGGAAGTTGGTTAT
CTCCATGAAAACCCTGAGATCGAGGCCATGCTGCTCCGCAAGGGTATTCAGCCGCTCAACGAGGATGAGTTCCTTCAAGTTCTAGACTACGGTATTGCCGGCCCAGGCAG
TGATGCCGAATTTGCTCGCGGTGTCTCCATGAACAGAGAAGCCGCTCATATCTTGACGGGTCTGGAGTCTTACGGTGTCCGCAAGCTGATGGCTCAGGGCTTCGAGGTGA
ACAACGGTGTCATGGATGAGTCCCGCACGTCAATTCTTGCTGCGTCTCTGCTCTCTGAGAAGGATGCCAAGGAGGAAGAGAAAGGTGCCGATGTTGGACAGCTCCTCGCC
GCTGCCGAATGGGTCAAGGACGTTCCCACAAGTGCTCTCCCTATGTTGATGCCCGAGGCCAGCGCACCCACGATGCTGGATGCCATCTTACGCCTTACGAAGAAGCGGTT
CAGCAACCTGATCTTGATGCAGCTAGATGCAGTTGACGAGCGTGCCCCTCTCCCATCCTTTGGTGTTGACAGCATGCTTGCTGCAGAGTTCCGAACTTGGTTCTTCAACAC
GTTCAAGATTGATGTACCTTTCCTCGATATTGTCAGCCCACAAAAGTCTCTGCACACGCTGGCAGAATTTGTTGAGGAGAAGCTTGTTGCCAGCTGGGCTAGC
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