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Table S1: Reference protein sequences used for phylogenetic reconstruction of Flavin-dependent
monooxygenases involved in azaphilone biosynthesis.

Protein protein name organism Reference
Acc. No.
A6T923 FAD-dependent urate hydroxylase HpxO Klebsiella (O’Leary
pneumoniae etal.
2009)
QoD1P1 FAD-dependent monooxygenase TerC (terrein Aspergillus terreus (Zaehle et
biosynthesis) - reannotated al. 2014)
AOA2U8U2L4 FAD-dependent monooxygenase AsL4 Sarocladium sp. (Schor et
(xenovulene A biosynthesis) al. 2018)
AOA2U8U2L0  FAD-dependent monooxygenase AsL6 Sarocladium sp. (Schor et
(xenovulene A biosynthesis) al. 2018)
AOA1YOBRF9 FAD-dependent monooxygenase AdrH Penicillium roqueforti  (Rojas-
(andrastin biosynthesis) Aedo et
al. 2017)
Q4wWLD1 FAD-dependent monooxygenase Pyr5 Aspergillus fumigatus  (ltoh et al.
(pyripyropene biosynthesis) 2010)
QocoL4 FAD-dependent monooxygenase CtvC Aspergillus terreus (Lin et al.
(citreoviridin biosynthesis) 2016)
H1VM35 FAD-dependent monooxygenase DpchE Colletotrichum (Tsukada
(higginsianin biosynthesis) higginsianum etal
2020)
AOA3B1EFQ2 FAD-dependent monooxygenase Str9 Strobilurus tenacellus  (Nofiani
(strobilurin A biosynthesis) etal
2018)
Qo0Cl62 6-methylsalicylic acid decarboxylase AtA Aspergillus terreus (Guo et
(terreic acid biosynthesis) al. 2014)
n/a FAD-dependent monooxygenase MrPigN Monascus ruber (Chen et
(azaphilone biosynthesis) al. 2017)
G3XMC2 FAD-dependent monooxygenase AzaH Aspergillus niger (zabala et
(azanigerone biosynthesis) al. 2012)
A2QTE7 FAD-dependent monooxygenase Orf3 Aspergillus niger (Wang et
(pestalamide biosynthesis) al. 2018)
QNC49734 FAD-dependent monooxygenase HfazalD Hypoxylon fragiforme  (Becker et
(azaphilone biosynthesis) al. 2021)
B6HN76 FAD-dependent monooxygenase SorC Penicillium rubens (Kahlert
(sorbicillinoid biosynthesis) etal
2020)
GOR6TO FAD-dependent monooxygenase Sor5 Trichoderma reesei (Derntl et
(sorbicillinoid biosynthesis) al. 2017)
Q5B8A3 FAD-dependent monooxygenase PkfD Aspergillus nidulans (Yaegashi
(aspernidine A biosynthesis) etal
2013)
AO0A084B9Z5 FAD-dependent monooxygenase SAT7 Stachybotrys (Semeiks
(satratoxin biosynthesis) chartarum etal
2014)
Q5BEJ7 FAD-dependent monooxygenase AfoD Aspergillus nidulans (Chiang et
(asperfuranone biosynthesis) al. 2009)
n/a FAD-dependent monooxygenase CazL Chaetomium (Winter et
(chaetoviridin biosynthesis) globosum al. 2012)
AOA4V1E8I5 FAD-dependent monooxygenase EupB Phoma sp. (zhai et
(eupenifeldin biosynthesis) al. 2019)
AOA2U8U2L6 Alicylate hydroxylase AsL1 (xenovulene A Sarocladium sp. (Schor et
biosynthesis) al. 2018)
Q5AUX8 FAD-dependent monooxygenase DbaH Aspergillus nidulans (Gerke et
(Derivative of benzaldehyde biosynthesis) al. 2012)



B8M9J8 FAD-dependent monooxygenase TropB Talaromyces (Davison

(tropolone biosynthesis) stipitatus etal.
2012)
QNC49728 FAD-dependent monooxygenase Hfaza2D Hypoxylon fragiforme  (Becker et
(azaphilone biosynthesis) al. 2021)

Table S2: Reference protein sequences used for phylogenetic reconstruction of NRPS-like proteins with A-T-TE.

Protein protein name organism Reference
Acc. No.
B8NTZ9 Piperazines biosynthesis cluster protein A LnaA  Aspergillus flavus (Forseth
etal
2013)
Qocu19 Butyrolactone lla synthetase BtyA Aspergillus terreus (Huhner
etal.
2018)
Q5B7T4 Microperfuranone synthase MicA Aspergillus nidulans (Yeh etal.
2012)
B7STY1 Atromentin synthetase AtrA Tapinella panuoides (Schneider
etal.
2008)
I6NXV7 Atromentin synthetase GreA Suillus grevillei (Wackler
etal.
2012)
AOAOS1RUN4  Atromentin synthetase InvA2 Paxillus involutus (Braesel et
al. 2015)
AOAOQS2E7Z1 Atromentin synthetase InvAl Paxillus involutus (Braesel et
al. 2015)
A7XRYO0 Didemethylasterriquinone D synthetase TdiA Aspergillus nidulans (Balibar et
al. 2007)
AU029226 Phenguignaric acid synthetase PgnA Aspergillus terreus (Huhner
etal
2018)
QOCWDO Aspulvinone E synthase ApvA Aspergillus terreus (Huhner
etal
2018)
AOA336U965 Aspulvinone E synthetase MelA Aspergillus terreus (Geib et
al. 2016)

Table S3: Composition of growth media used in the secondary metabolite screening.

Name Ingredient Conc. Notes/instructions
[g/L]
SMYA (semi- | Maltose 40.0 -
viscous) Yeast extract 10.0
Meat peptone 10.0
agar 4.0
YMG (liquid) | Malt extract 10.0 pH 6.3
D-glucose 4.0
Yeast extract 4.0
YMG + Beech chips 4.0 -
beech chips
CYG10 Corn meal 50.0 -
(liquid) D-glucose 10.0




Yeast extract

1.0

GG1 (liquid) | Glycerol 75.0 pH 7.5
D-glucose 10.0
Yeast autolysate 5.0
Soybean meal 5.0
Tomato paste 5.0
Sodium citrate 2.0
NH4SO4 2.0
GZ (liquid) Oat meal 30.0 pH 6.5
Corn steep liquor (lig.) 10.0
Soybean meal 10.0
MMK2 Mannitol 40.0 -
(liquid) Yeast extract 5.0
Murashoge & Skoop salts 4.3
MOG (liquid) | Mannitol 75.0 pH 6.0
MES 16.2
Oat flour 15.0
Yeast extract 5.0
L-glutamic acid 4.0
Supermalt Malt extract 50.0 -
(liquid) Yeast extract 10.0
FeSO4 x 7 H20 0.02
ZnSO4 x 7 H20 0.007
BRFT (rice, Yeast extract 1.0 12 mL “base liquid” solution addedto 3.3 g
solid) Sodium tartrate x 2 H,0 0.5 of brown rice
KH2PO4 0.5
Vermiculite Sucrose 150.0 12 mL YES added to 34 ccm vermiculite
+ YES (solid) | Yeast extract 20.0 (>0.5 cm diam.)
MgSO4 x 7 H.0 0.5
ZnS0O4 x 7 H20 0.0001
CuSO4 x 7 H20 0.001
Wheat Disodium tartrate x 2 H,O | 10.0 8.25 mL “base liquid” added to 5 g of whole
(solid) Glycerol 2.0 wheat grains
Yeast extract 2.0
KH2PO4 1.0
MgSO4 x 7 H20 1.0
FeSO4 x 7 H,0 0.5

Tab. S4: Blastp analysis for the proteins encoded in the ergot alkaloid gene cluster of Hypomontagnella
monticulosa, Hypom. spongiphila and Annulohypoxylon truncatum. The closest hit and its respective query

coverage (QC) and identity (Ident) are listed.

Gene name ‘ Closest blastp hit ‘ QC [%] ‘ Ident [%]
Hypomontagnella monticulosa

easF easF [Trichophyton benhamiae CBS 112371], D4AK46.1 96 63.7
eask easE [Epichloe festucae var. lolii], A2TBU3.1 97 53.1
DMATS DMATS [Epichloe coenophiala], Q6X2E2.1 99 64.8
easG easG [Epichloe festucae var. lolii], A2TBU1.1 98 67.8
easA easA [Epichloe festucae var. lolii], A2TBUO.1 97 71.1
easD easD [Aspergillus fumigatus], D3J0Z1.1 100 72.0
easC easC [Aspergillus fumigatus Af293], Q4WZ63.1 94 67.4
Hypomontagnella spongiphila

easF easF [Microsporum canis CBS 113480], C5FTN1.1 96 64.8
eask easkE [Epichloe festucae var. lolii], A2TBU3.1 97 52.5
DMATS DMATS [Epichloe coenophiala), Q6X2E2.1 95 67.1




easG easG [Epichloe festucae var. lolii], A2TBU1.1 98 66.7
easA easA [Epichloe festucae var. lolii], A2TBUO.1 97 71.1
easD easD [Aspergillus fumigatus], D3J0Z1.1 86 71.5
easC easC [Aspergillus fumigatus Af293], Q4WZ63.1 94 69.7
Annulohypoxylon truncatum

IpsA IpsA [Epichloe festucae var. lolii], Q96V34.2 99 64.7
easH easH [Claviceps purpurea 20.1], G8GV69.1 96 62.0
easF easF [Trichophyton benhamiae CBS 112371], D4AK46.1 95 66.8
DMATS DMATS [Epichloe coenophiala], Q6X2E2.1 94 64.1
easE easE [Epichloe festucae var. lolii], A2TBU3.1 97 55.7
cloA cloA [Claviceps purpurea], Q2PBY6.1 100 46.2
easG easG [Epichloe festucae var. lolii], A2TBU1.1 99 63.8
easD easD [Penicillium roqueforti FM164], W6QIM3.1 84 67.0
easA easA [Epichloe festucae var. lolii], A2TBUO.1 97 67.9
IpsB IpsB [Epichloe festucae var. lolii], A2TBU4.1 97 65.8
easC easC [Aspergillus fumigatus Af293], Q4WZ63.1 96 69.0

Tab. S5: Distribution and host preferences of the analyzed Hypoxylaceae species and Xylaria hypoxylon.

Species

Distribution

Host preference

Annulohypoxylon truncatum

Common in Southern USA, known
from Mexico

Probably Quercus spp.

Daldinia concentrica

very common across most
European countries

Prefers Fraxinus but also occurs
on other substrates (Alnus spp.,
Populus spp., Betula alba, Quercus
pubescens, Acacia cyanophylla,
Ulmus minor, Carpinus spp., Acer
spp., Fagus sylvatica, Prunus

spinosa)
Hypomontagnella monticulosa Very common in the tropics unknown
Hypomontagnella spongiphila Only one record sponge
Hypomontagnella submonticulosa | Common in the USA unknown

Hypoxylon fragiforme common in Europe and North Host specific to Fagus spp.
America

Hypoxylon lienhwacheense Rare, only known from South-East | unknown
China and Thiland

Hypoxylon pulicicidum supposedly common in the tropics | unknown

Hypoxylon rickii Known from Argentina, Brasil, unknown

Mexico, Caribbean

Hypoxylon rubiginosum

Common across Europe

Prefers Fraxinus spp. but also
occurs on other substrates (Fagus
sylvatica, Ulmus spp., Populus
tremula)

Jackrogersella multiformis

common in Europe and North
America

Host specific to Betula spp.

Pyrenopolyporus hunteri

known from various tropical
countries

unknown

Xylaria hypoxylon

very common in Europe, known
from the USA

No host preference, known from
Fagus sylvatica, Fraxinus excelsior,
Carpinus betulus, Quercus spp.,
Populus tremula, Corylus avellana,
Tilia cordata, Acer campestre,
Picea abies, Salix spp., Lonicera
xylosteum, etc.




Curvilaria pallescens cpa

@ PKS-NRPS @ NADP-dependent oxidoreductase {(SDR) —— T
@ FAD-dependent oxidoreductase © Putative dehydrogenase 2.5kb 0  Identity (%) 100
O FAD-dependent monooxygenase @ Transcription factor

O Cytochrome P450 monooxygenase @ Transporter

@ O-methyltransferase O Unknown function

@ 2-oxoglutarate-dependent dioxygenase

Fig. S1: Synteny analysis between the curvupallide biosynthetic gene cluster (cpa) of Curvularia pallescens and
a homologous BGC from Jackrogersella multiformis visualized with clinker.
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Fig. S2: HPLC-UV chromatograms of culture-derived extracts of Annulohypoxylon truncatum, Daldinia sp., and
Hypoxylon fragiforme (top panel) and MS spectra of peaks identified as siderophores (bottom, next page). Top:
green traces, UV chromatograms; blue traces, extracted ion chromatograms (EICs) of m/z 769.4, 485.3, 755.4,
741.4, and 783.4, representing the [M+H]* ions corresponding to coprogen (MW 768.4), dimerumic acid (MW
484.3 Da), N*-dimethylcoprogen B (MW 754.4), N®*-methylcoprogen B (MW 740.4 Da), and N*-methylcoprogen

(MW 782.4), respectively. Bottom: MS spectra of the respective siderophores .
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Fig. S2 (continued)
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Fig. S3: Synteny analysis between RiPP biosynthetic gene cluster identified in the Hypoxylaceae and the
ustiloxin B cluster (ust) from A. flavus visualized by the clinker tool.
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Fig. S4: A; Synteny analysis between the solanapyrone biosynthetic gene cluster (so/ BGC) and related BGCs
from the Hypoxylaceae visualized with clinker. B, C; Biosynthetic scheme for solanapyrone A according to
literature is shown and a putative pathway for the biosynthesis of dalsymbiopyrone by Hypoxylaceae species is
predicted. BGCs lacking a methyltransferase are predicted to produce a demethylated analog of
dalsymbiopyrone.
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Fig. S5: HPLC-MS chromatograms of culture-derived extracts of Daldinia concentrica, Entonaema liquescens,
and Hypoxylon lienhwacheense (top panel) and MS spectra of dalsymbiopyrone (bottom). Top: red traces,
positive ion mode base peak chromatograms [BPC(+)]; blue traces, extracted ion chromatograms (EICs) of m/z
309.2, representing the [M-H20+H]* ion corresponding to dalsymbiopyrone (MW 326.2 Da). Bottom: MS
spectra of dalsymbiopyrone.
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Fig. S6: Impact of uncurated reference biosynthetic gene cluster (BGC) on subnetwork formation during BiG-
SCAPE analysis. A; uncurated BGC information of the viridicatumtoxin BGC (vrt) from Penicillium aethiopicum
retrieved from the MIBIG repository prevents BiG-SCAPE subnetwork formation with homologous BGCs from
the Hypoxylaceae genomes under global mode settings and a cutoff value of 0.4. B; Manual curation (trimming)
of the vrt BGC results in subnetwork formation of the three homologous viridicatumtoxin BGCs.
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sp B6HN76.1 SORC Peniciflium rubens

sp GOR6TO0.1 SORC Trichoderma reesei
MrPigN Monascus ruber
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Hmaza Hypomontagnella monticulosa

Cazl Chaefomium globosum

sp QSBEJ7.1 AFOD Aspergifius nidulans
Hpaza Hypoxylon pulicicidum

Hraza2D Hypoxylon rickii

Hrubaza2D Hypoxylon rubiginosum

Hfaza2D Hypoxyion fragiforme

sp B8M9J8.1 TROPB Talaromyces slipitatus
sp Q5AUX8.1 DBAH Aspergillus nidutans
TropB Hypomontagnella monticulosa
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Fig. S7: Maximume-Likelihood phylogenetic analysis of FAD-dependent monooxygenases known from
azaphilone biosynthetic pathways (red) and other characterized FAD-dependent monooxygenases (black). Tree
is rooted with the FAD-dependent urate hydroxylase (HPXO) from Klebsiella pneumoniae. Branch support was
determined with the ultrafast bootstrap approximation. Support values [%] above 50 % are indicated. Only
support values above 95 % are deemed significant. Available GenBank accession numbers are given.

Trichoderma guizhouense trigazaphilone BGC

@ Nonreducing polyketide snythase @ Acyltransferase @ Transcription factor
— [ T
2.5kb 0 Identity (%) 100 © Highly reducing polyketide synthase @ FAD-dependent oxidoreductase @ Transporter
@ FAD-dependent monooxygenase @ NADP-dependent oxidoreductase (MDR) © Unknown/unrelated function

Fig. S8: Synteny analysis between the trigazaphilone biosynthetic gene cluster from Trichoderma guizhouense
and its homologs from Hypomontagnella monticulosa and Hypom. spongipila visualized by the clinker tool.
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Fig. S9: HPLC-MS chromatograms of culture-derived extracts of Annulohypoxylon truncatum (top panel) and
representative MS spectrum of a peak tentatively identified as ergovaline (bottom). Top: red traces, positive
ion mode base peak chromatograms [BPC(+)]; blue traces, extracted ion chromatograms [EIC(+)] of m/z 556.3,
representing the [M+Nal* ion corresponding to ergovaline (MW 533.3 Da). Bottom: representative MS
spectrum of ergovaline (tentatively identified, ion formula accuracy: 5.5 ppm).
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2.5kb O Identity (%) 100

@ Nonribosomal peptide synthetase

@ easH Dioxygenase

@ Tryptophan dimethylallyltransferase
@ easG Agroclavine dehydrogenase

@ easF Methyltransferase

@ easkE FAD-dependent oxidoreductase

© easD Dehydrogenase

O easC Catalase

@ cloA P450 monooxygenase
O easA Reductase

@ Unknown/unrelated function

Fig. $10: Synteny analysis between the ergopeptine biosynthetic gene cluster identified from A. truncatum,
Hypoxylon sp. EC38 and Daldinia sp. EC12 visualized by the clinker tool.

Annulohypoxylon truncatum

NRPS
easA Reductase
cloA P450 Monooxygenase
easC Catalase

easD Dehydrogenase

easF Methyltransferase

caapaencos

easH Dioxygenase

5 kb

Hypomontagnella spongiphila

easE FAD-linked oxidoreductase

easG Agroclavine dehydrogenase
Tryptophan dimethylallyltransferase

Fig. S11: Homology analysis between the ergot alkaloid biosynthetic gene cluster from A. truncatum and
Hypom. spongiphila performed with the Artemis Comparison Tool (ACT). The tblastx algorithm identified the
remainders of a NRPS gene in Hypom. spongiphila highlighted by the red frame.
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Fig. $12: HPLC-MS chromatograms of culture-derived extracts of Daldinia concentrica (top panel) and
representative MS spectrum of cochliodinol (bottom). Top: green traces, UV chromatograms; blue traces,
positive ion mode extracted ion chromatograms [EIC(+)] of m/z 507.2, representing the [M+H]" ion
corresponding to cochliodinol (MW 506.2 Da). Bottom: representative MS spectrum of cochliodinol (ion
formula accuracy: 0.8 ppm)
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Fig. S13: HPLC-MS chromatograms of culture-derived extracts of Hypoxylon spp. (top panel) and MS spectra of
brasilane E (bottom). Top: red traces, positive ion mode base peak chromatograms [BPC(+)]; blue traces,
extracted ion chromatograms (EICs) of m/z 456.3, representing the [M+H]* ion corresponding to brasilane E
(MW 455.3 Da). Bottom: MS spectra of brasilane E identified from H. fragiforme (ion formula accuracy: 1.0
ppm) and H. pulicicidum (0.6 ppm), respectively.
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Fig. S14: Cytochalasins reported from H. fragiforme, D. concentrica and X. hypoxylon. Grey structures cannot be
explained by the identified biosynthetic gene cluster and are likely derived from misidentified fungi or strain-
specific cytochalasin BGCs.
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Fig. S15: Proposed biosynthetic pathway for the formation of phenochalasin B in Daldinia concentrica. Putative
intermediates are shown in grey. The biosynthetic gene cluster is shown at the bottom.
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Fig. $16: HPLC-MS chromatograms of culture-derived extracts of Xylaria hypoxylon (top panel) and MS spectra

of peaks tentatively identified as cytochalasans (bottom). Top: red traces, positive ion mode base peak
chromatograms [BPC(+)]; blue traces, extracted ion chromatograms [EIC(+)], representing the [M+Na]* ions
corresponding to putative cytochalasans. Bottom: MS spectra of respective putative cytochalasans (ion
formulae accuracy: 0.2, 0.1, 0.0, and 0.0 ppm, respectively).
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