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e Data file S1 (.gb format).



Supplementary Text

Selection and characterization of Paph2-like promoters:

Prior to this study, the only promoter set with of sufficient size as to be compatible with the
assembly of large, multigene plasmids consisted entirely of strong constitutive promoters(36,
37). In contrast to this large panel, controllable promoter sets based on natural sequences
modulated by copper (27), methionine(28), galactose(29), or other carbon sources(30) are
limited to 4 or fewer mutually controllable promoters, while synthetic promoters and those
employing engineered transcription factor binding sites require stretches of homologous
sequence likely to complicate single-step assembly efforts(70, 71). As described in the main
text, we sought to identify and characterize a large set of promoters of genes coregulated with
ADH2.

Expression values for Saccharomyces cerevisiae cultures grown in both YPD (fermentation)
and YPE (respiration) were used for the selection of Papn2-like promoters. The values for
selected promoters, which had an expression value <2 in YPD and >4.5 in YPE as well as the
known constitutive promoters used as controls are listed in table S2. The full dataset used for
this analysis is available from the authors of the original study at:
http://steinmetzlab.embl.de/NFRsharing/index.html.

The fluorescence profiles for GFP expressed under strong S. cerevisiae Paphz-like sequences
and all sensu stricto ADH2 promoters are illustrated in Fig. 2A of the main text. Shown in fig.
Sla is the expression of GFP over time when driven by all S. cerevisiae promoters examined
here. Figure S1b shows representative fluorescence intensity histograms from flow cytometry
experiments and while fig. S1c shows both light field and fluorescence microscopy images with
these same strains.

PaoH2-like promoters from sensu stricto Saccharomyces species were chosen by selecting 500
bases upstream of the start codon of the closest homologue of S. cerevisiae ADH2 in each
genome. Figure S1d shows a phylogenetic tree for the all of the sensu stricto Papnz Sequences
along with a multiple sequence alignment of the upstream activating sequences shown in fig.
Sle and the pairwise identities of all sensu stricto Papn2 Sequences are illustrated in fig. S1f.
The sequences of all promoters examined in this study are listed in table S4.
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fig. S1. Characterization of S. cerevisiae Papro-like promoters. (a) Expression of eGFP under all S.
cerevisiae promoters examined here. Fluorescence intensity calculated as the mean of 104 cells. (b)
Histograms from representative flow cytometry experiments. All histograms represent 104 cells after 48 h
of culture in YPD medium. (c) Light field and fluorescence images taken of eGFP expressing strains 48 h
of culture in YPD medium. (d) Cladogram of all Saccharomyces Pap+2 Sequences. (e) Multiple sequence
alignment of previously characterized upstream activating sequences. (f) Pairwise identities of all
Saccharomyces PapHz sequences.

Cloning vectors used in this study:

In addition to the HEx promoters, we also generated and characterized a novel series of vectors
based on the pRS42X series of plasmids (72). These vectors all contain a 2y origins of
replication and, as such, exist at high copy numbers within cells. While we believe this is an
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appropriate context in which to initially examine each BGC, we wanted the ability to easily
generate a stable, single copy, genomic integrant for each BGC. In order to facilitate this, we
developed the system outline in fig. S2. We established a new set of vectors with the multiple
cloning site (MCS) flanked by Paprz and Tcyci. This expression cassette is then flanked by both
a 200 bp linker sequence an I-Scel site on each side. These 18 bp nuclease recognition sites
are unlikely to occur in any of the cryptic BGCs we wish to express and, as such, allow excision
of the entire multigene cassette inserted at the MCS as a single fragment with no requirement
for PCR. Linker sequences can then be used to target the multi-gene cassette for integration at
any desired genomic locus. When present on the backbone, selectable markers have been
moved inside the linker sequences, allowing for selection for correct integrants by plating on the
appropriate SDC dropout media.
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fig. S2. Cloning vectors used in this study. (a) Schematics of two representative pCHINT2A and
pCHINT2AL, two representative cloning vectors used in this study for the assembly of plasmids with 1-2
genes (pCHINT2AL) or >3 genes (pCHINT2A). Fully annotated sequences for each of these vectors are
provided in the Supporting Documents (b) Strategy for the excision and PCR-free integration of entire
multigene cassettes at a desired genomic locus.

High-throughput DNA assembly:

To increase the efficiency of assemblies by YHR, we tested the relative efficiencies of BY4743
and BY4743ADNL4; a strain in which the DNL4 ligase, involved in non-homologous endjoining,
has been deleted. Figure S3a illustrates efficiencies of several plasmid assemblies done in both
strains, demonstrating the deletion of the DNL4 DNA ligase does consistently lead to more
efficient assembly.

The sequencing of plasmid DNA directly out of yeast is one of the major advantages of the HEX
pipeline. In establishing this portion of the pipeline we tested multiple means of preparation for
both the plasmid DNA and the next-generation sequencing (NGS) library prep. Shown in fig.
S3b is a comparison of sequencing efficiency using DNA prepared both from colonies picked



from plates and cell pellets collected from 1 ml of liquid culture. All samples were prepared
using Zymoprep-96 plasmid miniprep (Zymo research, S2007) according to manufacturer's
specifications. These data show that these two DNA preparations generate samples of
equivalent purity.

Initially, the HEX platform utilized an NGS library preparation in which the purified, exonuclease
treated plasmid DNA was ultrasonically sheared, followed by end repair, A-tailing, and adaptor
ligation. In order to decrease labor and increase throughput, we transitioned to a recently
published maodification of the Illumina Nextera transposase based preparation (66) as described
in the Methods. Ultrasonic shearing necessitated the serial processing of multiple plates of
clones while tagmentation allows for parallel processing of multiple plates. Figure S3c
demonstrates that this modified Nextera preparation provides equivalent efficiency as compared
to the standard approach.
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fig. S3. Improving DNA assembly. (a) Efficiency of assembly of 4 plasmids in both BY4743 and
BY4743ADNL4. (b) Sequencing efficiency for DNA directly from picked colonies and cell pellets from 1 mi
of 48 h culture for 4 separate assemblies. (¢) Sequencing efficiency for libraries prepared by both
ultrasonic shearing followed by end-repair and adapter ligation (standard prep) and a modified Nextera
tagmentation (Mod Nextera). Detailed protocols are outlined in the Methods.

Correction of the TC5 terpene cyclase:

For many of the genomes mined in this study for BGCs, transcriptome data were not available.
As such, for many of the genes synthesized and expressed here, we relied heavily on intron
prediction. For the BGCs analyzed here containing UTCs, we sought to identify gene prediction
errors by aligning each UTC that appeared to not produce a novel feature with all of those that
did. Such an analysis of the TC5 UTC identified a putative incorrectly predicted intron near the
3’ end of the gene, resulting in a premature stop codon and truncation of a well conserved
sequence present in all functional UTCs. Shown in fig. S5b is the C-terminal portion the
alignment of the all functional sequences along with both the deposited and corrected TC5 UTC,
demonstrating that once the incorrect intron boundary is repaired, the well conserved C-
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terminus of the protein is present. The ability of the cluster containing the corrected UTC to
produce sesquiterpenoids not native to yeast is illustrated in Fig. 4 of the main text.

Strain analysis and Compound Characterization:

All strains expressing a cryptic fungal polyketide BGCs were cultured and analyzed as
described in the Methods using the ionization source parameters defined in (20) table S1. All
samples were analyzed using XCMS (20) for untargeted metabolomics resulting in several
thousand unique features. Extracted ion chromatograms (EICs) for the top 50 hits when sorted
by both p-value and fold change were plotted and subjected to manual inspection in order to
identify those spectral features that are specific to the BGC expressing strain as compared to an
empty vector control. The necessity of manual inspection is illustrated in the volcano plot shown
in fig. S6 in which the p-values and fold changes associated with all automatically identified
features are overlaid with those of manually verified “real” features.

These data demonstrate that, with the parameters utilized here, fold-change is a far more useful
metric than p-value in determining whether or not a given spectral feature is truly cluster
specific. The non-cluster specific features in this quadrant are primarily a result of noise in the
spectra or insufficient retention time correction.

table S1. lon source parameters used in this study.

lon source parameter Dual AJS MMI
gas temperature 250 °C 350 °C
drying gas 12 L/ min 7.5L/ min
nebulizer 10 psig 20 psig
sheath gas temp. 400 °C -
sheath gas flow 12 L/ min -
vaporizer - 250 °C
capillary voltage (Vcap) 3500 V 1500 V
nozzle voltage 1400 V -
corona discharge - 4 pA
fragmentor 100 V 120V
skimmer 50V 50V
octopole 1 RF Vpp 750 V 750 V
charging voltage - 1000 V

lllustrated in figs. S7-S23 are the extracted ion chromatograms (EICs) for all unique features
generated by each polyketide producing cluster identified by automated comparative
metabolomics using XCMS and deemed real by manual inspection. Strain 137 is a strain
constructed with the JHY702 background containing two empty cloning vector and, therefore,
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serves as a negative control in all chromatograms shown in figs. S7-S23. For all
chromatograms, the ionization source is one of electrospray in either positive (ESI+) or negative
(ESI-) mode or multimode ionization in positive mode (MMI+). All m/z values reported here
represent the median of the three biological replicates.

For those strains producing isolable amounts of product, compounds were purified as described
in the methods and structures were solved using both 1D and 2D NMR. These data are
summarized in tables S11-S21 while the spectra themselves are shown in figs. S18-S72.
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fig. S5. UTC-containing BGCs examined here. (a) Schematics of all UTC containing BGCs examined
here. Gaps in arrows represent introns in genes. All genes are labelled with the locus tag of the sequence
as deposited in GenBank. (b) C-terminus of a multiple sequence alignment of all functional UTC protein
sequences along with both the deposited and corrected versions of the TC5 cyclase.
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fig. S6. Volcano plot of all spectral features identified in the automated analysis of strains
expressing PKS-containing BGCs. All features determined to be specific to the BGC expressing strain
as compared to a negative vector control. EICs of all BGC specific features are illustrated in figs. S7-S23.



Supplementary Tables:

table S2. Expression data for selected promoters drawn from genome-wide expression studies.

YPD YPE
ORF Gene
1 2 3 Mean 1 2 3 Mean

YGR192C  TDH3

YKL060C FBAL

YMR303C  ADH2 1.11 1.15 1.06
YKRO97W  PCK1 0.21 0.31 0.19
YNL117W MLS1 0.24 0.37 0.21
YERO065C ICL1 1.98 1.81 1.94
YBR296C PHO89 0.58 0.95 1.08
YLR307C-A YLR307C-A 0.13 0.18 0.12
YGR067C  YGRO067C 1.68 1.53 2.26
YLR174W IDP2 1.68 1.68 1.74
YCRO010C ADY2 0.49 0.63 0.56
YOR178C GAC1 1.44 1.62 1.75
YBLO43W ECM13 1.54 1.56 1.55
YKL187C YKL187C 2.63 2.29 2.74
YLR142W PUT1 1.31 1.67 1.56
YGR043C NQM1 0.67 1.03 0.83
YMLO42W  CAT2 0.17 0.22 0.18
YJRO95W SFC1 0.28 0.50 0.33
YKL217W JEN1 0.66 0.68 0.53
YMR175W  SIP18 0.97 1.09 0.80
YNR002C ATO2 0.84 0.83 1.01
YPL201C YIG1 0.46 0.47 0.42
YDR256C CTA1 1.06 0.89 0.92
YLR377C FBP1 0.26 0.36 0.22
YPR0O06C ICL2 0.43 0.52 0.37
YALO54C ACS1 0.33 0.42 0.29
YPROO2W  PDH1 0.92 1.15 1.36
YBRO50C REG2 0.82 1.07 1.16
YPROOIW  CIT3 0.73 0.70 0.86
YOR100C CRC1 0.51 0.64 0.68
YILO57C YILO57C 0.14 0.33 0.11
YLR312C QNQ1 1.26 1.41 1.11
YOR348C PUT4 0.56 0.63 0.48
YJL116C NCA3 1.37 1.07 1.17
YDR536W  STL1 0.18 0.28 0.17
YNL270C ALP1 0.74 0.77 1.08
YDLO85W NDE2 0.24 0.38 0.21

YPE/YPD

1.0
1.0
5.9
30.8
251
3.2
6.2
315
3.3
3.9
11.9
3.0
4.0
21
3.1
5.3
29.4
18.2
10.7
6.5
5.9
12.3
5.9
23.8
12.0
17.3
5.0
4.7
6.5
8.5
30.6
3.8
10.2
3.8
27.2
55
16.1




table S3. Sequences of HEx promoters

ORF

Gene

Promoter Sequence

YGR192C

TDH3

ACAGTTTATTCCTGGCATCCACTAAATATAATGGAGCCCGCTTTTTAAGCTGGCATCCAGAAAAAAAAAGAATCCCAGCACCAAAATAT
TGTTTTCTTCACCAACCATCAGTTCATAGGTCCATTCTCTTAGCGCAACTACAGAGAACAGGGGCACAAACAGGCAAAAAACGGGCAC
AACCTCAATGGAGTGATGCAACCTGCCTGGAGTAAATGATGACACAAGGCAATTGACCCACGCATGTATCTATCTCATTTTCTTACACC
TTCTATTACCTTCTGCTCTCTCTGATTTGGAAAAAGCTGAAAAAAAAGGTTGAAACCAGTTCCCTGAAATTATTCCCCTACTTGACTAAT
AAGTATATAAAGACGGTAGGTATTGATTGTAATTCTGTAAATCTATTTCTTAAACTTCTTAAATTCTACTTTTATAGTTAGTCTTTTTTTTA
GTTTTAAAACACCAAGAACTTAGTTTCGAATAAACACACATAAACAAACAAA

YKLO60C

FBA1

TGGGTCATTACGTAAATAATGATAGGAATGGGATTCTTCTATTTTTCCTTTTTCCATTCTAGCAGCCGTCGGGAAAACGTGGCATCCTC
TCTTTCGGGCTCAATTGGAGTCACGCTGCCGTGAGCATCCTCTCTTTCCATATCTAACAACTGAGCACGTAACCAATGGAAAAGCATG
AGCTTAGCGTTGCTCCAAAAAAGTATTGGATGGTTAATACCATTTGTCTGTTCTCTTCTGACTTTGACTCCTCAAAAAAAAAAAATCTAC
AATCAACAGATCGCTTCAATTACGCCCTCACAAAAACTTTTTTCCTTCTTCTTCGCCCACGTTAAATTTTATCCCTCATGTTGTCTAACG
GATTTCTGCACTTGATTTATTATAAAAAGACAAAGACATAATACTTCTCTATCAATTTCAGTTATTGTTCTTCCTTGCGTTATTCTTCTGTT
CTTCTTTTTCTTTTGTCATATATAACCATAACCAAGTAATACATATTCAAA

YMR303C

ADH2

TATCTAAAAATTGCCTTATGATCCGTCTCTCCGGTTACAGCCTGTGTAACTGATTAATCCTGCCTTTCTAATCACCATTCTAATGTTTTAA
TTAAGGGATTTTGTCTTCATTAACGGCTTTCGCTCATAAAAATGTTATGACGTTTTGCCCGCAGGCGGGAAACCATCCACTTCACGAGA
CTGATCTCCTCTGCCGGAACACCGGGCATCTCCAACTTATAAGTTGGAGAAATAAGAGAATTTCAGATTGAGAGAATGAAAAAAAAAAA
AAAAAAAAAGGCAGAGGAGAGCATAGAAATGGGGTTCACTTTTTGGTAAAGCTATAGCATGCCTATCACATATAAATAGAGTGCCAGTA
GCGACTTTTTTCACACTCGAAATACTCTTACTACTGCTCTCTTGTTGTTTTTATCACTTCTTGTTTCTTCTTGGTAAATAGAATATCAAGC
TACAAAAAGCATACAATCAACTATCAACTATTAACTATATCGTAATACACA

YKRO97W

PCK1

ATAGGAAAAAACCGAGCTTCCTTTCATCCGGCGCGGCTGTGTTCTACATATCACTGAAGCTCCGGGTATTTTAAGTTATACAAGGGAAA
GATGCCGGCTAGACTAGCAAGTTTTAGGCTGCTTAACATTATGGATAGGCGGATAAAGGGCCCAAACAGGATTGTAAAGCTTAGACGC
TTCTGGTTGGACAATGGTACGTTTGTGTATTAAGTAAGGCTTGGCTGGGGATAGCAACATTGGGCAGAGTATAGAAGACCACAAAAAA
AAGGTATATAAGGGCAGAGAAGTCTTTGTAATGTGTGTAACTTCTCTTCCATGTGTAATCAGTATTTCTACTTACTTCTTAAATATACAGA
AGTAAGACAGATAACCAACAGCCTTTCCCAGATATACATATATATCTTTATTTCAGCTTAAACAATAATTATATTTGTTTAACTCAAAAATA
AAAAAAAAAAACCAAACTCACGCAACTAATTATTCCATAATAAAATAACAAC

YNL117W

MLS1

CCATTGGGCCGATGAAGTTAGTCGACGGATAGAAGCGGTTGTCCCCTTTCCCGGCGAGCCGGCAGTCGGGCCGAGGTTCGGATAAA

TTTTGTATTGTGTTTTGATTCTGTCATGAGTATTACTTATGTTCTCTTTAGGTAACCCCAGGTTAATCAATCACAGTTTCATACCGGCTAG
TATTCAAATTATGACTTTTCTTCTGCAGTGTCAGCCTTACGACGATTATCTATGAGCTTTGAATATAGTTTGCCGTGATTCGTATCTTTAA
TTGGATAATAAAATGCGAAGGATCGATGACCCTTATTATTATTTTTCTACACTGGCTACCGATTTAACTCATCTTCTTGAAAGTATATAAG
TAACAGTAAAATATACCGTACTTCTGCTAATGTTATTTGTCCCTTATTTTTCTTTTCTTGTCTTATGCTATAGTACCTAAGAATAACGACTA
TTGTTTTGAACTAAACAAAGTAGTAAAAGCACATAAAAGAATTAAGAAA

YERO65C

ICL1

ATTTATTGAAAAGTAAATATCTCGTAACCCGGATGCTTTGGGCGGTCGGGTTTTGCTACTCGTCATCCGATGAGAAAAACTGTTCCCTT
TTGCCCCAGGTTTCCATTCATCCGAGCGATCACTTATCTGACTTCGTCACTTTTTCATTTCATCCGAAACAATCAAAACTGAAGCCAATC
ACCACAAAATTAACACTCAACGTCATCTTTCACTACCCTTTACAGAAGAAAATATCCATAGTCCGGACTAGCATCCCAGTATGTGACTC
AATATTGGTGCAAAAGAGAAAAGCATAAGTCAGTCCAAAGTCCGCCCTTAACCAGGCACATCGGAATTCACAAAACGTTTCTTTATTAT
ATAAAGGAGCTGCTTCACTGGCAAAATTCTTATTATTTGTCTTGGCTTGCTAATTTCATCTTATCCTTTTTTTCTTTTCACACCCAAATAC
CTAACAATTGAGAGAAAACTCTTAGCATAACATAACAAAAAGTCAACGAAAA

YBR296C

PHO89

AGACCTTTTTTTTCTTTTTCTGCTTTTTCGTCATCCCCACGTTGTGCCATTAATTTGTTAGTGGGCCCTTAAATGTCGAAATATTGCTAAA
AATTGGCCCGAGTCATTGAAAGGCTTTAAGAATATACCGTACAAAGGAGTTTATGTAATCTTAATAAATTGCATATGACAATGCAGCAC
GTGGGAGACAAATAGTAATAATACTAATCTATCAATACTAGATGTCACAGCCACTTTGGATCCTTCTATTATGTAAATCATTAGATTAACT
CAGTCAATAGCAGATTTTTTTTACAATGTCTACTGGGTGGACATCTCCAAACAATTCATGTCACTAAGCCCGGTTTTCGATATGAAGAAA
ATTATATATAAACCTGCTGAAGATGATCTTTACATTGAGGTTATTTTACATGAATTGTCATAGAATGAGTGACATAGATCAAAGGTGAGA
ATACTGGAGCGTATCTAATCGAATCAATATAAACAAAGATTAAGCAAAA

YLR307C-
A

YLR307
C-A

CAAAAAAACAATGGAAGAACAAAGAAAATTTAGCGGAAGTAAAAATAACAGCCGAAAGCCAAATTCAGGCTTATCTTGCCTACTCTTTC
TTTTATCGAATTCCTTTAGGCCGTTGCAATAGAAAAGTAATAAAAACGCATATACGTAAGTTGTAGTCAGTGTAATTGCAATCTATTATG
CGCATCAGGTGCGCATACTACATCCATTGGTGCACAAAAAAAGGAACGCAGACAAGAAAATTATTCAGTTTGCTGTTCGTGATGAGCC
ATCCCTGAATATGACTAATGTTAATGTTCAATTTGGGATCTTATTTTTTTTTGTGCAGTAATAAGAATCTTTGAAAAAAAACTATATAAGC
CTATATAGTTTGTAAGATATAAGACAAAACACACCTGCTTTTCCACTACACATTTTCGTTATTATATAAAAAAGACAGCCAAGTATACTTG
TCAACAAAATAAACTCATAGCAATTACACTATAAAAACAATAGCATCAAAA

YGRO067C

YGRO067
C

TGGCAATCCCCTCCGATCGTCCGCGGCAAAATGGTCGTCAATCGGACAAAGGGGGATGATGGGATCTGGTAATAGAAGAAAATATGG
ACTAAAGGTAGCCGCTAAAGCGATCCAGGCATGTGTTGCCAATGATGTAAGTCAAGCGAAGGAAATGGTTCAGTAATATGATAGACAG
ACTGCACTTCAAGGGTGCGCCCCCTCCCCCGCGCATATGCTTACAACGCAAAATAATTGACGTTTAATGTGGATACTTATCGTAATCG

CTGCATTATAGATTTCGAGTCATGTTCACTTAACCCCACATATTTATATAGAACGCATCTTCAAAGTACTTATAAAGTTTAGTTTTACATT
TTTCTGCTTTCTATTTCTTCTTTTTCGGTTCTTCTTCATGCCAGTTGGCATGGCTTAAGAGCTTTACTTGTCGCTTTTATTTAAAACCTTC

TCTCGGGAGAAGACAATTGTTGATATACAGTAATTGTATTTGCATTATCACTGCT

YLR174W

IDP2

AACGTCTATCTATTTATTTTTATAACTCCGGGATGTCATTGCCGGTGGTCCGAAAATCGGCAAATAAGGAAATAAGGGAAGAATATGCA
GTAGTCAAATCATCAGTGTTCTCTTTGATACCTTTCAGGGCTAGGAATAGTGGGGGTGGAGTATAATATCAAAAACCGGACTTAACATT
ATTGGTTCGGTTGGAATTGGCTATAGGCAAACTAGTCTCCGGCATGATATATAAATGACAGCCTGCAATTGTATGTTACTACACTCTTG
ACTTGTCGACTACAGTCGCTGCTCAGGCACGAGAATAGGAGGTAAGAAGGTAACGTACGTATATATATAAAATCGTA

YCRO10C

ADY2

GAGCTCCGTGGAATAGGCGAGCGGCTGAGTGGTTCTCCAAGCTACGGTTTTTACGTGTAGCCCCATGTGAGCAAGCCAAACAAGGGC
CCTTAAAGGCGTGACTACAAAAAGGGGCGGGTTGGAAGGTCATCTGCAGCGAGATACGAAAAGATTTTTTGCCAGATTTGCGGTTGG
GCGGCTATTTCGGTATTGTTGGGGTAACAAACGTTGGGGAAGACTGCATTTTCTTACAGCTTTTTTTCGTTATCGCGGGTTGGGCGGC
TATGGCGCCTTCTCCTCTGTACTCCAACCTGTCAGAGACACCAAGCTGTATATAAAGCACCTTGGTTGGATCGTATTTCCCTGAGATCT
TGCTATAGGTTCATTTTATATATCGTCCAATAGCAATAACAATACAACAGAAACTACTAGCATCTGTTTATAAGAAAAAGGCAAATAGTC
GACAGCTAACACAGATATAACTAAACAACCACAAAACAACTCATATACAAACAAATAAT

YOR178C

GAC1

CCCTATCTTTTTTTTTTTCTCGCAATCTGGGGAAAGCTTTTCTCATGCTTATACGTGATTTGTTATATAAGGGATTGCTATTTCAGGCATC
ATTCACCTCCTTTTGTATCCTTAGTTTCACTGCATTTGATATATATATATACGTATCTGTAGTTTCCTTCCATTACATAACGCATAATATAC
TATTTCCATAGTCTATCTTACATCTTTTTTCTTACTTTTGTTAAGGAACGGATAACGATAAAACAAAAAGAGAGATTTAAGATTACTTCTG
TAACTTTTTTGATCCATTACCAAAACTATATTTTTTTTCTTTTCTCTCCTCTGGCATTAAACACAGTTATTGCTACAGCTAATCATCGATAT
AATAATACATCACATTAACTGTCTATAAGAGGCTGGTACTTAGTAGATGGTGAGAATTTTTTATTTTTGTATTTTAACTTCATTTTTGTAAA
CAAGTTGGAACTGGAACTTACTATAGAACAAGAGCTTAAACC

YBLO43W

ECM13

GTTGTATCCTATTGGATCACGGGCGACGGACAAGACCCGAAGTGCGGACCGGCATGGTCAGCTTGCACGGAAGCTTTAAGGGTTTCC
CTTGTTTCGGCATTAGAAGAGGCATTTCGCACGTTTTACCGGGTCAGAAACTTCGAGGAAGCTGTGACAATTGGAAAAAAAGGCAAAA
CTAAATGCAATGTATCCGGTTGCCCATGCATTATTTGTGATGTTTTCGGATGTAGTTCGCTGCGCTCCGCGGCGATATATCCTCTAGCG
AGAGGCATATGTATAAATATATATATATATATCTAACAAAAGCATTCAAGTTTCTTTCTCTGGTGTTACGTCTTTGTTCGACTTTCTCTGC
TTACAGCCCTGTATGACCAAAGAAAAAATAAAAAGACAGCTACATACCAGCAGAAATTTTTTATAGTATTACACTATACATCCAAGTTTTT




TCACAATTATTTATTGTTTTTCTCACATAGAAAATTCCGCATACTGCGATTATA

YKL187C

FAT3

GAAAGCTTATTACTGAGTTTTGCGGAGCATCGCTCGGAGCGGCGGAATTGAATCGAACCGCCGTGCTATTACCGAACAAAAAAATTCG
AAAGCATAAACTCAGTAGTGAAAAACTTGAGAATTTTCAGATGAGTGGCGACTTTCCAGTCCTTGCGGTTTTGTCACCTTAGTCAGCTA
GTAAGGAGGCCGTGTGGGTTAGAGTGGCTACAATCCTCAAAGGGCACTTCTAGAACCCACGGTGAATTTTTTTTGGCATGATAAATCG
GTAGAATCGGTGAAGTAATTACCCAAAAAAGGATCGGGATTGTGTTTCTCGTAATTCCGTATTATTGCCGATGGCATCGACTACTTCTT
TTTTCAGAAACCCCAACAAGGGTCTATTGTAATTGTATATAAACCTTTTTGTAATGGATATATACATGTGGTACTATTTCTCCTCATCCTG
CTCCATCGAAAATCCTCATACGAAGAGTTAGGAAAGCAAAGAAAACAACAAAAAC

YLR142W

PUT1

AGACACAATGCGAAAAATCGCGCAGGGACATAATTTTTGTTTTCATTATTCTTTCGCTTATTCCCTCCGTTAGCTCCACCGCTTTTTTGA
TTGGAATTTCCTTTCGGCAATGGCTTTCCGGTTACCACGCCTCGGGTTTCGCATCCCGAAAAGCATATCTACACAAGAAAAATGAATGA
TAAACAATTGATGAGTGGCGCTATTTCCCTTATCATCTCATTATTGTACTTAGTATCGTCTATTATCAGGAGAAATCGCATGAACTAAGC
CCATTTTCTCACCCTTCTGCCTTCTTATATAAAGCTTGCTGGGAACCGAACACAAACTCCACAAGTCCGTAGCAGCTCTTCTCTTTTGT
CTTTTATATATCATAAACATCGCTACATAGTAATAACACTAACGCACGCTAGAA

YGRO043C

NQM1

AGGGGTAGCGGCTTTTTCATCAACTCGATTATTACCCTTTAGAGACCTTCCCTAAAGTGAGCGGCAATTATTTCCGGATGTTAGTAGGG
TAATATGGTTACGGATTTGTGACACAAAAGGGCTTTTCAACAGTCGGTCTGGGTTGAAGGATTTTCAGGATGACGAAGCTTTCAATAAG
AGGGACTGGACTGTTAACGCGGGGAATTATAGGTTACTTTCCTTGATCTGGCTCTGGCTCTGGCTCTGATTTTGGCTCTTGTACTCCT
CGGACTTCTTGACTTGTAACGAAATACGTCTTTTGTCCTTCTCTTCTTCTTCCATAGTAGGGGCGAATGAGGGGAGCATAGTGGATCCT
TCTAACCATCTAGAATGGGGTGGACAACATATAAAAGAAGAGCAATCTTGCAGCGCAGTCATATTTATGCTAAGTATATCATTATTTCTT
GCTAGCGTAAGTCATAAAAAATAGGAAATAATCACATATATACAAGAAATTAAAT

YMLO042W

CAT2

TCCGAAGAGCGTGCTACCAATTCTTCATCTCGTTAACAAACTGGTTCTCCGTTAAAAATTGTGCTATATGTCCTATAAGCCAACTCTATC
TATATCTTTTCTTTTAGTCCTACTTTGGATACTGTTACCACCATTTTAGATTGCTTTTTCTTTTGCCGCTAGCCTTACAATATTTGGCAAA
CTTTTTTTTTTTAGCCGCCGAGACTCTTGATCTATGGCCGGGCGAAAGGGCAAATGACTGCTTATCCCCGCCATCACTTCCCCCCGCC
CAAGGGTTTAGAATTGGGGATTAAGTAAAAACGAATGACTATTCCTCTCAAAGTCATCCTTGTTCGACAAAAAGAATGGAATATAACATA
TTGGAACAATTTCATCCTCTTTTCCCCATTTTCGCATATAAGAGCAACTAAACGCCGGTGAGTAAAGTGCCCTTCCCTACAGACTCTTTT
ACTCAGGTATATATATATATATATCCCTTAAAAACTAAAAAGAAAGCACTC

YJRO95W

SFC1

AGCCTAGTCCCGGTAAACCGCAAACGGACCTTAATTGTGACGAAGGGCCCAAATTTGATGGGTCGGTGTTAATGATTAGTCCTCATTG
TCATAATAAAGTGTGATGATGGAGGCAATGATGATATACGGTAGTACTACTGCTCGAGGTGCTATCTTTTAACCAATCCTTTGAGATTC
TTGTCGCCACGGAGTTACTACCTTTTACAAACCGTAATGTCACATTTTGCATATATCTTATGTATAAATATATAGTTCACTTACTACTTGT
TCTCGTTTTGTTAACTTTCTTGTTGTAGTTCTTCTTGTTCTTGGCGTTTCCCCCTTTGTTTTCTATCTGCTTCATAAGTAAAGTGCAAAGC
ATTTTGGAAGATATTATCAATTGAGTCATTGAAAGAAACTTGGCATCTTCCCTATTACTAAAACTAAGAATACTTGATTCAAGAAAGAAGT
TTATATTAGTTTTAGCCGTAAGATAACATAACAAAGAAGAAGAAAGAAAA

YKL217W

JEN1

TCGATCAGCTCCAATTAAATGAAGACTATTCGCCGTACCGTTCCCAGATGGGTGCGAAAGTCAGTGATCGAGGAAGTTATTGAGCGCG
CGGCTTGAAACTATTTCTCCATCTCAGAGCCGCCAAGCCTACCATTATTCTCCACCAGGAAGTTAGTTTGTAAGCTTCTGCACACCATC
CGGACGTCCATAATTCTTCACTTAACGGTCTTTTGCCCCCCCTTCTACTATAATGCATTAGAACGTTACCTGGTCATTTGGATGGAGAT
CTAAGTAACACTTACTATCTCCTATGGTACTATCCTTTACCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAATCAGCAAAGTGAAGTACC
CTCTTGATGTATAAATACATTGCACATCATTGTTGAGAAATAGTTTTGGAAGTTGTCTAGTCCTTCTCCCTTAGATCTAAAAGGAAGAAG
AGTAACAGTTTCAAAAGTTTTTCCTCAAAGAGATTAAATACTGCTACTGAAAAT

YMR175W

SIP18

ACATAGTACTGTACGATTACTGTACGATTAATCTATCCACTTCAGATGTTCAACAATTCCTTTTGGCATTACGTATTAATACTTCATAGGA
TCGGCACCCTCCCTTAAGCCTCCCCTAAATGCTTTCGGTACCCCTTTAAGACAACTATCTCTTAACCTTCTGTATTTACTTGCATGTTAC
GTTGAGTCTCATTGGAGGTTTGCATCATATGTTTAGGTTTTTTTGGAAACGTGGACGGCTCATAGTGATTGGTAAATGGGAGTTACGAA
TAAACGTATCTTAAAGGGAGCGGTATGTAAAATGGATAGATGATCATGAATACAGTACGAGGTGTAAAGAATGATGGGACTGAGAGGG
CAATTATCATCCCTCAGAATCAACATCACAAACATATATAAAGCTCCCAATTCTGCCCCAAAGTTTTGTCCCTAGGCATTTTTAATCTTT
GTATCTGTGCTCTTTACTTTAGTAGAAAGGTATATAAAAAAGTATAGTCAAG

YNROO2C

ATO2

AAGTTCTTGACTACCCCTATCTCACACTAGTACGTAATTCAATGTATCATTCGTATTGTAAGTAGATAGAGACGCAATACAGGAAAGCT
GACCTTCCTTCCAATCACCACGGCTGAAATGCTTTGTTGACCAATTACGGACGCTTAAGAGCGGACGCGGCTGGAACGGCTCCATCC
TAAATCGGCGGAGGGAGAACTCCGATACCAGCCGACATGGCAATAATAGTGACAGTAGATGCTACCAGCCCCGCAATAATTTCACAG
TAGATCATCAACAGTCTCCTCATTTCTGGAAATGATCAGCAACTTCGACGGATTTAACTCTCAAGCAGTTACGCACTCCGAGAACAGCC
GTGATCATCTTTGAACAAGCAAAATATATAAAGCAGGAGAACTGTCCTACCTAGAGCTAGAATAGCCATAACTAACTATGTAACATTCTA
CAGATCAATCAAAAACAATCTTCAATCACAGAAAAAAATAAAAGGC

YPL201C

YIG1

TTTTCTAGTTCTTCTTCTGCAATATTGCCTTTTGGGAAGAAGGATCGAAAGTAGCCATTTGCAGACACGTTTTTACTATATTTACTGTATC
TTCGATTGCGCGGCTAAAGTTGCCATATTATTATTATATTGCAGCTCAACCCCGCATTTCCGGAGTTTTCTTTTTTTTTATTTGGGGTAA
TTTGGAGGTCGGCGGCTATTGGTGGGCCGGAAATGGTGACACACTTGTAATATATAAGGAGGAAATCCTACATGTGTATAAGCGAAAT
CACAAGGATAATAATGTATTGCTAAACACCCTCAAGAAAGAAAATAATCATAACGAAATC

YDR256C

CTA1

AGCGGTTGTTCTAACCACTATTTAAAGCCGCAATTAGTAATGCAAAAAGTTGGCCGGAATTAGCCGCGCAAGTTGGTGGGGTCCCTTA
ATCCGAAAAAGGACGGCTTTAACAAATATAAACTCCGAAAATCCCCACAGTGACAGAATTGGAGAAACAACCAGTTTTGATATCGCCAT
ACATATAAAGAGATGTAGAAAGCATTCTTCACTGTAATGTCCAAATCGTACATTTGAATTTCTTGTAGGTTTATTTAAAAGGTAAGTTAAA
TAAATATAATAGTACTTACAAATAAATTTGGAACCCTAGAAG

YLR377C

FBP1

CGGATGGAATCGCCGCTTTTGAATTCACCTCCGGGGTATTATTATTATTCTTAGTAGTCGCGGTCGTGCGGACACCCGGAGTTATGCG
GGCCCGAAAGCTCATTATGTAGTAAAGCTAGGTAATGTTAAGGGCGTAAGAGCCAACGCAAGGCAGCAATAGCCTGGTATTCCCACAT
ATCAAGAAAGCTTAAAAAGTTGAGACAGGGAATTTGAAGGCGAAGATTGCCGAACTGGCCAATACCCACTACTTTTTTTTTGGTTTGCT
TGGTTTCTTCCTGTCGCTTGCCAACTTGTGGCATCTTCCCCACACTATATTATAAGGATCGTCCTATGTATAGGCAATATTATCCATTTC
ACTCGCTAACAAATGTACGTATATATATGGAGCAACAAGTAGTGCAATTACAGACGTGTATTTTGTCTTGATCTTGCTTTTTGTATGATA
GGCCTAAGAATAACAGTGCGAACATATAAGAAACATCCCTCATACTACCACACAT

YPRO06C

ICL2

AATTTTTATTTTCTCCTTCCATATGAGCGACAGCGGTTACTAGCCGCTGTCCTCAGGTTAATGATCCAAGTCCGAGATCCGGGCCGAAT
ATGCTTGCGGGGAAAGAAATAAAAGTGCATTGGAGAAGAAAAGGATATGCTCTTCAATTAGAAGCGCCGAAACACTAACATCATGCTA
GCGATATCATACGTACACTATATAATGTAAAAAATGGGCTTAAGAATAACTCTCTTATTTCTTAACTTTTGTTGCGGTTGAAGAGCTTATA
AAAGTACTAGTGGCCTAAAGAAGCTACAGCGCCGATAATAATATCGATTTCGACTTTTCTAGTATTTCGCCG

YALO54C

ACS1

TGTGCACATACGTCCAGAATGATATCAAGATAAATGGCACGTGTATGTACGGCTGTGTAAATATGATAATCATCTCGGACGAACGGCG
TAGCACTCTCCATCCCCTAAAAATGTTCACGTGTGACTGCTCCATTTCGCCGGATGTCGAGATGACCCCCCCCCCTCAAAAGGCACTC
ACCTGTTGACATGCCGTGGCAAATGATTGGGGTCATCCTTTTTTTCTGTTATCTCTAAGATCCAAAGAAAAGTAAAAAAAAAAGGTTGG
GGTACGAATTGCCGCCGAGCCTCCGATGCCATTATTCAATGGGTATTGCAGTTGGGGTACAGTTCCTCGGTGGCAAATAGTTCTCCCT
TCATTTTGTATATAAACTGGGCGGCTATTCTAAGCATATTTCTCCCTTAGGTTATCTGGTAGTACGTTATATCTTGTTCTTATATTTTCTA
TCTATAAGCAAAACCAAACATATCAAAACTACTAGAAAGACATTGCCCACTGTGCT




YPROO2W | PDH1

AATATAAATAAAATTCCATACAGCATGTCTAATCATAGCTAATTTATACATATTCATCATGAAAACATATAGGGGAAAATATGGTCGGTTA
ACACACCTATCAAAAAATTATTCAGCAATTCCAATCTCGTTAGTAAAATATATTCTTATTTTTTTTTTTTTTCTCTGATTGTATTATTTCTGG
AGTTTTGACTTATTTTTTTACCACATCGCGCTTTTCGTCCCCAATCTCTCTGATATATGATGCTGTCTATAGGTAGCCACTTCCCCGATG
TCGGACCTCGGGCCGTTTACAAACTTTATTGAGATGACCTTATTTCTCCACATTCTAGTCATTCAACTTTTACCCTCATATGTTTACCTT
CACTAATGTGAAAGCATGACCAAAGAAAGTGTATAAGGTATATAAATCTGCCATAATGTATGTATAACTTATTAGGACTTTCTCAAATAG
TATTTTGGTATTTTCTACTGTTCTCTGATGATCGAGAGCAAACAGA

YBRO50C | REG2

AAGTACGATATGGTATAACTGTAACATTGAAGGACTGAAGGACTGAAGGACTGAAGGACTATAGTCAAGGGCCAATGGGGAAGGTCC
CTTCCAGGCCATTTGCCCGATAGTTTGTCCTTCTCTTGCTTTTCCGACGGCCCGATTGCATGTGGCGGGGCAGCACTGGATAAAAAAA
CGTGGGGGGAGTGATTAAATTTATACGCTTATTGTGTCAACACGGAAACCTTATAGTTATCATTACTAACATCGCAACAAGCTGCTTTTT
TACTCGTTTTTAGCCACACCATACCCCCTTTAATTAACTAATAATGCATAAAATAGTTATTGCTTCTTGAGTTGCAGCTTCTTCCTGGAC
GTACTGTTATATATGGCATGTCTTCGCATGTCCGTCAAATTTAGCGTTGTCTCGAAACTTAGGCTGTCGTTCTTGCTGTCTGTCTTCTGA
TAAAATAATATATTGGAATAAGAAAAAAAAAATAGGAACAAGAAAGTGTGTGAGA

YPROO1W | CIT3

ATATTATTCAGTTGAAAGACAAAAAAACATAAATATTTCTATGAGCAAACAATTTGAACAGAAAAATAAAATTGGGGAAGTGACACACCA
TGGTAGCGGTTCTAAAGCGAAATCGGCAAAGCGGCTAAATAGCAGTTTTGATGACTTACTCCACACTGAAAATGGATGACCTTAAATA
GGAGATAAAGCTTTTTCATCCCTATGTATTTAAGATGACTGGCTTGTCAAGCATTCTAATCATAAAAAAAAGATCGTATTTGATCAAGAA
TTTATACATAGACGCCGCTAAATAATTGAATACAAA

YOR100C | CRC1

CTCGTTTGCCGTTACATTGCATTGATGGTACAATAAAGGGCATGCTTTATATCGAGATGTTTCAGTGTATATGAGGGGAAACAGAAAAG
AGTCATTCCTGCCATTTTTTGGTCACTGCTTTTTCTGCTATGAGTAATGGTGAAGTTCCTTGTGGCTACACGCTTAATGTCATCGGGTTA
CTGCTCCTAATATCCGCATATAAGCTTTATGCAGGGATCAGTTGGGCGGCTATTTATCTACACCCAGTCATCCGGCGTGACTGGATCT
CCACTTGCCGCAATAAGTCGGTGGACAAATGGAGATTTAAGAGTAAAGATGCATGATGGTATAATTCCTTTAGTCGAAATAGATATATT
TCAAGCGCATATATAGGCAGACGCTTGTACTGTAGAAATAGCCGATATTCAATTGCGCTCTATGTGTGTTTTTATTCCAGGTTTTCCTTG
GATTCTACGTATTGTACGACTTTCTTATCCTCCACAAACGTCATCGTGTCAGTA

YILO57C | RGI2

CCCAACAGATTTCAAGTCTGTCGCCTTAACCACTCGGCCATAGTGCCTAAAACAATGTAGGTTATTTAAGCAAGTATTGTAGATACTTTT
CGTAATAAACTACAATGCACCCACGACTCGCGGTGTAATGATGGCATGAAATCATTGAACGAAGTTTTGCGGCTATACGGCTGAAGGA
CGAGACTAAAGGGACAGGAATTATTAATGCGGGGTATAATTTGAATAGTATTAACGGGCACTGCCGTTTAGCCATCAAATGCTATTGTT
GGGGTATTCTCTCTACTTTTTGTTCTTGGCTTGAACCTTTTCGGCGGTTGGCAATCGTCCGTATATAAGCATCGGCTGTCCCAATCCTC
TATTGCCCTTTTCCCTTGCACCTCCTTCTCAATTCTTCGTATCTTTCGCGTAAAGGTAGATCTTGATTCACCTATCTGTCGAAACACGAT
TAAGTGCAAACGAAACAACGTACAGTATATAACAAAGTATTTTAAATAATAAGA

YLR312C | QNQ1

CATCAATTAGGGCAAACTTGAATAGTCAGCTAGGTCATATATTTAAAATCAATTAGCCCTATGACTACATTAGGTTTATTGTTAGGTCTTT
ACGGCTGCATATTTGCTTTCGCCGTTCGGCGGGGTCCTGCGACGATTTCTGCGCGGTCTTGTATGGGTGGAGTTGACAGTTAACCCT
CCGGACCCCCTACCCCGGTGTGCCCCCGGTCCATCTATCCATTTTGCGGTAACCCCTTTGCGCGACAGCTGCTTATCAAGGTACCTG
GATCGAGCCATAAAAATTGATCTACACAGATGAGATGGGGCATTGGGATATATTATTAGTCGGAGTATCATTATAGTTATTCAGTTTTAT
GCAGGTTACTGGCCAAACGTTTTTCTTCATTTGGAATAATCGTTTAGGAGCTACTGTTCCGGTATAAAGTAACAAGCACAGTAGCAGAG
TAATACGCAGTGACGATAATAGAGACTAGTAAAACAGTCGAGTTGTCGGACCTAAA

YOR348C | PUT4

GCTATGACGTTTGGGTGGCCTAGCCGGTTCGCGTGTGCCTGTCGCTTTTGTCGCTTTTCAACTTCTGCCCGATATTTCCTATCAAAGG
AAAATGGGACGTTTTCAACCCCTCGCTATCATCGTGCCTGCACTCTGCCTATCGCCAACTACACCGGGGTTTTATCTGCTTCACCCCT
CCATCCAGTGCTGATAACAAGAAGAACCTTGCAGGGTAGGGCAGGACCTACGGCCAAAATACTAATTATGTCTGTTTATGTACATGCC
CCAATCTGAATATTCCATGAATGTAGGCACAGCATATCTCCATCCATGTACTGATACAGACGCATAAACATATATGTATATACATACTTA
TACACTCGAATATTTGTAGACTGATGTACTTCTATATATATATAGGGGGTTTGTGTTCCTCTTCCTTTCCTTTTTTTTTCTCTCTTCCCTTC
CAGTTTCTTTTATTCTTTGCTGTTTCGAAGAATCACACCATCAATGAATAAATC

YJL116C | NCAS3

TAGATGCGCCATCTCCGAGAAAAAATCTAGACAATAACAGCGACAATTAACCTAAAGAGGATAGAAGATCGAGCAAAAAAATTTTTTTA
ATATGGGGTCAGTGGCGATATTATACTATAGGAGTTAAAGAGTAAGTTGAGTGTAAGGTGGTAGAATTATGATTGAACTCCGAAACTAA
GCGCCGATTATGGGTGGCAAAGCGGACAGCTTTTGATATATAATCGATCGCTCTCGTAGTTGATATCCTCTCTCTTGCTTATCTTTTCC
TGTATATAGTATATGTGTACATACAGATACGAATATACCTCAGTTAGTTTGTTTTAACATTAAATATTCAACAGTTGCCAGTAGCAAAAAG
AATATATCCATTCATTTCGAGCTTTTTCGTCTCATTACTGATATCCAACTAACAGTCTCCTCATAGACGGTACCTTACTTTCCTTTAATAT
TATAATACTAGTATAGTCGCACATACTTAACTCGTCTCTCTCTAACACATA

YDR536W | STL1

CTACGTCGCCTGTTCGAGCGGCTCTGTTCGTTGCATGAAACTAAAATAAGCGGAAAGTGTCCAGCCATCCACTACGTCAGAAAGAAAT
AATGGTTGTACACTGTTTCTCGGCTATATACCGTTTTTGGTTGGTTAATCCTCGCCAGGTGCAGCTATTGCGCTTGGCTGCTTCGCGAT
AGTAGTAATCTGAGAAAGTGCAGATCCCGGTAAGGGAAACACTTTTGGTTCACCTTTGATAGGGCTTTCATTGGGGCATTCGTAACAA
AAAGGAAGTAGATAGAGAAATTGAGAAAGCTTAAGTGAGATGTTTTAGCTTCAATTTTGTCCCCTTCAACGCTGCTTGGCCTTAGAGGG
TCAGAATTGCAGTTCAGGAGTAGTCACACTCATAGTATATAAACAAGCCCTTTATTGATTTTGAATAATTATTTTGTATACGTGTTCTAGC
ATACAAGTTAGAATAAATAAAAAATAGAAAAATAGAACATAGAAAGTTTTAGACC

YNL270C | ALP1

GAGCTATAGTCTTTTGCGCTTTCAATACGTGTAGCGGTGTACCAAAAGTTGCACAAAAATGTAGTTGTCAATGAAAGCGCACTACGTAT
ATAATGACTATTTTTTTTTTCCTGGGTTGCATGGGTAATTTGTTGTTAATATGCGATTTTCTTGGGGAAAAGGGTGTCATAGCGCCAAAA
ACTGCCGTGCGGCACAGTATGTATGTTTTTGAGTCGCGGCGTTTAAGGGCTTGGCATAAAAAGTGGTTCAAGCGAGTGATAAGTTGG
GCGAATGTCGTCTTTTTTGTAACCATGTCTTTCCTGAAAACAACCTGTAGGCAGCTCCACTCCACATAAGGGCTTTCTCCAATGGCAAT
GGGAGCTCGGAACACCGGAGTAGAAATTTTTATAATGTGTATTGTATAAAACTTGCTTGTTATGCAGTTTTTGTTTTTTTTGTTACTCTTC
CGTAGCACAATAGACATATATTAGCGGCAAAATTGTAGTGTTGCGATTATTGCC

YDLO85W | NDE2

GTGTAGTATTGATCTTGTTGGTATTGCTAGAAATGCTTCAGCAATACTGTATAAAATATGGAAACGTTGCCATGGCAAGACAAAAGAAG
TGATCTTGAGTGAAATAATAGAGCCCGGATGGCCGGGTAAATTCAACCGCTCGTACCGTTTATAATACGCATAAACGCCGAAAATGTC
TCTATTTTAGTCATTCCCCAGAGTGCGGTATTGCGTACACCTGTCATGCGTTCCTTAGTGCCGATAGATATACTAATATCGATGCGTCA
CAGTAGCAGATCATCTCTGACACTTGTTTCCCCATTTTTTTTTTTCATTTTTTAAAGGGTTTCTCTACAGCCTACAGGCCTCCCCTAATAA
GTCAGCCCCTCCCTTTGGAGTGCGCTGTTGACCTGCGTATATAAGAGGTATATCAGTGCCAGTAGGTAAACCCATCTTGCGGGGATTG
TACCAGGAACATAGTAGAAAGACAAAAACAACCACCGTACTTGCCATTCGTATAG

S. bayanus ADH2

GATCCAGTTCTCCAGTGACACAGCCTTTATCTGGTCAAACCTTTCTTTCTAATCACCTATGCTGATGCTTAATTAAGGGATTTTTGTCTC
CATCAACGGCATGCGCCCAAAAATGACGTTTTTTTTAACCCATAGACACGAAACTACCCATTTTCCACCGGCCTGACCTACCACCGGA
ACAACGGCCATCTCCAACTTGCAAGTTGGGGAAATTAAGAGCATCGCAGGTTTAATGGAAGAAAAAAAAAAGGTACAGCACAGCGCAA
ATGGAGTTAGTTCCCTTATGTCACACACTCACACACAGTCGGTCAGATCAAGCATACTGGGTGCGTATAAATAGAGTGGCCATTGCCA
CCCTGTTTATCTCAAAATCTGTCTTGTTAGTGGTCTTCTCCCTTTTTCAGGTTACAATTCTCTTGTTTCTACTTAGTATATAAGTATATCAA
GCTATATTAAGCATACTATCAACTGTCAACTCTATCCTCAAAATACAATACAAA

S. castellii ADH2

TGTCGTGGACGAAATACGCCACAATTTTGCCGAGAAGGTCATTAGTATGTCCAAGAAACCCTAGGTGTAAAGTCGGGAAATCCGAATC

TCCGATTTTGGAGGGGCCCATGCCCTACTTTTTTTCGCCAGGGGTGAAATTCCAAACCCGTGCGCGTTCTTGGAATTTGACAGCGCAT

TGAGTATGTGCTGCGTATTCCCACTATCATGACGCGCCCTTTATCTGGGAAAAATGGAACTGGATGCTGAAATATTTCACTCTCAGATC

ACATATCCCAAATCCTGTGAGTGAATTGTTTGGTCAGGCGACCAAACAGGAATATGGAATAGATTCTATTCTCTGGATTCTACAATTATC
CATTGTTAGCAAAACAAAAAAAACTGGTGGTATATATATTCAGAGCCTAAAATTTAAAGGTTGGATCTCAATTTTAAAAGTTTTCATTCTG

TTTTGTTTTTGTTTCTTCTTAGCTCACGAATAACCAAACAAAAAACAATCAATA




S. kudriavzevii
ADH2

CTCTCAAATCTTTTAGCGCCAAGGACTCCAACTAATTGTATCTTGAATTTGCCTTTACGATCCGTTTGTCCAGTCACGGCATGTATATCT
TATTAATCCTGCCTTTCTAATCACGTATTCTAATGTTCAATTAAGGGATTTTATCTTCATCAACGGCTCCCACGCAAAAAATGACGTTTTG
CACACAGACACGAAATACACCTTCCACCGGAACAACGGCCATCTCCAACTTATAAGTTGGGGAAATAAGACAATTTCAGACTTCAGAG
AATGAAAAAAAAAAAAGGTACATCACAGATGGGGTTCAGGTTTGCTACAATTGCAGGGAGCCTGTCACATATAAATAGACCTCCAGTG
ATGATATCTTTCAGTCTTCAAACGTCTCTTGTCACAGTTCTGGTCGTTCTATATCACATCTCTCTTGGTTCTACTTATTGTCTATAATATC
AAGCTACAGCAAGCATACAATCAACTATCTACCATACCATAATACACA

S. mikitae ADH2

TTTCCCAAAAAGTATTATTTTTAAGTGATAATTGATAAAAGGGGCAAAACGTAGACGCAAATAAAACGGAAATAATGATTCTCAGACCTT
TTAGCGTCAAGAACTGCAACTAATCTTATCTTAAAATTATCTTTATAATCCGTTTCTCCCGTCACAGTCTGTGTATCTGATTAATCCTGCC
TTTCTAATCACCTATTCTAATGTTCAATTAAGGGATTTTGTCTTCACCAACGGCTTCCACCCAAAAGTAAAAAATGACGTTGTACCCACA
GACATCTTCACCGGCCTGACCTGCCACCGGAACAACGGCCATCTCCAACTCATAAATTGGAGAAATAAGAGAATTTCAGATTCTGGAG
GATGAAAAAAAAAAAGGTACAGCATAAATGGGGTTTTATGTGGGTACAATTACACTAGGACTATCACATATAAATAGACGGGCAATGTA
GGTTCTTTTCCACCCTTGAGACAGAGTTATTC

S. paradoxus ADH2

TAGTCTTATCTAAAAATTGCCTTTATAGTCCGTCTCTCCAGTCACGGCCTGTGTAACTGATTAATCCTGCCTTTCTAATCACCATTCTAC
TGTTTAATTAAGGGATTTTGTCTTCATCAACGGCTTCCGCCCAAAAAAAAGTATGACGTTTTGCCCGCAGGCGTGAAGCTGCCCATCTT
CACGGGCCTGACCTCCTCTGCCGGAACACCGGCCATCTCCAACTCATAAATTGGAGAAATAAGAGAATTTCAGATTTTCAGAGGATGA
AAAAAAAAAGGTAGAGAGCATAAAAATGGGGTTCACTTTTTGGCAAAGTTACAGTATGCTTATTACATATAAATAGAGTGCCGATAATG
GCTTTTTTTCATCTTCGAAATACGCTTGCTACTGCTCTTCCAGCGTTTTTATTACTTCTTTCTTGTTTCTCCTTAGTATATAAAATATCAAG
CTACAACAAGCATACAATCAACTGTCAACTGTCAATTATATTATAATACACT




table S4. Background strains used throughout this study.

Strain
BY4741

BY4743

BJ5464
BY4743ADNL4
Y800

DHY213

JHY693

JHY651

JHY692

JHY705

JHY686

JHY702

Parent
S288C

S288C

S288C

BY4741

DHY213

DHY213

DHY213

DHY213

DHY213

DHY213

Genotype
MATa his3A1 leu2A0 met15A0 ura3A0
MATa/a his3A1/his3A1 leu2A0/leu2A0
LYS2/lys2A0 met15A0/MET15
ura3A0/ura3A0
MATa ura3-52 trpl leu2-A1 his3-A200
pep4::HIS3 prb1-A1.6R can1 GAL
MATa/Mata dnl4A/dnl4A
MATa ade2-1 leu2-A98 ura3-52 lys2-801
trp1-1 his3-A200 [cir0]

MATa his3A1 leu2A0 ura3A0 met15A0
SAL1+ HAP1+ CAT5(91M) MIP1(661T)
MKT1(30G) RME1(INS-308A) TAO3(1493Q)
MATa his3A1 leu2A0 ura3A0 met15A0
SAL1+ HAP1+ CAT5(91M) MIP1(661T)
MKT1(30G) RMEL1(INS-308A) TAO3(1493Q)
prb1A pep4A
MATa his3A1 leu2A0 ura3A0 SAL1+ HAP1+
CAT5(91M) MIP1(661T) MKT1(30G)
RMEZ1(INS-308A) TAO3(1493Q)prb1A pep4A
lys2A0
MATa his3A1 leu2A0 ura3A0 met15A0
SAL1+ HAP1+ CAT5(91M) MIP1(661T)
MKT1(30G) RME1(INS-308A) TAO3(1493Q)
prb1A pep4A ADH2p-npgA-ACS1t
MATa his3A1 leu2A0 ura3A0 SAL1+ HAP1+
CAT5(91M) MIP1(661T) MKT1(30G)
RMEZ1(INS-308A) TAO3(1493Q) prb1A
pep4A ADH2p-CPR-ACS1t lys2A0
MATa his3A1 leu2A0 ura3A0 SAL1+ HAP1+
CAT5(91M) MIP1(661T) MKT1(30G)
RME1(INS-308A) TAO3(1493Q) prb1A
pep4A ADH2p-npgA-ACS1t lys2A0
MATa/MATa his3A1/his3A1 leu2A0/leu2A0
ura3A0/ura3A0 SAL1+/SAL1+ HAP1+/HAP1+
CAT5(91M)/CAT5(91M)
MIP1(661T)/MIP1(661T)
MKT1(30G)/MKT1(30G) RME1(INS-
308A)/RME1(INS-308A)
TAO3(1493Q)/TAO3(1493Q) prb1A/prb1A
pep4A/pep4 A ADH2p-npgA-ACS1t/ADH2p-
CPR-ACS1t met15A0/+ lys2A0/+

Reference
(38)

(38)

(43)
(73)
(51)

This study

This study

This study

This study

This study

This study

This study


https://paperpile.com/c/G0ISrp/5bCAK
https://paperpile.com/c/G0ISrp/5bCAK
https://paperpile.com/c/G0ISrp/5bCAK
https://paperpile.com/c/G0ISrp/5bCAK
https://paperpile.com/c/G0ISrp/5bCAK
https://paperpile.com/c/G0ISrp/5bCAK
https://paperpile.com/c/G0ISrp/5uiSD
https://paperpile.com/c/G0ISrp/5uiSD
https://paperpile.com/c/G0ISrp/5uiSD
https://paperpile.com/c/G0ISrp/MPh1e
https://paperpile.com/c/G0ISrp/MPh1e
https://paperpile.com/c/G0ISrp/MPh1e
https://paperpile.com/c/G0ISrp/SJKXw
https://paperpile.com/c/G0ISrp/SJKXw
https://paperpile.com/c/G0ISrp/SJKXw

table S5. Features integrated for the determination of sesquiterpenoid titer in Fig. 2B.

M/Z Formula lon
203.1794 CisHz2 + H+ SQ-H:
205.195 CisH24 + H+ SQ
221.1899 Ci15H240 + H+ SQ+0
227.1776 CisH24 + Na+ SQ
237.1848 Ci15H2402 + H+ SQ +20

239.2005 C1sH2602 + H+ SQ +H20 +0O

241.2161 CisH2802 + H+ SQ +2H:0

243.1725 Ci5H240 + Na+ SQ+0

259.1674  CisH2402 + Na+ SQ + 20

261.183 C1sH2602 + Na+ SQ +H20 +O
SQ = Sesquiterpene (CisHz4)

table S6. Order of promoters and terminators used in the expression of all cryptic fungal BGCs
examined in this study.

Gene order Promoter Terminator
1 PADHZ-S. cerevisiae TabH2
2 PAabH2-s. bayanus Trcin
3 Prcka Teno2
4 PmLs1 T1oH2
5 PADHZ-S. paradoxus TabH1
6 PADH2-s. kudriavzevii Teyer
7 PicL1 Trer

Last - Trer1



table S7. Standard part plasmids and expression vectors used for the assembly of cryptic BGCS
in this study.
Yeast

Plasmid Insert Description
Marker P

Template for amplification of terminator
pCH900 T ADH2-PADH2-5. bayanus None P P

one fused to promoter two.

Template for amplification of terminator
pCH901 Trai1-Ppcka None emprate forampitication otte ao

two fused to promoter three.

Template for amplification of terminator
pCH902 Tenoz2-PwLs1 None b P

three fused to promoter four.

Template for amplification of terminator
pCH903 T1pH2-PADH2-s. paradoxus None P P ;

four fused to promoter five.

Template for amplification of terminator
pCH904 TapH1-PADH2-S. kudriavzevii None P P .

five fused to promoter six.

Template for amplification of terminator
pCH905 Tevei-Pica None P P

six fused to promoter seven.

Template for amplification of terminator
pCH906 Trciz-Ura3-Pecka None two fused to the Ura3 cassette and
promoter three.

Template for amplification of terminator

pCH907 Tpai1-His3-Ppck1 None two fused to the His3 cassette and
promoter three.
pCHINT2A L3-PapH2-flag-MCS-Trer1-L4 None Cloning vectors generated for this study
for assembly of >3 genes. Yeast
pCHINT3A L5-PapHz-flag-MCS-Trer1-L6 None selectable marker must be included on an

assembly fragment

PCHINT2LA  L3-Leu2-Papno-flag-MCS-Treri-L4  Leu2 Cloning vectors generated for this study
for assembly of 1-2 genes. Yeast
selectable marker is included on the

PCHINT3HA L5-His3-PADH2-flag-MCS-TTEF1-L6 His3 vector backbone



table S8. Coordinates of native loci from which all clusters examined here were derived along with
the IDs of plasmids expressing the engineered cluster versions. Annotated Genbank files for all
plasmids is included in the Supporting files.

Native Locus

Engineered Cluster Plasmids

Cluster
Genbank ID Start End Length Plasmid 1 Plasmid 2 Plasmid 3
PKS1 KV441552 530394 546723 16329 | pCHCS100.1-2.2 pCHCS100.2-2.2 -
PKS2 KVv441551 60641 83767 23126 | pCHCS163.1-2.2 = pCHCS163.2-2.2 -
PKS3 Repositiculpending 9892 pCHAK200.1-2.2  pCHAK200.2-2.2 -
PKS4 AM270992 578654 603367 24713 pCHKU27.1-2.2 = pCHKU27.2-2.2 -
PKS5 CP0O03009 8730831 8753560 22729 pCHKU28.1-2.2 = pCHKU28.2-2.2 -
PKS6 |ABDF02000052 9685 28459 18774 pCHKU30.1-2.2 = pCHKU30.2-2.2 -
PKS7 | JPJY01000093 2671 30026 27355 pCHKU31.1-2.2 = pCHKU31.2-2.2 -
JOWAO0100011
PKS8 0 1607857 1643205 35348 pCHKU32.1-2.2 = pCHKU32.2-2.2 -
PKS9 KE384750 270098 292755 22657 pCHKU33.1-2.2 = pCHKU33.2-2.2 -
PKS10 KB445572 91380 115199 23819 pCHKU34.1-2.2 = pCHKU34.2-2.2 -
PKS11 | JPKB01001000 12749 37136 24387 pCHKU35.1-2.2 = pCHKU35.2-2.2 -
PKS12 | JPJU01000852 23274 @ 38823 15549 pCHKU36.1-2.2 = pCHKU36.2-2.2 -
PKS13 | JPJR01000396 848 19416 18568 pCHKU37.1-2.2 = pCHKU37.2-2.2 -
PKS14 KN847553 300827 326489 25662 pCHKU38.1-2.2 = pCHKU38.2-2.2 -
AWS00100004
PKS15 5 179446 203577 24131 pCHKU39.1-2.2 = pCHKU39.2-2.2 -
PKS16 JH687542 431482 465332 33850 pCHKU42.1-2.2 = pCHKU42.2-2.2 = pCHKU42.3-2.2
PKS17 KN839868 143119 188013 44894 pCHKU43.1-2.2  pCHKU43.2-2.2  pCHKU43.3-2.2
PKS18 DS989828 1389449 1407499 18050 pCHSU62.1-2.2 =~ pCHSU62.2-2.2 = pCHKU62.3-2.2
PKS19 KB908593 409171 443069 33898 pCHSU64.1-2.2 = pCHSU64.2-2.2 -
PKS20 GL532685 4724 17845 13121 pCHSU65.1-2.2 = pCHSU65.2-2.2 -
AMGW0100000
PKS21 2 1294251 1322017 27766 pCHSU67.1-2.2 pCHSUB7.2-2.2 -
PKS22 DF933843 225991 254307 28316 pCHSU68.1-2.2 = pCHSU68.2-2.2 -
PKS23 KE720645 48853 80314 31461 pCHSU70.1-2.2 = pCHSU70.2-2.2 -
PKS24 DF933834 523551 558018 34467 pCHSU71.1-2.2 = pCHSU71.2-2.2 -
AWSO00100063
PKS25 3 5071 30440 25369 pCHSU72.1-2.2 = pCHSU72.2-2.2 -
PKS26 KN817529 130968 152240 21272 pCHSU73.1-2.2 = pCHSU73.2-2.2 -
PKS27 KB445800 1362248 1403385 41137 pCHSU74.1-2.2 = pCHSU74.2-2.2 -
AWS00100063
PKS28 2 8804 37857 29053 pCHSU75.1-2.2 = pCHSU75.2-2.2 -




TC1
TC2
TC3
TC4
TC5
TC6
TC7
TC8
TC9

TC10

TC11

TC12

TC13

ABDF02000086 384012 368868
ABDF02000083 37740

FQ790293
JH717969
K1925459
KB445798
JH719450
KL198014
GL377319
JH687394
JH687396
JH719415
JH795868

97750

49247
131296

858521 869226

2412992 2432365

581049 618823

83620

1718438 1746540

114270

205808 212935

99692
33983

114281
48346

280135 300470

73132

97338

15144
11507
33546
10705
19373
37774
30650
28102
7127
14589
14363
20335
24206

pCHTV86.1-2.2
pCHTV83.1-2.2
pCHBFT4.1-2.2
pCHKU11.1-2.2
pCHKU12.1-2.2
pCHKU13.1-2.2
pCHKU15.1-2.2
pCHKU16.1-2.2
pCHKU17.1-2.2
pCHKU19.1-2.2
pCHKU20.1-2.2
pCHKU21.1-2.2
pCHKU22.1-2.2

pCHTV86.2-2.2

pCHBFT4.2-2.2

pTC_KU12_trans




table S9. Abbreviations for the functional gene annotations used in Figs. 2, 5, and 6.

Abbreviation
A
a,b-h
ABC
ACP
ADH
AK-red
AmOXx
AmT
ArST
AT
cMT
Cyc
DH
DUF4246
FAD
Fe-ADH
FMO
GGPPS
glycos.
GMC
Halo
HR-PKS
Hyp
IAS
KS
mBla
MCP
MFS
MH
MT
NAD-DH

NADP-R
nMT
NR-PKS
O-suc-SH
oMT
OxR
p450

Domain Annotation
Adenylation domain
a,b-hydrolase
ATP-binding cassette transporter
Acyl carrier protein
Alcohol dehydrogenase
Aldo-keto reductase
Aminooxidase
Aminotransferase
Arylsulfotransferase
Acyltransferase domain
C-mehtyltransferase
Terpene cyclase
Dehydratase
Domain of unknown function 4246
Flavin adenine dinucleotide (FAD) binding protein
Iron dependent alcohol dehydrogenase
Flavin-dependent monooxygenase
Geranyl-geranyl pyrophosphate synthase
Glycosidase
Glucose-methanol-choline oxidoreductase
Halogenase
Highly reducing polyketide synthase
Hypothetical protein
Indole-3-acetic acid-amido synthetase
Ketosynthase domain
metallo-B-lactamase
Mitochodrial phosphate carrier protein
Major facilitator superfamily transporter
Metallohydrolase
Methyl transferase

Nicotine adenine dinucleotide dependent dehydrogenase
Nicotine adenine dinucleotide phosphate (NADP) dependent
reductase

N-methyltransferase
Non reducing polyketide synthase
O-succinylhomoserine sulfhydrylase
O-methyltransferase
Oxidoreductase
Cytochrome p450



Pep
PrT
PT
RibD
RNAh
SAT
SDH
SDR
SH
ST

D
TE
TF

uTC

Dipeptidyl peptidase
Prenyl transferase
Product template domain
Riboflavin biosynthesis protein RibD
RNA helicase
starter unit: ACP transacylase domain
Short-chain dehydrogenase
Short-chain dehydrogenase/reductase
Serine hydrolase
Sugar transport protein
Thiolation domain
Terminal domain
Thioesterase domain
Transcription factor
UbiA-type terpene cyclase



table S10. Strains expressing cryptic fungal BGCs analyzed here.

Strain
Number

106
107
108

137

290
304
305
266
286
287
95
100
132
96
101
133
97
102
134
124
248
255
117
249
256
118
171
178
110
125
163
111
126
164

112

Mating

105 x 108

266 x 108

304 X 108

182 x 107

183 x 107

95 x 100

96 x 101

97 x 102

124 x 248

117 x 249

118 x 171

110 x 125

111 x 126

Background

JHY692
JHY705
JHY705

JHY702

JHY702
JHY692
JHY702
JHY692

JHY702

JHY702
JHY692
JHY705
JHY702
JHY692
JHY705
JHY702
JHY692
JHY705
JHY702
JHY692
JHY705
JHY702
JHY692
JHY705
JHY702
JHY692
JHY705
JHY702
JHY705
JHY692
JHY702
JHY705
JHY692
JHY702

JHY705

Cluster

NC
NC
NC

NC

DHZ
DHZ
DHZ
DHZ
IDT
IDT
PKSO01
PKSO01
PKSO01
PKS02
PKS02
PKS02
PKSO03
PKSO03
PKSO03
PKS04
PKS04
PKS04
PKS05
PKS05
PKS05
PKSO06
PKSO06
PKSO06
PKSO07
PKSO07
PKSO07
PKSO08
PKS08
PKSO08

PKS09

1

pRS426
pCHINT2AL
pRS426

pRS426

pCHDHZ-2.2
pCHDHZ-2¢
pCHDHZ-2¢
pCHDHZ-2.2
pCHIDT-2.2
pCHIDT-2¢
pCHCS100.1-2.1
pCHCS100.2-2.1
pCHCS100.1-2.1
pCHCS163.1-2.1
pCHCS163.2-2.1
pCHCS163.1-2.1
pCHAK200.1-2.1
pCHAK200.2-2.1
pCHAK200.1-2.1
pCHKU27.1-2.2
pCHKU27.2-2.2

pCHKU27.1-2.2

pCHKU28.1-2.2
pCHKU28.2-2.2

pCHKU28.1-2.2

pCHKU30.1-2.2
pCHKU30.2-2.2

pCHKU30.1-2.2
pCHKU31.2-2.2
pCHKU31.1-2.2
pCHKU31.1-2.2

pCHKU32.2-2.2
pCHKU32.1-2.2

pCHKU32.2-2.2

pCHKU33.2-2.2

Plasmid

2

pCHINT2AL

pRS426

pRS426

pCHINT2AL

pCHINT2AL

pCHCS100.2-2.1
pCHCS163.2-2.1
pCHAK?200.2-2.1

pCHKU27.2-2.2

pCHKU28.2-2.2

pCHKU30.2-2.2

pCHKU31.2-2.2

pCHKU32.2-2.2



114
165

242
243

246

115
191

205

113
127

166
128
192
206

167
250

257

228
244

247

122
172

177

121
168

176

185
193

207
158
252
259

187
194

208

188
253
260

112 x 114

242 x 243

191 x 115

113 x 117

192 x 128

167 x 250

244 x 228

172 x 122

168 x 121

193 x 185

158 x 252

194 x 187

188 x 253

JHY692
JHY702

JHY692
JHY705

JHY702

JHY692
JHY705

JHY702

JHY705
JHY692

JHY702
JHY692
JHY705
JHY702

JHY692
JHY705

JHY702

JHY692
JHY705

JHY702

JHY692
JHY705

JHY702

JHY705
JHY692

JHY702

JHY692
JHY705

JHY702

JHY692
JHY705

JHY702

JHY692
JHY705

JHY702

JHY692
JHY705

JHY702

PKS09
PKS09

PKS10
PKS10

PKS10

PKS11
PKS11

PKS11

PKS12
PKS12

PKS12
PKS13
PKS13
PKS13

PKS14
PKS14

PKS14

PKS15
PKS15

PKS15

PKS16
PKS16

PKS16

PKS17
PKS17

PKS17

PKS18
PKS18

PKS18

PKS19
PKS19

PKS19

PKS20
PKS20

PKS20

PKS21
PKS21

PKS21

pCHKU33.1-2.2
pCHKU33.1-2.2

pCHKU34.1-2.2
pCHKU34.2-2.2

pCHKU34.1-2.2

pCHKU35.1-2.2
pCHKU35.2-2.2

pCHKU35.1-2.2

pCHKU36.2-2.2
pCHKU36.1-2.2

pCHKU36.1-2.2

pCHKU37.1-2.2
pCHKU37.2-2.2

pCHKU37.1-2.2

pCHKU38.1-2.2
pCHKU38.2-2.2

pCHKU38.1-2.2

pCHKU39.1-2.2
pCHKU39.2-2.2

pCHKU39.1-2.2

pCHKU42.1-2.2
pCHKU42.2-2.2

pCHKU42.1-2.2
pCHKU43.2-2.2
pCHKU43.1-2.2
pCHKU43.1-2.2

pCHSU62.1-2.2
pCHSU62.2-2.2

pCHSU62.1-2.2

pCHSU64.1-2.2
pCHSU64.2-2.2

pCHSU64.1-2.2

pCHSU65.1-2.2
pCHSU65.2-2.2

pCHSU65.1-2.2

pCHSU67.1-2.2
pCHSU67.2-2.2

pCHSU67.1-2.2

pCHKU33.2-2.2

pCHKU34.2-2.2

pCHKU35.2-2.2

pCHKU36.2-2.2

pCHKU37.2-2.2

pCHKU38.2-2.2

pCHKU39.2-2.2

pCHKU42.2-2.2

pCHKU43.2-2.2

pCHSU62.2-2.2

pCHSU64.2-2.2

pCHSU65.2-2.2

pCHSU67.2-2.2

pCHKU42.3-2.2

pCHKU43.3-2.2



189
195

209
173
229
241

174
196

210
160
197
211

175
198
212
162
199
213
230
231
240

226
278
280
282
283

292

293
227
279
281
284
288
289
291
217

269

218

195 x 189

173 x 229

196 x 174

197 x 160

198 x 175

199 x 162

231 x 230

280 x 283

278 x 282

106 x 279

106 x 281

281 x 284

JHY692
JHY705

JHY702
JHY692
JHY705
JHY702

JHY692
JHY705

JHY702

JHY692
JHY705

JHY702

JHY692
JHY705

JHY702
JHY692
JHY705
JHY702

JHY692
JHY705

JHY702

JHY705
JHY705
JHY705
JHY692
JHY692

JHY702

JHY702

JHY705
JHY705
JHY705
JHY692

JHY702

JHY702

JHY702

JHY705

JHY705

JHY705

PKS22
PKS22

PKS22
PKS23
PKS23
PKS23

PKS24
PKS24

PKS24
PKS25
PKS25
PKS25
PKS26
PKS26
PKS26
PKS27
PKS27
PKS27
PKS28
PKS28
PKS28
TCO1
TCO1
TCO1
TCO1
TCO1

TCO1

TCO1
TCO3
TCO3
TCO3
TCO3

TCO3
TCO3

TCO3

TC04
TCO05
Corrected
TCO05
Deposited

pCHSU68.1-2.2
pCHSUG8.2-2.2

pCHSUG68.1-2.2
pCHSU70.1-2.2
pCHSU70.2-2.2
pCHSU70.1-2.2

pCHSU71.1-2.2
pCHSU71.2-2.2

pCHSU71.1-2.2

pCHSU72.1-2.2
pCHSU72.2-2.2

pCHSU72.1-2.2

pCHSU73.1-2.2
pCHSU73.2-2.2

pCHSU73.1-2.2

pCHSU74.1-2.2
pCHSU74.2-2.2

pCHSU74.1-2.2

pCHSU75.1-2.2
pCHSU75.2-2.2

pCHSU75.1-2.2

pCHTV86.1-2.2
pCHTV86.1-1.0
pCHTV86.1-2.1
pCHTV86.2-1.0
pCHTV86.2-2.1

pCHTV86.1-2.1
pCHTV86.1-1.0

pCHBFT4.1-2.1
pCHBFT4.1-1.0
pCHBFT4.1-2.1
pCHBFT4.2-2.1

pCHBFT4.1-1.0
pCHBFT4.1-2.1

pCHBFT4.1-2.1

pCHKU11.1-2.2

pCHKU12-2.2

pCHKU12-2.2

pCHSUG8.2-2.2

pCHSU70.2-2.2

pCHSU71.2-2.2

pCHSU72.2-2.2

pCHSU73.2-2.2

pCHSU74.2-2.2

pCHSU75.2-2.2

pCHTV86.2-2.1

pCHTV86.2-1.0

PRS426
PRS426

pCHBFT4.2-2.1

pTC-KU12_Trans



219
220
271
221
222
223
224
225

JHY705
JHY705
JHY705
JHY705
JHY705
JHY705
JHY705
JHY705

TCO06
TCO7
TCO8
TCO09
TC10
TC11
TC12
TC13

pCHKU13.1-2.2
pCHKU15.1-2.2
pCHKU16.1-2.2
pCHKU17-2.2
pCHKU19-2.2
pCHKU20-2.2
pCHKU21-2.2
pCHKU22.1-2.2



Compound Characterization Data:

LC-MS Data:
Strain 132 - PKS1 - Corniothyrium sporulosum

o o gb"° KS-AT-DH-ER-KR-ACP
94000 120000 220000
— ¥ — 1%
c£ ESk 2 t
63 miz=455.1813 g3 mlz— 422.1792 g3
8 8 8
0 0 0
05 10 15 2%‘0 25 .30 35 40 05 10 15 2\ 3.0
retenttion time, min retention l\me min
55000 57000 120000
— %
g ESI+ c2 ESl+ -
53 m/z=344.1552 &3 m/z=3431 E S3
o o o
0 0
0% ! relenztlon tlme min o0 0 8 reler?llon tlme min 0
65000 86000 220000
— % —_— %
2 ESI+ c 2 ESI+ cE
6= miz=235.1325 o3 m/z=210.1205 S 3
3 3 8
0 0 . 0
0 ! reten%lon i|me min 20 0% o ! 5retenzﬂ(ém tin%eﬁ. min3 0 9 0
720000 720000
— 1%
£ ESI+ 2
§5  miz=105.070 &5
o o
o o
0 0
05 10 18 A GRS 30 35 40 06 10 15 30 .25 .30 35 40
retention time, min retention time, min
150000
— 1%
- ESI-
o3 m/z=419.1605
8
0
05 1.0

1 3.0
reterﬁlon Tlme min

fig. S8. All features produced by PKS1 in strain 132.
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05 35 40

15 0 .25 30
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05 10

1
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Strain 133 - PKS2 - Corniothyrium sporulosum

@ g KS-AT-DH-ER-KR-ACP © o o
17000 59000 25000
— 1% — ¥ — ¥
2 RPS 2 RPS 2 RPS
s § m/z= 422.2738 s § m/z=421.2703 s § m/z=399.2884
o o o
0 0 VAN 0
40.0 405 41 ? . 415 42.0 425 430 40.0 405 41 ? . 415 42.0 425 43.0 40.0 405 41 ? . 415 42.0 425 43.0
retention time, min retention time, min retention time, min
29000 23000 110000
— 1% — % — 1%
-2 RPS € RPS . RPS
S 3 m/z=331.1877 g3 m/iz=300.2012 S 3 m/z= 299.1979
o o (5]
o - 0 e 0 A
40.0 40.5 41 ? 41,5 42.0 425 43.0 40.0 40.5 41 ? . 415 42.0 425 43.0 40.0 405 41.0 41,5 42.0 425 43.0
retention time, min retention time, min retention time, min
98000 22000 53000
— 1% - ¥ — ¥
_& RPS _2 RPS _£ RPS
S3 m/iz=278.2192 S3 miz=277.3708 Sz mMiz=277.2618
o (&) o
0 0 AR 0
40.0 40.5 410 415 42.0 425 43.0 400 405 410 415 42.0 425 43.0 40.0 40.5 410 415 42.0 425 43.0
retention time, min retention time, min retention time, min
550000 13000 26000
- ® — # —_— 1%
-2 RPS -2 RPS -2 RPS
S3 m/z=277.2157 S3 miz=259.2051 S3 m/z=178.5981
o o Q
. 0 0
40.0 40.5 410 415 42.0 425 43.0 40.0 40.5 410 415 42.0 425 43.0 40.0 40.5 410 415 42.0 425 43.0
retention time, min retention time, min retention time, min
13000
— 1%
_¢ RPS
S 3 m/z= 158.085
o
0
400 40.5 41,? . 415 420 425 430
retention time, min
fig. S9. All features produced by PKS2 in strain 133.
Strain 255 - PKS4 - Aspergillus niger
KS-AT-DH-ER-KR-A;P A-T-TD
x r
o¥ o o
240000 240000
] ]
_g ESI- _g Esk
S 3 m/z=187.1335 83 m/z=187.1334
o o
0 A 0 A
05 1.0 3.0 35 4.0 05 1.0 3.0 35 4.0

15 20 25
retention time, min

16 20 .25 3
retention time, min

fig. S10. All features produced by PKS4 in strain 255.



Strain 178 - PKS6 - Tr/choderma virens

KS-AT-DH-cMT-ER-
e &50 “\‘( be‘3°
120000 159 45000 159 46000
i o L ESl+ i
5 g M/:—sss 3059 85 P ; miz= 447‘2384 8%
J (
- " W/ O | SN o
1 retenZtlon tlme min 20 0 o8 L 15retenzfi%n tin%é’. min30 s 40
44000 120000 74000
ESI- 18 Eol — 1B
j23 j23 | fﬁ
§E Mz=708.5145 55 miz=707.311 55
8 8 8
0 —h —— 0 — — 0
05 1.0 15 0 .25 30 35 4.0 05 1.0 15 0 .25 .30 4.0
retenzilon time, min retenztlon time, min
fig. S11. All features produced by PKS6 in strain 178.
Strain 164 - PKS8 - Scedosporium apiospermum
KS-AT-DH-cMT-KR-TD-ACP
1 G
0\3“ 0&‘“ “..0 QBQ FO Pﬁ ?Fo
2 MM+
§§ miz= 99.0318‘\
S Veedientme, mn 0 00
fig. S12. All features produced by PKS8 in strain 164.
Strain 246 - PKS10 - Cochliobolus heterostrophus
KS-AT-ACP
lv\aﬁll Iv“vvlal\*io
“,.0” P «\g\?\d WPV 0T @
4800000 53000 89000
— % —
2 ESl- 2 ESh+ 2
§5  m/iz=313.034 &5 miz=315.0504 §5
o o o
0 0 o 0
05 1.0 15 2%'0 .25 .30 40 05 1.0 15 20 .25 .30 35 40
retention time, min retention time, min
fig. S13. All features produced by PKS10 in strain 246.
Strain 206 - PKS13 - Pseudogymnoascus pannorum
KS-AT-ACP,-TE
o eC Wwo R
37000 §89 170000 ?g{; 47000
2 ESI- 2  ESI- 2
85 miz=420.0644 85  miz=419.0614 §5
o o o
0 e e e 0 0
0 L L 5retenzti%n tirr%e5 min3 ¢ 38 *0 £ 12 1 5retenzﬁ(gm tirr21e5 min3 0 R a0
49000
— %
£ ESl-
§5 miz=277.071
o
0
05 1.0 35 40

15, teiddn tir22 mind®
retention time, min

fig. S14. All features produced by PKS13 in strain 206.
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Strain 257 - PKS14 - Verruconis gallopava
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N 3
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fig. S15. All features produced by PKS14 in strain 257.



Strain 247 - PKS15 - Moniliophthora roreri

SAT-KS-AT-PT-ACP.

S A- N} @
K\4 th 0!
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fig. S16. All features produced by PKS15 in strain 247.
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Strain 177 - PKS16 - Puntularia strigosozonata
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fig. S17. All features produced by PKS16 in strain 177.



Strain 176 - PKS17 - Hydnomerulius Ipinastn'
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fig. S18. All features produced by PKS17 in strain 176.
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fig. S19. All features produced by PKS18 in strain 207.



Strain 208 - PKS20 - Pyrenophora teres

KS-AT-ACP
X\*Qx\‘!v‘“e\’ o® o0
36000 51000 270000
— — —i
£ ESl+ c2 SI- L2 ESI-
IS § m/z=315.0502 S § m/z=314.0379 S § m/z=313.0348
0 PRL 2 W § e S 0
05 10 15 ZtD .25 . 30 35 40 05 1.0 15 Ql.O .25 . 30 35 4.0 05 1.0 15 ?1,0 .25 . 30 35 40
retention time, min retention time, min retention time, min
59000
%
.2 ESl-
Sz miz=240.1136
o
0 Al A N S —
05 10 1.5 2t.0 .25 . 30 35 4.0
retention time, min
fig. S20. All features produced by PKS20 in strain 208.
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fig. S21. All features produced by PKS22 in strain 209.



Strain 241 - PKS23 - Endocarpon pusillum
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fig. S22. All features produced by PKS23 in strain 241.
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Strain 210 - PKS24 - Talaromyces cellulolyticus
A-nMT-PCP-KS-AT-ACP-TE
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fig. S23. All features produced by PKS24 in strain 210.

Strain 240 - PKS28 - Moniliophthora roreri
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fig. S24. All features produced by PKS28 in strain 240.



NMR Data:

table S11. NMR data of compound 6.

H NMR spectrum (500 MHz), 3C NMR spectrum (125 MHz), CDCls

position | 8x, mult (Jin Hz) 5 COSY
16 1 173.92
| 2 4.66, td (4.9, 8.8) | 50.65 | H3, H7
o 0,10 5 3 151, m, overlap | 41.98 | H2, H4
1.64, m, overlap
14 12 10 TM 4 1.64, m, overlap | 25.04
8 "N* 6 5% 0.94, m, overlap | 22.96 | H4
15 31 9 H 3 & 0.94, m, overlap | 22.14 | H4
compound 6 7-NH 5.76, d (8.5) H2
8 173.02
| 9 221, m 36.77 | H8
(o] (o] 10 1.64, m, overlap | 25.73 H9
O 11 1.28, m, overlap | 29.32
ML . 12 1.28, m, overlap | 29.13
o 0 TR 13 1.28, m, overlap | 31.83
A — H 14 1.28, m, overlap | 22.75
X 15 0.88,1(7.2) 14.22 | H14
Key HMBC correlations 16 3.73.s 5540

Note: @ Assignments denoted by superscript letters are interchangeable.

table S12. NMR data of compound 7.
1

HO (0}

[0} 10 (o} OH
/2\/4\)]\ ! N A L
13
N _xn 6 s NW
1 3 5 8 H 15 17

OH
compound 7

(‘\\ JI\If/@\
(&7 s N o?/\&

Key HMBC correlations

H NMR spectrum (500 MHz), 3C NMR spectrum (125 MHz), Acetone-ds

position | 8y, mult (JinHz) | 8¢ COSsY

1 1.87,d (6.2) 18.85 | H2

2 6.26, m 143.36 | H1, H3

3 7.35, m 129.90 | H2, H4

4 6.45,1(11.2) 142.64 | H3, H5

5 5.88,d (11.2) 122.27 | H4

6 188.99

7 299, m 2586 | H8

8 208, m 33.12 | H7, H11
219, m

9 459, m, overlap | 51.89 [ H11

10 172.86

11-NH | 7.58,d (7.2) H9

12 173.11

13 4.59, m, overlap | 72.71 H14

14 5.80, m 127.68 | H13, H14

15 591, m 137.57 | H14, H16

16 4.26, m 67.72 | H15, H17

17 1.17,d (6.4) 23.95 | H16




table S13. NMR data of compound 8.

H NMR spectrum (500 MHz), 3C NMR spectrum (125 MHz), Acetone-ds

position | &x , mult (Jin Hz) O COSY
o HO___0O o OH 1 186,dd (7.0,1.7) | 18.84 | H2
2 4 , 10 2 6.26, m 143.35 | H1, H3
W ol 11 M 43 18 3 7.35, m 129.90 | H2, H4
; y6°s . N712>Y"14 7 [2 6.45,1(11.2) 142.63 | H3, H5
3 H OH 13 5 5.89, dd (11.2, 0.85) | 122.27 | Ha
6 188.97
compound 8 7 3.01, m 2589 | H8
8 2.09, m 33.03 | H7, H11
HO. _O 219, m
0 0] OH 9 4.60, m 52.03 | H11
,—N’-\O S 10 172.69
\ /
)8 NS ‘\0 11-NH_| 7.64, d (8.1) o
" H 12 173.38
OH 13 4.06, d (3.6) 7489 | H14
. 14 4.34, m 7373 | H13, H14
Key HMBC correlations 15 561. m 13140 | H12. H16
16 575, m 12751 | H15, H17
17 1,66, dt (6.5, 1.4) | 17.95 | H16
table S14. NMR data of compound 9.
1
H NMR spectrum (500 MHz), 13C NMR spectrum (125 MHz), CDCls
14 :
= (o] position | 8, mult (Jin Hz) B¢ COSY
/\/?-\)]\ 1 165.07
05 1o 2 5.80, m 125.02 | H3
6 4 2 13 3 6.84, m, overlap 143.61 | H2, H4
2 231, m 38.99 | H3, H5
12 0y 16 ' '
0 7| 18 ! 2.49, m
8 11 5 5.05, m 68.72 | H4, H14
10707 Y0 3 165.46
co?n ound 8 7 577, m 12384 |18
p 8 6.80, m, overlap 144.69 | H7, H9
3 o 9 239, m 39.50 | H8, H10
i 10 511, m 70.21 | H9, H15
o o 11 170.30
A L 12 247.0d(153,23) | 4163 | Hi3
o tery 2.57,dd (15.3, 10.6)
13 535 m 67.81 | H12, H16
14 1.34,d (6.3) 2116 | H5
o "o 15 1.27,d(6.3) 20.68 | H10
Key HMBC correlations 16 1.30,d (6.3) 20.21 H13




table S15. NMR data of compound 10.

IH NMR spectrum (500 MHz), 3C NMR spectrum (125 MHz), CDCls;

OH O position | 8y, mult (Jin Hz) ¢ COSY
/?\)j\ 1 1.22,d (6.3) 22.56 | H2
3 2 419, m, overlap | 64.41 | H1, H3
3 2.45, m, overlap 43.70 H2
4 172.48
5 1.28, m, overlap 19.81 H6
6 507, m 69.71 H5, H7
7 2.45, m, overlap 38.48 | H6, H8
8 6.86, dt (15.5, 7.4) | 143.31 | H7, H9
9 5.87,dt(15.5,1.4) | 12451 | H8
10 166.27
11 4.19, m, overlap 60.55 | H12
12 1.28, m, overlap 14.38 H11

Key HMBC correlations

table S16. NMR data of compound 11.

IH NMR spectrum (500 MHz), 13C NMR spectrum (125 MHz), CDCl;

position Oy, mult (Jin Hz) | 8¢

1 53.82

2 3.63, brs 82.59

3 42 .57

4 1.88, m 46.26

5 1.46, m 25.83
1.74, m

6 1.20, m 22.16
1.88, m

7 1.09,d (10.1) 36.59
1.45, m

8 1.31, m 42.81

9 1.96, m 22.95

compound 11 10 5.09, m 124.95

11 131.47

12 3.75,d (10.5) 68.54
3.84,d (10.5)

13 0.87,s 16.47

14 1.61, s 17.79

15 1.68, s 25.85

Note: The NMR data is identical to the data previously reported (9).


https://paperpile.com/c/G0ISrp/3JAOD
https://paperpile.com/c/G0ISrp/3JAOD
https://paperpile.com/c/G0ISrp/3JAOD

table S17. NMR data of compound 12.

IH NMR spectrum (500 MHz), *3C NMR spectrum (125 MHz), CDCls;

13

10

OH®8
compound 12

fOH
2

(o)

N

L,
Key HMBC correlations

Note: " Assignments denoted by superscript letters are interchangeable.

table S18. NMR data of compound 13.

position | &y, mult (Jin Hz) 5¢ COSsY

1 1.43, m 40.63 H2, H6, H12

27 0.95, m, overlap | 29.71 | H1, H3
1.87, m, overlap

3° 1.08, m, overlap | 26.95 | H2, H4
1.81, m

4 132, m 47.52 H3, H5

5° 1.12, m, overlap | 26.22 | H4, H6
1.89, m, overlap

6" 0.95, m, overlap | 29.76 | H1, H5
1.87, m, overlap

7 74.61

8 1.49,dd (9.9, 6.8) | 39.90 H9

9 2.05, m 22.27 H8, H10

10 5.13,1(7.3) 124.70 | H9

11 131.92

12 3.46,d (6.3) 68.78

13 111,s 24.03

14 1.62,s 17.83

15 1.69, s 25.88

IH NMR spectrum (500 MHz), 3C NMR spectrum (125 MHz), CDCls;

13 OH® 10 15
compound 13
OH

‘
N

7
Key HMBC correlations

(o]

position | 8y, mult (Jin Hz) | &¢ COSY

1 137.73

2 5.68, m 122.58 | H3

3 2.13, m, overlap | 26.75 H2, H4
2.15, m

4 1.60, m, overlap | 43.28 H3, H5

5 1.29, m 23.41 H4, H6
1.89, m, overlap

6 1.86, m 26.75 | H5
2.05, m, overlap

7 74.44

7-OH® | 1.25, brs

8 1.51, m 40.21 H9

9 2.06, m, overlap | 22.23 H8, H10

10 518, (7.3) 124.59 | H9

11 132.03

12 4.02, m 67.31

12-0OH” [ 1.15, brs

13 112, s 23.41

14 1.62, s 17.85

15 1.69, s 25.88

Note: # Assignments denoted by superscript letters are interchangeable.




table S19. NMR data of compound 14.

IH NMR spectrum (500 MHz), 3C NMR spectrum (125 MHz), CDCls;

15

compound 14
(?'\
H;@:fv\”‘\ra%
Key HMBC correlations

table S20. NMR data of compound 15.

IH NMR spectrum (500 MHz), *3C NMR spectrum (125 MHz), CDCl;

6
%) 5 14
13
2 o
HO®2 A9 P&
3 ¢ 8 10 15
12

compound 15

Key HMBC correlations

position | dy, mult (Jin Hz) | &¢ COSY
1 5.59 125.69 | H6
2 134.41
3 4.02, brs 68.81 H4
4 1.59, m, overlap | 37.34 | H3, H5
1.95, m
5 2.33, m 34.14 | H4, H6
6 1.83, m 31.74 | H1,H5
2.16, m, overlap
7 153.42
8 2.08, m 35.04 H9
9 2.13, m, overlap | 26.90 H8, H10
10 5.12 124.30 | H9
11 131.79
12 478, s 107.88
13 1.61,s 17.90
14 1.68, s 25.85
15 1.80, s 20.99
position | 8y, mult (JinHz) | 8¢ COSY
1 214.32
2 77.27
2-OH | 2.14, brs
3 2.21, m, overlap | 48.00 | H7
4 42 .59
5 2.18, m, overlap | 36.94 | H6, H7
6 2.62, m 43.12 H5
7 1.68, m, overlap | 28.77 H3, H5
2.43, m
8 1.66, m, overlap | 39.12 | H9
1.80, m
9 2.00, m 23.78 H8, H10
10 5.16, m 124.51 | H9
11 131.82
12 1.39, s 25.51
13 0.88, s 19.90
14 1.63, s 17.77
15 1.70, s 25.87




table S21. NMR data of compound 16.

IH NMR spectrum (500 MHz), 3C NMR spectrum (125 MHz), CDCls;

60

r55

50

45

-40

r35

r30

25

20

-15

-10

position | 84, mult (Jin Hz) 5¢ COSsY
1 5.56, m 125.41 | H6
2 134.61
3 4.04, m 68.78
4 1.42,1d (13.2,3.8,1) | 32.18 | H5
2.03, m, overlap
12 13 5 1.78, m, overlap 36.99 | H4, H6
compound 16 6 1.74, m, overlap 27.32 H1, H5
2.04, m, overlap
7 73.96
8 1.50, m 40.41 H9
9 2.06, m, averlap 22.20 H8, H10
10 512, m 124.57 | H9
11 131.98
12 1.11,s 23.39
13 1.61,s 17.84
Key HMBC correlations :g :76,2 : ;?:gg
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fig. S25. 'H NMR spectrum of compound 6 in CDCls.
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fig. S26. 13C NMR spectrum of compound 6 in CDCls.
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