
 

New Phytologist Supporting Information  

Article title: Endophytism and Endolichenism in Pezizomycetes: the exception or the rule?   
Authors: Rosanne A. Healy, A. Elizabeth Arnold , Gregory Bonito, Yu-Ling Huang,  Benjamin 
Lemmond, Donald H. Pfister and Matthew E. Smith  
Article acceptance date: 07 November 2021 
 

The following Supporting Information is available for this article: 

Fig. S1 Flow chart outlining the basic steps for assembling data on Pezizomycetes endophytes 

and endolichenics. 

Fig. S2 Phylogeny of endophytic fungi in Pezizomycetes based on 28S sequences analyzed with 

Maximum Likelihood. This figure is an expanded, linear version of Figure 1 that includes more 

detailed annotation.  

Fig. S3 Phylogeny based on ITS sequences of Ascobolaceae and related endophytic or 

endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S4 Phylogeny based on ITS sequences of Ascodesmidaceae and related endophytic or 

endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S5 Phylogeny based on ITS sequences of Chorioactidaceae and related endophytic or 

endolichenic fungi analyzed with Maximum Likelihood.  

 Fig. S6 Phylogeny for Coprotaceae and related endophytic or endolichenic fungi analyzed with 

Maximum Likelihood.  

 Fig. S7 Phylogeny based on ITS sequences of Discinaceae endophytic or endolichenic fungi 

analyzed with Maximum Likelihood.  

 Fig. S8-9 Phylogeny based on ITS sequences of Morchellaceae endophytic or endolichenic 

fungi analyzed with Maximum Likelihood.  

 Fig. S10 Phylogeny based on ITS sequences of Otideaceae and related endophytic or 

endolichenic fungi analyzed with Maximum Likelihood.  

 Fig. S11 Phylogeny based on ITS sequences of Pezizaceae (pro parte) for placement of 

endophytes and endolichenic fungi analyzed with Maximum Likelihood.  

 Fig. S12 Phylogeny based on ITS sequences of Pezizaceae (Daleomyces, Malvipezia) and 

related endophytic or endolichenic fungi analyzed with Maximum Likelihood.  

 Fig. S13 Phylogeny based on ITS sequences of Pezizaceae (Geoscypha) and related endophytic 



 

or endolichenic fungi analyzed with Maximum Likelihood.  

 Fig. S14 Phylogeny based on ITS sequences of Pezizaceae (Iodophanus) and related endophytic 

or endolichenic fungi analyzed with Maximum Likelihood.  

 Fig. S15 Phylogeny based on ITS sequences of Pezizaceae (Lepidotia) and related endophyte 

analyzed with Maximum Likelihood.  

 Fig. S16 Phylogeny based on ITS sequences of Pezizaceae (Mattirolomyes, Elderia) and related 

endophytes analyzed with Maximum Likelihood.   

 Fig. S17 Phylogeny based on ITS sequences of Pezizaceae (Peziza sensu stricto) and related 

endophytic and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S18 Phylogeny based on ITS sequences of Pezizaceae (Plicaria) and related endophytic and 

endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S19 Phylogeny based on ITS sequences of Pseudombrophilaceae and related endophytic and 

endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S20 Phylogeny based on ITS sequences of Pulvinulaceae and related endophytic and 

endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S21 Phylogeny based on ITS of Pyronemataceae (pro parte) for placement of endophytes 

and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S22 Phylogeny based on ITS of Pyronemataceae (pro parte) for placement of endophytes 

and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S23 Phylogeny based on ITS of Pyronemataceae (pro parte) for placement of endophytes 

and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S24 Phylogeny based on ITS of Pyronemataceae (Lasiobolidium) for placement of 

endophytes and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S25 Phylogeny based on ITS of Pyronemataceae (Perilachnea) for placement of endophytes 

and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S26 Phylogeny based on ITS of Pyronemataceae (Jafnea, Pyropyxis, Smardaea) for 

placement of endophytes and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S27 Phylogeny based on ITS of Pyronemataceae (pro parte) for placement of endophytes 

and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S28 Maximum Likelihood analysis of ITS of Pyronemataceae (Trichophaea, Wilcoxina) for 

placement of endophytes and endolichenic fungi analyzed with Maximum Likelihood.  



 

Fig. S29 Phylogeny based on ITS sequences of Rhizinaceae and related endophytic and 

endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S30 Phylogeny based on ITS sequences of Sarcoscyphaceae and related endophytic and 

endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S31 Phylogeny based on ITS sequences of  Sarcosomataceae (Donadinia) and related 

endophytic and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S32 Phylogeny based on ITS sequences of  Sarcosomataceae (Galiella, Plectania) and 

related endophytic and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S33 Phylogeny based on ITS sequences of  Sarcosomataceae (Pseudoplectania, Sarcosoma) 

and related endophytic and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S34 Phylogeny based on ITS sequences of  Sarcosomataceae (Urnula) and related 

endophytic and endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S35 Phylogeny based on ITS sequences of  Tarzettaceae and related endophytic and 

endolichenic fungi analyzed with Maximum Likelihood.  

Fig. S36 Phylogeny based on ITS sequences of Tuberaceae analyzed with Maximum Likelihood.  

Fig. S37 Phylogeny based on ITS sequences of Geomoriaceae and an undetermined lineage of 

related endophytic and endolichenic fungi analyzed with Maximum Likelihood. 	



 

Fig. S1 Flow chart outlining the basic steps for assembling data on Pezizomycete endophytes 
and endolichenics. The ITS and 28S workflows are similar except that iterative BLAST searches 
based on ITS reference sequences from voucher specimens (black circular arrows) were used 
extensively to identify endophytes and endolichens whereas this process was not done for 28S 
because relatively few 28S sequences were available for endophytes and endolichenics outside of 
those from the University of Arizona (UA) collection. Note that the ITS and 28S datasets were 
compared and verified during the phylogeny-building portion of the workflow. During the final 
steps of the ITS workflow we used the ITS phylogenies to compile conservative tree-based OTU 
estimates which were secondarily compared with OTU estimates based on a 97% similarity 
sequence-clustering approach (see Supporting Information Notes S1 for details). 

	

 

 

 

 

 

 



 

Fig. S2 Phylogeny of endophytic fungi in Pezizomycetes based on 28S sequences analyzed with 
Maximum Likelihood. The phylogram is a 50% majority rule tree with support based on 1000 
bootstrap replicates and taxa in the Orbiliomyceetes used as the outgroup. Bootstrap support 
≥70% is shown above each node. Green asterisk beside Mattirolomyces and Tuber species refers 
to documented endophyte associations although 28S rDNA sequences were not available from 
endophytes for these taxa. Known genera and families are demarcated with larger bold text and 
vertical bars. An undetermined lineage related to Tuberaceae and Geomoriaceae is also 
highlighted. GenBank accession number is given on the terminal preceding other available 
information (organism name, herbarium voucher accession number, collection, and country). 
Sequences from type specimens are indicated with “TYPE” and sequences from ectomycorrhizas 
are designated with the abbreviation “ECM” preceded by host name if available. The 
abbreviation “sl” is used for “sensu lato” and “ss” is used for “sensu stricto.” Terminals are color 
coded by their sequence source with (fruitbody, black; asexual sporemat, blue; endophytic or 
endolichenic, green), and substrates for fruitbody are color coded if they were collected on a 
burnt substrate (orange) or on dung (yellow-brown). Endophyte and endolichenic sequences 
originating from the University of Arizona are indicated with “UA”. Endophyte and endolichenic 
sequences that are not from the UA database include a reference to the publication where they 
were obtained. Sequences from type specimens include the reference for the sequence. 



 

	

MZ019064 AK1920 Bryophyte endophyte USA:Alaska (UA)

DQ220452 Trichophaea minuta CBS 236.57 Canada

SNP123 Angiosperm stem endophyte Southwestern USA (UA)

KY364053_Paratricharina_poiraultii_UL116 Spain

MZ019057 LG1370 Angiosperm endophyte Southwestern USA (UA)

NG_056974_Acervus_beijingensis_HMAS_78150 China TYPE

KY364073_Cupulina_montana_G_00262366 Switzerland TYPE

DQ220305_Acervus_epispartius_Bessette1984 USA:New York

HQ283098 Geopora cercocarpi USA:Utah

GU391558 Picoa juniperi Tunisia

MZ018909 Tricharina_FQ10873 Lichen-saxicolous Southwestern USA (UA)

KC012663 Anthracobia macrocystis

MZ019058 PC062 Lichen-saxicolous Southwestern USA (UA)

KT861360 Pseudotricharina_intermedia Spain

GU391557 Phaeangium lefebvrei Tunisia

DQ220314 Anthracobia_tristis

HM123705_AZ1061 Lichen-epiphytic USA:Arizona (UA)

HM122801_AZ0044 Bryophyte endophyte Southwestern USA (UA)

HM123036_AZ0289 Lichen-epiphytic USA:Arizona (UA)

HM122786 AZ0029 conifer dead leaf endophyte Southwestern USA (UA)

DQ646525 Tricharina praecox KH.3.101 Norway

NG_057068_Acervus_changchunensis_HMAS_78146 TYPE 

NG_057059_Acervus_heilongjiangensis_HMAS_271281 China TYPE

DQ220460 Trichophaea woolhopeia Denmark

MZ019061 AZ0122B conifer dead leaf endophyte Southwestern USA (UA)

KY364051_Cupulina_NV_2006_08_24 France

DQ220433 Sphaerosporella brunnea USA:Massachusetts

MW158784_Paratricharina_PA-2020a_MV_20140929-03 Norway: Oslo

HM123240 AZ0518 lichen endophyte USA:Arizona (UA)

DQ220442 Ascorhizoctonia Norway C F-55212 Norway

MW158782_Paratricharina_PA-2020a_MSTR_P_19992 Germany: Thuringia

KT361849 Jafnea_ISC 443551 USA:Iowa

AF335176 Smardaea_amethystina

DQ220432 Sphaerosporella DHP DR-0216 Dominican Republic

MT005514_Sphaerosporella_ENDOPHYTE USA:Tennessee

DQ220450 Trichophaea abundans CBS 250.31

KP335280 SNP075 Angiosperm stem endophyte Southwestern USA (UA)

AY544660 Anthracobia macrocystis USA:Washington

MZ019063 Tricharina gilva_DC3841 Lichen-saxicolous Southwestern USA (UA)

OL454052 IL0731 Lichen-epiphytic North-central USA (UA)

DQ220431 Sphaerosporella hinnulea 

KP052789_Paratricharina_poiraultii_UL_178-14 Portugal
MN386012_Tricharinopsis_herinkii_PRM_772405 Czech Republic

MZ019068 Trichophaea abundans_SO_04193_CHILE (UA)

MZ018859 Geopora clausa_MA 68244 Spain

KP991851_SR0075 Conifer endophyte Southwestern USA (UA)

DQ220313 Anthracobia subatra Denmark

JQ758952 Sphaerosporella AK0505 Lichen-saxicolous USA:Alaska (UA)

MZ019067 Tricharina_DC3858 Lichen-saxicolous Southwestern USA (UA)

KC012664 Anthracobia_TL11709 Ecuador 

MT350476.RH1941_Sphaerosporella FLAS-F-61423 USA:Georgia

MZ019051 WB0166 Bryophyte endophyte Western Canada (UA)

MZ019066 Tricharina_SO_04077 lichenicolous endophyte CHILE (UA)

MZ019050 IL0016 Lichen-epiphytic North central USA (UA)

HM122913 AZ0161A_Lichen-saxicolous USA:Arizona (UA)

KY364072 Pseudotricharina_lanigera MES-2152 Argentina

DQ220451 Trichophaea saccata CBS 804.70 UK:England

MT005515_Sphaerosporella_ENDOPHYTE USA:Tennessee

Trichophaea DNA1548 FLAS-F-65636 USA:Iowa

AY500532 Smardaea_reticulosperma

HM122819 AZ0062_ Lichen-saxicolous USA:Arizona (UA)

KP992019_YLH0038 Conifer endophyte USA:Arizona (UA)

JX424576 Geopora clausa Portugal

MZ019059 DC2347 Conifer endophyte Southwestern USA (UA)

DQ220459 Trichophaea woolhopeia Norway

DQ220341 Geopora cooperi USA:Wyoming

HM123716 AZ1095 Plant-bryophyte USA:Arizona (UA)

FJ025223_Micronematobotrys_verrucosus

HM122920 AZ0169 Lichen-epiphytic USA:Arizona (UA)

DQ220445 Tricharina cf hiemalis C H.D. Gr.83.107 Greenland  

JN012012 Jafnea semitosta USA:Illinois

DQ220310 Anthracobia macrocystis USA:California

JQ836563 Tricharina sp. BCS-1 China 

MZ018855 Anthracobia FLAS-F-62359 USA:Iowa

MZ019046 AEA 11195 Conifer leaf endophyte Southwestern USA (UA)

HM123296 AZ0579 Lichen-epiphytic Southwestern USA (UA)

 MZ018910 ER0373 Lichen-saxicolous Eastern Russia (UA)

FJ025222_Micronematobotrys_verrucosus

MZ019065 Tricharina SO_04102_lichenicolous endophyte CHILE (UA)

GQ153018 Juniperus endophyte DC2145 USA:Arizona (UA)

MW158783_Paratricharina_PA-2020a_MSTR_P04356 Hungary: Sopron

DQ220404 Pyropyxis rubra_Canada

DQ220449 Trichophaea abundans  Denmark

DQ220312 Anthracobia_DED6287 USA:California

DQ220396 Sepultariella patavina Norway

DQ220337 Geopora arenicola Denmark

DQ220306_Acervus_flavidus_DHP_PR98_2 USA:Puerto Rico

 DQ220458 Trichophaea woolhopeia Denmark

NG_057117_Acervus_globulosus_HKAS_88987 China:Yunnan TYPE

NG_057118_Acervus_stipitatus_MFLU_16-0607 China TYPE

GQ153011 DC2087 Angiosperm endophyte Southwestern USA (UA)
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MZ018912 SO_14645_BORNEO_Bryophyte endophyte Borneo (UA)

MZ018913 WB1309_Lichen-terricolous/muscicolous Western Canada (UA)
HM123462_Lichen-saxicolous_ARIZ_AZ0759 USA:Arizona (UA)

MZ019047 SY1471A_Angiosperm endophyte Southwestern USA (UA) 

MZ018911 ER1646_Lichen-terricolous/muscicolous  Eastern Russia (UA)

JQ761457_Pezizomycetes_NC0428 Endolichenic USA:North Carolina

MZ019069 QU0548_Lichen-saxicolous Eastern Canada (UA) 

HM123009_ARIZ_AZ0261 Lichen-saxicolous USA:Arizona (UA)

MZ019038 DC3542 Lichen-saxicolous Southwestern USA (UA)
MZ019037 PC043 Lichen-saxicolous Southwestern USA (UA)
MZ019083 DC3263 Lichen-saxicolous Southwestern USA (UA)
MZ019082 DC2353 conifer endophyte Southwestern USA (UA)
MZ019081 DC3673 Lichen-saxicolous Southwestern USA (UA)
MZ019080 DC3617 Lichen-saxicolous Southwestern USA (UA)

HM122986_AZ0238 bryophyte endophyte USA:Arizona (UA)

HM123700_AZ1055 Lichen-epiphytic USA:Arizona (UA)

MZ018919 WB1238 Lichen-terricolous Western Canada (UA)
GQ153065 living conifer leaf endophyte AEA 11056 USA:Arizona (UA)
MZ018918 WB0046 lycopod endophyte Western Canada (UA)
MZ018917 PC098 Lichen-saxicolous Southwestern USA (UA)

KY364032 Ascorhizoctonia praecox R.D. 15.06.245.91 Switzerland burn associated 
KY364030 Ascorhizoctonia praecox U.L. 100 Spain burn associated  
KY364031 Ascorhizoctonia praecox NV 2016.03.01 France

HM122862_AZ0111 Conifer endophyte Southwestern USA (UA)

HM122799_AZ0042 Bryophyte endophyte Southwestern USA (UA)
KP991497_CM0067 Conifer endophyte Southwestern USA (UA)

HM123159_AZ0429 Lichen-saxicolous Southwestern USA (UA)

KP335356 SNP153 Angiosperm endophyte Southwestern USA (UA)
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DQ220419 Scutellinia hyperborea Denmark

DQ247806 Scutellinia scutellata

KC012704 Scutellinia cf subhirtella Norway

MZ018979 WB1077 Lichen-saxicolous Western Canada (UA)

DQ220418 Scutellinia geneospora Japan

DQ220461 Trichophaeopsis bicuspis

KC012683 Humaria hemisphaerica Norway

JQ758686 AK0203 Bryophyte endophyte USA:Alaska (UA)

MG019790 Gilkeya compacta AM050 USA:California 

DQ220324 Cheilymenia thelebolodies Norway

MT375882 FLASF64198_Scutellinia USA:Ohio

MZ018974 AK1999_Angiosperm endophyte USA:Alaska (UA)

DQ220425 Scutellinia_trechispora Denmark

KP991751 FF170 Conifer endophyte Southwestern USA (UA)

MZ019043 SO_08467_DUKE_Conifer endophyte Southeastern USA 

DQ220352 Humaria hemisphaerica China:Tibet

MZ019073 WB0119_Fern frond Western Canada (UA)

DQ247805 Pyronema domesticum

DQ220372 Miladina lecithina USA:New Mexico 

AF430285 Wilcoxina_cf_mikolae

DQ220416 Scutellinia blumenaviensis Costa Rica

MZ018864 Humaria MES-1472b FLAS-F-66263 USA:California

MT375872_RH1488_Scutellinia FLAS-F-64142 USA:Iowa

MZ018894 Sphaerosporium RH1776 USA:Florida 

KX909062_Betula endophyte _639_JMUR_2016_AK1718 USA:Alaska (UA)

MG019804 Myrmecocystis AM022 USA:California

MZ019045 AK3092 Lichen-terricolous USA:Alaska (UA)

DQ220423 Scutellinia subhirtella Denmark

MT350480 Trichophaea FLAS-F-65636 USA:Iowa

MT386349 1550_Scutellinia FLAS-F-64143 USA:Iowa

MG019783 Genea arenaria OSC148030 USA:California

MZ018891 Scutellinia FLAS-F-64135 MES-3169 Belize

HM123641_AZ0973 Lichen-saxicolous USA:Arizona (UA)

DQ220397 Pyronema omphalodes

KF727419 Scutellinia_PDD New Zealand

MT505174 MES-1378_Genea brachytheca USA:New Hampshire

DQ220422 Scutellinia USA:Massachusetts

DQ220368 Melastiza flavorubens

MT505182 AG267 FLAS-F-61358 Humaria USA:Georgia

MZ019075 WB0810_Lycopod endophyte Western Canada (UA)

DQ220369 Melastiza flavorubens

MZ018863 Humaria MES-1464 FLAS-F-66262 USA:California

MZ018892 RH1210_Scutellinia cf colensoi USA:MN

EU669428 Pseudaleuria quinaultiana

DQ220424 Scutellinia trechispora Denmark

DQ206860 Genea gardneri USA:California

MZ018982 WB0167_Bryophyte endophyte Western Canada (UA)

KJ938720 Genabea_fragilis Spain

MZ019041 Pyronema_WB0150 Bryophyte endophyte Western Canada (UA)

MT375890 Sphaerosporium lignatile MO365518 USA:Ohio

MZ019071 WB0028_Lycopod endophyte Western Canada (UA) 

MT505179 FLAS-F-63901_Humaria USA:West Virginia

AY500531 Byssonectria terrestris Denmark

HM123685_AZ1031 Lichen-epiphytic Southwestern USA (UA)

MZ019048 PC102 Lichen-saxicolous endophyte Southwestern USA (UA)

DQ220317 Byssonectria terrestris Denmark

MZ018973 WB0173_Bryophyte endophyte Western Canada (UA)

DQ220332 Genea arenaria USA:California

MZ019070 WB0444_Lichen-terricolous/muscicolous Western Canada (UA)

HM123612 AZ0935 conifer endophyte Southwestern USA (UA)

MZ018978 WB0850 Bryophyte endophyte Western Canada (UA)

MZ018976 WB1768 Lichen-saxicolous Western Canada (UA)

AY544661 Cheilymenia stercorea USA:Oregon

MG019791 Humaria RH1477 FH 823752 USA:Iowa

MT386353 Scutellinia_RH1453 FLAS-F-65569 USA:Iowa

KC012701 Scutellinia cf cejpii Ecuador

DQ220388 Parascutellinia carneosanguinea Norway

MT375881 RH2042_Scutellinia_erinaceus USA:IA

MZ019078 WB0871_Lycopod endophyte Western Canada (UA)

GU361609 Scutellinia jejuensis South Korea

DQ220415 Scutellinia barlae Norway

MZ018980 LG0147 Lichen-epiphytic Southwestern USA (UA)

MZ019077 QU1336_Bryophyte Endophyte Eastern Canada (UA)

DQ220463 Trichophaeopsis tetraspora

EU940117 Cheilymenia vitellina Finland

MZ018977 AK1940 Bryophyte endophyte USA:Alaska (UA)

MZ019072 DC3412_Lichen-saxicolous Southwestern USA (UA)

NG_057747_Lasiobolidium_spirale_CBS 782.70

AY500539 Melastiza contorta 

JQ758738_AK0265 Angiosperm endophyte USA:Alaska (UA)

AY544654 Aleuria aurantia

MT375870 Scutellinia erinaceus_RH1616 USA:Minnesota

DQ220457 Trichophaea hemispherioides

MZ019079 _WB0034 Lycopod endophyte Western Canada (UA)

MZ018893 Scutellinia_RH1469 USA:Iowa

MG019785 Genea RH1209 FLAS-F-61549 USA:Minnesota

DQ646524 Melastiza cornubiensis Norway

DQ220420 Scutellinia pennsylvanica USA:New York

MZ019042 Pyronema omphalodes_SO_04707_CHILE_Lichen endophyte CHILE (UA)

KC012703 Scutellinia scutellata Norway

MZ018975 AK4138 Lichen-saxicolous USA:Alaska (UA)

DQ220408_Ramsbottomia_asperior Norway: Nordland

MZ019062 IL0777_Lichen-terricolous North-central USA (UA)

DQ220409 Ramsbottomia NSW7417 USA:Oregon

DQ220455 Trichophaea hybrida

MG019806 Myrmecocystis spinospora RH1190 USA:Minnesota

MZ019074 WB0633_Lichen-saxicolous Western Canada (UA)

MT375883 Sphaerosporium MES-3216 Belize

MZ019049 PC108_Lichen-saxicolous endophyte Southwestern USA (UA)

DQ220320 Cheilymenia crucipila Norway

DQ220335 Genea verrucosa USA:Washington

KC012695 Parascutellinia carneosanguinea USA:Colorado

KY024698_Trichophaea_flavobrunnea

MZ019044 AK3609 Angiosperm endophyte USA:Alaska (UA)

KJ619948 Scutellinia cejpii Sweden

MT375867 Bactridium RH2000 FLAS-F-62040 USA:NewYork 

MT505176 Genea RH1232 FLAS-F-61971 USA:Minnesota

MT375868 Bactridium RH2043 FLAS-F-64033_USA:Iowa

HM123261_AZ0539 Lichen-saxicolous USA:Arizona (UA)

DQ220468 Wilcoxina mikolae USA:Wyoming

KC012702 Scutellinia hyperborea Norway

DQ220354 Spooneromyces velenovskyi Denmark

MZ018961 LG1359 Angiosperm endophyte Southwestern USA (UA)

MT375878 Scutellinia FLAS-F-65568 MO365966 USA:Ohio

DQ220421 Scutellinia scutellata Denmark

MT505175 Humaria ISC 443646 USA:Iowa

KC012710 Trichophaea hemispherioides

MG019805 Myrmecocystis cerebriformis AM043 USA:California

KC012698 Ramsbottomia_crechqueraultii USA:Massachusetts

DQ220371 Miladina lecithina Sweden

MT505172 Humaria RH1700 FLAS-F-66268 USA:Minnesota

DQ220322  Cheilymenia fimicola USA:CAlifornia

MZ019076 WB0039 Lycopod endophyte Western Canada (UA)

DQ220453 Trichophaea gregaria

MZ018920 ER0291_Lichen-terricolous/muscicolous Eastern Russia (UA)

MZ018981 WB0154_Bryophyte Endophyte Western Canada (UA)

DQ206862 Gilkeya compacta USA:California
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MZ019056 WB1018 Lichen-terricolous Western Canada (UA)

MZ019055 IL0589 Lichen-saxicolous North-central USA (UA)
MZ019054 ER2573 Bryophyte endophyte Eastern Russia (UA)
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DQ220413_Rhodotarzetta_rosea_KH_03_107

MT350412 Aleurina_echinatus MES-2364 FLAS-F-65021 Chile

MF754059_Neottiella_albocincta_NASk

MZ018979 WB1077 Lichen-saxicolous Western Canada (UA)

DQ220358_Lamprospora_ascoboloides_KH_03_54

MT759824_Octospora_fissidentis_JE55472 TYPE

MF066038_Lamprospora_feurichiana_12880

MF754060_Octosporella_perforata_PERF

DQ220461 Trichophaeopsis bicuspis

MN994544 Octospora hygrohypnophila MV17083004

KC012683 Humaria hemisphaerica Norway

DQ220373_Moravecia_hvaleri_RK_97_44

KC012684 Lamprospora norvegica

MG019790 Gilkeya compacta AM050 USA:California 

MF754071_Octospora_ithacaensis_OLOi

MT350411 Aleurina argentinensis MES-2299 FLAS-F-64967 Chile

MZ018974 AK1999_Angiosperm endophyte USA:Alaska (UA)

MF754058_Octosporopsis_erinacea_Oct-hle

KP991751 FF170 Conifer endophyte Southwestern USA (UA)

MZ019043 SO_08467_DUKE_Conifer endophyte Southeastern USA 

MK589293_Neottiella_MZ-2019a

DQ220352 Humaria hemisphaerica China:Tibet

KC012690 Octospora roxheimii

EU940133_Octosporella_jungermanniarum_M221

MZ019073 WB0119_Fern frond Western Canada (UA)

DQ247805 Pyronema domesticum

AF430285 Wilcoxina_cf_mikolae

DQ220365_Leucoscypha_leucotricha_KS-94-05

MZ018864 Humaria MES-1472b FLAS-F-66263 USA:California

KX909062_Betula endophyte _639_JMUR_2016_AK1718 USA:Alaska (UA)

MG019804 Myrmecocystis AM022 USA:California

MT350480 Trichophaea FLAS-F-65636 USA:Iowa

MF754066_Octospora_kelabitiana_Ric14_1

MG019783 Genea arenaria OSC148030 USA:California

MF066050_Lamprospora_sylvatica_46316

HM123641_AZ0973 Lichen-saxicolous USA:Arizona (UA)

DQ220427 Sowerbyella imperialis

DQ220397 Pyronema omphalodes

MT505174 MES-1378_Genea brachytheca USA:New Hampshire

DQ220368 Melastiza flavorubens

MF066053_Lamprospora_campylopodis_48632

MN967346_Octospora_americana_2055

DQ220429 Sowerbyella radiculata

MT505182 AG267 FLAS-F-61358 Humaria USA:Georgia

MF754062_Octospora_excipulata_OExc

KJ619950_Sowerbyella_imperialis_KH_09_222

MZ019075 WB0810_Lycopod endophyte Western Canada (UA)

DQ220369 Melastiza flavorubens

MZ018863 Humaria MES-1464 FLAS-F-66262 USA:California

MK569324_Octospora_conidiophora_ZE23_18

EU669428 Pseudaleuria quinaultiana

DQ206860 Genea gardneri USA:California

MZ018982 WB0167_Bryophyte endophyte Western Canada (UA)

KJ938720 Genabea_fragilis Spain

MZ019041 Pyronema_WB0150 Bryophyte endophyte Western Canada (UA)

KP993476_Sowerbyella_angustispora_HMAS70323

MZ019071 WB0028_Lycopod endophyte Western Canada (UA) 

DQ220382_Octospora_phagospora_KS-94-224

MT505179 FLAS-F-63901_Humaria USA:West Virginia

MT350415 Aleurina JT37839 Australia

MT001891_Octospora_gyalectoides_49382

HM123685_AZ1031 Lichen-epiphytic Southwestern USA (UA)

MZ019048 PC102 Lichen-saxicolous endophyte Southwestern USA (UA)

DQ220360_Lamprospora_miniata_BAP472

MZ018973 WB0173_Bryophyte endophyte Western Canada (UA)

KC012706_Sowerbyella_densireticulata_KH_08_133

DQ220332 Genea arenaria USA:California

KC012689_Octospora_melina_DHP-04_552

MT792703_Lamprospora_aff_tuberculata_PRC4624

MZ019070 WB0444_Lichen-terricolous/muscicolous Western Canada (UA)

HM123612 AZ0935 conifer endophyte Southwestern USA (UA)

MH087070_Lamprospora_rehmii_F317032

MZ018978 WB0850 Bryophyte endophyte Western Canada (UA)

MZ018976 WB1768 Lichen-saxicolous Western Canada (UA)

MG019791 Humaria RH1477 FH 823752 USA:Iowa

MW152148_Octospora_doebbeleri TYPE

DQ220388 Parascutellinia carneosanguinea Norway

MK569314_Octospora_orthotrichi_HR8

MZ019078 WB0871_Lycopod endophyte Western Canada (UA)

MF066056_Lamprospora_cf_areolata_13649

MZ018980 LG0147 Lichen-epiphytic Southwestern USA (UA)

MZ019077 QU1336_Bryophyte Endophyte Eastern Canada (UA)

MN394608_Lamprospora_hispanica_ZE66B-16

MN994528_Octospora_pannosa_JE51883

KF771041_Octosporopsis_nicolai_MV20131003-2

MW221931_Octospora_rubens_MV20181218-06

DQ220463 Trichophaeopsis tetraspora

MH886392_Octospora_splachnophila_O-74755

MT792688_Lamprospora_ecksteinii_B_70_0100007

DQ220376_Neottiella_aphanodictyon_HD_Finn_86_35

MZ018977 AK1940 Bryophyte endophyte USA:Alaska (UA)

MZ019072 DC3412_Lichen-saxicolous Southwestern USA (UA)

NG_057747_Lasiobolidium_spirale_CBS 782.70

AY500539 Melastiza contorta 

MH818446_Lamprospora_dictydiola_PRC4121

DQ220377_Neottiella_rutilans_KH_03_55

MN994533_Octospora_affinis_LJ16015

JQ758738_AK0265 Angiosperm endophyte USA:Alaska (UA)

AY544654 Aleuria aurantia

AF335112 Aleurina_imaii CUP-CH 2333

DQ220457 Trichophaea hemispherioides

MZ019079 _WB0034 Lycopod endophyte Western Canada (UA)

MF754068_Octospora_erzbergeri

MG019785 Genea RH1209 FLAS-F-61549 USA:Minnesota

MZ019042 Pyronema omphalodes_SO_04707_CHILE_Lichen endophyte CHILE (UA)

MN434188_Lamprospora_lutziana_MV20180624-01

MH818453_Lamprospora_densireticulata_ZS20180102-3

MZ018975 AK4138 Lichen-saxicolous USA:Alaska (UA)

MN994535_Octospora_wrightii_LJ16047

DQ220455 Trichophaea hybrida

MG019806 Myrmecocystis spinospora RH1190 USA:Minnesota

DQ220380_Octospora_leucoloma_HD_Gr_83_016

MZ019074 WB0633_Lichen-saxicolous Western Canada (UA)

MZ019049 PC108_Lichen-saxicolous endophyte Southwestern USA (UA)

DQ220335 Genea verrucosa USA:Washington

MT792693_Lamprospora_lubicensis_PRC4622

KC012695 Parascutellinia carneosanguinea USA:Colorado

MT350444_Neottiella_MIN_DJM1951

KY024698_Trichophaea_flavobrunnea

MF754069_Octospora_pseudoampezzana_OP1

MN394612_Lamprospora_seaveri_B700010018

MT505176 Genea RH1232 FLAS-F-61971 USA:Minnesota

DQ220381_Octospora_lilacina_KS_94_204

HM123261_AZ0539 Lichen-saxicolous USA:Arizona (UA)

KP993478 Aleurina_imaii HMAS 57707

KP993475 Aleurina_americana HMAS 61300

DQ220468 Wilcoxina mikolae USA:Wyoming

EU940108_Octosporella_erythrostigma_M144

MZ018961 LG1359 Angiosperm endophyte Southwestern USA (UA)

MT505175 Humaria ISC 443646 USA:Iowa

MN994539_Octospora_svrcekii_MV18062301

KC012710 Trichophaea hemispherioides

MG019805 Myrmecocystis cerebriformis AM043 USA:California

MT792686_Lamprospora_dicranellae_PRC4619

MF066048_Lamprospora_kristiansenii_49422

MF754061_Octospora_bridei_Bri

MT505172 Humaria RH1700 FLAS-F-66268 USA:Minnesota

MZ019076 WB0039 Lycopod endophyte Western Canada (UA)

MH818440_Lamprospora_carbonicola_PRC4118

MG949137_Lamprospora_spitsbergensis_TRH_8581

MN394611_Lamprospora_leptodictya_7686

DQ220453 Trichophaea gregaria

NG_060353_Lamprospora_pseudoarvensis_TYPE

DQ220315_Arpinia_inops_HD_Rana_75_082

MZ018981 WB0154_Bryophyte Endophyte Western Canada (UA)

DQ206862 Gilkeya compacta USA:California

EU669266 Sowerbyella rhenana
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KC012687 Lasiobolus_cf_papillatus Sweden

JN941097 Otidea bufonia

MZ018922 DC3360 Angiosperm endophyte Southwestern USA (UA)

DQ168337 Paurocotylis pila New Zealand

DQ220364_Lazuardia_AUU_43756

NG_059429_Otidea_daliensis_HMAS_57688

KC012691 Otidea alutacea

MN712264_Tarzetta__LY_NV_2014_03_20 France TYPE

DQ220439 Tarzetta gaillardiana Denmark

DQ220393 Pulvinula_globifera

NG_059430_Otidea_lactea_HMAS_61359 TYPE

KY321430 Paurocotylis bynumii JT9004 USA:Washington 

JN941093 Otidea smithii

KT361835 Hydnocystis_japonica Japan

DQ168338 Lasiobolus cuniculi Norway 

DQ470966 Eleutherascus_lectardii CBS 626.71 France 

MN712256_Tarzetta_alnicola_LY_NV_2017_08_36 France TYPE

MN712245_Hypotarzetta_insignis France

KT361839 Paurocotylis watlingii Australia TYPE

NG_064373_Otidea_caeruleopruinosa_H_6010805 Finland TYPE

MN712261_Tarzetta_bronca_SAK-17-0423-5 USA:Oregon

KT361838 Hydnocystis_piligera Liechtenstein
JN048877 Hydnocystis_piligera Israel

MH873418_Warcupia_terrestris_v_minuta_CBS_131_84

MN712259_Tarzetta_alpina_LY_NV_2009_08_11 France TYPE

DQ220387 Otidea  

DQ220330 Eleutherascus_peruvianus CBS 101.75 Peru

Otidea FLAS-F-64209

DQ220348 Geopyxis_vulcanilis

 KU932549 Geopyxis delectans TYPE Sweden

MH846259_Pseudocoprotus_catenipilus_cow dung_France

NG_064374_Otidea_flavidobrunneola_H_6010806

MZ018870 Lasiobolus_intermedius FLAS-F-66488 USA:Ohio

MN712246_Hypotarzetta_insignis France

KU932536 Geopyxis aleuroides Switzerland TYPE 

DQ220467 Warcupia terrestris

NG_066465_Otidea_adorniae_MCVE_30102

KP191791 Paurocotylis_pila Australia

KT428714 Hydnocystis_japonica Japan

KX592808_Pulvinula_niveoalba

KU932532 Geopyxis majalis India

DQ220386 Otidea leporina_USA:Maine

KT361837 Hydnocystis_bombycina Serbia

MZ018895 Tarzetta MES-1556_FLAS-F-64368 Chile

MN712285_Tarzetta_melitensis_LY_CS871 Malta TYPE

DQ220438_Tarzetta_catinus_KS_94_10A

DQ220436 Densocarpa shanorii USA:Illinois 

MK431445_Tarzetta_jafneospora_JAC12299 New Zealand

KY321431 MES-1666_Paurocotylis patagonica Chile

JN569352_Uncultured_Pyronemataceae

KU932519 Geopyxis deceptiva USA:Colorado TYPE

NG_059777_Otidea_pruinosa_HKAS_81819

DQ220440 Tarzetta pusilla

NG_064482_Otidea_saliceticola_MCVE_29365

DQ168335 Ascodesmis nigricans CBS 389.68 Netherlands

KC012680 Geopyxis vulcanalis

DQ062987 Pulvinula_constellatio

MN712268_Tarzetta_ochracea_LY_NV_2019_06_01 France TYPE

NG_064377_Otidea_nannfeldtii_H_6002902

Otidea TENN 65454

DQ220392 Pulvinula_archeri USA:Oregon

Otidea_RH1666

NG_064378_Otidea_papillata_H_6003547

KC012708 Tarzetta cupularis USA:Colorado

KT361842 Densocarpa_shanorii USA:Iowa

NG_060314_Otidea_onotica_S_KH_10_284

KC012668 Cephaliophora_irregularis CBS 218.62 USA:Virginia

KU932509 Geopyxis alpina Spain 

MN712265_Tarzetta_quercus-ilicis_MC_14-3-15 Italy

MN712243_Tarzetta_gregaria_LY_NV_2017_08_16 France TYPE

DQ062986 Pulvinula_convexella

KT361840 Paurocotylis_singeri Argentina

MZ018890 Pulvinula MES-3255 USA:California

DQ167411 Lasiobolus ciliatus Denmark

JN941095 Otidea concinna S:KH.09.250 Spain

NG_066377_Otidea_pseudoformicarum_HKAS_101386

FJ404767 Otidea subterranea USA:Iowa

KT361841 Paurocotylis_patagonica Argentina TYPE

KT361834 Hydnocystis_transitoria USA:Minnesota

DQ220435 Hydnocystis bombycina Mexico

DQ220441_Tarzetta_spurcata_AMNH-44124 Iceland

GQ153133 conifer endophyte_11168 Southwestern USA (UA)
DQ220346 Geopyxis_carbonaria USA:California

NG_060279_Otidea_concinna_S_KH_09_18 3 Sweden TYPE

NG_064376_Otidea_leporina H_6003548_Finland TYPE

KU932537 Geopyxis korfii China TYPE

DQ062984 Tarzetta catinus_ Denmark

DQ062985 Geopyxis Sp USA:Colorado

KU932538 Geopyxis korfii China

KT361843 Densocarpa crocea MA56988 Spain 

KC012669 Cephaliophora_tropica CBS 133.33

MH846258_Pseudocoprotus_catenipilus_Deer dung_Austria

NG_060315_Otidea_subformicarum_S_F242696

NG_064379_Otidea_tuomikoskii_H_6002901

MN712244_Tarzetta_sepultarioides_LY_NV_2017_08_03 France TYPE

EU715633 Geopyxis majalis Taxus branch endophyte Mexico

MH871254_Warcupia_terrestris_v_terrestris_CBS_891_69

KT361844_Tarzetta_RH1646 USA:Massachusetts

MT350474_Pulvinula_FLAS-F-61412 RH1929 USA:Georgia

KC012709 Tarzetta_ Norway

NG_066259_Monascella_botryosa_CBS_233_85 Spain TYPE

NG_060313_Otidea_brunneoparva_S_KH_08_107 Sweden:Narke TYPE

NG_064375_Otidea_formicarum_H_6003549
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MZ018921 DC3392 Angiosperm endophyte Southwestern USA (UA)

HM123081_AZ0338 Lichen-saxicolous USA:Arizona (UA)
HM123279_AZ0562 Lichen-epiphytic USA:Arizona (UA)

KP992030_YLH0049 Conifer endophyte USA:Arizona (UA)
GQ153225_11308 Conifer endophyte Southwestern USA (UA)

MZ018969 SW0485 Lichen-saxicolous Sweden (UA)
MZ018970 WB1103 Lichen-terricolous Western Canada (UA)

MZ018971 WB0981 Lichen-terricolous Western Canada (UA)
MZ018972 WB1548 Lichen-terricolous/muscicolous Western Canada (UA)

HM123210_AZ0484 endolichenic USA:Arizona (UA) 

MZ018940 AK3904_Lichen-saxicolous USA:Alaska (UA)
MZ018938 FQ10822_conifer dead leaf endophyte Southeastern USA (UA)

MZ018934 AK3364_Lichen-terricolous USA:Alaska (UA)

GQ153142_11183_Conifer endophyte USA:Arizona (UA)
HM123274_AZ0555_Lichen-saxicolous Southwestern USA (UA)

KP992033_Conider endophyte_YLH0052_Southwestern USA (UA)

MZ018939 PC039_Lichen-saxicolous Southwestern USA (UA)

MZ018935 AK2077_Angiosperm endophyte USA:Alaska (UA)
MZ018937 MTL0096_Bryophyte endophyte Southwestern USA (UA)
MZ018936 WB0138 Angiosperm endophyte Western Canada (UA)
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NG_042728_Pseudoplectania_nigrella_KL_BK_4914

MZ019026 Pseudoplectania_tasmanica SO_04276_CHILE  (UA)

NG_042729_Plectania_zugazae

MH871829_Orbicula_parietina_CBS_166_71

JX669865_Pseudoplectania_affinis_PDD81842

DQ220374_Nanoscypha_tetraspora_mh_PR61

MZ018997 WB0348 lichen terricolous Westen Canada (UA)

MH179125_Urnula_himalayana_KD_17_2_17

JX669857 Urnula craterium TUR_A_195794

AY945845_Phillipsia_crispata

KX592813_Pseudombrophila_petrakii_7917

AY544658_Pseudopithyella_minuscula_AFTOL-ID_69

JX669869_Urnula_campylospora_PDD83522

DQ062991_Pseudombrophila_merdaria

KP204918_Donadinia_nigrella_WTU_F_017150

KX592811_Pseudombrophila_hepatica_7363

MG871343_Cookeina_indica_NB036_MFLU_16-0610
MH668024_Cookeina_indica_420526MF1209

NG_060113_Pseudoplectania_tasmanica_MCVE27583

KX592806_Kotlabaea_danuviana_6483_TYPE

AY945851 Urnula craterium DHP 04.511

EU652390_Plectania_milleri_OSC 73165

JX669864_Urnula_mediterranea_TUR_A_195797

AY789368_Galiella_rufa_ZW_Geo064_Clark

KY794716_Donadinia_seaveri_KL_0515

NG_064532_Urnula_himalayana_CAL1673

KF305734 Urnula craterium

MT496883_Pseudoplectania_lignicola_SAV105_17

JX669867_Urnula_hiemalis_TUR136909

AY945852_Pseudoplectania_nigrella_KH_97_28

AY945850_Galiella_rufa_mh101

MH179124_Urnula_himalayana_KD_17_33

KF305724_Pseudoplectania_episphagnum_TUR064173

MT374022 Sarcoscypha occidentalis_RH1442 USA:IA

JX669870_Urnula_campylospora_PDD88805

MH867570_Strumella_coryneoidea_CBS 170.40

JQ260812_Phillipsia_carnicolor_DHP-7126

MZ019036 AK3141 OTU568 Lichen-terricolous USA:Alaska (UA) 

MG871317_Cookeina_tricholoma_HK011_HKAS_87041

JX669849_Plectania_rhytidia_TUR_A_195786
JX669852_Plectania_rhytidia_TUR_A_195788

JQ260809_Rickiella_edulis_BAFC_51697

MH873589_Basifimbria_spinosa_CBS_499_85

AY945861_Cookeina_insititia_Weinstein_125

KP309875_Pseudoboubovia_benkertii_UL_81-13 Spain

EU652389_Plectania_milleri_OSC 104436

JX669863_Pseudoplectania_ericae_TUR_A_195790

AY945856 Sarcoscypha austriaca mh 670 FH

MH866757_Orbicula_parietina_CBS_238_32

MG871344_Cookeina_sulcipes_HD39_MFLU_15-2358
NG_064509_Cookeina_garethjonesii_HKAS_90509_TYPE

KP204914_Donadinia_helvelloides_MCVE28377

MZ019032 SO_03559_CHILE_BA_Pseudoplectania (UA)

AY945860_Cookeina_tricholoma_ID-D5

JQ260810_Kompsoscypha_phyllogena_DHP_10-690

MH868454_Strumella_coryneoidea_CBS 438.51

FJ499393_Sarcosoma_globosum_KH.07.04

NG_057745_Lasiobolidium_orbiculoides_CBS_344_73

JQ260818_Pithya_cupressina ascoma USA:Oregon

DQ062988_Orbicula_parietina

JN012013_Microstoma_floccosum_ILLS60495

MH878321 Strumella coryneoidea CBS 920.72

KM610325_Plectania_zugazae_TUR_A_199784

MZ018901 Urnula MO 363802 FLAS-F-66476 USA:Ohio

MZ018999 IL0409 Lichen-epiphytic North Central USA (UA)

KC012674 Galiella rufa DHP 05.600 FH

HQ596525_Heydenia_arietina_AL-0701

MH872132_Lasiobolidium_spirale_CBS_866_71

DQ062995 LasiobolidiumOrbiculoides_

DQ220370_Microstoma_floccosum_Weinstein_45

HQ596526_Heydenia_alpina_0732

KY794713_Donadinia_seaveri_Grand_Vernia

MK119760_Pseudombrophila_subalpina

KC012696_Pseudombrophila_theioleuca_DHP_3498

AY945846 Sarcoscypha occidentalis

AY945843 Phillipsia olivacea_

DQ062990_Pseudombrophila_merdaria

MT350473 Plectania FLAS-F-61928 USA:Washington

DQ062989 PseudombrophilaTheioleuca_

DQ062994 Pseudomb_guldeniae

MH869408_Orbicula_parietina_CBS_306_59

JQ761637 NC0987 Lichen-saxicolous Southeastern USA (UA)

NG_042730_Urnula_padeniana_WTU_F033051

KF305729_Pseudoplectania_melaena_TUR_A_198588

MT491442_Pseudoplectania_ericae_MCVE31255

DQ062992 Pseudombrophila_merdaria

JX669850_Plectania_melastoma_TUR_A_195784

MT500571_Pseudoplectania_episphagnum_ERD6456

KC012681_Glaziella_aurantiaca_PR_6376

KX592812_Pseudombrophila_ripensis_7916

JX669844_Urnula_mediterranea_TUR_A_195796

AY544647 Sarcoscypha coccinea_

JX669841_Plectania_melastoma_TUR_A_195783

KP204917_Donadinia_sibirica_MCVE28374

DQ062993_Pseudombrophila_guldeniae

MZ018887 Pseudoplectania MO303686 FLAS-F-66479

MZ019031 SO_03562_CHILE_BA_Pseudoplectania (UA) 

DQ220351 Glaziella_aurantiaca

JX669871_Plectania_rhytidia_PDD90028

MT907444_Kompsoscypha_phyllogena_HKAS_107663

NG_042731_Donadinia_helvelloides_LY_PB_940

MT374053  Urnula RHt 58 USA:Iowa

MT374025 Sarcoscypha austriaca RHt8 USA:Iowa

MZ018998 SO_09957_DUKE Angiosperm endophyte Southeastern USA (UA)

MH872322_Plectania_melastoma_CBS 918.72

JQ761601 NC0613 Bryophyte endophyte Southeastern USA (UA)

AY945862_Cookeina_speciosa_ID-D6

AY945849_Pseudopithyella_minuscula_mh_675

AY945853_Donadinia_nigrella_KH_97_16

KF305730_Pseudoplectania_melaena_NY54130

AY789367_Galiella_amurensis_WZ0111

KP204916_Donadinia_sibirica_MCVE28376
KP204913_Donadinia_lusitanica_MCVE28378

JQ260817_Phillipsia_domingensis_DHP_7169
JQ260816_Phillipsia_lutea_NY4113

KX592810_Pseudombrophila_bulbifera_7362

JX669874_Donadinia_nigrella_TUR_A_195793

KP309872_Pseudoboubovia_benkertii_VK3202 Greece
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Sarcosomataceae

Sarcososcyphaceae

Wynneaceae 
Glaziellaceae

Pseudombrophilaceae

AY945848 Wynnea_americana

MG597288_Geodina_salmonicolor_JBSD_127409

 MZ018899 Wynnea americana FLAS-F-61957

MN096940_Geodina_guanacastensis

EU360917 Wynnea_sparassoides

MG597287_Geodina_salmonicolor_JBSD_1274089 9

100

100

MZ019003 SO_00167_endolichenic endophyte Panama (UA) 
AZ0659 Lichen-saxicolous Southwestern USA (UA)
AZ0283 Lichen-saxicolous Southwestern USA (UA)
FF074 Angiosperm endophyte Southwestern USA (UA)

MZ019007 SO_03975_endolichenic endophyte Chile (UA)
MZ019002 SO_03905_endolichenic endophyte Chile (UA)

NC0433 Lichen-epiphytic Southeastern USA (UA)
MZ019004 SO_01531_endolichenic endophyte Panama (UA)
MZ019005 SO_01007_endolichenic endophyte Panama (UA)

SO_03923_endolichenic endophyte Chile (UA) MZ019006

MZ018929 ER2478 Conifer endophyte Eastern Russia (UA)
MZ018928 ER0816 Lichen-epiphytic Eastern Russia (UA)

MZ019085 AK2407 Lichen-terricolous/muscicolous USA:Alaska (UA)

MZ019000 QU0832 Lichen-saxicolous Eastern Canada (UA)

MZ019001 DC3132 Lichen-saxicolous Southwestern USA (UA)

MZ019010 FQ10880 Lichen-saxicolous Southwestern USA (UA)
MZ019009 FQ10888 Lichen-saxicolous Southwestern USA (UA)

HM123042 AZ0295 Lichen-terricolous/muscicolous Southwestern USA (UA)
HM122877 AZ0124 dead conifer leaf Southwestern USA (UA)

MZ019008 WB1031 Lichen-terricolous Western Canada (UA)

JQ761529 NC0534 Bryophyte endophyte Southeastern USA (UA)

JQ761310 NC0272 Lichen-saxicolous Southeastern USA (UA)
MZ018931 IL0237 Lichen-saxicolous North-central USA (UA)

JQ761419 NC0389 bryophyte endophyte Southeastern USA (UA)
MZ018930 ER2575 bryophyte endophyte Eastern Russia (UA)

MZ019053 IL0227 Lichen-saxicolous North-central USA (UA)

MZ019034 RU0059 Lichen-epiphytic Central Russia (UA)      
MZ019033 RU0505 Lichen-epiphytic Central Russia (UA)

JQ759926 FL0065 Conifer endophyte Southeastern USA (UA)
JQ760326 FL0615 Lichen-terricolous Southeastern USA (UA)

JQ759915  FL0050 Conifer endophyte Southeastern USA (UA)

MZ019027 SO_03511_bryophyte endophyte Chile (UA)

MZ019020 QU0921 Lichen-epiphytic Eastern Canada (UA)
MZ019019 QU0896 Lichen-epiphytic Eastern Canada (UA)

MZ019021 RU0387 Lichen-epiphytic Central Russia (UA)

MZ019035 IL0244 Lichen-terricolous North-central USA (UA)

MZ019025 SW0282 Lichen-epiphytic Sweden (UA)
MZ019024 RU0566 Lichen-epiphytic Central Russia (UA)
MZ019023 ER1858 Lichen-saxicolous Eastern Russia (UA)

HM123666_AZ1007 Lichen-epiphytic USA:Arizona (UA)

JQ761535_Lichen epiphytic_NC0542 Southeastern USA (UA)

MZ019018 ER2080 Lichen-saxicolous Eastern Russia (UA)
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Microstoma

Cookeina

Phillipsia

Rickiella

Nanoscypha

Pithya
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Sarcosoma
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Plectania ss

Donadinia

Urnula
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Plectania sl   

Pseudombrophila

Orbicula

Lasiobolidium sl

Pseudoboubovia
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JQ925676_Reddellomyces_1_GB-2013_JT27723

FJ499391 Karstenella Vernalis_NSW 6918 (OSC) USA 

KM243653 Balsamia_vulgaris_AH44224

JQ925657 Balsamia_cf_setchellii_MES84

U42682 Wynnella_silvicola

NG_060698_Helvella_scyphoides_O_65348_TYPE

NG_068679_Helvella_phlebophoroides_O_F-256565_TYPE
NG_060697_Helvella_pallescens_O_66205_TYPE

KP859282 Balsamianigrens_var_nigrens

AY945854  Desmazierella acicola Norway

JF300152_Reddellomyces_donkii_AH37872

EU722509 Psilopezia_cf_nummularialis

AB910763_Harmoniella junipericola_leaf litter_F07343

MK100275_Midotis_lingua

KX034104 Wynnella_subalpina

KF418265_Trichaleurina_tenuispora_TNS-F-31213

MZ018889 Psilopezia MO29344 FLAS-F-64208

GQ231748_Reddellomyces_westraliensis_OSC_111640

JF300149 Dingleya_geometrica_AH37860 Australia

MK430973 Underwoodia columnaris FLAS-F-58861 USA:Iowa

JX669856_Pseudosarcosoma_latahense

DQ220391 Psilopezia_juruensis

NG_060704_Helvella_fistulosa_O_291887_TYPE
NG_060696_Helvella_panormitana_O_253363_TYPE

NG_060694_Helvella_pezizoides_O_253366_TYPE

U42683 Balsamia_magnata

NG_060691_Helvella_alpestris_O_253221_TYPE

NG_059686_Helvella_tinta_HKAS_82560_TYPE

KP859283 Balsamia_Trappe66585

JQ925673 Nothojafnea_cf_thaxteri Argentina

NG_064430_Helvella_paraphysitorquata_MA_24512_TYPE

JX993080 Helvella stevensii

DQ220410 Rhizina undulata KH.02.44

MT350427 Helvella vesperi FLAS-F-61947 USA:Washington 

MG593542_Coprotus_sexdecimsporus_CNF_2_8942 Croatia

NG_068800_Helvella_levis_C_F-55188_TYPE

JX669875_Neournula_pouchetii_TUR-A195798

NG_027601 Barssia_oregonensis

KT581118 Wynnella_subalpina

DQ220316 Boubovia_luteola Norway

FJ809795 Choiromyces meandriformis GB285 USA:Oregon

DQ220390 Psilopezia_deligata KH-99-13 USA:Vermont

NG_068804_Helvella_sublicia_C_F-39823_TYPE

MK359687_liverwort endophyte_JN0420 USA (UA)

NG_068797_Helvella_phlebophora_C_F-45405_TYPE

JN012018 Wolfina aurantiopsis

AB911694_Harmoniella junipericola_leaf litter of Junipers chinensis_F07344

JQ925677_Reddellomyces_GB-2013_JT27724 Australia

MT732395_Trichaleurina_javanica_BO24420

NG_060701_Helvella_sulcata_O_68095_TYPE

NG_060693_Helvella_nannfeldtii_O_253338_TYPE

NG_068676_Helvella_fuscolacunosa_TRH_12618_TYPE

MZ018888 Psilopezia deligata_RH1660_USA:New Hampshire

NG_068803_Helvella_lacunosa_TYPE

NG_068678_Helvella_neopallescens_O_F-256550_TYPE

KT968655_Neournula_pouchetii_MO-205345

U42686_Dingleya_verrucosa

AY307946 Chorioactis geaster Japan

NG_060695_Helvella_nigra_O_253345_TYPE

KP191787 Dingleya_PDD104571

DQ220437_Strobiloscypha_keliae NSW 6387 (OSC)

NG_060700_Helvella_pulla_O_69282_TYPE

NG_059639_Helvella_maculatoides_HKAS_90590_TYPE

NG_060703_Helvella_capucina_O_253256_TYPE

NG_068799_Helvella_bicolor_C_F-45334_TYPE

MG593546_Boubovia_nicholsonii_CNF_2_9121 France

KF418268_Trichaleurina_javanica_TNM_F11338

FJ176860_Sarcosoma_latahense_AFTOL-ID_954

KC494009_Reddellomyces_GM-2013_Mah-SB2

KC012672 Chorioactis geaster

NG_068796_Helvella_danica_C_F-85205_TYPE

NG_059958_Trichaleurina_tenuispora_TNM_F10376_TYPE

NG_068802_Helvella_queletiana_F-45303_TYPE

NG_068801_Helvella_fallax_C_F-84621_TYPE

NG_060699_Helvella_carnosa_O_68100_TYPE

JQ925661 Dingleya_sp1_JT31575 Australia:Victoria

KP191788 Dingleya_PDD64163 New Zealand 

KP191789 Dingleya_PDD100069 New Zealand

JN048875 Helvella dissingii

KM243654 Barssia_maroccana_AH44099

NG_059662_Helvella_bachu_HKAS_88105_TYPE
NG_059663_Helvella_subspadicea_HKAS_56656_TYPE

KT350939 Barssia_hellenica

NG_068677_Helvella_iberica_O_F-256539_TYPE

NG_059685_Helvella_floriforma_HKAS_90224_TYPE

DQ220395 Boubovia_nicholsonii

KC494008_Reddellomyces_GM-2013_Mah-SB1

MH869193_Rhizina_undulata_CBS 300.56 Netherlands

MK100276_Midotis_lingua

KX879783_Reddellomyces_parvulosporus_RP-Tur1 Mediterranean

JF300150_Reddellomyces_westraliensis_AH37871

KJ812103_Strobiloscypha_cupressina herbarium Specimen from Podgorica, Montenegro

AY789399 Helvella crispa

NG_060702_Helvella_alpicola_O_185924_TYPE

NG_060692_Helvella_calycina_O_253255_TYPE

DQ220394 Boubovia_ovalispora_AKA_Denmark

U42687_Reddellomyces_donkii
JF300153_Reddellomyces_AH13145

JQ925678_Reddellomyces_5_GB-2013_JT6873 Australia

KX879784_Reddellomyces_westraliensis_RW-Tur2 Mediterranean

NG_068798_Helvella_rivularis_C_F-59447_TYPE

KC012673 Coprotus ochraceus Sweden

100

8 4

9 9

7 7

9 8

100

100

100

9 7

9 1

9 1

100

100

9 3

100

100

4 1

100

8 9

9 7

9 5

100

9 4

8 7

7 7

8 1

9 9

100

7 3

9 8

7 2

7 0

100

7 5

7 4

9 3

100

100

100

100

8 0

100

100

7 3

9 9

7 1

100

7 0

9 8

9 8

7 5

9 6

9 9

100

100

Coprotaceae

Rhizinaceae

Karstenellaceae

Strobiloscyphaceae

Chorioactidaceae

Helvellaceae

Tuberaceae

MZ019052 QU0170 lycopod endophyte Eastern Canada (UA)

MZ018906 PC143 Lichen-saxicolous Southwestern USA (UA)

MZ018907 PC147 Lichen-saxicolous Southwestern USA (UA)
MZ018908 PC146 Lichen-saxicolous Southwestern USA (UA)

HM123626_AZ0955 endolichenic USA:Arizona (UA)

NG_068253_Coprotus_epithecioides_CNF_2_10450_TYPE Croatia
MG593544 Coprotus_sexdecimsporus_CNF_2_4928 Croatia

HM123010_ARIZ_AZ0262 Conifer dead leaf endophyte Southwestern USA
HM122997_ARIZ_AZ0245 Conifer dead leaf endophyte Southwestern USA

HM122989_Fungal_ARIZ_AZ0241 Conifer dead leaf endophyte Southwestern USA

MZ018927 WB1698 Lichen-terricolous/muscicolous Western Canada (UA)
MZ018926 WB0384 Lichen-saxicolous Western Canada (UA)

JQ760133_Pezizomycetes_FL0395 Endolichenic endophyte USA:Florida (UA)
HM122969_ARIZ_AZ0221 dead conifer leaf endophyte USA:Arizona (UA)

MZ018924 RU0940 Lichen-terricolous Central Russia (UA)

MZ018925 RU0042 Lichen-epiphytic Central Russia (UA)

Chorioactis

Wol�ina

Trichaleurina
Neournula
Pseudosarcosoma
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Rhizina
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Wynella
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Reddellomyces
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GQ119354 Kalapuya brunnea

NG_068523_Morchella_exuberans_LIP_PhC52 USA

MZ018897 Tuber FLAS-F-61693 USA:Florida

JQ925662 Geomorium_australiana_JT19760 Australia

GQ153010 DC2069 Angiosperm endophyte Southwestern USA (UA)

KY565252 Tuber brennamannii FLAS-F-61235 USA:Georgia TYPE

MH938317 Gyromitra ticiniana TUR-A 208095 Italy TYPE

GQ119349 Kalapuya brunnea

KC751528 Gyromitra caroliniana

JQ925699 Tuber lyonii OSC 58244 USA:Texas

KC751517 Gyromitra melaleucoides

JQ925703 Tuber melanosporum GB200 Italy

KM587892_Morchella_purpurascens_LIP_PhC82 France TYPE  
MK680930_Morchella_conicopapyracea_RK-260582

MZ018865 Hydnotrya variiformis v pallida JT19085 OSC USA:California

MZ018871 Morchella MES-2112 FLAS-F-64742 Argentina

MZ018861 Gyromitra antarctica MES-1298 Argentina

U42678 Gyromitra

AF156927 Tuber californicum

GQ119355 Leucangium carthusianum

MZ018949 SO_03761_lichen endophyte Chile (UA)

JQ321935 Morchella Importuna_HKAS62871 China 

KM587907_Morchella_eximia_LIP_PhC70_France

JQ925682 Tuber borchii GB14 Italy

MZ018950 IL0583 Lichen-saxicolous North Central USA (UA)

JX560165 Caloscypha fulgens KH.06.02

MT350422 Gyromitra olympiana 03mwb050917 FLAS-F-61941 USA:Washington 

JF419293 Tuber mexiusanum Guevara 181 Mexico TYPE

GU551603_Morchella_hispaniolensis_NRRL_26636_Dominican Republic TYPE

MH014713_Morchella_peruviana_CIPHAM004 TYPE

MT374054 Verpa_ISC 434937 1457 USA:Iowa

AY544667 Disciotis venosa

KJ174321_Morchella_semilibera_PhC_99_France_TYPE

JQ321933 Morchella septimelata China

 JX414173 Fisherula_AM489

MZ018898 Verpa conica ISC 422347 USA:Iowa

KM58789_Morchella_deliciosa_LIP_PhC78_France_Holotype_M_conica_v_nigra

KC751530 Verpa bohemica NY 01797017
KC751531 Verpa conica NY 01797018

MZ018948 SO_00159_lichen edophye Panama (UA)

DQ200845 Hydnotrya cubispora DHP 05-605 FH Canada:Nova Scotia

KM587890_Morchella_pulchella_LIP_PhC56_France_TYPE

MK430974 Geomorium_singeri_MES-2266 Chile
JQ925664 Geomorium_echinulata_clar 4529 Australia

MH938309 Gyromitra gigas TUR-A 208088 CzechRep TYPE

KM587909_Morchella_sceptriformis_LIPPhC76_USA TYPE

FJ809801_Tuber_dryophilum GB63 Italy

MZ018873 Morchella importuna MES-3047 FLAS-F-61927 USA:Washington

MK430992 Gyromitra MES-3058 FLAS-F-61938 USA:Washington

DQ247799 Caloscypha fulgens DJ053103-2

KM587914_Morchella_dunalii_LIP_PhC120_France_TYPE

MZ018867 Hydnotrya JT32562 OSC USA:Oregon

KM587905_Morchella_angusticeps_LIP_PhC45_Canada

MG871338_Gyromitra_perlata_HK038_HKAS_87839 China

MZ018868 Hydnotrya_JT27988 OSC USA:Oregon

MK430993 Verpa_ISC 434936 1456 USA:Iowa

KM587903_Morchella_dunalii_voucher_LIP_PhC14_France

MK430982 Geomorium fuegianum_MES-2420 Chile

KC751497 Disciotis_venosa

KM587915_Morchella_ulmaria_LIP_PhC124_Canada TYPE

MH014711_Morchella_gracilis_9483_TJB TYPE

MT350420 Gyromitra MES-3059 FLAS-F-61939 USA:Washington

DQ191675 Tuber canaliculatum Trappe 12448 FH

KX008331_Discina_accumbens_O86239

MZ018872 Morchella FLAS-F-61943 01mwb051717_USA:Washington

JX560168_Kallistoskypha_incarnata_AL_24_01_2011

KX008332_Discina_accumbens_O86249

KM587898_Morchella_esculenta_Jacquetant150476_Norway
KM587902_Morchella_esculenta_LIP_PhC13_France

GQ119359 Leucangium

JN121335_Tuber_MES323_anamorph USA:North Carolina

MK430990 MES-3065 FLAS-F-61945 Morchella_USA:WA

MZ018869 Hydnotrya_JT30801 OSC USA:Oregon

DQ220318 Caloscypha fulgens DED 6107

JQ925663 Geomorium_australiana_OSC 130601 Australia

KM58788_Morchella_deliciosa_LIP_PhC16_France_Holotype_of_M_conica_var_flexuosa

MZ018862  Gyromitra ambigua_ISC 443398 1440 USA:Iowa

MZ018896 Tuber gibbosum MES3045 USA:Washington

MZ018951 QU1090 Lichen-terricolous Eastern Canada (UA)

NG_068522_Morchella_vulgaris_LIP_PhC3 France TYPE

KM587908_Morchella_americana_LIP_PhC73

EU327203 Imaia gigantea

KM587896_Morchella_septentrionalis__LIP_PhC121_Canada

MT350491 Verpa MES-3056 FLAS-F-61936 USA:Washington

JX560169_Kallistoskypha_incarnata_DHP_10-686

EU327201 Imaia gigantea
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Tuberaceae

Geomoriaceae

Morchellaceae

Discinaceae

Caloscyphaceae

Gyromitra_montana_FLAS-F-61940 USA:Washington

MZ018959 RU0167 Lichen-saxicolous Central Russia (UA) 
HM122815_AZ0058 Bryophyte endophyte Southwestern USA (UA)
HM123057_Fungal_AZ0314 Lichen-epiphytic Southwestern USA (UA)
MZ018955 DC3734 Lichen-saxicolous Southwestern USA (UA)

MZ018958 SO_03087-CHILE Bryophyte endophyte Chile (UA)

MT350419 Gyromytra_esculenta_FLAS-F-61955 USA:Washington

MZ018957 WB0618 Lichen-saxicolous Western Canada (UA) 
MZ018956 IL0691 Lichen-saxicolous North-central USA (UA) G. sphaerospora

MZ018952 RU1059 Lichen-saxicolous Central Russia (UA)

MZ018953 WB0395 Lichen-saxicolous Western Canada (UA)

MZ018866 Hydnotrya_JT19176 OSC USA:Idaho

MZ018964 RU0852 Lichen-terricolous Central Russia (UA)

MZ018967 WB0480 Lichen-saxicolous Western Canada (UA)
MZ018966 DC3972 Lichen-saxicolous Southwestern USA (UA)

MZ018968 ER1739 Lichen-epiphytic Eastern Russia (UA)

MZ018965 WB1178 Lichen-terricolous/muscicolous Western Canada (UA)

MZ018963 WB0305 Lichen-terricolous/muscicolous Western Canada (UA)

MZ018931 AK3335 Lichen-terricolous USA:Alaska (UA)
MZ018933 AK2038 Angiosperm endophyte USA:Alaska (UA) Undetermined Pezizomycetes

MZ018858 Geomorium gamundiae MES-577 Argentina TYPE

Tuber *

Verpa

Imaia

Kalapuya

Leucangium

Fisherula

Disciotis

Hydnotrya

Gyromitra

Caloscypha

Kallistoskypha

Morchella

Geomorium
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MT350416 Calongea prieguensis Greece

AY500529 Boudiera dennisii

MZ018900 RHAMBHI_blue_1402 USA:Massachusetts

MT350464 Peziza atrovinosa MO398123 FLAS-F-64202 USA:Ohio 

KT318376 Luteoamylascus aculeatus Spain TYPE

MT373989 Peziza_RH1472_FLAS-F-62645 USA:Iowa

DQ384574 Peziza badia

JN121302 Pezizaceae_AMTL107 USA:Minnesota

Pezizaceae spore mat MES-1355 FLAS-F-64669 Argentina 

AY500543 Pachyella habrospora 

MT461369 Amylascus JT37768 Australia

AY500550 Peziza_obtuspiculata

AF335178 Tirmania_pinoyi_Trappe13587

MZ018857 Peziza waltersii FLAS-F-62624 USA:Iowa

U40611 Peziza_vacinii

MT350475 Sarcosphaera MES-3046 FLAS-F-61926 USA:Washington

NG_067812 Ruhlandiella lophozoniae FLAS:F-62144 Argentina TYPE

AY500541 Pachyella adnata 

U40609 Plicaria_trachycarpa_var_ferruginea DAOM 195830 Canada:British Columbia on charcol, ash

KT318377 Luteoamylascus aculeatus Spain

JN121336 AMMES327 USA:North Carolina

EU543196 Pachyphlodes citrina Italy 

AY232725_Eremiomyces_echinulatis

MZ018876 Paragalactinia 1349_JK13092607 

KJ775830 Pachyphlodes ligerica France

AY500530 Boudiera tracheia 

JN121344 Pezizaceae_MES-435 China

MZ018875 Paragalactinia MES-779b Canada:New Brunswick

AF335166 Peziza succosa

U40613 Peziza atrovinosa DAOM 199606 USA:Maine

AF335135 Peziza depressa

JN121308 Pachyphlodes annagardnerae_RHAM14 MIN USA:IA

U42692 Peziza_badia

EU543195_Pachyella_clypeata

AF335115 Hydnotryopsis_setchellii_Trappe19134

JQ023164 Carbomyces_emergens_AH39344

MH704523_Sarcopeziza_sicula_ALV3181

KJ775821 Pachyphlodes citrina France

JN121365 Pachyphlodes pfisteri MES-306 FLAS-F-59179 USA:Maine TYPE

AF335129 Peziza_apiculata

HM996916 Aquapeziza_globispora

JN121313 Pezizaceae_AMTL177 USA:Minnesota

AF335155 Peziza phyllogena

MT350468 Peziza waltersii FLAS-F-64200 USA:Ohio

AF335122_Adelphella_babingtonii

MZ018881 1267_RHAM_AA_E USA:Massachusetts

MT237455 Peziza shearii_PBM4118_TENN 071812 USA:TN

MG947623 Ruhlandiella patagonica MES-2682 FLAS-F-62150 Chile

AY500554 Plicaria trachycarpa Denmark

AF335147 Peziza limnaea 

AY500555 Sarcosphaera_coronaria

AF335125 Pachyella_violaceonigra

MZ018884 Phylloscypha phyllogena MO366032 FLAS-F-66474 USA:Ohio

MT350470 RH1963_Anamorph 

AF335175 Ruhlandiella berolinensis

AF335116 Hydnotryopsis_Trappe17231

AY500551 Peziza_polaripapulata

MZ018883 Phaeopezia spore mat RH1735 USA:FL

AF335124_Pachyella_punctispora

MT350467 Peziza waltersii FLAS-F-64199 USA:Ohio

AY500553 Plicaria carbonaria USA

AY500556 Plicariella flavovirens_Denmark

AF335113 Amylascus tasmanicus Australia 

NG_067811_Ruhlandiella patagonica_FLAS F-62147 Chile TYPE

AY500558 Terfezia claveryi Trappe 3195 

MT373951 Paragalactinia JK13092503 Canada:New Brunswick

JX414179 Ruhlandiella patagonica MES-571 DUKE Chile

MH886409_Sarcopeziza_sicula_MCVE25877

MT461373 Pachyphlodes carnea FLAS-F-63788 MO 979581 USA:California

JN121349 Pezizaceae_DUKEGB24 USA:North Carolina

KJ775854 Pachyphlodes oleifera CJ00110601NR08  MA:82461 Spain

JN121363 Pachyphlodes annagardnerae ISC RH46 USA:Iowa TYPE

KJ775834 Pachyphlodes melanoxantha CJ090809BT FLAS-F-66167 Spain

AF335123_Adelphella_babingtonii

JN032129_Eremiomyces_magnisporus
MZ018885 Phylloscypha phyllogena RH1440 MIN-956796 USA:Minnesota

MT350469 RH1890_anamorph_USA:Georgia

U40615 Peziza_alaskana ALTA 8477 Canada: Alberta

FJ228463 Calongea prieguensis Spain

JN121359 Peziza_RH1250 FLAS-F-62644 USA:Minnesota

JN121301 Pachyphlodes marronina_AM_RH100 MIN 925612 USA:Minnesota

U40608 Plicaria carbonaria C:20.X.1986 Denmark on wood ash 

KJ775843 Pachyphlodes sp. JT19617 Mexico

U40619 Peziza_subisabellina 

U40614 Peziza_badia KNE 2205 Canada:Newfoundland

AF133173 Plicariella scabropezia USA:Maine 

MT350457 Paragalactinia FLAS-F-63903 USA:West Virginia

 XXXX RH1478_Peziza_FLAS-F-62632 USA:Iowa

JX414178 Ruhlandiella patagonica MES-556 DUKE Chile

MF462332 Pachyphlodes nemoralis CJ090925BT FLAS-F-66166 Spain

MZ019015 AK2372 Lichen-terricolous USA:Alaska (UA)

AF335177 Tirmania_nivea_Trappe23190

MZ018874 Pachyphlodes nemoralis_JBP-2017-10-2-7 FLAS-F-61964 France

JN121358 _MES-423 China

AF335139 Peziza ellipsospora Trappe 13017 

U42693 Peziza_quelepidotia USA:Michigan

EU427550 Pachyphlodes marronina_RH286 USA: Iowa TYPE

KJ775833 Pachyphlodes melanoxantha FLAS-F-66170 France

NG_027607 Sarcosphaera_crassa_OSC100049

AY500549 Peziza michelii TL-5692 (C) Denmark

AF335132 Peziza badia

AY232726 Kalaharituber_pfeilii

KT318378 Amylascus_cf_herbertianus Australia

MZ018882 1269_RHAM_AAG USA:Massachusetts

KT869021Peziza_quelepidotia Netherlands

AF133172 Sarcosphaera_coronaria
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100 Pezizaceae

Plicaria

MZ019014 AEA 10737  Lichen-terricolous/muscicolous Southwestern USA (UA)

MN653021 Plicaria endocarpoides MIN USA:Minnesota
MZ018886 Plicaria endocarpoides MES-3049 FLAS-F-61929  USA:Washington

MZ019016 FQ10871 Lichen-saxicolous Southwestern USA (UA)

MZ019013 AK2653 Lichen-terricolous USA:Alaska (UA)

MZ019017 SO_03729  Lichen endophyte Chile (UA)

MT350431_Plicaria acanthodictya MO324893 FLAS-F-65567 USA:NC

JQ759149 AK0746 Lichen-saxicolous USA:Alaska (UA)

JQ760743 FL1121 Lichen-terricolous Southeastern USA (UA)

HM123196 AZ0469 Lichen-saxicolous Southwestern USA (UA)
MZ019012 SO_00242 Lichen endophyte Panama (UA)

U40616 Peziza_griseo_rosea_CUP-62472 USA:New York

MZ018983 QU1354 Lichen-saxicolous Eastern Canada (UA)

MZ018996 ER1652 Lichen-terricolous/muscicolous Eastern Russia (UA)

MZ018923 IL0442 Lichen-terricolous North-central USA (UA)
U40612 Peziza ostracoderma DAOM 199608 Canada:Quebec 

Lepidotia

Calongea

Ruhlandiella

Tirmania

Terfezia

Eremiomyces
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Luteoamylascus
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Carbomyces

Purpureodiscus

Phylloscypha

Legaliana

Elaiopezia

Phaeopezia

Chromelosporiopsis

Undetermined 
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AF133167 Peziza_petersii Canada:British Columbia

AF133169 Peziza varia Canada:British Columbia

AF335142_Peziza gerardii Denmark

AF133163 Kimbropezia campestris Spain:Canary Islands

AY500548 Peziza_lobulata USA

AY544659 Peziza_proteana_f_sparassoides

AF133164 Peziza cerea Canada:Quebec

KU898063 Peziza fimeti Italy

AF133165 Peziza echinospora Canada:Quebec

KT963179 Mattirolomyces_terfezioides

MZ018856 Ascobolus denudatus ISC_RH20061006 USA:Iowa

HQ660386 Stouffera_longii USA

HQ660382 Mattirolomyces_spinosus

MZ018880 Peziza ISC 437421 USA:Iowa

U40618 Peziza_praetervisa on charcoal and ash Canada:BC

KC922337 Uncultured Saccobolus CB36 China

AY500528 Ascobolus denudatus Denmark 

AY544678 Ascobolus crenulatus

KU898051 Peziza oliviae USA:Oregon

HQ660385 Mattirolomyces_spinosus

GQ231740 Mattirolomyces_mulpu

MN857210 Babosia variospora Hungary TYPE

MT350449 Peziza arvernensis FLAS-F-61933 USA:Washington

GQ231753 Mattirolomyces_austroafricanus

MZ018877 MES-2089_Peziza cf. pseudosylvestris Argentina

AY500538 Marcelleina pseudoanthracina Norway

AY500545 Peziza_exogelatinosa

MT645089 Ahmadea_dalanensis Pakistan

EF445989 Arthrobotrys oligospora ATCC 96709 

DQ470948 Peziza vesiculosa OSC 126  

HQ660387 Temperantia_tiffanyae USA:Iowa

AY500552 Peziza vesiculosa Denmark

MW029809 Orbilia xanthostigma RH1681 USA:MA

AF335120 Marcelleina tuberculispora TYPE
AY500537 Marcelleina persoonii Denmark

KF604907 Delastria supernova Spain TYPE

AF133162 Peziza arvernensis Canada:Alberta

HQ660390 Hydnobolites USA:Iowa
HQ660389 Hydnobolites USA:Iowa

HQ660379 Mattirolomyces_mexicanus

KP991742 FF160 Conifer endophyte Southwestern USA (UA)

MZ018916 ER2887 Angiosperm endophyte Eastern Russia (UA)

FJ176870 Saccobolus dilutellus AFTOL-ID_1299 Spain

MN857221 Stouffera gilkyae Kovacs Hungary TYPE

KU898053 Peziza lohjaoensis Finland

MZ018878 Peziza varia FLAS-F-66473, MO 364680 USA:Ohio

MT645087 Ahmadea_dalanensis Pakistan TYPE

KU898047 Peziza nordica Norway

JN048871 Delastria_rosea Spain

GQ231755 Mattirolomyces_terfezioides

AY500534 Iodophanus carneus Denmark

JN048870 Delastria rosea Spain

JN048872 Delastria Europe

MZ018960 SO_00114 lichen endophyte Panama (UA)

AF133171 Peziza_violacea Canada:British Columbia

AF335143_Peziza gerardii Denmark

MZ018879 Peziza FLAS-F-62160 rwh-cup-003 RH1999 USA:Iowa

AF133168 Peziza repanda Canada:Ontario
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HM123151 AZ0417 Lichen-epiphytic Southwestern USA (UA)

JQ758641 AK0152 Bryophyte endophyte USA:Alaska (UA)
MZ018915 DC3568 Lichen-saxicolous Southwestern USA (UA) 

HM123378 AZ0663 Lichen-epiphytic Southwestern USA (UA)

HM123588_AZ0907A Lichen-terricolous/muscicolous USA:Arizona (UA)
MZ018914 LG1236 Angiosperm endophyte Southwestern USA (UA)

Ascobolaceae

Pezizaceae

Iodophanus

Peziza 

sensu 

stricto

KP991473 CM0042 Conifer endophyte Southwestern USA (UA)
MZ018995 WB0709 OTU1058 Conifer endophyte Western Canada (UA)

MZ018994 AEA_10753 Lichen-saxicolous Southwestern USA (UA)

MZ018991 IL0122 Lichen-epiphytic North Central USA (UA)

MZ018993 WB0949  Lichen-terricolous Western Canada (UA)
MZ018992 WB1611 Lichen-saxicolous Western Canada (UA)

MZ018989 IL0446  Lichen-terricolous North-central USA (UA)
MZ018990 RU0227 Lichen-saxicolous Central Russia (UA)

MZ018988 IL0587  Lichen-saxicolous North-central USA (UA)
MZ018987 SO_05564_DUKE Conifer endophyte Southeastern USA (UA)

MZ018986 SO_10881_DUKE Angiosperm endophyte Southeastern USA (UA)

MZ018985 SW0114 OTU950 Lichen-saxicolous Sweden (UA)

MZ018984 LG0654 OTU595 Angiosperm endophyte Southwestern USA (UA)

JQ759533_AK1189 Angiosperm endophyte USA:Alaska (UA)
HM123583_AZ0902 Conifer endophyte Southwest USA (UA)

MZ018962 AK2339 OTU139 Lichen-terricolous USA:Alaska (UA) 
MalvipeziaJQ761917 NC1509 Bryophyte epiphyte Southeastern USA (UA)

EU571229_Malvipezia cf emileia ISC 443707 USA:IA

KU898062_Malvipezia_emileia_GM_03091006 Italy TYPE

Daleomyces

MZ018946 DC3778  Lichen-saxicolous Southwestern USA (UA)
JQ758844 AK0387  Lichen-terricolous USA:Alaska (UA)
MZ018945 WB1041  Lichen-terricolous Western Canada (UA)
JQ758838 AK0380  Lichen-terricolous USA:Alaska (UA)
MZ018944 AK3181 Lichen:terricolous USA:Alaska (UA) 

HM123315 AZ0598  Lichen-saxicolous Southwestern USA (UA)
MZ018942 ER0580  Lichen epiphytic Eastern Russia (UA)
MZ018943 RU0818 Lichen-terricolous Central Russia (UA)

Geoscypha
MZ018941 SO_03941 Lichen endophyte Chile (UA)

HM123709 AZ1065 Bryophyte endophyte Southwestern USA (UA)
MZ018860 MES-1674_Peziza_FLAS-F-64458 in fireplace Chile 

GQ153008 DC2065 Angiosperm endophyte Southwestern USA (UA)
MZ018947 WB0367  Lichen-saxicolous Western Canada (UA)

Mattirolomyces *

Hydnobolites

Stouffera

Babosia
Temperantia

Ahmadea

Delastria

Marcelleina

Ionopezia

Ascobolus

Saccobolus
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Fig. S3 Phylogeny based on ITS sequences of Ascobolaceae and related endophytic or 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Terminals are color coded by their sequence source (fruitbody, black; endophytic 
or endolichenic, green; in orchid root, purple; soil, gray) and substrates for fruitbodies are color 
coded if they were collected on dung (yellow-brown). Endophyte and endolichenic sequences 
originating from the University of Arizona are indicated with “UA”. Endophyte and endolichenic 
sequences that are not from the UA database include a reference to the publication where they 
were obtained or are labeled with “GB” if they are unpublished and were obtained directly from 
GenBank (NCBI). Sequences from type specimens include the reference for the sequence. 
 



 

 

HQ433054 Uncultured forest soil asc07100 USA:Wisconsiin

GU910021_Uncultured_Pezizales_8SC5ce12 cow dung USA:New Mexico

EU826878 LMRF-4 paddy soil South Korea 

KU702685 Ascobolus stercorarius BK229 sludge Lithuania 

JX489784 Uncultured soil D047 China: Heilongjiang

EU826918 Uncultured paddy soil LMRF_44 South Korea

GU909976_Uncultured_8SC5ca12 cow dung USA:New Mexico

MW164614_Uncultured_saf_F1985 soil Italy: Aosta Valley

GU166491 AR23 orchid root associate China:Anhui

GU910589_Uncultured_8WE7cd01 Prairie dog dung USA:South Dakota

MH855376 Ascobolus equinus CBS:107.33 sheep dung UK:England

DQ900998 Uncultured finished compost gbFC 3b18-025 USA:North Carolina

KT804056 Ascobolus Olive twig Portugal (Gomes et al. 2018)

KY574437 RGO OMG142 Quercus root endophyte Mexico: Michoacan (GB)

EU826897 Uncultured paddy soil LMRF-23 South Korea

GU909990 Uncultured cow dung 8SC5cc03 USA:New Mexico

FJ213512 Uncultured air sample TSPF-17 South Korea

KP335377 SNP178 Angiosperm endophyte USA:Arizona (UA)

GU910106_Uncultured_8SC7ce10 cow dung USA:New Mexico (4 other seqs)

MT925255_Ascobolus_stercorarius_OTU0929 soil China:Shandong

KY687834 Uncultured soil GL41982_212_S229 Estonia

KC438394 animal feces China:Qinghai-Tibetian Plateau

GU166493 DJL6 orchid root associate China:Hubei

GU909978_Uncultured_8SC5cb04 cow dung USA:New Mexico (plus eight other sequences)

MW215244 Uncultured soil 3993 1147 Lithuania

GU910742 Uncultured bison dung 8WF1cg03 USA:South Dakota

MT373895 Ascobolus denudatus ISC RH20061006 on soil USA:Iowa

MK018209 Sorghum enviroment OTU21 USA:California

KT225532 Ascobolus carbonarius KH.00.08 Denmark

DQ901001 Uncultured finished compost gbFC 3b33-033 USA:North Carolina

AY372073 Ascobolus stercorarius ATTC 705 no locality given

KP335612 SNP436 Angiosperm endophyte USA:Arizona (UA) 

MF971258_Uncultured_OTU217 soil China:Tibet Plateau

KF574867 Ascobolus 143381 Conifer endophyte China: Zhejiang (GB)

MH858331 Ascobolus americanus CBS 488.63 ascoma on mule dung Argentina:Santiago del Estero

GU910131_Uncultured_8SC7ch01 cow dung USA:New Mexico

FJ553261 Uncultured forest soil Canada

KU325156 Olive leaf P4 C6 1294 Portugal (Gomes et al. 2018)

GU166488 AR20 orchid root associate China:Anhui

KX404078 Uncultured soil USA:Alaska

MK018924 Sorghum environment OTU598 USA:California

DQ491504 Ascobolus crenulatus KH.02.005 USA
KF385380 Uncultured soil OTUrs40 China

KP335320 SNP115 Angiosperm endophyte USA:Arizona (UA)

MF971290_Uncultured_OTU251 soil China:Tibet Plateau

JX385571 Uncultured soil 109A73810 USA:Texas

KP335309 SNP104 Angiosperm endophyte USA:Arizona (UA)

GU910103_Uncultured_8SC7ce07 cow dung USA:New Mexico

MK018896 Sorghum enviroment OTU652 USA:California

GU909997_Uncultured_8SC5cc10 cow dung USA:New Mexico

GU166487 AR19 orchid root associate China:Anhui

MT925215 uncultured soil OTU0889 China:Shandong

GU910119_Uncultured_8SC7cf11 cow dung USA:New Mexico

HM122983 AZ0235 Lichen-epiphytic USA:Arizona (UA)

MF971289_Uncultured_OTU250 soil China:Tibet Plateau

DQ900992 Uncultured finished compost gbFC_a44_094 USA:North Carolina

AY704736 Uncultured soil OTU-ZY06

MK019148 Sorghum enviroment OTU1180 USA:California

EU826901 Uncultured paddy soil LMRF_27 South Korea

KC922141 Uncultured Ascobolus SI17 sheep dung China

JN660478 Uncultured soil ciidir1005 E08 Mexico

JN660477 Uncultured soil ciidir1003_F08 Mexico

MT595711 soil OTU2868 Japan:Okayama

MF976144 Nothofagus endophyte New Zealand:Taupo (Johnston et al. 2017)

MH858948 Ascobolus stercorarius CBS:205.67 greenhouse soil Netherlands

KU612291_Pezizales_CL40PH isolated in culture from soil USA:Utah

MT924344 Ascobolus stercorarius from soil OTU0018 China:Shandong

GU910778_Uncultured_8WF2cc02 bison dung USA:South Dakota

MN660806 SREF378 root endophyte France:Daix (Schneider-Maunoury et al. 2020)

MF569344 Uncultured prairie soil USA:Illinois

JX076981 Ascobolus crenulatus from wetland sediment_GHL0901-2 China: Gansu

KP335234 SNP028 Angiosperm endophyte USA:Arizona (UA)

KP899448 grass endophyte UNEX FECRGA 2012E119 Spain:La Abadia (GB)

GU910858_Uncultured_8WF3cc02 bison dung USA:South Dakota

KU534694 Uncultured 15y-98 soil in bamboo forest China

AB520241 Uncultured soil IU_FSC_Fun03_FuD027 Japan:Ibaraki

JX318513 Uncultured soil 034A778 USA:Texas 

MF971257_Uncultured_OTU216 soil China:Tibet Plateau

JQ247402 Uncultured soil FDBC71 Mexico:Baja California

EU516774_Uncultured_IVN2-11 soil Austria

GU910681 Uncultured bison dung 8WF1ca07 USA:South Dakota

GQ999473 Uncultured L042883-122-063-B06  air filter, no locality given

MT924377 Ascobolus stercorarius from soil OTU0051 China:Shandong

FJ213548 Uncultured air sample TSPF-7 South Korea

FN397310_Uncultured_C12_P_2_D6 truffle grounds burnt soil France

HM123180 AZ0452 Lichen-saxicolous USA:Arizona (UA)

MK018496_Ascobolus_OTU275 Sorghum environment USA:California

GU910084_Uncultured_8SC7cc12 cow dung USA:New Mexico (plus 47 other sequences)

EU826888 Uncultured paddy soil LMRF-14 South Korea

GU910053_Uncultured_8SC7ca03 cow dung USA:New Mexico

HG328162 Uncultured soil 13C31d China:Gongzhuling

HM123588 AZ0907A Lichen-terricolous/muscicolous USA:Arizona (UA) 

MK018457 Sorghum enviroment OTU202 USA:California

AB520242 Uncultured soil IU_FSC_Fun03_FuD117 Japan:Ibaraki

KU325150 Fungal P4-B10-551 Olive twig Portugal (Gomes et al. 2018)

KX138422_Ascobolus_CF12 earthwom gut India

DQ683976_Ascomycete_nasa59 cultured from soil Chile: Atcama Desert

HQ432997 Uncultured forest soil asc07040 USA:Wisconsin

EU826886 Uncultured paddy soil LMRF_12 South Korea

GQ153178 AEA 11237 Conifer endophyte (UA)

KP335228 SNP022 Angiosperm endophyte USA:Arizona (UA)

MK018265 Sorghum environment OTU57 USA:California

MW214903 Uncultured soil 3993_271 Lithuania

KT799159 Uncultured greenhouse soil 1-32 Greece

MN534770 Ascobolaceae wheat endophyte Jordan (Al-Khawaldeh et al. 2020)
HM007092 Ascobolaceae YS-2010 needlegrass endophyte China:Inner Mongolia (Su et al. 2010) 

MW261089 Uncultured paddy soil FOTU0549 Kenya:Kirinyaga

KU534854 paddy soil ck-140  China

HG327897_Uncultured_12C16d soil China:Gongzhuling

KP991884 SR0109 Angiosperm endophyte USA:Arizona (UA)

HQ130665 Ascobolus WF106 Angiosperm endophyte Kenya (GB)

MT248991 Ascobolus immersus 38002725 USA:California

EU826926 Uncultured paddy soil LMRF_52 South Korea

MG760873 EAB102 Conifer endophyte USA:Arizona (UA)

MH859398 Ascobolus lineolatus CBS:721.69 herbivore dung Tanzania:Usambara Mts

EU826885 Uncultured paddy soil LMRF-11 South Korea

AJ271628 Ascobolus immersus France

MW261124 Uncultured paddy soil FOTU0615 Kenya:Kirinyaga

KJ173589 deep sea sediments UFCEIO_46  East Indian Ocean

0.5

HM123151 AZ0417 Lichen-epiphytic Southwestern USA (UA)

DC3568 Lichen-saxicolous Southwestern USA (UA) 

MZ457214 AZ0663 Lichen-epiphytic Southwestern USA (UA)

JQ758641 AK0152 Bryophyte endophyte USA:Alaska (UA)

MZ091545 SO 08061 DUKE Angiosperm endophyte Southeastern USA (UA)

MZ091544 PC023 Lichen-saxicolous Southwestern USA (UA)

MZ091541 LG1236 Angiosperm endophyte Southwestern USA (UA)
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Soil or unclear substrate

Endophyte or endolichenic 
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Ascobolus crenulatus
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Fig. S4 Phylogeny based on ITS sequences of Ascodesmidaceae and related endophytic or 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE”. Terminals are color 
coded by their sequence source (fruitbody, black; endophytic or endolichenic, green; asexual 
spore mats, blue; orchid roots, purple; soil, gray) and substrates for fruitbodies are color coded if 
they were collected on a burnt substrate (orange) or on dung (yellow-brown). Endophyte 
sequences originating from the University of Arizona are indicated with “UA”. Endophyte 
sequences that are not from the UA database include a reference to the publication or dissertation 
where they were obtained or are labeled with “GB” if they are unpublished and were obtained 
directly from GenBank (NCBI). Sequences from type specimens include the reference for the 
sequence. 

 

MG554290_Cephaliophora_tropica_JN-YG-1-6 on beetle surface South Korea

AM711503_Uncultured_compost_fungus Finland

EU826918 Uncultured_LMRF_44 soil South Korea

MH859505 Cephaliophora tropica CBS 996.69  from root of Capsicum anuum Turkey

GU909990 Uncultured 8SC5cc03 dung USA:New Mexico

MG458218_Cephaliophora_CNUFC-RD8126 dung South Korea

HG327972 soil China:Gongzhuling

MG458219_Cephaliophora_CNUFC-RD8125 dung South Korea

MG554299 Cephaliophora tropica JB-NW-1-1 on beetle surface South Korea

MH861030 Eleutherascus peruvianus CBS:104.77 soil Japan

KU945853 Cephaliophora SQU-KH26 soil Oman

KF800600 CMH509 from air USA:Missouri

MG554349_Cephaliophora_tropica_CN-TA-2-1 on beetle surface South Korea

MG554350 Cephaliophora tropica CN-TA-2-2 on beetle surface South Korea

MT626576 Ascodesmis sphaerospora MG5 Angiosperm endophyte Southwest China (GB)

MZ091550 DC3392 Angiosperm endophyte Southwestern USA (UA)

MT373898 Cephaliophora tropica Benny S601 leaf litter USA:Arizona 

EU826926 Uncultured LMRF-52 soil South Korea

NR_159850 Eleutherascus peruvianus CBS:101.75 TYPE soil Peru (Vu et al. 2019)

KP309855 Pseudoboubovia benkertii VK 3202 Greece

MH858804 Cephaliophora tropica CBS 315.66 dung Japan

MH857119 Ascodesmis nigricans CBS:114.53 dung Ivory Coast

AM944354 E52 root endophyte Colombia:Cundinamarca (GB)

NR_159849 Eleutherascus lectardii CBS:626.71 TYPE of Arachniotus lectardii soil France (Vu et al. 2019)

KR809561 Cephaliophora tropica MP1 soil Iran

MH861965 Eleutherascus lectardii CBS:374.86 from wheat Switzerland (Sieber dissertation 1985)

MH859165 Ascodesmis nigricans CBS:389.68 soil Netherlands

MK594256 Pezizomycetes MISO1-4-21 soybean environment USA:Michigan 

KP309854 Pseudoboubovia_benkertii_NV 2006-12-04 France

KF703924 Heydenia LH64 Orchid root China

MH861263 Ascodesmis microscopica CBS:275.80 dung Germany

KX683420 Cephaliophora irregularis YG-C22 dung Iran

MG554311 Cephaliophora_tropica_GN-HA-1-3 on beetle surface South Korea

MH860842 Ascodesmis nigricans CBS:163.74 dung India

KP309853 Pseudoboubovia_benkertii_UL 81-13 Spain 

GU910742 Uncultured 8WF1cg03 dung USA:South Dakota

KJ173589 Uncultured_UFCEIO-46 deep sea sediment East Indian Ocean

Pseudoboubovia

Eleutherascus

Ascodesmis

Cephaliophora
Soil or source was unclear 

Endophyte or endolichenic 

Dung or fruitbody on dung

Fruitbody

Sequence Source

KM279965 Cephaliophora tropica UASWS1151 Switzerland unclear source

MH857994 Ascodesmis sphaerospora CBS:125.61 location unknown

MH846262 Cheilymenia catenipila cow dung New Zealand: Wellington TYPE (Lindemann et al. 2019)
MH846261 Pseudocoprotus catenipilus PA-2018a cow dung France: Pyrenees-Atlantiques

MH846260 Pseudocoprotus catenipilus PA-2018a deer dung Austria: Tyrol
Pseudocoprotus

EU826924 Uncultured_soil_LMRF_50 paddy soil South Korea

GU910681 Uncultured 8WF1ca07 bison dung USA:South Dakota

KF128865 vine endophyte GSH2-9 Australia (Mapperson 2014 dissertation)

KX982522 Pimpinella bicknellii fungus Southwest Asia GB

MF083561 Fritillaria pallidiflora fungus China GB

EU826886 Uncultured_soil_LMRF_12 paddy soil South Korea

JX385571 Uncultured_109A73810 soil USA:Texas

MW163154 Uncultured_saf_F525 soil Italy: Aosta Valley

MH859397 Trichobolus zukalii CBS:720.69 deer dung USA:Michigan

FJ553261 LTSP EUKA-P2N02 forest soil Canada

JX385487 Uncultured_109A73725 soil USA:Texas

Trichobolus

Orchid root associate

KP992030 YLH0049 conifer endophyte USA:Arizona (UA)

MG098332 Pinus twig endophyte NW FVA3087 Germany (Bußkamp et al. 2020)

MK018962 OTU1195 Sorghum source unclear USA:CA

FN868473 Pinus endophyte BLD9 Spain (Botella and Diez 2011)

Lasiobolus intermedius FLAS-F-66488 on dung USA:Ohio

GQ153225 AEA 11308 conifer endophyte USA:Arizona (UA)

Lasiobolus

Ascodesmidaceae 
undetermined 1

MH855385 Cephaliophora tropica CBS:133.33

MK019152 Pyronemataceae USA:California
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Fig. S5 Phylogeny based on ITS sequences of Chorioactidaceae and related endophytic or 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE”. Terminals are color 
coded by their sequence source (fruitbody, black; endophytic or endolichenic, green; dead leaf, 
gray brown; soil, gray).  Endophyte and endolichenic sequences originating from the University 
of Arizona are indicated with “UA”. Endophyte and endolichenic sequences that are not from the 
UA database include a reference to the publication where they were obtained. Sequences from 
type specimens include the reference for the sequence. 
 
 



 

 

	

MK184529_Trichaleurina_javanica_20170467 Madagascar

LN589955 Desmazierella_OK-2014_NK343 Pine needles in litter Albania:Liqeni Golemajt

MG761094 ARIZ_EAB350 conifer endophyte USA:Arizona (UA)
LN589954 Desmazierella OK-2014_NK342 Pine needles in litter Serbia

LN589966 Desmazierella_OK-2014_NK358 Pine needles in litter Spain:Between Antequera and Malaga

AY546004 Fungal_endophyte_WMS5 Pinus endophyte China: Liaoning Province (Wang et al. 2005)

MZ091569 WB1524 Lichen-terricolous/muscicolous Western Canada (UA)

EU846305_Pseudosarcosoma_latahense_OSC73592 USA: Pacific Northwest

KF418256_Trichaleurina_javanica_TUR-A_198585 Seychelles

MZ091570 WB1202 Lichen-terricolous Western Canada (UA)

LN589947 Desmazierella acicola NK330 Pine needles in litter Lebanon:Beyrouth

LN589961 Desmazierella acicola NK350 on needle litter Montenegro

JX669837 Neournula pouchetii TUR-A195798 Italy

MZ091568 QU1188 Lichen-terricolous/muscicolous Eastern Canada (UA)

LN589950 Desmazierella_OK-2014_NK339 Pine needles in litter Spain:Tenerife

MZ091566 WB1423 Lichen-epiphytic Western Canada (UA)

KX909011 Pezizomycetes_292 FL1626 Dead angiosperm leaf USA:Florida (UA)

KF418247_Trichaleurina_tenuispora_TNM_F19725 Taiwan

LN589964 Desmazierella acicola NK356 needle in litter Sweden:OEland 

LN589951 Desmazierella_OK-2014_NK340 Pine needles in litter Spain:Gomera

AY307937 Chorioactis geaster Japan

JQ760627 Pezizomycetes_292 FL0999 Endolichenic USA:Florida (UA)

LN589958 Desmazierella acicola NK347 Pine needles in litter Finland:Hanko

LN912696_Uncultured_Trichaleurina soil China

MZ091567 IL0789 Lichen-terricolous North Central USA (UA)

KF418248_Trichaleurina_tenuispora_TNM_F20790 Taiwan

MZ091565 QU0503 Lichen-terricolous/muscicolous Eastern Canada (UA)

LN589929 Desmazierella acicola NK352 Pine needles in litter Norway:Hordaland

JQ760749 Pezizomycetes 292 FL1129 Endolichenic endophyte USA:Florida (UA)

LN589968 Desmazierella_OK-2014_NK362 Picea needle in litter Poland:Klodzko

KM215647 Angiosperm endophyte USA:North Carolina (plants from Oregon) (Raja et al. 2015) 

LN589941 Desmazierella_OK-2014_NK313 Picea needles in litter Kyrgyzstan:Issyk-kul

EU652356_Pseudosarcosoma_latahense_OSC119064 USA:Pacific Northwest

LN589949 Desmazierella acicola NK337 Pine needles in litter Czech Republic:Mohelno

KF418254_Trichaleurina_javanica_TUR-A_198583 Seychelles

MT816432 Desmazierella_acicola_C19 Angiosperm endophyte Portugal (GB)

MZ091561 IL0547 Lichen-epiphytic North-central USA (UA)

KP991667 FF085 Angiosperm endophyte USA:Arizona (UA)

EU652357_Pseudosarcosoma_latahense_OSC108698 USA:Pacific Northwest

MT790315_Desmazierella_acicola_NWFVA4751 Pine twigs Germany (Bußkamp et al. 2020)

LN589946 Desmazierella acicola NK329 Pine needles in litter Czech Republic:Karlovy Vary

JQ760133 Pezizomycetes_292 FL0395 Endolichenic endophyte USA:Florida (UA)

MZ091555 RU0559 Lichen-epiphytic Central Russia (UA)

LN589945_Desmazierella_acicola_NK327 Angiosperm leaves Republic:Ceska Lipa (Martinovic´ et al. 2016)

LN589930 Desmazierella acicola NK323 Angiosperm leaves Czech Republic:Stare Splavy (Martinovic´ et al. 2016) 

LN589931_Desmazierella_acicola_NK319 Angiosperm endophyte Estonia:Jogevamaa (Martinovic´ et al. 2016)

JX669839_Trichaleurina_celebica_TUR-A_ascoma 195800 Japan

LN589944 Desmazierella_OK-2014_NK315 Picea needles in litter Kyrgyzstan:Issyk-kul

KT968605 Neournula nordmanensis MO-205345 USA:Oregon

EU697263_Pseudosarcosoma_latahense_OSC74353 USA:Pacific Northwest

KJ508318 Pezizomycetes 946 JMUR-2014 ML0120 Bryophyte endophyte Southwestern USA (UA)

MZ091562 IL0744 Lichen-terricolous North-central USA (UA)

EU652392_Pseudosarcosoma_latahense_OSC108698 USA:Pacific Northwest

LN589940 Desmazierella acicola NK120 Pinus needles in litter Czech Republic:Doubice

KC306744_Wolfina_aurantiopsis USA:Tennessee

KF418253_Trichaleurina_javanica_TNM_F11338 Taiwan

MZ448206 WB0384 Lichen-saxicolous Western Canada (UA)

FJ025247 Fungal_endophyte_E13-2171 Angiosperm endophyte China (Sun et al. 2012)

EU852802_Pseudosarcosoma_latahense_OSC_66665 USA:Pacific Northwest

AY307936 Chorioactis geaster USA

JQ760883 454_FL1268 endolichenic endophyte USA:Florida (UA)

KF418250_Trichaleurina_tenuispora_TNS-F-31213 Japan

EU837211_Pseudosarcosoma_latahense_OSC66548 USA:Pacific Northwest

KX908754 Pezizomycetes_292_ARIZ_FL1543 dead pine needle  USA:Florida (UA)

LN589939 Desmazierella OK-2014_NBRC100550 Pine needles in litter Japan:Okinawa

JQ760622 Pezizomycetes_292_FL0994 Endolichenic endophyte USA:Florida (UA)

AY307935 Chorioactis geaster ZZ2 (FH) USA

MZ091556 SW0187 Lichen-terricolous Sweden (UA)

MN593196_Desmazierella_acicola_Da14L-19Rp Angiosperm endophyte Poland (GB)

LN589942 Desmazierella_OK-2014_NK314 Picea needles in litter Kyrgyzstan:Issyk-kul

HM122969 AZ0221 dead conifer leaf endophyte USA:Arizona (UA)

LN589959 Desmazierella acicola NK348 Pnie needles in litter Estonia:Parnumaa

MZ091552 RU0940 Lichen-terricolous Central Russia (UA)

MZ091564 RU0521 Lichen-terricolous/muscicolous Central Russia (UA)

HM122996 AZ0248 Bryophyte endophyte USA:Arizona (UA)

MZ091560 IL0097 Lichen-terricolous/muscicolous Eastern Canada (UA)

MF476196_Trichaleurina_javanica_KSRF-0019 ascoma India
LC176769_Trichaleurina_javanica_MRNo502 ascoma Thailand

AY307934 Chorioactis geaster USA

MZ457216 IL1205 Bryophyte endophyte North-central USA (UA)

LN589952 Desmazierella_OK-2014_NK344 Pine needles in litter Spain:El Hierro

KF418257_Trichaleurina_javanica_TUR-A_198586 ascoma Thailand

MZ091558 DC2575 Conifer endophyte Southwestern USA (UA)

LN589938 Desmazierella OK-2014_NBRC102300 Pine needles in litter Japan:Nagano

NR_138365_Pseudosarcosoma_latahense_CBS_733_68_USA:Idaho TYPE of Sarcosoma latahense (Kopcke et al. 2002)

MZ091559 FF094 Conifer endophyte Southwestern USA (UA)

LN589965 Desmazierella acicola NK357 Pine needles in litter Slovenia:Roznik - Ljubljana

MN593211 Desmazierella acicola Da15L-19Pu Pinus needle Poland: Stolowe Mountains National Park (GB)

KF418252_Trichaleurina_javanica_TNM_F11334 Taiwan

NR_159000_Trichaleurina_tenuispora_TNM_F10376 Taiwan TYPE (Carbone et al. 2013b)

KF418245_Trichaleurina_tenuispora_TNM_F17898 Taiwan

JX669819_Pseudosarcosoma_latahense_TUR-A_195801 Canada

KF418246_Trichaleurina_tenuispora_TNM_F17974 Taiwan

MZ091557 MTL0131 Lichen-terricolous/muscicolous endophyte Southwestern USA (UA)

JX669838_Trichaleurina_javanica_TUR-A_195799 Seychelles

KX908794 Pezizomycetes 292 FL1696 dead pine needle USA:Florida (UA)

LN589957 Desmazierella acicola NK346 Pine needles in litter Finland:Hangoe

LN589933 Desmazierella acicola CBS302_81 Pine needles in litter France:Bedoin

LN589943 Desmazierella_OK-2014_NK315 Picea needles in litter Kyrgyzstan:Issyk-kul

AY307938 Chorioactis geaster 

KF418251_Trichaleurina_javanica_TNM_F8917 Taiwan

LN589937 Desmazierella OK-2014_IFO9094 Pine needles in litter Japan:Miyagi

KF617814 Uncultured_3206C15 soil USA:Alaska

HM123041 AZ0294 Lichen-terricolous/muscicolous USA:Arizona (UA)

KF418249_Trichaleurina_tenuispora_TNM_F20424 China

LN589956 Desmazierella acicola NK345 Pine needles in litter Latvia:Salacgrĩva

LN589948 Desmazierella acicola NK333 Pine needles in litter United Kingdom:Scotland

AY354275_Ascomycete_olrim144 living tree Lithuania (Lygis et al. 2004) 

HM123076 AZ0334 Endolichenic endophyte USA:Arizona (UA)

MZ091563 QU1187 Lichen-terricolous/muscicolous Eastern Canada (UA)

HM123095 AZ0353 Lichen-terricolous/muscicolous USA:Arizona (UA)

MH374431 Desmazierella_acicola_F20 Angiosperm endophyte Portugal (GB)

KF418243_Trichaleurina_tenuispora_TNM_F4705 Taiwan

LN589932 Desmazierella acicola CBS209_50 Pine needles in litter Netherlands:Wageningen

MZ091554 WB1698 Lichen-terricolous/muscicolous Western Canada (UA)

MN294794_Trichaleurina_KA17-0247 ascoma South Korea

KJ508328 Pezizomycetes 946 JMUR-2014 ML0131 Endolichenic endophyte Southwestern USA (UA)

HM069461_Uncultured_58 soil Finland

MG871291_Trichaleurina_javanica_HK022_HKAS88981e

MZ091553 RU0042 Lichen-epiphytic Central Russia (UA)

LN589967 Desmazierella OK-2014_NK381 Pine needles in litter Thailand:Doi Inthanon

KF418255_Trichaleurina_javanica_TUR-A_198584 Seychelles

LN589962 Desmazierella_OK-2014_NK317 Picea needle in litter Canada:BC

KX908780 292 FL1571 Dead pine needle USA:Florida (UA)
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JX298888 endolichenic China: Jilin (Li et al. 2007)

LN589963 Desmazierella acicola NK354 Picea needles in litter Czech Republic

AY971745 Conifer endophyte Canada:Quebec (Sokolski et al. 2007)
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Fig. S6 Phylogeny for Coprotaceae and related endophytic or endolichenic fungi analyzed with 
Maximum Likelihood. The phylogram is a 50% majority rule tree with midpoint rooting and 
support based on 1000 bootstrap replicates. Bootstrap support ≥70% is shown above each node. 
GenBank accession number is given on the terminal preceding other available information 
(organism name, herbarium voucher accession number, collection, and country). Sequences from 
type specimens are indicated with “TYPE”. Terminals are color coded by their sequence source 
(fruitbody, black; endophytic or endolichenic, green; soil, gray) and substrates for fruitbodies are 
color coded if they were collected on dung (yellow-brown). Endophyte and endolichenic 
sequences originating from the University of Arizona are indicated with “UA”. Endophyte and 
endolichenic sequences that are not from the UA database include a reference to the publication 
where they were obtained or are labeled with “GB” if they are unpublished and were obtained 
directly from GenBank (NCBI). Sequences from type specimens include the reference for the 
sequence. 
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MG004784  Marchantia endophyte USA:VT (Nelson et al. 2018)

MG593541 Coprotus sexdecimsporus CNF-2-8942 Croatia

MW215575 3993 1526 rhizosphere Lithuania
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8 8

Soil

Endophyte or endolichenic

Fruitbody on dung

Fruitbody

Sequence Source MZ018906 PC143 Lichen-saxicolous Southwestern USA (UA)

NR-165213 Coprotus epithecioides CNF-2 10450 TYPE Croatia (Kušan et al. 2018)

MZ018907 PC147 Lichen-saxicolous Southwestern USA (UA)

HM123626 AZ0955 endolichenic USA:Arizona (UA)

MF971475 soil China:Tibet Plateau

MG593543 Coprotus sexdecimsporus CNF-2-4928 Croatia

MK359687 JN0420 liverwort endophyte USA (Nelson and Shaw 2019)

KU141390 Fungal RL6 Angiosperm root endophyte Italy (Dovana et al. 2015) 

KP114431 Angiosperm endophyte Spain (Maciá-Vicente et al. 2016)

MZ018908 PC146 Lichen-saxicolous Southwestern USA (UA)

MG593545 Boubovia nicholsonii CNF-2-9121 France

MK093850 Boubovia gelatinosa MZ-2019 ascoma on dung China:Sichuan TYPE (Hyde et al. 2019) 

KP309839 Boubovia MH-80813 France

MK018363 Sorghum environment USA:CA

KX592798 Boubovia vermiphila 7014 TYPE Norway (Lindemann and Alvarado 2017)

KX592804 Boubovia vermiphila ascoma on earthworm dung TYPE Norway (Lindemann and Alvarado 2017)

KY687754 GL24659 soil Estonia

Coprotus
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Coprotus
sexdecimsporus

Coprotus sp.
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Fig. S7 Phylogeny based on ITS sequences of Discinaceae and related endophytic or 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE” and sequences from 
ectomycorrhizas are designated with the abbreviation “ECM” preceded by host name if 
available. Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green; asexual spore mats, blue; ectomycorrhiza reddish brown; orchid roots, 
purple; soil, gray) and substrates for fruitbodies are color coded if they were collected on a burnt 
substrate (orange) or on dung (yellow-brown). Endophyte and endolichenic sequences 
originating from the University of Arizona are indicated with “UA”. Endophyte and endolichenic 
sequences that are not from the UA database include a reference to the publication where they 
were obtained or are labeled with “GB” if they are unpublished and were obtained directly from 
GenBank (NCBI). Sequences from type specimens include the reference for the sequence. 



 

 

	

	

AY558764 Hydnotrya cerebriformis_TK1726 USA:California

KC152120 Hydnotrya cerebriformis GO-2010-097 Mexico: Tlaxcala

MK430995 Gyromitra sphaerospora MIN-925941 USA:Minnesota

KU878591 Castanea ECM 1ALT2015_FN18_1 USA:New York

GQ215698 Pinus ECM Germany

FR852093 ECM Iran

HM146820 Pinus ECM_Germany

KX168657 Fagus ECM Germany

KF954069 Picea ECM Latvia

MF352706 Pinus ECM SK1155 UK 

MH430548 Hydnotrya cerebriformis BJTC_FAN508 China: Hebei

NR_132886 Hydnotrya laojunshanensis YAAS_L2425 China TYPE (Li et al. 2013) 

KU878588 Castanea ECM 1_ALT_2015_FN04_3 USA:New York

JF419488 Fagus ECM Poland

HM057218 Uncultured Quercus ECM USA:New Jersey

EU784275 Hydnotrya michaelis RBG_Kew_KM_61643 UK:England

NR_161071 Hydnotrya nigricans BJTC_FAN349 China: Sichuan TYPE (Xu et al. 2018)

AJ534700 Abies ECM B48 Japan:Hokkaido

KC952707 Fagus ECM JW404 Germany

MN265531 Abies ECM LP2_8 Slovenia

KX886020 Uncultured AL_F03 Fagus ECM Switzerland

MH430540 Hydnotrya cerebriformis HMAS_96770 China: Shanxi

MH445402 Hydnotrya puberula China: Jilin

HM146816_Pinus ECM Germany

EF040877 soil_P31 Italy

EU837202 Gyromitra californica OSC_97268 Pacific Northwest USA

EU784276 Hydnotrya tulasnei RBG_KM_99871 UK:England

EU837203 Gyromitra californica OSC_69668 Pacific Northwest USA

MH430539 Hydnotrya cerebriformis HMAS_83089 China

GQ149463 Fagus ECM Germany

KC152119 Hydnotrya cerebriformis GO-2009-242 Mexico: Puebla

AB923015 Uncultured YM3560 Betula ECM Japan: Ehime

HM044591 Uncultured Pezizales Pinus EcM Italy

MF352707 Pinus ECM UK

MH430552 Hydnotrya cerebriformis BJTC_FAN514 China: Hebei

GQ140234 Hydnotrya cerebriformis 85_E11 Germany

KC618507 Uncultured R3421 Pseudotsuga ECM USA:Oregon

KJ195386 Uncultured ECM_3BA36 Picea ECM Czech Republic: Beskydy Mts

GQ304943 Gyromitra sphaerospora QFB3131 Canada:Quebec

MH220061 Hydnotrya JLF2015 USA:Oregon

KM576389 Quercus ECM Spain

MG835421 Carya ECM Poland

AY558763 Hydnotrya cerebriformis_TK164 USA:California

KP731829 Quercus ECM Poland

MN653030 Hydnotrya JT19176 USA:Idaho

KM576388 Quercus ECM_LM3689 Germany

EU686023 Liverwort endophyte USA:Idaho (Davis and Shaw 2008) 

MN653044 Hydnotrya JT19085 USA:California

MH430550 Hydnotrya cerebriformis BJTC_FAN512 China: Hebei

KU564082 Fagus ECM Germany

GU327421 Epipactis root_R61p1 Czech Republic: Brno-Bystrc

LC360403 Hydnotrya PLC_D27 Taiwan

MN653045 Hydnotrya JT17254 USA: West Virginia

AY702783 Uncultured ECM TK1588F USA

KM403026 Uncultured root associate 144A Canada: Southwestern British Columbia

MH038143 Picea ECM 204-334 USA:Oregon

MZ091686 WB0618 Lichen-saxicolous endophyte Western Canada (UA)

KT334753 Quercus ECM Poland

JF908765 Hydnotrya cerebriformis 16999 Germany

KF484415 Abies ECM Southern Poland

LC065454 Uncultured YM3606 Betula ECM Japan: Ehime

EU816614 Uncultured ECM Germany: Thuringa

MT273636_Discina_microspora_MPU_JCD_114-80 France

LC556124 Abies ECM OBASE00019 Japan:Hokkaido

EU837204 Gyromitra californica OSC_74362 Pacific Northwest USA

KJ195384 Uncultured ECM 135BA04A Picea ECM Czech Republic: Beskydy Mts 

FR852314 ECM Iran

MH430542 Hydnotrya cerebriformis BJTC_FAN502 China: Hebei

MH430545 Hydnotrya cerebriformis BJTC_FAN505 China: Hebei

AB922904 Uncultured YM4108 Betula ECM Japan: Ehime

GQ149465 Hydnotrya bailii_997 Germany

AB428790 Iwate3-Hydnotrya2 Epipactis root Japan: Iwate

KF041348 Uncultured AAM_A373 Abies ECM Mexico: Estado de Mexico

GQ140238 Hydnotrya bailii P_Reil Germany

MT512575 Gyromitra sphaerospora HKAS107385 China:Tibet

AB571497 Uncultured Pinus ECM South Korea:Hongcheon

JN570502 Uncultured Pinus ECM Italy

KP731809 Pinus ECM Poland

MH430553 Hydnotrya cerebriformis BJTC_FAN497 China: Hebei

HM189759 Fagus ECM Germany 

AJ969616 Fagus ECM Denmark

KX886021 Fagus ECM Switzerland

MH445403 Hydnotrya HMAS_60276 China: Hubei

MZ091685 IL0691 Lichen-saxicolous endophyte North-central USA (UA)

HM189761 Fagus ECM Germany

JN102492 Hydnotrya GB397 anamorph USA:North Carolina

MT373916 Hydnotrya MA-75575 Spain: Cantabria

AY558770 Hydnotrya variiformis_TK1615 USA:California

KT334770 Quercus ECM Poland

KU878593 Castanea ECM_2_ALT_2015_HF07_1 USA:NewYork

DQ437704 Uncultured ECM Northeastern USA

FM995591 Quercus ECM France:Troncais

MH430531 Hydnotrya cerebriformis BJTC_FAN510 China

GQ149464 Hydnotrya bailii 979 Germany

MH834415 Carya ECM Poland

MT594745 Hydnotrya OTU1216 soil Japan

EU784274 Hydnotrya michaelis RBG_Kew_KM_38647 UK:England

AJ969621 Hydnotrya tulasnei_Denmark

NR_161073 Hydnotrya brunneospora HMAS 97138 China:Jilin TYPE (Xu et al. 2018)

MT156440 Hydnotrya FLAS MES-272 USA:Maine

NR_161070 Hydnotrya badia China: Yunnan TYPE (Xu et al. 2018)

KC893558 Hydnotrya bailii Ukraine

NR_161072 Hydnotrya puberula China: Yunnan TYPE (Xu et al. 2018)

GQ140237 Hydnotrya bailii Schierke Germany

EU784273 Hydnotrya cubispora RBG_Kew K(M)104976 UK:Wales

LC556125 Hydnotrya OBASE00115 Abies ECM Japan:Hokkaido

AB218071 Uncultured Abies ECM Japan

AY558767 Hydnotrya cf. variiformis_TK1721 USA:California

AY558768 ECM_TK1723 USA

LC360404 Hydnotrya DSS_D31 Taiwan

KC702645 Uncultured Hydnotrya F1pos3_2_44 Picea ECM Canada:Labrador

EU880227 Uncultured ECM USA:Minnesota

JN172976 Larix ECM Poland

MG846997 Gyromitra sphaerospora HMAS73375 China:Tibet

FN669207 Populus ECM B278 Estonia

MT373917 Hydnotrya MA-47937 Spain

KY401249 Hydnotrya tulasnei Russia

MT603175 Hydnotrya cerebriformis HYDsp111014A Slovenia

GQ140240 Hydnotrya tulasnei Germany

KU878594 Castanea ECM 2ALT2015_HF13_1 USA:NewYork 

DQ420632 Uncultured Castanea ECM USA:NewYork 

AY558769 Hydnotrya TK1722 USA:California
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MZ091690 RU0167 Lichen-saxicolous Central Russia (UA)

MZ091674 RU0821 Lichen-terricolous Central Russia (UA)

MT373909 Gyromitra MIN890906 USA:Minnesota

MH220221_Gyromitra_infula_MEXU_28215 Mexico

MZ091667 WB1560 Lichen-terricolous/muscicolous Western Canada (UA)

MH938663 Gyromitra gigas TUR-A_208088 Czech Rep TYPE (Carbone et al. 2018)

JN043315 Gyromitra esculenta ASIS21244 South Korea

MK432687 Gyromitra tasmanica New Zealand

MG871303 Gyromitra perlata China 

MH220223 Gyromitra XAL sn1 Mexico 

MZ091671 SO_00215-PANAMA endolichenic Panama (UA)

MZ091663 WB0985 Lichen-terricolous Western Canada (UA)

MZ091658 SW0306 Lichen-terricolous/muscicolous Sweden (UA)

MT424856 Gyromitra HKAS107323 China: Guizhou

GQ304944 Gyromitra infula QFB9249 Canada:Quebec

KX185088 Gyromitra leucoxantha Austria

MG846956_Gyromitra_infula_HMAS250470 China: Yunnan

GU373505 Gyromitra esculenta H_6003984 Finland

MZ091664 QU0165 Bryophyte endophyte Eastern Canada (UA)

MG846974 Gyromitra xinjiangensis HMAS86047 China: Xinjiang

MG846946_Gyromitra_infula_HMAS51194 China: Sichuan

MZ091655 WB1108 Lichen-terricolous Western Canada (UA)

MN992595 Gyromitra infula MQ17083-QFB29591 Canada: Quebec

MZ091675 RU0183 Lichen epiphytic Central Russia (UA)

MZ091677 SO_00195-PANAMA endolichecic Panama (UA)

MZ091660 SW0471 Lichen-saxicolous Sweden (UA)

MG846975 Gyromitra xinjiangensis HMAS86048 China: Xinjiang

MZ091673 RU0130 Lichen-saxicolous Central Russia (UA)

GQ377484 conifer endophyte SGLMf01 Mexico (Soca-Chafre et al. 2011) 

MG846987 Gyromitra xinjiangensis HMAS272142 China: Tibet

KT875003 Gyromitra infula CB08140 Mexico: Mexico State

MZ091659 SW0378 Lichen-epiphytic Sweden (UA)

MZ091672 RU1114 Lichen-saxicolous Central Russia (UA)

MZ091665 WB0395 Lichen-saxicolous Western Canada (UA)

HM123496 AZ0799 Lichen-terricolous/muscicolous Southwestern USA (UA)

MZ091670 SO_01272-PANAMA bryophyte endophyte Panama (UA)

MG846961_Gyromitra_infula_NV2010_10_07 France

MT373906 Gyromytra esculenta FLAS-F-61955 USA:Washington

MZ091681 SO_03890-CHILE endolichenic Chile (UA)

MT424855 Gyromitra HKAS107324 China: Yunnan

MT373907 Gyromitra montana FLAS-F-61940 USA:Washington

MZ091661 IL0706 Lichen-terricolous North-central USA (UA)

MZ091676 RU0038 Lichen-saxicolous Central Russia (UA)

MG846960_Gyromitra_infula_HMAS280287 China: Yunnan

MG846951_Gyromitra_infula_HMAS86056 China: Xinjiang

MG846963 Gyromitra tianshanensis HMAS86057 China: Xinjiang TYPE (Wang and Zhuang 2019)

MZ091684 DC3734 Lichen-saxicolous Southwestern USA (UA)
MG846967 Gyromitra xinjiangensis HMAS24212 China: Gansu

KX420700 Gyromitra slonevskii Turkey 

MN177629 Gyromitra infula USA: Arizona

MZ091678 SO_03764-CHILE endolichenic Chile (UA)

MZ091688 SO-03154-CHILE Bryophyte endophyte Chile (UA)

MZ091662 WB1102 Lichen-terricolous Western Canada (UA)

MH220222_Gyromitra_infula_MEXU_28211 Mexico

MH938675 Gyromitra fastigiata Italy

KJ146709 Gyromitra infula UBC F23893 Canada: British Columbia

AJ698480_Gyromitra_infula_USA:California

MG871301 Gyromitra ambigua China:Sichuan

NR_156340 Gyromitra khanspurensis LAH35074 Pakistan TYPE (Krisai-Greilhuber et al. 2017) 

KT875005 Gyromitra infula HC-PNNT-238 Mexico: Mexico State

MZ091668 WB1711 Lichen-terricolous/muscicolous Western Canada (UA)

HM123033 AZ0286 Lichen-terricolous/muscicolous Southwestern USA (UA)

MZ091666 RU0300 Lichen-saxicolous Central Russia (UA)

MK253752 Gyromitra esculenta MHHNU_7671 China

KX420693 Gyromitra esculenta H_403 Turkey

MZ091683 SO-03850-CHILE endolichenic Chile (UA)

MG846965 Gyromitra tianshanensis HMAS88281 China: Xinjiang

MG846948_Gyromitra_infula_HMAS86049 China: Xinjiang

HM122815 AZ0058 Bryophyte endophyte Southwestern USA (UA)

KX185089 Gyromitra infula var. apiculatispora KL396 Estonia

MG846988 Gyromitra esculenta HMAS51681 USA:Wisconsin

MG846949_Gyromitra_infula_HMAS86054 China: Xinjiang

MZ091656 RU0054 Lichen-epiphytic Central Russia (UA)

MZ091654 RU0845 Lichen-terricolous Central Russia (UA)

MG846955_Gyromitra_infula_HMAS130431 China: Tibet

MN992407 Gyromitra infula ANT295-QFB28823 Canada: Quebec

JN043313 Gyromitra esculenta ASIS21237 South Korea

HM123238 AZ0516 Lichen-epiphytic  Southwestern USA (UA)

MZ091689 SO-03087-CHILE Bryophyte endophyte Chile (UA)

MT373908 Gyromitra olympiana FLAS-F-61941 USA:Washington 

KX420692 Gyromitra esculenta H_327 Turkey

MZ091682 SO-04633-CHILE endolichenic Chile (UA)

MH220219_Gyromitra_infula_MEXU_27733 Mexico

KT875006 Gyromitra infula AR09682 Mexico: Mexico State

MW076974 Gyromitra gigas ILLS00121411 France: Alpes-de-Haut

MH220218 Gyromitra esculenta MEXU_27727 Mexico

MZ091669 SO_00179-PANAMA endolichenic lichen Panama (UA)

JF773588 CHTAE4 Conifer endophyte Mexico: Hidalgo (GB)

MZ091657 RU1059 Lichen-saxicolous Central Russia (UA)

KT875001 Gyromitra cf. infula HC-PNNT-203 Mexico: Mexico State

MH718205 Gyromitra esculenta F29188 Canada: British Columbia

MZ091679 SO_04605-CHILE endolichenic Chile (UA)

LK052832_Fungal_JH_179 Finland

MG846957_Gyromitra_infula_HMAS254871 China: Yunnan

MH938672 Gyromitra ticiniana TUR-A_208095 Italy TYPE (Carbone et al. 2018)

KY462274 Gyromitra antarctica AM-AR15-004 Argentina

HM123057_AZ0314 Lichen-epiphytic Southwestern USA (UA)

MH363721 Gyromitra esculenta JLF3286 USA: Oregon

MZ091680 SW0509 Lichen-epiphytic Sweden (UA)

MZ091687 SO-03091-CHILE Bryophyte endophyte Chile (UA)

KC152110 Gyromitra infula GO-2009-417 Mexico: Michoacan

MG846982 Gyromitra xinjiangensis HMAS98597 China: Tibet

MH578515_Gyromitra_infula_PDD_112219 New Zealand

MW077463 Gyromitra montana ILLS00121423 Canada: Newfoundland and Labrador

NR_166236 Gyromitra anthracobia Cyprus on burnt ground TYPE (Crous et al. 2018)

MG846962_Gyromitra_infula_NV2015_10_07 France

MH938674 Gyromitra ticiniana TUR-A_208097 Italy: Lombardia 

0.2

MG846993 Gyromitra perlata

JQ691489 Gyromitra slonevskii Ukraine

MG871310_Gyromitra_infula_HKAS_83612

MT273638 Gyromitra megalospora France
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Fig. S8 Phylogeny based on ITS sequences of Morchellaceae (pro parte) and related endophytic 
or endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority 
rule tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE”. Terminals are color 
coded by their sequence source (fruitbody, black; endophytic or endolichenic, green; orchid 
roots, purple). Endophyte and endolichenic sequences originating from the University of Arizona 
are indicated with “UA”. Endophyte and endolichenic sequences that are not from the UA 
database include a reference to the publication where they were obtained. Sequences from type 
specimens include the reference for the sequence. 

 

	

KM587984 Morchella vulgaris LIP_PhC3 France TYPE (Richard et al. 2015)

KM588005 Morchella sceptriformis LIP_PhC76 USA TYPE (Richard et al. 2015) 

EF419956 Conifer endophyte 9199 USA:Arizona (UA)

KM587925 Morchella esculenta LIP_PhC10 France TYPE (Richard et al. 2015)

0.05

JN043314 Morchella crassipes ASIS21242 South Korea

JQ723113 Morchella virginiana M366

GQ223457 Orchid roots Germany cs40_24B_14

KF982777 Morchella crassipes China

JQ723078 Morchella esculentoides M205 USA TYPE (Du et al. 2012)

MH100896 Morchella M2 China?

KM252945 Morchella fluvialis LIP_0000234 Spain

JQ723111 Morchella sceptriformis M780 USA

KM587973 Morchella americana LIP_PhC227 France

KM587985 Morchella esculenta LIP_PhC30 France

MH014708 Morchella peruviana CIPHAM004 TYPE Peru (Baroni et al. 2018)

KM587944 Morchella americana LIP PhC125 Canada

KM587949 Morchella americana LIP_PhC133

JQ723091 Morchella ulmaria M841

KM252950 Morchella fluvialis LIP_0900033 Spain TYPE (Clowez et al. 2014)

KM252948 Morchella fluvialis LIP_0900034 Spain

KM587994 Morchella esculenta LIP_PhC53 France

KM587938 Morchella vulgaris LIP_PhC118 Spain

JQ691497 Morchella crassipes LE180087 Estonia

JQ723100 Morchella prava Mes-7 USA TYPE (Du et al. 2012)

KM587943 Morchella ulmaria LIP_PhC124 Canada TYPE (Richard et al. 2015)

KM587971 Morchella vulgaris LIP_PhC21 France

KM587998 Morchella americana LIP_PhC59 France

JQ723097 Morchella Mes-9 M221 

GU589858 Morchella galilaea MS728 Israel TYPE (Clowez 2012, Masaphy et al. 2010))

KM587962 Morchella vulgaris LIP_PhC166 France

KM587916 Morchella esculenta Collin910508 Belgium

KM587995 Morchella esculenta LIP_PhC54_France

KM587996 Morchella vulgaris LIP_PhC55 France

KM587992 Morchella americana LIP_PhC51 USA TYPE (Richard et al. 2015)

MH014706 Morchella gracilis Dominican Republic TYPE (Baroni et al. 2018) 

KM587977 Morchella steppicola LIP_PhC250 Serbia

JQ723112 Morchella virginiana M887

JQ322053 Morchella Mes-27 HKAS55896 China

KM587999 Morchella vulgaris LIP_PhC6 France
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Fig. S9 Phylogeny based on ITS sequences of Morchellaceae (pro parte) and related endophytic 
or endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority 
rule tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE”. Terminals are color 
coded by their sequence source (fruitbody, black; endophytic or endolichenic, green; asexual 
spore mats, blue) and substrates for fruitbodies are color coded if they were collected on a burnt 
substrate (orange). Endophyte and endolichenic sequences originating from the University of 
Arizona are indicated with “UA”. Endophyte and endolichenic sequences that are not from the 
UA database include a reference to the publication where they were obtained. Sequences from 
type specimens include the reference for the sequence.	



 

 

KM588009 Morchella purpurascens LIP_PhC82 France TYPE (Richard et al. 2015) 

KM587959 Morchella deliciosa LIP_PhC16 France 

KM587986 Morchella eximia LIP_PhC41 in burnt forest Canada

MT373938 Morchella MIN-890891 USA:MN

KM587961 Morchella populiphila LIP_PhC163 Spain

MT373929 Morchella ISC 426682 USA:Iowa

KM587991 Morchella sextelata LIP_PhC50 on burnt ground USA 

KM588006 Morchella deliciosa LIP_PhC78 France

KM587987 Morchella angusticeps LIP_PhC45 Canada 

KM588007 Morchella semilibera LIP_PhC80 France

NR_168766 Morchella kaibabensis NRRL:66753 USA:Arizona TYPE (Baroni et al. 2018)

MH014728 Morchella kaibabensis TAC_1708 USA:Arizona

KM588008 Morchella punctipes LIP_PhC81 Canada

KM587934 Morchella castaneae LIP PhC114 Spain TYPE (Richard et al. 2015)

KJ439664 Morchella septimelata CIEFAP78 burned forest Argentina

JN085113 Morchella pulchella Mel-31 HT396 Turkey 

MH982750 Morchella LIT2355 Czech Republic

MH014727 Morchella kaibabensis TAC_1376 USA:Arizona

JQ723042 Morchella septimelata M833 

JQ723043 Morchella septimelata USA TYPE (Du et al.2012)

KM587950 Morchella dunalii LIP_PhC14 France

MZ091695 RU0852 Lichen-terricolous Central Russia (UA)

KM587917 Morchella eximioides F130641 Sweden 

KM587940 Morchella dunalii LIP_PhC120 France TYPE (Richard et al. 2015)

MT373932 Morchella MIN-725053 USA:Minnesota

KT819374 Morchella laurentiana 13.05.14AV01 Canada: Newfoundland

KM587963 Morchella eximia LIP_PhC17 on burnt ground Canada 

GQ304950 Morchella tomentosa QFB8582 Alaska TYPE (Setfani et al. 2014)

KM587964 Morchella tridentina LIP_PhC172 France

KM587978 Morchella eximia LIP_PhC253 post fire USA:Washington 

JN085146 Morchella Mel-13_HT184 

MK890307 Morchella elata Pakistan

KM587937 Morchella quercus-ilicis LIP_PhC117 Spain 

MT373944 Morchella MIN-896014 USA:Minnesota

KM587993 Morchella exuberans LIP:PhC52 on burnt ground USA TYPE (Richard et al. 2015)   

MH982649 Morchella eohespera CB3335 Czech Republic

NR_152980 Morchella arbutiphila LIP_0000366 Cyprus: Platania TYPE (Loizides et al. 2016)

KM587997 Morchella pulchella LIP_PhC56 France TYPE (Richard et al. 2015)

KT875075 Morchella cf. elata HC-PNNT-103 Mexico

KM588010 Morchella purpurascens LIP_PhC83 France

MT366737 Morchella MES-3585 FLAS-F-66015 Chile

MZ091698 DC3972 Lichen-saxicolous Southwestern USA (UA)

KJ174320 Morchella semilibera PhC_99 France TYPE (Moreau et al. 2014)

KM587919 Morchella eximia FR0410 France TYPE (Richard et al. 2015)

JX069634 Morchella JM06_3 Canada:Ontario

KM588021 Morchella inamoena LIP PhC2 Spain 

GQ153010 DC2069 Angiosperm endophyte Southwestern USA (UA)

KM588003 Morchella castaneae LIP PhC72 Spain TYPE M.brunneorosea (Richard et al. 2015)

NR_168765 Morchella hispaniolensis NRRL:26636 Dominican Republic TYPE  (Baroni et al. 2018)

GQ249383 Morchella elata M8-9 China

MZ091696 WB0910 Lichen-epiphytic Western Canada (UA)

KM587927 Morchella tridentina LIP_PhC105 Spain

MG431334 Morchella sextelata China  

NR_152981 Morchella disparilis LIP_0400220 TYPE (Loizides et al. 2016)

KM587988 Morchella elata LIP PhC46 Canada 

JQ618705 Morchella Mel-17,19,20,34 D500 

MK890306 Morchella elata sk09 Pakistan

KX809732 Morchella sextelata HL1 China 

KM588002 Morchella eximia LIP_PhC70 France

KM204689 Morchella populiphila 11-26-Elling anamorph PacificNorthwest

KM587979 Morchella eximia LIP_PhC254 post fire USA:Washington 

MT373930 Morchella ISC 426684 USA:Iowa

JQ321878 Morchella eohespera Mel-19_HKAS62873 China

MH982760 Morchella_PL2579 Czech Repulic

JQ321876 Morchella septimelata HKAS62864 

MT373931 Morchella eohespera FLAS-F-61946 USA:Washington 

MF574368 Morchella sextelata MO203724 on burned soil USA:Arizona 

JQ723039 Morchella sextelata M88 

JQ618677 Morchella Mel-13,26 D469 

KT875079 Morchella cf. elata CB08466 Mexico

GU551438 Morchella purpurascens Mel-20_M814 NRRL:36777 China

KM588022 Morchella deliciosa LIP-PhC90 Norway

MZ091694 WB0305 Lichen-terricolous/muscicolous Western Canada (UA)

MG098293 NW-FVA2452 Conifer endophyte Germany (Bußkamp et al. 2020) 

KM587969 Morchella importuna LIP PhC20 France

JQ723053 Morchella Mel-13_M184 

MZ091700 ER1739 Lichen-epiphytic Eastern Russia (UA)

KY940038 Morchella YD1709 China
MZ091699 WB0480 Lichen-saxicolous Western Canada (UA)

MG979398 Morchella eximia USA:California

MF445058 Morchella eximia MO239200 in area of wildfire USA:Arizona

KR073779 Morchella Mel-13 D818 QHMH China

KM588011 Morchella deliciosa LIP_PhC86 France

JQ618614 Morchella Mel-13,26 D394 

KM588020 Morchella semilibera 9100 Italy

KM587990 Morchella tomentosa LIP_PhC48 Canada

JQ723051 Morchella importuna M836 USA TYPE (Du et al.2012)

MZ091697 WB1178 Lichen-terricolous/muscicolous Western Canada (UA)

KM587923 Morchella norvegiensis 72835 Norway TYPE (Richard et al. 2015)

KY462439 Morchella anamorph MES-1225 FLAS-F-63186 fire pit Argentina 

KM587918 Morchella exuberans F620167 Sweden 

KM587989 Morchella tomentosa LIP_PhC47 on burnt ground Canada

0.1

HM056396 Morchella_Mel-31 HT212 Turkey

MT952466 Anamorph MES-1261 FLAS-F-63212 in burn pit Argentina

GU551439 Morchella Mel-13 M815

JN085132 Morchella Mel-26 HT509 Turkey

JN085124 Morchella pulchella Mel-31 HT472 Turkey

KM587941 Morchella septentrionalis LIP_PhC121 Canada

MT952465 Anamorph  MES-1253 FLAS-F-63206 on burned charcoal Argentina

MT952470 Anamorph MES-1716 FLAS-F-64493 Chile

MH930233 Anamorph MES-2752 FLAS-F-65330 on soil Chile

JQ321889 Morchella pulchella Mel-31 HKAS62881 China

KY462277 Morchella AM_AR15_013 FLAS-F-63733 fruiting from sclerotium Argentina

KM587942 Morchella septentrionalis LIP_PhC123 Canada

KM587970 Morchella eximia LIP_PhC200 burnt forest Australia

GU551410 Morchella angusticeps Mel-15 M409 USA

MT952464 Anamorph MES-1185 FLAS-F-63157 Argentina

MT952475 Anamorph MES-2112 FLAS-F-64742 Argentina
KY462590 Anamorph MES-1849 FLAS-F-64600 Argentina 
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Fig. S10 Phylogeny based on ITS sequences of Otideaceae and related endophytic or 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE” and sequences from 
ectomycorrhizas are designated with the abbreviation “ECM” preceded by host name if 
available. Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green; ectomycorrhiza, reddish brown; soil, gray). All endophyte and endolichenic 
sequences originated from the University of Arizona and are indicated with “UA”. Sequences 
from type specimens include the reference for the sequence. 

 

 



 

 

EF434015 Uncultured J19_OTU109 soil USA:Alaska

MZ150382 Otidea onotica MIN933309 RH1199 USA:Minnesota 

NR_120292 Otidea rainierensis MICH 14410 USA:Washington TYPE (Olariaga et al. 2015)

AF072065 Otidea smithii 8843 TYPE (Peterson 1998)

MZ150390 FLAS-F-67078  USA:Georgia

MH571410 Otidea FLAS-F-60735 USA:Florida

AF072085 Otidea tuomikoskii OSC_56761 USA:Oregon

NR_164497 Otidea adorniae MCVE_30102 Italy: Puglia TYPE (Carbone et al. 2019)

MH038148_Pinus ECM USA:Oregon

AY839228 ECM jj121 Sweden

KF717577 Otidea_formicarum_H6003549 Finland: Etelae-Karjala TYPE (Olariaga et al. 2015)

NR_155605 Otidea stipitata HKAS_87865 TYPE (Hyde et al. 2017)

NR_164498 Otidea kunmingensis HKAS_49452 TYPE (Carbone et al. 2019)

AF072077 Otidea leporina OSC 56784 USA:Oregon

KX886080 RM_H05 Fagus ECM Switzerland

MZ150388 Otidea onotica MIN933307 RH1121 USA:Minnesota

MT373947 Otidea MO312728 USA:Ohio

FR852315 ECM Iran
KM010090 Otidea leporina KH.09.93 Sweden: Jamtland

AF072082 Otidea “concinna” OSC 56749 USA:Washington 

MT156506 MES-2174 Otidea unicisa USA:Virginia

AF072078 Otidea leporina OSC 56825 USA:California

NR_163751 Otidea_pseudoformicarum_HKAS_101386_TYPE (Hyde et al. 2017)

JQ312916 Uncultured 52 GKG40MV01AVQOT soil Northern Europe

MZ091701 SW0485 Lichen-saxicolous Sweden (UA)

MZ150384 Otidea unicisa JK_RH1746 USA:Massachusetts 

KM010023 Otidea borealis MC201009 Finland:Koillismaa TYPE (Olariaga et al. 2015)

NR_120285 Otidea caeruleopruinosa H_6010805 Finland: Varsinais-Suomi TYPE (Olariaga et al. 2015)

FM992944 Pinus ECM Sweden

KU063775 Uncultured FMOTU 5733 soil Sweden?

KM010091 Otidea leporina JS.08.92 Sweden

NR_121353 Otidea subterranea FH_RH69 USA:Iowa TYPE (Smith and Healy 2009)

KM010113 Otidea pseudoleporina Moorefun_14 USA:Oregon

JQ312801 Uncultured 66 GKG40MV01CJQZ7 soil Northern Europe

NR_158814 Otidea onotica S_KH.10.284 Sweden: Gotland TYPE (Olariaga et al. 2015)

MZ150389 RH1222_Otidea_459 USA:Minnesota

KM010024 Otidea brunneoparva S-F249386 Finland

MZ150383 FLAS-F-66493 Otidea unicisa MO 376491 USA:West Virginia

MZ091702 WB1103 Lichen-terricolous Western Canada (UA)

JN942777 Otidea tuomikoskii S NV.102 France

KM010032 Otidea concinna KH.09.183 Sweden: Uppland TYPE (Olariaga et al. 2015)

KX844680 Fagus ECM USA:New Hampshire

NR_120289 Otidea mirabilis S_F256929 Italy TYPE (Olariaga et al. 2015)

FM992945 Picea ECM Sweden

NR_120291 Otidea papillata H_6003547 Finland: Kainuu TYPE (Olariaga et al. 2015)

AY310846 EcM TAM2048 USA:California

KT275680 SE-2015 Salix ECM USA:Minnesota 

 MZ150391 Otidea MIN-933306 RH1280 USA:Minnesota

NR_155604 Otidea pruinosa HKAS_81819 TYPE (Hyde et al. 2017)

MZ150387 Otidea onotica MIN933304 RH1277 USA:Minnesota 

MT373946 FLAS-F-64209_Otidea MO397976 USA:West Virginia

KM010027 Otidea brunneoparva TUR A 198582 Finland: Kainuu

MZ150385 Otidia MIN 933333 RH1393 USA:Minnesota

KM010029 Otidea brunneoparva KH.09.82 Sweden:Jamtland

MZ150386 FLAS-F-66502 Otidea USA:Florida 

KM010112 Otidea pseudoleporina rh101910 USA:Oregon TYPE (Olariaga et al. 2015)

MH558299 TENN 65454 Otidea unicisa USA:Tennessee

MN627809 Otidea tuomikoskii KM 237118 UK:Britain

MT373948 Otidea unicisa RH1666 USA:New Hampshire

MH930311 Otidea daliensis AM-AR17-016 Argentina

KM010092 Otidea leporina NV.2008.09.28 France: Rhone

MG761550 PM483C Pinus ECM USA:Arizona

NR_155563 Otidea oregonensis OSC Moorefun USA:Oregon TYPE (Olariaga et al. 2015)

KR019792 Otidea leporina PA12  Picea ECM Latvia

MG761303 PM091E Pinus ECM USA:Arizona

NR_158811 Otidea brunneoparva S KH.08.107 Sweden:Narke TYPE (Olariaga et al. 2015)

AF072083 Otidea “concinna” NSW 7574 USA:Oregon?

KM010025 Otidea brunneoparva TUR A 198579 Finland

MG761541 PM471C Pinus ECM USA:Arizona

KM010028 Otidea brunneoparva JS.08.66 Sweden:Narke

MG761532 PM452A Pinus ECM USA:Arizona

AF072084 Otidea tuomikoskii OSC_56756 USA:Oregon

KM010089 Otidea leporina JS.08.46 Sweden: Uppsala

MG761546 PM473C Pinus ECM USA:Arizona

KJ008730 37k Picea ECM Finland

NR_120293 Otidea tuomikoskii H_6002901 Finland TYPE (Olariaga et al. 2015)

NR_120288 Otidea leporina H_6003548 Finland TYPE (Olariaga et al. 2015)

MN653026 Otidea MIN 933332 RH1218 USA:Minnesota

NR_120290 Otidea nannfeldtii H_6002902 Finland: Ahvenanmaa TYPE (Olariaga et al. 2015)

NR_160493 Otidea saliceticola MCVE_29365 Italy TYPE (Carbone et al. 2017)

100

0.08

MZ091713 WB1548 Lichen-terricolous/muscicolous Western Canada (UA) 

MZ091706 WB1704 Lichen-terricolous/muscicolous Western Canada (UA) 
MZ091707 WB0044 Lycopod endophyte Western Canada (UA) 
MZ091708 WB0056 Lycopod endophyte Western Canada (UA) 

MZ091711 AK1952 Bryophyte endophyte USA:Alaska (UA) 

MZ091710 WB0761 Bryophyte endophyte Western Canada (UA) 

MZ091709 SW0110 bryophyte endophyte Sweden (UA) 

MZ091705 WB0032 Lycopod endophyte Western Canada (UA) 

MZ091712 WB0981 Lichen-terricolous Western Canada (UA) 

MZ091703 WB0042 Lycopod endophyte Western Canada (UA) 

MZ091704 WB0013 Bryophyte endophyte Western Canada (UA) 

EU784388 Otidea leporina RBG Kew KM104753
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Fig. S11 Phylogeny based on ITS sequences of Pezizaceae (Calongea, Cazia, 
Chromelosporiopsis, Chromelosporium, Legaliana,  Mycoclelandia, Ruhlandiella, Terfezia, 
Tirmania) and related endophytic or endolichenic fungi analyzed with Maximum Likelihood. 
The phylogram is a 50% majority rule tree with midpoint rooting and support based on 1000 
bootstrap replicates. Bootstrap support ≥70% is shown above each node. GenBank accession 
number is given on the terminal preceding other available information (organism name, 
herbarium voucher accession number, collection, and country). Sequences from type specimens 
are indicated with “TYPE” and sequences from ectomycorrhizas are designated with the 
abbreviation “ECM” preceded by host name if available. Terminals are color coded by their 
sequence source (fruitbody, black; endophytic or endolichenic, green; asexual spore mats, blue; 
ectomycorrhiza reddish brown; soil, gray) and substrates for fruitbodies are color coded if they 
were collected on a burnt substrate (orange). Endophyte and endolichenic sequences originating 
from the University of Arizona are indicated with “UA”. Endophyte and endolichenic sequences 
that are not from the UA database include a reference to the publication where they were 
obtained. Sequences from type specimens include the reference for the sequence. 



 

 

MZ150394 Peziza MO313040 USA:Maine

JX414200 RH1749 FLAS-F-60036 USA:Minnesota

LC175604 Picea ECM Pezizales Japan:Hokkaido

MZ091790 ER1652 Lichen-terricolous/muscicolous Eastern Russia (UA)

MT156514 MES-3019 Peziza USA:Tennessee

MZ150393 Peziza AG411 FLAS-F-67057 USA: Colorado

LC523858 Abies ECM Pezizales Japan:Hokkaido
KY684485 Quercus ECM China

LC013771 Pinus ECM China:Shaanxi Province
HE820374 ECM USA:OH

U40474 Peziza griseo rosea CUP-62472 USA:New York

JN102467 Peziza RH1250 FLAS-F-62644 USA:Minnesota

AB587757 Pinus ECM South Korea

KX444434 Quercus ECM China:Beijing

MZ091777 QU1354 Lichen-saxicolous Eastern Canada (UA)

“Peziza” griseorosea

Soil

Endophyte or endolichenic

Ectomycorrhiza

Fruitbody

Asexual spore mat

Sequence Source

Fruitbody on burned or 
steamed site

MH161294 Uncultured Peziza from soil Slovakia

MT373967 RH2044 FLAS-F-66074 USA:FL 

MH161315 Uncultured Peziza from soil Slovakia

MH161283 Uncultured Peziza from soil Slovakia

MH858259 Chromelosporium macrospermum CBS 191.63 Belgium

MT373899 FLASF62021 Peziza ascoma USA:FL

MH860491 Chromelosporium macrospermum CBS 329.72 Netherlands
JN392112 Quercus root Spain

MZ091551 IL0442 terricolous Lichen endophyte North-central USA (UA)

HQ829059 Bromus stem endophyte USA:Washington (Baynes et al. 2012) 
U40470 Peziza ostracoderma on steam sterilized soil Canada:Quebec  

KX844682 Fagus ECM USA:New Hampshire

AY656939 Quercus ECM Southeastern USA

MH857367 Peziza ostracoderma CBS 382.54 Germany Neotype Dematium ollare

JN102411 GB387 USA:Tennessee

MZ363482 FLAS-F-62350 RH1755 USA:Florida
MZ363483 EV mitotic Sporemat  USA:California

MN2657181 Abies ECM Slovenia

GQ154504 Quercus ECM_Poland

KM5764711 Quercus ECM Romania

JQ616784 ECM

NR_165215 Ruhlandiella patagonica FLAS-F-62147 Chile TYPE (Kraisitudomsook et al. 2019)

MZ150398 1686_FLAS-F-62345 USA:Florida

MZ150397 MES-1392 FLAS-F-60043 USA:Arizona

GU990362 Salix ECM Germany

JF908541 Peziza saccardoana_14112

EU819461 JMP0017 USA:Wisconsin

NR_165216 Ruhlandiella lophozoniae FLAS-F-62144 Argentina TYPE (Kraisitudomsook et al. 2019)

KY462572 MES-1816 Peziza Chile

KC965123 from soil USA:AK

AJ879640 ECM  Italy:Piedmont

JQ888187 Peziza UK:Scotland

MN992633 Peziza badia MQ17042_QFB29550 Canada:Quebec

DQ414728 JM621_01 Salix ECM UK:Scotland

JF908544 Peziza badia 14638 Italy

JN704832 Pinus ECM Mexico
EU554833 from soil Canada

MG871297 Peziza limnaea HK028_HKAS_89706

JX414197 Peziza RH1268 MIN:925702 USA:Minnesota

MH411701 Pinus ECM Canada: Edmonton

MT278877 Peziza badia_LY_NV.2019.09.14 France

DQ384574 Peziza badia Canada:British Columbia

MT278893 Peziza subsaniosa PA_2020b MPU_JCD.273.80 Italy TYPE (Van Vooren 2020) 

U40475 Peziza badia KNE_2205 Canada:Newfoundland

DQ200837 Peziza depressa Denmark

U40473 Peziza alaskana UAMH_8477 Canada:Alberta 

EU819535 Populus ECM USA:Wisconsin

KU061018 Peziza saniosa HMJAU27325 

EU668248 EM (Orchid?) UK:England

MT278876 Peziza azureoides MPU_JCD.856.75 France TYPE (Van Vooren 2020)  

EU334889 Quercus ECM USA:OR

MT635330 Legaliana muscicola France

KX886097 Fagus ECM Switzerland 

MT373955 Peziza_RH1478 FLAS-F-62632 USA:Iowa

MT373989 Peziza_RH1472 FLAS-F-62645 USA:Iowa

MT156499 MES-1429 FLAS USA:Indiana

JN102466 Peziza RH1211 MIN USA:Minnesota

JN102465 Peziza_RH1187 MIN_USA:Minnesota

JX414198 Peziza RH1313 MIN USA:Minnesota

JX414199 Peziza RH1314 MIN USA:Minnesota
MZ150378 Legaliana FLAS-F-63924 USA:Minnesota

AY830852 Cazia flexiascus USA:OR

GQ228094 Tirmania pinoyi Iran

AF440666_Neottia Orchid root France:Paris

AY656921 Quercus ECM USA:Appalachians

AJ893244 ECM Estonia

MH108571  RH1865 FLAS-F-60167 USA:FL
MH212096 FLAS-F-61803 USA:FL

FJ197019 Quercus ECM MX

MZ150376 Chromelosporiopsis coerulescens FLAS-F-59971 Canada:Ontario

MT374010 RH1820 FLAS-F-60558 USA:FL

JN102426 Chromelosporiopsis coerulescens AM_MES365_USA:NC
MF153081 FLAS-F-60362 USA:FL

MT374011 Anamorph RH1818 FLAS-F-60065 USA:FL

DQ200836_Denmark

MZ150375 Chromelosporiopsis coerulescens BHI_1402 USA:MA

MG663238 Peziza shearii PBM4118 TENN 071812 USA:Tennessee

NR_137053 Terfezia albida TYPE (Bordallo et al. 2013)

NR_137050 Terfezia extremadurensis TYPE (Bordallo et al. 2013)

GQ231745 Mycoclelandia arenacea Australia

KP728829 Terfezia cistophila

NR_137051 Terfezia eliocrocae TYPE (Bordallo et al. 2013)

GQ337859 Terfezia clavaryi Iran

NR_137052 Terfezia pseudoleptoderma TYPE (Bordallo et al. 2013)

KP189333 Terfezia_grisea

 MZ150402 Ruhlandiella patagonica MES-1186 FLAS-F-63158 Argentina

MZ150401 Ruhlandiella patagonica MES-1150 FLAS-F-63139 Argentina

JX414205 Ruhlandiella patagonica MES-556  FLAS-F-59465 Chile

KY462467 Ruhlandiella patagonica MES-1353 FLAS-F-63270 Argentina
MZ150403 Ruhlandiella patagonica MES-1354 FLAS-F-63271 Argentina

Chromelosporiopsis

Ruhlandiella

Terfezia

Cazia �lexiascus

Tirmania pinoyi

Legaliana

Pezizaceae undetermined 1

Pezizaceae undetermined 3

MZ131649 BL121 sporemat USA:North Carolina

MT373897 Calongea prieguensis Greece Calongea

Mycoclelandia
MK607520 Pezizaceae MO 282775 USA:Indiana
MT373954 Peziza atrovinosa FH RH1664 USA:New Hampshire

MT374003 Peziza atrovinosa FLAS-F-64202 MO398123 USA:Ohio
MT373993 Peziza FLAS-F-61427 RH1945 USA:Georgia

MZ363484 DHP CH-125 Chile

MH979296 Peziza phyllogena NAMA_2017_433 USA:Wisconsin

MT373992 Peziza FLAS-F-61425 RH1943 USA:Georgia Peziza atrovinosa

Chromelosporium macrospermum

“Peziza” ostracoderma

0.06

EF589890 Chromelosporium Endophyte (Shipunov et al. 2008)

MW850407_Peziza_saniosa_HBAU15066_ITS

100

100

7 6

9 7

100

100

100

9 1
9 7

9 6

100

8 5

9 9

9 5

7 0

9 8

9 5

9 1

100

7 8

100
100

100

100

9 9

100

8 0

8 7

9 1

9 7

8 9

9 1

100

100

9 8

100

100

100

9 9

9 9

100

9 2

8 6

9 0

9 9

100

9 7

8 5

100

7 4

9 9

9 0

100

9 1

9 8

Undetermined Chromelosporium

Figure S11

Orchid root 

Galactinia



 

Fig. S12 Phylogeny based on ITS sequences of Pezizaceae (Daleomyces, Malvipezia) and related 
endophytic or endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% 
majority rule tree with midpoint rooting and support based on 1000 bootstrap replicates. 
Bootstrap support ≥70% is shown above each node. GenBank accession number is given on the 
terminal preceding other available information (organism name, herbarium voucher accession 
number, collection, and country). Sequences from type specimens are indicated with “TYPE”. 
Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green; dead leaf, gray brown; orchid root, purple). All endophyte and endolichenic 
sequences originated from the University of Arizona and are indicated with “UA”. Sequences 
from type specimens include the reference for the sequence. 

 

 

 

 

 

KJ728716 Peziza emileia Netherlands

JQ761917 NC1509 Bryophyte epiphyte Southeastern USA (UA)

KR673653 Peziza South Korea

 KY462454 MES-1069 FLAS-F-63073 Chile

KY462454 MES-1283 FLAS-F-63230 Argentina

KJ728715 Peziza emileia UK:England

EU571229 Peziza ISC 443707 USA:IA

KJ728717 Peziza emileia GM_03091006 Italy TYPE (Medardi et al. 2019)

MZ091693 AK2339 Lichen-terricolous USA:Alaska (UA)

MT278895 Peziza violacea f. terricola MPU_JCD.466.77 TYPE (Van Vooren 2020)

HM123253 AZ0531 Bryophyte endophyte Southwestern USA (UA)

JQ759533 AK1189 Angiosperm endophyte USA:Alaska (UA)

HM123509 AZ0813 Bryophyte endophyte Southwestern USA (UA)

HM123583 AZ0902 Conifer endophyte Southwestern USA (UA)

HM123343 AZ0625A Dead conifer leaf endophyte Southwestern USA (UA)

MG262328 Peziza halophila Cyprus 

MK895517 Peziza petersii TENN-F-072061 USA:TN

JF908550 Peziza petersii 15504 Italy
JF908527 Peziza petersii 3836 Italy

FJ788758 Orchid root South Africa

AF133179 Peziza petersii Canada:British Columbia

FJ788759 Orchid root South Africa

GQ223456 cs45_73B_7 Orchid root Germany

FJ788760 Orchid root South Africa

MT373975 Peziza FLAS-F-62650 USA:IA

JF908566 Peziza proteana 16618

DQ491497 Peziza proteana USA:Oregon
sequence from endophyte/endolichenic

sequence from orchid root associate

sequence from dead leaf

sequence from ascoma

Legend for terminal colorD. petersii

D. halophilus

D. phillipsii
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Malvipezia

M.
emileia

D. violacea
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Fig. S13 Phylogeny based on ITS sequences of Pezizaceae (Geoscypha) and related endophytic 
or endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority 
rule tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE”. Terminals are color 
coded by their sequence source (fruitbody, black; endophytic or endolichenic, green; dead leaf, 
gray brown; asexual sporemat, blue) and substrates for fruitbodies are color coded if they were 
collected on a burnt substrate (orange). Endophyte and endolichenic sequences originating from 
the University of Arizona are indicated with “UA”. Endophyte and endolichenic sequences that 
are not from the UA database include a reference to the publication where they were obtained. 
Sequences from type specimens include the reference for the sequence. 



 

 

MZ091639 WB0575 Lichen-terricolous endophyte Western Canada (UA)

U40192 Peziza_violacea on wood ash Canada:British Columbia 

JQ759448_AK1092 Lichen-terricolous endophyte USA:Alaska (UA) 

JF908545 Peziza lividula 14802 Italy

MZ091646 RU0818 OTU810 Lichen-terricolous Central Russia (UA)

MZ091628 WB1230 Lichen terricolous endophyte Western Canada (UA)

HM123088 AZ0346 Lichen-terricolous/muscicolous endophyte Southwestern USA (UA)

HM123315 AZ0598 Lichen-saxicolous endophyte Southwestern USA (UA)

MZ091648 WB1041 Lichen-terricolous endophyte Western Canada (UA)

MZ091645 ER0580 Lichen epiphytic Eastern Russia (UA)

MZ091651 RU0806 Lichen-epiphytic endophyte Central Russia (UA) 

JQ758678 AK0194 Lycopod endophyte USA:Alaska (UA)

MZ091632 WB0542 Lichen terricolous endophyte Western Canada (UA)

MZ091644 SO_03941_CHILE Lichen endophyte Chile (UA)

MZ091633 WB0506 Lichen saxicolous Western Canada (UA) 

KX909074 saprobe from fallen Picea leaf AK1629 Alaska

JQ758719 AK0245 Bryophyte endophyte USA:Alaska (UA)

MZ091637 WB0406 Lichen saxicolous Western Canada (UA)

MZ091629 WB1134 Lichen-terricolous endophyte Western Canada (UA)

MZ091634 AK2967 Lichen-saxicolous endophyte USA:Alaska (UA)
MZ091626 WB1026 Lichen terricolous endophyte Western Canada (UA) 

MZ091636 WB0025 Lycopod endophyte Western Canada (UA)

MZ091627 WB0543 Lichen-terricolous Western Canada (UA) 

JQ758844 AK0387 Lichen-terricolous endophyte USA:Alaska (UA)

MZ091630 WB0951 Lichen-terricolous endophyte Western Canada (UA)

HM123075 AZ0333 Lichen-terricolous/muscicolous endophyte Southwesten USA (UA) 

JQ759140_AK0736 Lichen-saxicolous endophyte USA:Alaska (UA)

MZ091642 RU0237 OTU810 Lichen-saxicolous Central Russia (UA)

JQ758834 AK0375  Lichen-terricolous USA:Alaska (UA)

JQ759038 AK0609 Lichen-terricolous endophyte USA:Alaska (UA)

JQ758638 AK0145 Bryophyte endophyte USA:Alaska (UA)

JQ758806 AK0345 Lichen-terricolous endophyte USA:Alaska (UA)

MZ091640 IL0340 Lichen-saxicolous endophyte Northcentral USA (UA)

MT278891 Peziza pseudoviolacea MPU_JCD.52.77 France TYPE (Van Vooren 2020)

HM123119 AZ0379 Lichen-epiphytic Southwestern USA (UA)

MZ091641 WB0997 Lichen-terricolous Western Canada (UA)

MZ091635 WB1157 Lichen terricolous Western Canada (UA)

HM123709 AZ1065 Bryophyte endophyte Southwestern USA (UA)

MZ091652 AK2188 Lichen-terricolous/muscicolous endophyte USA:Alaska (UA)

MZ091650 LG0031 Lichen-epiphytic endophyte Southwestern USA (UA)

JF908534 Peziza moseri 11664 Italy

JQ758838 AK0380 Lichen-terricolous endophyte USA:Alaska (UA)

JF908567 Peziza lobulata 16641 Italy

MT495253 Ombrophila violacea LY_NV.2010.05.34 France TYPE (Van Vooren 2020)

MZ091649 DC3778 Lichen-saxicolous endophyte Southwestern USA (UA)

MZ091647 AK3181 Lichen:terricolous endophyte USA:Alaska (UA)  

MZ091653 WB0367 Lichen-saxicolous Western Canada (UA)

HM122849 AZ0096  Lichen-saxicolous endophyte Southwesten USA (UA)

MZ091631 WB0660 Lichen terricolous Western Canada (UA) 

MZ150377 Peziza sublilacina FLAS-F-61931 on burned area USA:WA

JQ759055 AK0630 Lichen-terricolous endophyte USA:Alaska (UA)

MZ091638 ER2846 Bryophyte endophyte Eastern Russia (UA) 

MZ091643 AK1969 Lycopod endophyte USA:Alaska (UA)   

GQ153008 DC2065 Angiosperm endophyte Southwestern USA (UA) 

KY462519 MES-1674_Peziza_FLAS-F-64458 in fireplace Chile 

HM123160 endolichenic endophyte USA:Arizona (UA)

LC431567 endolichenic endophyte Japan (Yoshino et al. 2020)
MT503637 MES-1913 FLAS-F-64622 in fire pit Argentina

JX298895 endolichenic endophyte China:Jilin (Li et al. 2007)

MT503636 MES-2448 FLAS-F-65081 in fire pit Chile

MT503638 Oedocephalum MES1232 FLAS-F-63191 in fire pit Argentina

FN868472 Pinus endophyte Spain (Botella and Diez 2011) 

U404669_Peziza_praetervisa on charcoal and ash Canada:BC

MG098331 Pinus sylvestris twig endophyte Germany (Bußkamp et al. 2020) 
Endophyte or endolichenic
Dead or detached leaf

Fruitbody

Asexual spore mat

Sequence Source

Fruitbody or asexual spore 
mat from burned site

Geoscypha
violacea

Geoscypha 
tenacella

Geoscypha sp.  1
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9 1

9 6

100
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Fig. S14 Phylogeny based on ITS sequences of Pezizaceae (Iodophanus) and related endophytic 
or endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority 
rule tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE”. Terminals are color 
coded by their sequence source (fruitbody, black; endophytic or endolichenic, green; orchid root, 
purple; environmental such as air, dust, soil, or water, gray) and substrates for fruitbodies are 
color coded if they were collected on dung (yellow brown). Endophyte and endolichenic 
sequences originating from the University of Arizona are indicated with “UA”. Endophyte and 
endolichenic sequences that are not from the UA database include a reference to the publication 
where they were obtained or are labeled with “GB” if they are unpublished and were obtained 
directly from GenBank (NCBI). Sequences from type specimens include the reference for the 
sequence. 

 

MW215371_Uncultured soil_3993_1347 Lithuania

MN899911_grass endophyte_ASV2062 Israel (Sun et al. 2020)

MW163643_Uncultured_soil Italy: Aosta Valley

KX115604_Uncultured soil_OTU_1282_Pez_6 Italy

LT611264 Angiosperm inner stem endophyte Australia (Raghavendra et al. 2017) 

KX953549_Vanilla orchid root associate_SA233 Mexico:Xalisco

KF800592_Uncultured indoor air_CMH501 USA:Missouri

KX114864_marine surface water_S12T_01 China

MN834960_Uncultured soil_OTU1720 China

KT195784_Uncultured_soil_USA:Indiana

MG418369_Uncultured soil_KTF1271 Canada:Alberta

JX984744_Uncultured air during dust days_FA1_O17 South Korea: Seoul

MW164288_Uncultured soil_saf_F1659 Italy: Aosta Valley

JX489826_Uncultured_soil_C065 China: Heilongjiang

MT340928_Uncultured_compost_Pakistan

MK018889_Sorghum environment_OTU474  USA:California
GQ922553_rabbit dung Netherlands:Wageningen 

MF789417_Uncultured_root litter Southeast China

FR648382 Px2_2_4 Populus endophyte Spain:Palencia (Martin-Garcia et al. 2012) 

MK188967_Erigeron leaf endophyte_ERIS_3 China (GB)

KY690127_Uncultured soil_BS_DW1_2 Oman

MN834941_Uncultured soil_OTU170 China

MF971298_Uncultured soil_OTU261 China: Tibet Plateau

MH859254_Iodophanus_testaceus CBS 959.68 Germany

EU516958_Uncultured soil_IIN1_21 Austria

MG417137_Uncultured prairie soil_KTF39 Canada:Alberta

MH857064_Iodophanus_testaceus_CBS 333.52 unknown location

MN835453_Uncultured soil_OTU2164 China

MT530801_Uncultured soil_OTU130 USA

AJ969618_Fagus root endophyte (as ”EcM”) Denmark:North West Zealand (Kjøller 2006)

KX683422_Iodophanus_testaceus on dung_Iran

KF800489_Uncultured house dust_CMH398 USA: Missouri

MF161095_Cucumber endophyte Iran (GB)

MG417234_Uncultured prairie soil_Canada:Alberta

FR648385 Px2-3-3 Populus endophyte Spain:Palencia (Martin-Garcia et al. 2012)

AM711392_Uncultured_compost_fungus_Finland

MH857602_Iodophanus_testaceus_CBS 236.56 dung of boar Japan

KY201438_Uncultured aquaponic biofilm_A494_ITS175 Mexico

MH858291_Iodophanus_testaceus_CBS 301.63 on sheep dung Argentina

AB572266_Uncultured clay_ITS_C03 Japan

MT520593_Medicago leaf endophyte_France (GB)

MN898494_grass endophyte_ASV594 Israel (Sun et al. 2020) 

MG417159_Uncultured prairie soil_Canada:Alberta

MK018948_Sorghum environment USA:California

KY322125_Uncultured soil_AO55 Oman

KP698372 UNEX FECRGA_2012E703 Trifolium endophyte Spain: La Abadia (Lledó et al. 2015)

MZ091691 SO_00114_lichen endophyte Panama (UA)

MG417480_Uncultured soil_KTF382 Canada:Alberta

Air, dust, soil, or water
Endophyte or endolichenic
Fruitbody or culture from fruitbody

Sequence Source

Orchid root 
Fruitbody on dung

Iodophanus sp 1

Iodophanus 
testaceus
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MK018928_Oedocephalum_Sorghum environemnt USA:California

MK018549 Sorhum environment USA:California
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Fig. S15 Phylogeny based on ITS sequences of Pezizaceae (Lepidotia) and related endophyte 
analyzed with Maximum Likelihood. The phylogram is a 50% majority rule tree with midpoint 
rooting and support based on 1000 bootstrap replicates. Bootstrap support ≥70% is shown above 
each node. GenBank accession number is given on the terminal preceding other available 
information (organism name, herbarium voucher accession number, collection, and country). 
Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green). The endophyte sequence includes a reference to the publication where it 
was obtained. Sequences from type specimens include the reference for the sequence. 

	
	

	

	

	

	

	

	

	

	

	

	

0.0040

MK715388 Peziza quelepidotia China

MK714966 Peziza quelepidotia LL252 China

AF133174 Peziza quelepidotia USA:MI 

MT786205 Lepidotia hispida Czech Republic

FM200742 Angiosperm endophyte Germany (Pietrowski et al. 2011)

MK715005 Peziza quelepidotia China

MT957209 Lepidotia hispida Spain

KT869020 Peziza quelepidotia Netherlands

7

8 6

Lepidotia 
hispida 

Endophyte

Fruitbody

Sequence Source

Lepidotia sp. 

Figure S15



 

	

Fig. S16 Phylogeny based on ITS sequences of Pezizaceae (Mattirolomyes, Elderia) and related 
endophytes analyzed with Maximum Likelihood. The phylogram is a 50% majority rule tree with 
midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support ≥70% is 
shown above each node. GenBank accession number is given on the terminal preceding other 
available information. Terminals are color coded by their sequence source (fruitbody, black; 
endophyte, green). Endophyte sequences include a reference to the publication where they were 
obtained. Sequences from type specimens include the reference for the sequence. 

	

	

 

 

 

 

0.05

AJ305045 Mattirolomyces terfezioides Hungary:Mogyorod

AJ305169 Mattirolomyces terfezioides Hungary:Great Hungarian Plain

AF276680 Mattirolomyces terfezioides Hungary

KT963178 Mattirolomyces terfezioides HMAS88581 China: Shanxi

AF276681 Mattirolomyces terfezioides Hungary

AJ272442 Mattirolomyces terfezioides Hungary

GQ231736 Elderia arenivaga OSC 111641 Australia: Northern Territory TYPE (Trappe et al. 2010b)

GQ231752 M. austroafricanus OSC 58845 South Africa:Cape-Griqualand West TYPE (Trappe et al. 2010b) 

KT963177 Mattirolomyces terfezioides HMAS60273 China: Hebei

GQ231733 Elderia arenivaga OSC 111751 Australia: South Australia TYPE (Trappe et al. 2010b)

HQ660384 Mattirolomyces spinosus CUP 56967 Pakistan: Ladhar

HQ660381 Mattirolomyces spinosus Ellis and Everhart 1782 USA: Louisiana TYPE (Kovács et al. 2011)

AJ306556 Mattirolomyces terfezioides Hungary:Great Hungarian Plain

JF908728 Mattirolomyces terfezioides 17086 Italy

GQ231754 Mattirolomyces terfezioides OSC Trappe4548 France: Provence

KT025693 Mattirolomyces terfezioides KFRI 2829 South Korea

AJ875016 Robinia root (as ECM) Hungary (GB) (Kovács et al. 2007, Tedersoo et al. 2010)

MT890667 Mattirolomyces terfezioides 943 China?

HQ660378 Mattirolomyces mexicanus OSC 131669 Mexico: Nuevo Leon TYPE (Kovács et al. 2011)

AJ272443 Mattirolomyces terfezioides Hungary

AJ305170 Mattirolomyces terfezioides Italy:Ravenna

AJ306555 Mattirolomyces terfezioides Hungary:Great Hungarian Plain

KT963176 Mattirolomyces terfezioides HMAS76805 China: Shanxi

GQ231739 Mattirolomyces mulpu OSC 131319 Australia: Northern Territory TYPE (Trappe et al. 2010b)  

AJ272445 Mattirolomyces terfezioides Hungary

AJ875015 Robinia root (as ECM) Hungary (GB) (Kovács et al. 2007, Tedersoo et al. 2010)

MN619773 Mattirolomyces terfezioides w13 China: Baotou

KT963175 Mattirolomyces terfezioides HMAS32656 China: Beijing

AJ272444 Mattirolomyces terfezioides Hungary
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100

9 9
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100

100
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Fig. S17 Phylogeny based on ITS sequences of Pezizaceae (Peziza sensu stricto) and related 
endophytic and endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 
50% majority rule tree with midpoint rooting and support based on 1000 bootstrap replicates. 
Bootstrap support ≥70% is shown above each node. GenBank accession number is given on the 
terminal preceding other available information (organism name, herbarium voucher accession 
number, collection, and country). Sequences from type specimens are indicated with “TYPE”. 
Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green; orchid root, purple; soil, gray) and substrates for fruitbodies are color coded 
if they were collected on a burnt substrate  (orange) or on dung (yellow brown). All endophyte 
and endolichenic sequences originated from the University of Arizona and are indicated with 
“UA”. Sequences from type specimens include the reference for the sequence. 



 

	

EU569256 Peziza sp.  Mexico:Guerrero

MT373996_Peziza FLAS-F-62635 RH1613 USA:Minnesota
MT373998 Peziza MIN-926468 RH1267 USA:Minnesota
MT373995 Peziza MIN-925900 RH1367 USA:Minnesota

KP991473 CM0042 Conifer endophyte Southwestern USA (UA)

MZ091789 WB0709 Conifer endophyte Western Canada (UA)

KP992050 YLH0069 Conifer endophyte USA:Arizona (UA)
KP991650 FF068 Conifer endophyte USA:Arizona (UA)

MZ150396 Peziza varia FLAS-F-63870 on burnt ground USA:Rhode Island

MT350455 Peziza MES-3054 FLAS-F-61934 USA:WA

JQ654490 Peziza varia AMB 002072 horse dung Italy

MK432725 Peziza varia JAC12569 New Zealand

KX271740 Peziza pseudoammophila var. bonii LIP_79112906 France

MZ091785 IL0122 Lichen-epiphytic North Central USA (UA)

MZ091780 SO-10881-DUKE Angiosperm endophyte Southeastern USA (UA)

MZ091788 AEA 10753 Lichen-saxicolous Southwestern USA (UA)

MZ091787 WB0949 Lichen-terricolous Western Canada (UA)

AF133180 Peziza repanda Canada:Ontario

EF420017 9084a Conifer endophyte Southwestern USA (UA)

MZ091782 IL0587 Lichen-saxicolous North-central USA (UA)

MZ091786 WB1611 Lichen-saxicolous Western Canada (UA)

MZ091784 RU0227 Lichen-saxicolous Central Russia (UA)

MZ091781 SO-05564-DUKE Conifer endophyte Southeastern USA (UA)

MZ091783 IL0446 Lichen-terricolous North-central USA (UA)

AF491558 Peziza varia KH.99.04 on decayed wood USA:Massachusetts

AF133177 Peziza cerea Canada:Quebec

AF491555 Peziza varia KH.97.01 basement wet carpet and plaster USA:Massachusetts

AF491546 Peziza varia TL-5396 on wood UK:England

AF491570 Peziza varia Jukka Vauras_1271F basement Finland
AF491559 Peziza varia KH.97.54 on plaster Denmark

AF491550 Peziza varia on wood USA:Massachusetts

KC965600_87_NA10_P32_P13 from soil USA:Alaska

AF491616 Peziza KH.97.134 C on soil Denmark

MT278885 Peziza luticola MPU JCD_489.77 France TYPE (Van Vooren 2020)

AF491607 Peziza HK 87_273 on soil Greenland

AF491614 Peziza domiciliana Denmark

AF491618 Peziza NSW 6762 OSC on soil USA:Oregon  

MT278894 Peziza subuliginosa MPU JCD_185.78 France TYPE (Van Vooren 2020)

MT278887 Peziza nivis MPU_JCD.215.78 France TYPE (Van Vooren 2020)

JX845418 Peziza nivalis PDD 72154 New Zealand

KY271864 Herminium monorchis Orchid roots Austria

AF491620 Peziza nivalis KH.97.44 burnt ground USA:California

MT278884 Peziza lilacinoalba MPU_JCD.293.76 France TYPE (Van Vooren 2020)
AF491617 Peziza KH.97.99a C on soil Denmark

AF491615 Peziza KH.97.129 on soil Denmark

MZ091779 SW0114 Lichen-saxicolous Sweden (UA)

MZ091778 LG0654 Angiosperm endophyte Southwestern USA (UA)

HG937076 from soil Germany

AF491619 Peziza nivalis char on burnt ground USA:Oregon

AF491605 Peziza fimeti on soil Denmark
KC243954 Gymnadenia orchid root Czech Republic

MT373962 Peziza FLAS-F-65627 USA:Iowa

MT373958 Peziza FLAS-F-65693 USA:Iowa

AF491609 Peziza KH.98.53 on soil Austria
JF908549 Peziza udicola 15446 Italy

AF491592 Peziza ampliata KH-00004 Denmark

KY462304 Peziza CT-4247 FLAS-F-63345 Argentina

AF491591 Peziza ampliata KH.97.81 on bark Denmark

JQ654492 Peziza ampliata TAAM_062922 on dung Russia

Soil

Endophyte or endolichenic
Orchid root 

Fruitbody

Sequence Source

Fruitbody on burned site

Peziza nivalis

Peziza varia
species complex

Peziza sp. 1

Peziza sp. 2
Peziza 
echinospora

Peziza ampliata 
species complex

Peziza �imeti 
species complex

Fruitbody on dung

Peziza 
lilacinoalba

Peziza sp. 30.07

AF491577 Peziza arvernensis KS.94.145 on soil and leaves Denmark

JQ654491 Peziza DHP 11-691 on moose dung USA:Alaska

AF491584 Peziza arvernensis KH.98.08 on soil Denmark

AF491621 Peziza ammophila NSW_7081 OSC

AF491602 Peziza TAA 128087 on beaver dung Estonia

AF491606 Peziza fimeti C_52151 on soil and sawdust Denmark

AF491575 Peziza echinospora Jukka Vauras 9110F TURA Fire site Finland
AF491574 Peziza echinospora NSW 6763 OSC burnt ground and debris USA:Oregon

AF491625 Peziza vesiculosa NSW-6124 OSC on hay USA:Oregon

AF491600 Peziza fimeti KH.98.26 C on soil/sawdust Denmark

AF491594 Peziza fimeti HK 2000.69 on reindeer dung Greenland

AF491590 Peziza ampliata JHC 92-386 on rotton tree trunk Denmark 

AF491598 Peziza fimeti TL-5449 on cow dung Denmark

AF491580 Peziza arvernensis NSW_6714 OSC edge of burned slash pile USA:Oregon

AF491593 Peziza fimeti_HK 99.362 on soil Russia:Sakha

AF491597 Peziza fimeti HK 99.483 on horse manure Russia:Sakha

AF491589 Peziza ampliata KH.97.130 on soil and debris Denmark

AF491613 Peziza NSW7213 OSC soil at campfire site USA:Oregon

AF491573 Peziza echinospora TL 6404 burnt ground Denmark

AF491623 Peziza vesiculosa TL-6398 horse manure Denmark

AF491596 Peziza fimeti HK 99.113 on cow dung Russia:Sakha

AF491611 Peziza alcis KH.00.019 on elk dung Norway

AF491622 Peziza ammophila KH.98.88

AF491603 Peziza C 52153 on dead grass Denmark

AF491599 Peziza fimeti TL-4935 on soil/wood chips Denmark

AF491624 Peziza vesiculosa C-52150 on mulched beds UK:England
AF491626 Peziza vesiculosa JV.95.652 on straw Denmark

NR_158836 Peziza fruticosa AMB_17135 TYPE (GB)

NR_148104 Peziz nordica FH_00304781 TYPE (Pfister et al. 2016)

AF491579 Peziza arvernensis on leaf duff USA:California

AF491604 Peziza fimeti TL 5368 on fire site UK:England

AF491601 Peziza fimeti KS.94.12 on fire site Denmark

AF491595 Peziza fimeti NSW 6266 aged cow manure USA:New Mexico

AF491612 Peziza alcis on elk dung Finland TYPE (Hansen et al. 2002)

AF491608 Peziza HD S 85_41 on soil Norway: Svalbard

AF491582 Peziza arvernensis KH.98.12 edge of wood chips and sawdust Denmark

AF491588 Peziza ampliata KH.00.027 on tree trunk Denmark

AF491610 Peziza alcis TL-5529 on elk dung Sweden
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Fig. S18 Phylogeny based on ITS sequences of Pezizaceae (Plicaria) and related endophytic and 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE”. Terminals are color 
coded by their sequence source (fruitbody, black; endophytic or endolichenic, green; asexual 
sporemat, blue; dead leaf, dull brown; soil, gray) and substrates for fruitbodies are color coded if 
they were collected on a burnt substrate (orange). Endophyte and endolichenic sequences 
originating from the University of Arizona are indicated with “UA”. Endophyte and endolichenic 
sequences labeled with “GB” were obtained directly from GenBank (NCBI). Sequences from 
type specimens include the reference for the sequence. 
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MZ091853 LG0046 Lichen-epiphytic Southwestern USA (UA)
MZ091852 WB1668 Lichen endophyte Western Canada (UA)

JQ759056 AK0632 Lichen-terricolous USA:Alaska (UA)

MZ091860 AK3741 Lichen-saxicolous USA:Alaska (UA)  

GQ153156 11207 Conifer leaf endophyte Southwestern USA (UA)

EU686762 C3 Angiosperm endophyte Panama (UA) 

KX909054 AK1688 Angiosperm dead leaf USA:Alaska (UA)

HM123070 AZ0325 Lichen-epiphytic Southwestern USA (UA) 
HM123155 AZ0425 Lichen-epiphytic Southwestern USA (UA)

JQ759144 AK0741 Lichen-saxicolous USA:Alaska (UA) 

MZ091857 WB1319 Lichen-terricolous/muscicolous Western Canada (UA)

MZ091859 WB1546 Lichen-terricolous/muscicolous Western Canada (UA) 
HM123468 AZ0766 Lichen-saxicolous Southwestern USA (UA)

MZ091855 AEA 10688 Conifer stem endophyte Southwestern USA (UA)

MZ091851 WB0900 lichen endophyte Western Canada (UA)

MZ091856 DC2542 Conifer leaf endophyte Southwestern USA (UA)

HM122929 AZ0178 Lichen-terricolous/muscicolous Southwestern USA (UA)

MZ091858 WB1699 Lichen-terricolous/muscicolous Western Canada (UA)
JQ759056 AZ0572 Lichen-terricolous/muscicolous Southwestern USA (UA)

MZ091854 AEA 10743 Lichen-saxicolous Southwestern USA (UA)

KP335318 SNP113 Angiosperm endophyte Southwestern USA (UA)

JQ759457 AK1101 Bryophyte endophyte USA:Alaska (UA)

 MZ091850 AEA 10737 Lichen-terricolous/muscicolous Southwestern USA (UA)

Plicaria 
endocarpoides

MZ091868 DC3439 Lichen-saxicolous Southwestern USA (UA)

MZ091869 AEA 10738 Lichen-terricolous/muscicolous Southestern USA (UA)

MT635331 Peziza lundellii on burnt soil  Sweden TYPE (Van Vooren 2020)  

HM123031 AZ0284A Lichen-saxicolous Southwestern USA (UA)

HM123027 AZ0279 Lichen epiphyte Southwestern USA (UA)

MZ091873 FQ10871 Lichen-saxicolous Southwestern USA (UA)

MZ091864 ER0499 Lichen-terricolous/muscicolous Eastern Russia (UA)

JQ761544 NC0553 Lichen-saxicolous Southwestern USA (UA)

JQ758807 AK0346 Lichen-terricolous USA:Alaska (UA)

MZ091863 WB0963 Lichen-terricolous Western Canada (UA)

MZ091862 WB1257 Lichen-terricolous Western Canada (UA)

MT373920 MO324893 Plicaria acanthodictya FLAS-F-65567 USA:North Carolina

HM123229 AZ0505 Lichen epiphyte Southwestern USA (UA)

MZ091871 SO-03205-CHILE Angiosperm endophyte Chile (UA)

MT373919 Plicaria acanthodictya FLAS-F-61424 RH1942 USA:Georgia

MZ091867 DC3375 Lichen-saxicolous Southwestern USA (UA) 

MT374019 Plicaria acanthodictya FLAS-F-61433 RH1964 USA:Georgia

MN653021 Plicaria endocarpoides MIN USA:Minnesota

JQ760743 FL1121 Lichen-terricolous Southeastern USA (UA)

MZ091874 AEA 10754 Lichen-terricolous/muscicolous Southwestern USA (UA)

JQ759149  AK0746 Lichen-saxicolous USA:Alaska (UA)

MZ091875 SO-03729-CHILE Lichen endophyte Chile (UA)

HM123178 AZ0449B Lichen epiphyte Southwestern USA (UA)

MZ091861 AK2372 Lichen-terricolous USA:Alaska (UA)

MN653016 Plicaria endocarpoides FLAS-F-61929 USA:Washington

HM122958 AZ0209 Lichen epiphyte Southwestern USA (UA)

MZ019012 SO-00242-PANAMA Lichen endophyte Panama  (UA)

HM123161 AZ0431 Lichen-saxicolous Southwestern USA (UA)

MZ091849 AK2653 Lichen-terricolous USA:Alaska (UA)

MZ091870 FQ10870 Lichen-saxicolous Southwestern USA (UA)

MZ091872 DC3680 Lichen-saxicolous Southwestern USA (UA) 

HM123341 AZ0623 Lichen endophyte Southwestern USA (UA)

HM123196 AZ0469 Lichen-saxicolous Southwestern USA (UA)

MT374018 anamorph P. endocarpoides FLAS-F-65577 _EV_DOB1291 fire assoc USA:CA 

MG417101_KTF3_Plicaria from soil Canada:Alberta

U38897 Plicaria acanthodictya Denmark on wood ash
MT230437 Angiosperm Endophyte Italy (GB)

U38908 Plicaria carbonaria on wood ash Denmark 

U40196_Plicaria trachycarpa var ferruginea on burned soil Canada:New Foundland 

U40195 Plicaria trachycarpa var ferruginea on charcol, ash Canada:British Columbia 

MZ091865 WB0446 Lichen-terricolous/muscicolous Western Canada (UA)

U40403 Plicaria trachycarpa var ferruginea Canada:British Columbia

MZ091866 WB1476 Lichen-terricolous Western Canada (UA)

MN047436 Plicaria TENN F 072087 USA:Tennessee

U38909 Plicaria carbonaria DAOM 199631 on burned litter Canada:Ontario 

MN047435 Plicaria carbonaria TENN F 072059 fire assoc. USA:Tennessee 

Plicaria lundelii

Plicaria
acanthodictya

Plicaria
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Soil

Endophyte or endolichenic

Fruitbody

Asexual spore mat

Sequence Source

Frutibody or asexual spore  
mat on burned site

Undetermined
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Undetermined
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Dead or detached leaf



 

	

Fig. S19 Phylogeny based on ITS sequences of Pseudombrophilaceae and related endophytic and 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE”. Terminals are color 
coded by their sequence source (fruitbody, black; endophytic or endolichenic, green; asexual 
sporemat, blue; orchid root, purple; soil, gray) and substrates for fruitbodies are color coded if 
they were collected on dung (yellow brown). Endophyte and endolichenic sequences originating 
from the University of Arizona are indicated with “UA”. Endophyte and endolichenic sequences 
that are not from the UA database include a reference to the publication where they were 
obtained or are labeled with “GB” if they are unpublished and were obtained directly from 
GenBank (NCBI). Sequences from type specimens include the reference for the sequence. 



 

	

	

 

MK119761 Pseudombrophila subalpina cow dung Italy TYPE (Van Vooren 2018)

KU325089 olive tree twig Portugal (Gomes et al. 2018)

JX325109 Uncultured 106A58822 soil Texas

KX592801 Pseudombrophila ripensis 7916 Spain

KX592800 Pseudombrophila hepatica 7363 Germany

JQ775581 F13 soil USA:Iowa

JX390052 Uncultured 109A78362 soil USA:Texas

MG098332 NW-FVA3087 Conifer endophyte Germany (Bußkamp et al. 2020) 

FR865023 Angiosperm endophyte China: Xinjiang (Unterseher et al. 2012)

JX322179 Uncultured 106A55830 soil USA:Texas

KR425647 Pezizaceae HSf2 hotspring Saudi Arabia

MK627375 Uncultured OTU499 soil Austria

KF800394 Uncultured CMH303 house dust USA:Missouri

MK102654 ZMl14 Angiosperm endophyte China:Qinghai (GB)

KU164231 Uncultured S23T 18 sea water sediment China

JX332218 Uncultured 107A66088 soil USA:Texas

KU325126 olive tree Portugal (Gomes et al. 2018)

JX334206 Uncultured 107A68131 agricultural field soil USA:Texas

JX348188 uncultured 037A31070 soil Texas

KF574887 151141 Conifer endophyte China: Zhejiang (Zang et al. 2014)   

JX322881 Uncultured 106A56540 soil Texas

KX192609 Uncultured 186 soil USA:Illinois

JX347640 Uncultured 037A30518 soil USA:Texas

KU324995 olive tree leaves Portugal (Gomes et al. 2018)

MW162737 Uncultured saf F108 soil Italy

KX592799 Pseudombrophila bulbifera 7362 Germany

KU164260 Uncultured S23T 60 sea water sediment China

KU164232 Uncultured S23 19 sea water sediment China

KU325216 olive tree Portugal (Gomes et al. 2018)

MK102653 ZMl13 Angiosperm endophyte China:Qinghai (GB)

MT892744 M3 orchid associate China

JX329795 Uncultured 107A63626 agricultural field soil USA:Texas

KU325002 olive tree twig Portugal (Gomes et al. 2018)

KU164155 Uncultured S22T 17 sea water sediment China

MK019080 OTU1287 Sorghum environment USA:California

HQ533849 UFMGCB 3694 lake Antarctica

FJ235991 AB58 wood Antarctica

JX333124 Uncultured 107A67014 agricultural field soil USA:Texas

MW050656 Uncultured OTU2365 plant roots China (GB)

KC966218 Uncultured 126 NA12 P32 L2 soil Alaska

MZ091876 ER2080 Lichen-saxicolous Eastern Russia (UA)

MK102652 ZMl15 Angiosperm endophyte China:Qinghai (GB)

KF871464 Pezizomycetes Angiosperm endophyte China: Gansu (GB)

JX332869 Uncultured 107A66753 agricultural field soil USA:Texas

DQ317369 Uncultured soil Antarctica

KU163933 Uncultured S16T 35 sea water sediment China

KU164496 Uncultured S42T 23 soil China: Heilongjiang

JX352112 Uncultured 037A35057 agricultural field soil USA:Texas

JX324454 Uncultured 106A58145 agricultural field soil USA:Texas

MH860999 Dicyma peruviana CBS: 516.76 Peru Type of Rhinocladiella peruviana (Vu et al. 2019)

JX171178 LKF10-013 lake water Antarctica

KU325076 olive tree twig Portugal (Gomes et al. 2018) 

MH860386 Lasiobolidium spirale CBS: 866.71 Algeria

MH858099 Rhinotrichum lanosum CBS: 396.61 on plaster and wallpaper UK:England

JX489790 Uncultured D071 soil China

MK102651 ZMl04 Angiosperm endophyte China:Qinghai (GB)

NR_160142 Lasiobolidium orbiculoides CBS: 344.73 deer dung USA:California TYPE (Vu et al. 2019) 

KU325128 olive tree Portugal (Gomes et al. 2018)

MW162739 Uncultured saf F110 soil Italy

JX323243 Uncultured 106A56906 soil USA:Texas

KU325092 olive tree twig Portugal (Gomes et al. 2018)

KX592802 Pseudombrophila petrakii 7917 Germany

JX324361 Uncultured 106A58049 soil USA:Texas

HQ688652 Heydenia arietina ascoma AL-0701 Switzerland

MH855303 Orbicula parietina CBS:238.32 from wood pulp Norway 
KU164245 Uncultured S23T 39 sea water sediment China

GQ153164 Conifer endophyte 11217B USA:Arizona (UA)

KX592794 Pseudombrophila danuviana 6483 TYPE Kotlabaea danuviana (Lindemann et al. 2017)

MZ150381 Orbicula parietina culture FLAS370 on dung USA:California

Soil, dust, wood, water

Sequence Source

Endophyte or endolichenic
Fruitbody

Asexual spore mat
Orchid root

Fruitbody on dung

Pseudombrophila
danuviana

Orbicula

Heydenia

Pseudombrophila
petrakii

0.02

JX978249 Endophyte NLEndoHerit_020_2006N3-06o (Lamit et al. 2014)

MK294742_Uncultured_BandAHA1 Tomato rhizosphere soil China
MK294741_Uncultured_BandAF6 Tomato rhizosphere soil China
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Fig. S20 Phylogeny based on ITS sequences of Pulvinulaceae and related endophytic and 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from ectomycorrhizas are designated with the abbreviation “ECM” 
preceded by host name if available. Terminals are color coded by their sequence source 
(fruitbody, black; endophytic or endolichenic, green; ectomycorrhiza, reddish-brown; soil or 
unidentified source, gray). Endophyte and endolichenic sequences originating from the 
University of Arizona are indicated with “UA”. Endophyte and endolichenic sequences that are 
not from the UA database include a reference to the dissertation where they were obtained or are 
labeled with “GB” if they are unpublished and were obtained directly from GenBank (NCBI). 
Sequences from type specimens include the reference for the sequence. 



 

	

 
 
 
 
 
 
 

HM123497 AZ0800 Lichen-epiphytic USA:Arizona (UA)

KJ690091 Eucalyptus ECM Senegal

MT156534 Pulvinula MES cf archeri-3255 USA:California

EU668294 ECM 8281 1 Germany

MZ091959 AEA 10751 Lichen-terricolous/muscicolous Southwestern USA (UA)

GQ153221 AEA 11302 Conifer endophyte Southwestern USA (UA)

MF347752 A7 5 Conifer endophyte USA:Colorado (GB)

JN569359 Carya ECM USA:Georgia

MK018540 Sorghum bicolor  USA:CA unclear 

KM580041 Ericaceae Root Endophyte South Africa (Bizabani 2015 dissertation) 

MH794946 Pulvinula Quercus ECM Italy

JX316616 MM110 Salix ECM Estonia 

MT374021 Pulvinula FLAS-F-61412 USA:Georgia

AB777486 ECM Thailand

MK614840 Pulvinula Bistorta vivipara root Norway

JN704831 Pulvinula ECM Mexico

HM123081 AZ0338 Lichen-saxicolous USA:Arizona (UA)

MH795023 Pulvinula Quercus ECM Italy

MF347831 D4H 11 Conifer endophyte USA:Colorado (GB) 

HM123377 AZ0661 Lichen-saxicolous USA:Arizona (UA)

GU817103 AB 38 Pulvinula Bistorta vivipara root Norway

JN704838 Pulvinula Pinus ECM Mexico

AB777485 ECM Thailand

HM123152 AZ0418 Lichen-epiphytic USA:Arizona (UA)

KP012976 Pyronemataceae MEL 2382797 Australia:NT

KJ508291 Bryophyte endophyte ML0087 USA:Santa Catalina Mountains (UA)

MF347812 D11 15 Conifer endophyte USA:Colorado (GB)

MK397149 Pulvinula Mexico:Nuevo Leon pine leaf litter

MK018732 Pulvinula Sorghum bicolor  USA:CA unclear source

GQ153139 Conifer endophyte AEA 11175 Southwestern USA (UA)

KX592796 Pulvinula niveoalba ascoma Spain

KY462405 Pulvinula MES-1034 Chile

JN704812 Pulvinula Pinus ECM Mexico

MG273995 CB08 15 Quercus ECM Spain

HM123279 AZ0562 Lichen-epiphytic USA:Arizona (UA)

HM123146 AZ0411 Lichen-epiphytic USA:Arizona (UA)

GQ153099 AEA 11120 Conifer endophyte Southwestern USA (UA)

GQ153115 AEA 11142 Conifer endophyte Southwestern USA (UA)  

MK018575 Pulvinula Sorghum bicolor  USA:CA unclear source 

FM992943 Pinus ECM Sweden

KJ508296_Bryophyte endophyte_ML0092 Southwestern USA (UA)

FJ210748 ECM 3118 1MC Italy

KX444308 Quercus ECM China:Shaanxi Province

MK838257 Pulvinula from soil Switzerland

MK019168 Sorghum bicolor USA:CA unclear source

HM123127 AZ0388 Lichen endophyte USA:Arizona (UA)

MK018616 Sorghum bicolor  USA:CA 

JX316593 MM002 Salix ECM Estonia

GQ240939 ECM China:Dujiangyan

AF289074 Pulvinula constellatio ascoma Italy

MT156532 Pulvinula FLAS-F-63841 MES-3219 Belize

MZ091960 AK2160 Lichen-terricolous/muscicolous USA:Alaska (UA)

Soil or unidentified source

Endophyte or endolichenic

Ectomycorrhiza

Fruitbody

Sequence Source

0.2

KP309854 Pseudoboubovia benkertii NV 2006 12 04

KP309855 Pseudoboubovia benkertii VK 3202

KP309856 Pseudoboubovia benkertii BP Dgf-C7D 18-12-12

MT095865 Pulvinula 9 soil European Alps

MT095858 Pulvinula convexella soil European Alps

MT095860 Pulvinula sp4 soil European Alps

MT095864 Pulvinula 8 soil European Alps

MT095862 Pulvinula 6 soil European Alps

KP309853 Pseudoboubovia benkertii UL 81-13

MT095863 Pulvinula 7 soil European Alps

MT095861 Pulvinula 5 soil European Alps

MT095859 Pulvinula convexella soil European Alps

MT095314 Pulvinula 1 ECM European Alps

MT095856 Pulvinula 2 soil European Alps

MT095857 Pulvinula 3 soil European Alps
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Fig. S21 Phylogeny based on ITS sequences of Pyronemataceae (Byssonectria, Chaetothiersia, 
Cheilymenia, Parascutellinia, Pseudaleuria, Pyronema, Spooneromyces) and related endophytic 
and endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority 
rule tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from type specimens are indicated with “TYPE”. Terminals are color 
coded by their sequence source (fruitbody, black; endophytic or endolichenic, green; dead leaf, 
gray brown; soil, gray) and substrates for fruitbodies are color coded if they were collected on a 
burnt substrate  (orange) or dung (yellow brown). Endophyte and endolichenic sequences 
originating from the University of Arizona are indicated with “UA”. Endophyte and endolichenic 
sequences that are not from the UA database include a reference to the publication or dissertation 
where they were obtained. Sequences from type specimens include the reference for the 
sequence. 



 

	

FN868474 Pinus endophyte BLE17 Spain (Botella and Diez 2011)

KP991436 ARIZ CM0005 Quercus endophyte USA:Arizona (UA)

KX065281 Angiosperm endophyte China (Li et al. 2016)

MT816457 Angiosperm endophyte C233 Portugal (Martins et al. 2016)

KF227803 Endophyte Australia (Mapperson 2014 dissertation) 

KF617601 soil USA:Alaska

MH758708 Pyronema domesticum Quercus endophyte Iran (Ghasemi-Esfahlan et al. 2019)

HM122995 ARIZ AZ0247 Lichen-epiphytic USA:Arizona (UA)

MN341259 Endolichenic South Korea (Oh et al. 2020)

MK018886 OTU419 environmental USA:California

HQ829058 grass endophyte MAB-2010a USA:Washington (Baynes et al. 2012)

MK886721 Pyronema omphalodes PBM4079 from burn site USA:Tennessee

KF227800 Endophyte Australia (Mapperson 2014 dissertation) 

MZ091962 WB0150 Bryophyte endophyte Western Canada (UA)

KF227859 Endophyte Australia (Mapperson 2014 dissertation) 

HQ115722 isolated from air Australia

DQ491517 Pyronema domesticum CBS: 666.88 from burnt soil Netherlands

KP335592 Angiosperm endophyte SNP416 USA:Arizona (UA) 

MH758709 Pyronema domesticum Quercus endophyte Iran (Ghasemi-Esfahlan et al. 2019)

MK886722 Pyronema omphalodes from burn site USA:Tennessee

MT790324 Pinus endophyte NWFVA4757 Germany (Bußkamp 2020)

KF128839 Angiosperm Endophyte GSL5_6_2 Australia (Mapperson 2014 dissertation) 

KX909062 AK1718 Angiosperm dead leaf endophyte USA:Alaska (UA)

JN120356 ARIZ OCOak2 13 Quercus endophyte USA:Arizona (UA)

KP991459 ARIZ CM0028 Conifer endophyte USA:Arizona (UA)

MZ091961 PC152 Lichen-saxicolous Southwestern USA (UA)

MG208001 Quercus endophyte MG314_K1_5 Iran (Ghobad-Nejhad et al. 2017)

MZ091963 SO-04707-CHILE Lichen endophyte Chile (UA)

HM122848 ARIZ AZ0095 Lichen-saxicolous USA:Arizona (UA)

MH857649 Pyronema domesticum CBS: 299.56 location unknown

HQ829093 Grass endophyte USA:Idaho (Baynes et al. 2012)

KX909062 Betula endophyte JMUR 2016 AK1718 USA:Alaska (UA) 

MT556695 Pine endophyte Northeast Spain (Oliva et al. 2020)

MK886720 Pyronema omphalodes TFB14658 from burn site USA:Tennessee

KP992081 Conifer endophyte ARIZ YLH0109 USA:Arizona (UA)

JX489801 soil China: Heilongjiang, Harbin

HG936843 soil Germany:Lower Saxony

EF635679 soil Austria: Stubaier Alpen
KP309850 Byssonectria fusispora UL167 13 ascoma Germany

MF784579 Byssonectria carestiae NMLU_1306_17UG1 Switzerland

GU222313 Aleuria PDD 89857 New Zealand

HG936844_soil Germany:Lower Saxony

MH298875 Aleuria aurantia MO254125 Mexico: Queteraro, Pinal de Amoles, La Pinguica

MW248487 Pseudaleuria fibrillosa RM 2479 Spain: Huesca

KP309849 Byssonectria fusispora UL171 13 Germany

MH910590 Aleuria aurantia MO247430 USA: North Carolina, Black Mountain, Buncombe 
                   

MH282777 Pseudaleuria MO315713 growing in landside Mexico: Michoacan, Los Azufres

HG936755 soil Germany:Lower Saxony

MN992569 Aleuria aurantia MQ17052 QFB29560 Canada: Quebec

MK575463 Aleuria aurantia USA:Wisconsin

MW215081 rhizosphere Lithuania

KY364035 Pseudaleuria fibrillosa UL182 Germany

GU055617 agricultural soil Austria: Purkersdorf

DQ491495 Aleuria aurantia AFTOL ID65

KP309848 Byssonectria fusispora UL174 13 Germany

KP309844 Byssonectria deformis PP_20060716_009 Poland

GU366703 Forest soil USA:Oregon

JX489815 soil China: Heilongjiang, Harbin 

MK432699 Aleuria aurantia JAC10714 New Zealand

KF617920 soil USA: Alaska

MT373886 Aleuria FH RH20141001 USA:Massachusetts

MW216137 rhizosphere Lithuania

EU669386 Pseudaleuria quinaultiana p712i Pacific Northwest USA

MT373884 Aleuria aurantia MIN:RH1614 USA:Minnesota

MW257166 liverwort associate Norway:Svalbard

MK720105 Pseudaleuria fibrillosa ALV19584 Italy: Sicily

MW215338 soil rhizosphere Lithuania

KX592803 Byssonectria carestiaei On carpet of Kiaeria glacialis: Norway TYPE of Kotlabaea_trondii (Lindemann et al. 2017)
AM260886 peat UK

KY687800 soil Papua New Guinea

EU669387 Pseudaleuria quinaultiana p713i Pacific Northwest USA

HQ873364 Forest soil Netherlands:Goeree Island
               

MT236642 irrigation water from pond Lithuania

HG936750 soil Germany:Lower Saxony

KP309843 Byssonectria deformis NV.2009.04.09 France

MF971812 soil China: Tibet Plateau

KX449456 Aleuria aurantia Champ 51 France

EU669428 Pseudaleuria quinaultiana p712L Pacific Northwest USA

KM374444 non-native conifer plantation soil UK

MT373885 Aleuria cestrica ILLS JK14080301 USA:Massachusetts

HG937088 soil Germany:Lower Saxony

MH225453 Aleuria aurantia JLF3810 USA:Oregon

MW214922 rhizosphere Lithuania

KJ619952 Byssonectria terrestris KH.10.05 Sweden

KP309847 Byssonectria fusispora UL169 13 Germany

KF617916 Picea forest soil USA: Alaska

KP454029 Aleuria aurantia UBC F28411 Canada:British Columbia

FJ237059 soil Austria: Rotmoosferner glacier foreland

MW215082 Rhizosphere Lithuania

EU516741 soil Austria

MZ091964 SO-08467-DUKE Conifer endophyte Southeastern USA (UA)

JQ758686 AK3641 Lichen-saxicolous USA:Alaska (UA)
MZ448214 AK3092 Lichen-terricolous USA:Alaska (UA)

MZ091968 PC108 Lichen-saxicolous Southwestern USA (UA)

MH930238 Cheilymenia stercorea MES-2397 on cow dung Chile:Magellanes

MZ091549 ER0291 Lichen-terricolous/muscicolous Eastern Russia (UA)

MZ091981 Spooneromyces IL0777 Lichen-terricolous North-central USA (UA)

MZ091965 AK3609 Angiosperm endophyte USA:Alaska (UA)

MG871283 Cheilymenia theleboloides HK002 82899
KF429520 rhizosphere soil Austria 

MH930370 Cheilymenia cf granulata MES-2468 Chile

MK018221 Sorghum environment USA:California

DQ491500 Cheilymenia stercorea AFTOL_ID148

KY462659 Cheilymenia-like MES-2100 on cow dung Argentina:Nahuel Huapi National Park

MN9509901 Cheilymenia UC 2060402 USA:California

MZ448215 AK0203 Bryophyte endophyte USA:ALaska (UA)

Undetermined 
Pyronemataceae 2

Undetermined 
Pyronemataceae 1 

Soil
Endophyte or endolichenic
Fruitbody

Sequence Source

Fruitbody from burned site
Fruitbody on dung

Dead leaf

MW546580 Chaetothiersia laricina TUR A 208918 Italy TYPE (Van Vooren et al. 2021)

MZ448216 PC102 Lichen-saxicolous Southwestern USA (UA)

MW546597 Parascutellinia fuckelii UR 1000 1016 Switzerland

MW546581 Chaetothiersia cupressicola LY NV 2020 0 04 Spain PARATYPE (Van Vooren et al. 2021)

MW546608 Pyronemataceae ETH ZT Myc 61122 Switzerland

MW546582 Chaetothiersia eguttulata MSTR P 25015 Spain TYPE (Van Vooren et al. 2021)

KY981750 Aleuria aurantia WD06

MW546609 Pyronemataceae_ETH ZT Myc 61123 Switzerland

Chaetothiersia

Pyronema

Parascutellinia

Cheilymenia

Byssonectria

Pseudaleuria

Spooneromyces

Aleuria sensu stricto
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Fig. S22 Phylogeny based on ITS sequences of Pyronemataceae (Anthracobia, Parawilcoxina, 
Sphaerosporella, Trichophaea pro parte1, Trichophaeopsis, and two undetermined 
Pyronemataceae lineages) and related endophytic and endolichenic fungi analyzed with 
Maximum Likelihood. The phylogram is a 50% majority rule tree with midpoint rooting and 
support based on 1000 bootstrap replicates. Bootstrap support ≥70% is shown above each node. 
GenBank accession number is given on the terminal preceding other available information 
(organism name, herbarium voucher accession number, collection, and country). Sequences from 
type specimens are indicated with “TYPE”. Sequences from ectomycorrhizas are designated with 
the abbreviation “ECM” preceded by host name if available. Terminals are color coded by their 
sequence source (fruitbody, black; endophytic or endolichenic, green; ectomycorrhiza, reddish-
brown; orchid root, purple; asexual spore mat, blue; soil, gray) and substrates for fruitbodies are 
color coded if they were collected on a burnt substrate (orange). Sequences originating from the 
University of Arizona are indicated as (UA). Endophyte and endolichenic sequences originating 
from the University of Arizona are indicated with “UA”. Endophyte and endolichenic sequences 
that are not from the UA database include a reference to the publication or dissertation where 
they were obtained or are labeled with “GB” if they are unpublished and were obtained directly 
from GenBank (NCBI). Sequences from type specimens include the reference for the sequence. 
1“Trichophaea pro parte” refers to the fact that Trichophaea is currently paraphyletic. 
Trichophaea woolhopeia is the lectotype of the genus, but is not included in this phylogenetic 
treatment. 
 



 

	
	

	

MK903510 Sphaerosporella sp1 KWH 2019a TENNF072035 burn site USA:Tennessee, Great Smoky Mts Natl Pk

HM123309 ARIZ AZ0592 Lichen-epiphytic USA:Arizona (UA)

MK903522 Sphaerosporella sp1 KWH 2019a TENNF072273 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MK903509 Sphaerosporella sp1 KWH 2019a TENNF072027 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MT005490 Sphaerosporella FIRE181 Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MT005491 Sphaerosporella FIRE501B Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MT005518 Sphaerosporella FIRE501C Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MT005520 Sphaerosporella FIRE177 Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

KR011966 Dendrobium orchid root endophyte Northeast India

MT005476 Sphaerosporella ANM2812 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MT005515 Sphaerosporella ENDOPHYTE61 USA:Tennessee, Great Smoky Mts Natl Pk (Hughes et al. 2020a)

MT005487 Sphaerosporella FIRE378 Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

EU715595 Conifer needle endophyte Mexico (Soca-Chafre et al. 2011)

MT005488 Sphaerosporella FIRE379 Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MK903520 Sphaerosporella sp1 KWH 2019a TENNF072206 burn site USA:Tennessee, Great Smoky Mts Natl Pk

JN569355 Carya ECM USA:Georgia

MK903517 Sphaerosporella sp1_KWH 2019a TENNF072089 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MT005474 Sphaerosporella ANM2797 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MT005475 Sphaerosporella ANM2803 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MK903518 Sphaerosporella sp1_KWH 2019a TENNF072166 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MK903508 Sphaerosporella sp1_KWH 2019a TENN_F_072013 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MT005526 Sphaerosporella FIRE476C Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MH855306 Trichophaea abundans CBS: 241.32 unknown locality

MT005477 Sphaerosporella FIRE375 Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MT005486 Sphaerosporella FIRE377 Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MH855202 Trichophaea abundans CBS: 250.31 unknown locality

MK903511 Sphaerosporella sp1 KWH 2019a TENNF072041 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MT005519 Sphaerosporella FIRE176A Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MK903519 Sphaerosporella sp1 KWH 2019a TENNF072203 burn site USA:Tennessee, Great Smoky Mts Natl Pk

KF815663 air sample Slovakia

EU715596 Conifer needle endophyte Mexico (Soca-Chafre et al. 2011)

MT005521 Sphaerosporella FIRE210 Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MT005522 Sphaerosporella FIRE416A Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MT005489 Sphaerosporella FIRE180 Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

KF617729 Picea soil USA: Alaska 

MT005523 Sphaerosporella FIRE476A Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MT005525 Sphaerosporella FIRE475B Pine ECM USA:Tennessee, Great Smoky Mts Natl Pk

MT005514 Sphaerosporella ENDOPHYTE54 USA:Tennessee, Great Smoky Mts Natl Pk (Hughes et al. 2020a)

MK903515 Sphaerosporella sp1_KWH 2019a TENN_F_072082 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MK903524 Sphaerosporella sp3 KWH_2019c TENNF072205 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MK903523 Sphaerosporella sp2 KWH_2019b_TENNF072204 USA:Tennessee, Great Smoky Mts Natl Pk

MK903512 Sphaerosporella sp1 KWH 2019a TENNF072043 burn site USA:Tennessee, Great Smoky Mts Natl Pk

MK903521 Sphaerosporella sp1 KWH 2019a TENNF072276 burn site USA:Tennessee, Great Smoky Mts Natl Pk

KC008076 Sphaerosporella brunnea_Sbz1 Spain

MK660100 Quercus ECM Poland

JX030216 Castanea ECM USA:New York

MT397071 Sphaerosporella China

MT374028 Sphaerosporella FLASF61423_RH1941 USA:Georgia

KC008078 Sphaerosporella brunnea_Sbs1 Spain

MF066094 Sphaerosporella brunnea on burnt place Czech Republic: Jablonne v Podjestedi

MN683734 Castanea ECM Spain

U38587 Sphaerosporella brunnea Canada:Quebec

MN459762 Epipactis orchid roots Germany

MZ091982 QU0548 Lichen-saxicolous Eastern Canada (UA) 

MT397069 Pine ECM China

MT156511 Sphaerosporella_MES_2210 USA:Florida

KC008077 Sphaerosporella brunnea_Sbz2 Spain

MT156500 Sphaerosporella MES-1438 USA:Georgia

KC008079 Sphaerosporella brunnea_Sbs2 Spain

MN459761 Epipactis orchid roots Germany

MN459763 Epipactis orchid roots Germany

HM123009 ARIZ AZ0261 Lichen-saxicolous USA:Arizona (UA)

MW476529 Sphaerosporella hinnulea RD25_31_242_98

MW476528 Trichophaea contradicta RD27_03_246_02 burnt place Switzerland

MW476527 Sphaerosporella FV2014071601

Soil

Endophyte or endolichenic

Orchid root 
Ecto- or ectendomycorrhiza 

Fruitbody

Asexual spore mat

Sequence Source

Fruitbody from burned site
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MK840934 Anthracobia sp2b KWH 2019 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840928 Anthracobia sp2 KWH 2019 TFB14647 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840938 Anthracobia sp3 KWH 2019 TFB14652 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840933 Anthracobia sp2b KWH 2019 fire associated USA:Tennessee, Great Smoky Mts Natl Pk

MK840942 Anthracobia sp4 KWH 2019 PBM4070 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

JQ761457 Pezizomycetes NC0428 Endolichenic USA:North Carolina (UA)

MK840939 Anthracobia sp4 KWH 2019 TFB14706 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840926 Anthracobia 1 KWH 2019 PBM4076 SP1 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840932 Anthracobia sp2 KWH 2019 TFB14673 fire associated USA:Tennessee, Great Smoky Mts Natl Pk

MK840937 Anthracobia sp3 KWH 2019 PBM4069 fire associated USA:Tennessee, Great Smoky Mts Natl Pk  

MK840941 Anthracobia sp4 KWH 2019 TFB14687 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840936 Anthracobia sp3 KWH 2019 TFB14651 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

HM123462 AZ0759 Lichen-saxicolous USA:Arizona (UA)

MK840944 Anthracobia sp4 KWH 2019 TFB14654 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840930 Anthracobia sp2 KWH 2019 TFB14657 fire associated USA:Tennessee, Great Smoky Mts Natl Pk

MK840943 Anthracobia sp4 KWH 2019 TFB14653 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MF943111 Pezizomycetes 2M37 Bryophyte edophyte USA:North Carolina (UA)

MK840935 Anthracobia sp3 KWH 2019 TFB14650 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840940 Anthracobia sp4 KWH 2019 TFB14686 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840931 Anthracobia sp2 KWH 2019 TFB14672 fire associated USA:Tennessee, Great Smoky Mts Natl Pk

MK840927 Anthracobia 1 KWH 2019 fire associated USA:Tennessee, Great Smoky Mts Natl Pk 

MK840929 Anthracobia sp2 KWH 2019 TFB14656 fire associated USA:Tennessee, Great Smoky Mts Natl Pk

MZ091539 SO-14645-BORNEO Bryophyte endophyte Borneo (UA)

MZ091540 WB1309 Lichen-terricolous/muscicolous Western Canada (UA)

MZ091538 ER1646 Lichen-terricolous/muscicolous Eastern Russia (UA)

MZ091967 SY1471A Angiosperm endophyte Southwestern USA (UA) 

MW546598 Parawilcoxina inexpectata LY.NV.2019.09.17 Spain TYPE (Van Vooren et al. 2021)

MW476530 Anthracobia rehmii FV2017052101 burnt place France

KT264636 Gymnosperm endophyte AM439 USA:New Mexico (GB)

GQ153151 AEA 11195 Conifer endophyte Southwestern USA (UA)

KP335280 SNP075 Angiosperm endophyte Southwestern USA (UA)

Parawilcoxina

Pyronemataceae 
undetermined 4

MZ091537 ER2644 Lichen-saxicolous Eastern Russia (UA)

MT373894 Anthracobia 1541 fire associated USA:Iowa

Pyronemataceae 
undetermined 3

Anthracobia sp.

0.09

JX136336 air Uncultured L049818C09 USA:Colorado 

MN151855 tundra soil Uncultured OTU621 USA:Alaska

KU325010 olive leaf endophyte P2_E2_D13 Portugal (Gomes et al. 2018)

MF181219 Uncultured soil OTU 1441 Greenland 
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KY462391 Trichophaeopsis DHP CH-58 Chile

FJ776618 soil rhizosphere USA:Kansas

MK717699 unvegetated soil OTU_404 USA: Colorado

JX978247 Populus twig endophyte USA:Utah (Lamit et al. 2014) 

KY462384 Trichophaeopsis DHP AR-19 Argentina

MG418055 prairie soil KTF957 Canada:Alberta

MF347818 K11 20 Pinus needle endophyte USA:Colorado (Albertson 2017 Dissertation)

FJ777845 soil rhizosphere USA:Kansas

MT156139 Prunus endophyte GLMC_1596 Germany (Bien and Damm 2020)

MK718574 unvegetated soil OTU_1375 USA: Colorado

MK722866 unvegetated soil OTU_216 USA: Colorado

MZ091994 WB1420 Lichen-epiphytic Western Canada (UA)

MZ091993 WB0054 Lycopod endophyte Western Canada (UA)

MZ091992 WB0060 Lycopod endophyte Western Canada (UA)

MZ091990 QU1336 Bryophyte Endophyte Eastern Canada (UA)

MZ091983 WB0444 Lichen-terricolous/muscicolous Western Canada (UA)

MZ091986 WB0119 Fern frond Western Canada (UA)

MZ091991 WB0871 Lycopod endophyte Western Canada (UA)

MZ091987 WB0633 Lichen-saxicolous Western Canada (UA)

MZ091989 WB0039 Lycopod endophyte Western Canada (UA)

MZ091984 WB0028_Lycopod endophyte Western Canada (UA)

MZ091985 DC3412 Lichen-saxicolous Southwestern USA (UA)

MZ448224 WB0115 Fern endophyte Western Canada (UA)

MZ091988 WB0810 Lycopod endophyte Western Canada (UA)

MW546604 Trichophaeopsis asturiensis LY_NV.2013.06.19 Spain TYPE (Van Vooren et al. 2021) 

MW546605 Trichophaeopsis bicuspis LY_NV.2012.05.0 France

Trichophaeopsis 

Anthracobia 3

Anthracobia 2

Anthracobia 1

sp. 1

sp. 2

Figure S22 
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Fig. S23 Phylogeny based on ITS sequences of Pyronemataceae (Ascorhizoctonia, Cupulina, 
Geopora, Lasiocupulina, Paratricharina, Pseudotricharina, Sepultariella, Tricharina, 
Tricharinopsis) and related endophytic and endolichenic fungi analyzed with Maximum 
Likelihood. The phylogram is a 50% majority rule tree with midpoint rooting and support based 
on 1000 bootstrap replicates. Bootstrap support ≥70% is shown above each node. GenBank 
accession number is given on the terminal preceding other available information (organism 
name, herbarium voucher accession number, collection, and country). Sequences from type 
specimens are indicated with “TYPE”. Sequences from ectomycorrhizas are designated with the 
abbreviation “ECM” preceded by host name if available. Terminals are color coded by their 
sequence source (fruitbody, black; endophytic or endolichenic, green; ectomycorrhiza, reddish-
brown; dead leaf, gray brown; orchid root, purple; soil, water, or insect, gray) and substrates for 
fruitbodies are color coded if they were collected on a burnt substrate  (orange). Endophyte and 
endolichenic sequences originating from the University of Arizona are indicated with “UA”. 
Endophyte and endolichenic sequences that are not from the UA database include a reference to 
the publication or thesis where they were obtained or are labeled with “GB” if they are 
unpublished and were obtained directly from GenBank (NCBI). Sequences from type specimens 
include the reference for the sequence. 



 

 

KF734996 Pinus endophyte Kashmir (Qadri et al. 2014)

JX978246 Angiosperm endophyte USA:Utah (Lamit et al. 2014)

FJ025263 Angiosperm endophyte China:Beijing (GB)

MF398839 Angiosperm endophyte Iran (GB)

MH425291 Endolichenic endophyte China (GB)

MT556696 Pinus endophyte Germany (Bußkamp et al. 2020)

MG762599 Orchid root associate Turkey 

JX298900 Lichen endophyte China: Jilin (GB)

AY546009 Pinus endophyte China (Wang et al. 2005)

MW047056 Angiosperm endophyte Israel (Penner and Sapir 2021)

KX641936 Angiosperm endophyte Canada (Scott 2016 thesis) 

KY364028 Tricharina cf. gilva burn associated Spain

MG098267 Pinus endophyte Germany (Bußkamp et al. 2020)

FJ788768 Orchid root associate South Africa

FJ788769 Orchid root associate South Africa

FJ788779 Orchid root associate South Africa

MH003426 Angiosperm endophyte Ecuador (Portero 2013 thesis)

FJ788773 Orchid root associate South Africa
FJ788761 Orchid root associate South Africa

MF347905 Pinus endophyte USA:Colorado (Albertson 2017 thesis)

HM122862 AZ0111 Conifer endophyte Southwestern USA (UA)
AY546011 Pinus endophyte China (Wang et al. 2005)

KP992048 YLH0067 Conifer endophyte USA:Arizona (UA)

HM122799 AZ0042 Bryophyte endophyte Southwestern USA (UA)

MG938770 Angiosperm endophyte China (Dissanayake et al. 2018)

KU728330 Angiosperm endophyte China (GB)
KU728267 Angiosperm endophyte China (GB)

AY546014 Pinus endophyte_China (Wang et al. 2005)

MH935053 Angiosperm endophyte Switzerland (Schlegel et al. 2018) 

HM123159 AZ0429 Lichen-saxicolous Southwestern USA (UA)

FJ025339 Angiosperm endophyte China:Beijing (GB)

MN534799 Angiosperm endophyte Jordan (Al-Khawaldeh et al. 2020)

FJ788776_Orchid root associate South Africa

KP991497 CM0067 Conifer endophyte Southwestern USA (UA)

KY364025 Tricharina gilva N.V. 2013.06.00 Spain

KY364026 Tricharina gilva U.L. 243 Spain

KY364027 Tricharina gilva N.V. 2011.08.05 France

KY364019 Tricharina gilva PC 0167813 France TYPE (Van Vooren et al. 2017)   

KY364020 Tricharina ochroleuca U.L. 191 Germany 

GQ153018 Juniperus endophyte DC2145 USA:Arizona (UA)

KP641147 Angiosperm endophyte Iran (Dolatabad et al. 2017)
KT024986 Conifer endophyte Iran (Pakvaz and Soltani 2016)

KJ598625 Cupressus endophyte Iran (Soltani and Hosseyni-Moghaddam 2015) 

KY364023 Tricharina striispora JA-CUSSTA 7799 Spain  
JQ836556 Tricharina striispora BCCM/MUCL 41297 Argentina

KT804076 Olive endophyte OT2-144 Portugal (Gomes et al. 2018)

KY364022 Tricharina aethiopica U.L. 148 Ethiopia TYPE (Van Vooren et al. 2017) 

JQ824126 Tricharina ochroleuca CBS 238.85 Norway TYPE (Stielow et al. 2013) 
JQ824125 Tricharina groenlandica CBS 237.85 Greenland TYPE (Stielow et al. 2013)

KY364024 Tricharina glabra MSTR P-19995 Germany TYPE (Van Vooren et al. 2017)  
KF871459 Oxytropis endophyte OK3F101HP China (GB) 

KR822155 Gymnosperm endophyte  ZC-W-2-2 China (GB) 

JQ824124 Tricharina hiemalis CBS 263.60 Greenland TYPE (Stielow et al. 2013)

MN385967 Tricharina gilva M.V. 180516-01 France

MN385968 Tricharina gilva N.V. 2017.06.17 Spain
MN385969 Tricharina gilva N.V.2017.04.10 Spain

MN385966 Tricharina gilva C.V.L. 190418 Spain

MN385970 Tricharina cf. gilva M.K. 2005-56 burn associated Japan 
MN385972 Tricharina gilva U.L. 241 Czech Republic

 MN385964 Tricharina gilva TRH 11443 Greenland

MN385971 Tricharina gilva TRH 6031 Norway

MN385979 Tricharina striispora M.V. 20140222-03 Spain  

MN385977 Tricharina sp Z.E. 54-18 South Africa

KF151200 Aa Orchid root associate Argentina
 MN385978 Tricharina sp C.V.L. 280518 Spain

MN385960 Tricharina japonica M.K. 2016-181 Japan
MN385961 Tricharina japonica M.O. 673 Japan

MN385962 Tricharina japonica R.D. 31.01.245.11 Switzerland
MN385990 Tricharina japonica CUP JA-000286 Japan TYPE (Van Vooren et al. 2017)      

MN385963 Tricharina japonica M.K. 2016.214 Japan 

MN385976 Tricharina indica BPI 571761 India TYPE (Van Vooren et al. 2019b)  

MN385975 Tricharina glabra G.J. C170 5778 Netherlands

KY364021 Tricharina hiemalis N.V.2011.08.14 France 
MN385974 Tricharina hiemalis C.V.L. 200718 Spain

MN385973 Tricharina hiemalis TRH 7821 Norway

U38581 Tricharina ascophanoides CSY-123 burn associated Norway  
KY928062 Tricharina HH-83/168 Switzerland

JN198476 Taxus branch Endophyte China (Wu et al. 2013)

JQ836558 Tricharina CBS 238.85 Norway Type of Peziza ochroleuca (GB) 

HQ449982 Vitex endophyte MJ34 China (Huang et al. 2011) 

AY634115 Epipactis orchid root associate Germany  

MN385965 Tricharina gilva U.L. 317 burn associated Portugal 

Tricharina 
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Tricharina indica
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Tricharina 
glabra
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Tricharina gilva species complex

HM123158 AZ0428 Lichen-saxicolous Southwestern USA (UA)

NR_160170 Tricharina gilva CBS236_85

Soil, water or insect

Endophyte or endolichenic

Orchid root 
Ectomycorrhiza

Fruitbody

Sequence Source

Fruitbody from burned site

Dead leaf

MZ448222 SO-04077-CHILE Lichen endophyte Chile (UA)

MZ448221 SO-04102-CHILE Lichen endophyte Chile (UA)

MZ448220 DC3841 Lichen-saxicolous Southwestern USA (UA)

AK1920 Bryophyte endophyte Alaska (UA)

 MZ448223 DC3858 Lichen saxicolous Southwestern USA (UA)

Tricharina sp.

Tricharina sp.
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MK842021 Pinus ECM USA:California

HM122913 AZ0161A Lichen-saxicolous USA:Arizona (UA)

HQ283093 Geopora cercocarpi USA:Oregon

HQ630377 Pinus ECM USA:Arizona
KF546490 ECM USA:Arizona

MT965695 Picoa juniperi ANK_Akata6991 Turkey 

NR_121491 Geopora cercocarpi USA:Oregon TYPE (Southworth and Frank 2011)

FM206392 Geopora tenuis Latvia:Sigulda

HM123052 AZ0309 Lichen-terricolous/muscicolous USA:Arizona (UA)

MT821176 Pezizaceae P12 Angiosperm endophyte Spain (GB)

HM123267 AZ0546 Lichen-terricolous/muscicolous USA:Arizona (UA)

HM122959 AZ0210 Lichen epiphytic USA:Arizona (UA)

FM206445 Geopora arenicola Estonia:Hiiu Co.

HM123700 AZ1055 Lichen-epiphytic USA:Arizona (UA)

MZ448213 DC3542 Lichen-saxicolous Southwestern USA (UA)

FJ788785 Pterygodium Orchid root associate South Africa

JX630934 Salix ECM Canada:Northwest Territories

MZ092001 AEA 10749 Lichen-terricolous/muscicolous Southwestern USA (UA)

FM206448 Geopora arenicola Russia:Shiryayevo

FM206400 Geopora tenuis Estonia:Jogeva Co.

MK841894 Pinus ECM USA:California

HM122857 AZ0104 Angiosperm dead leaf USA:Arizona (UA)

KF768653 Geopora pinyonensis USA:Arizona TYPE (Flores-Rentería et al. 2014)

HM122819 AZ0062 Lichen-saxicolous USA:Arizona (UA)

KU664004_Uncultured_AG142 bark beetle Ukraine 

MK841863 Pinus ECM USA:California

FJ788781 Pterygodium Orchid root associate South Africa

MZ448212 PC043 Lichen-saxicolous Southwestern USA (UA)

HM123036 AZ0289 Lichen-epiphytic USA:Arizona (UA)
GQ153011 DC2087 Angiosperm endophyte Southwestern USA (UA)

KP335356 SNP153 Angiosperm endophyte Southwestern USA (UA)

HM122986 AZ0238 bryophyte endophyte USA:Arizona (UA)

KP052784 Paratricharina poiraultii U.L. 179-14 Spain  
KP052788 Paratricharina poiraultii U.L. 178-14 Portugal 

KY364029 Paratricharina cf poiraultii U.L. 116 Spain 

KT861359 Pseudotricharina intermedia GK 6904 Greece 

KT861358 Pseudotricharina intermedia ST 25011493 Spain TYPE (Van Vooren et al. 2015) 

FJ788780 Pterygodium Orchid root associate South Africa
FJ788784 Pterygodium Orchid root associate South Africa

FJ788782 Pterygodium Orchid root associate South Africa

KY364033 Pseudotricharina lanigera FLAS MES2152 Argentina TYPE (Healy et al. 2017b)
KY364034 Pseudotricharina lanigera FLAS MES2065 Argentina

MN385984 Paratricharina poiraultii C.V.L. 120318 Spain

MN385983 Paratricharina sp. MSTR 19992 Germany

MN385989 Sepultaria herinkii PRM-772405 Czech Republic TYPE (Van Vooren et al. 2019b) 
MN385985 Tricharinopsis herinkii GC-17102501 France

Geopora

Pseudotricharina

Tricharinopsis

Paratricharina

JN812047 Geopora foliacea AH38936 Spain 
JN812048 Geopora foliacea AH38937 Spain 

JF908022 Geopora nicaeensis MCVE 14596 Italy
JQ724065 Salix ECM UU 3a I Sweden

JN812053 Geopora clausa AH39181 Spain 

JN812052 Geopora clausa AH39177 Spain 

JN812045 Geopora cooperi VK1783 Greece
JN812044 Geopora cooperi AH9065 Spain 

JF908024 Geopora sumneriana MCVE 16978 Italy

KJ188583 Neottia Orchid root associate LP34-Geol Russia 

AY702785 ECM TK1774A USA 

MN860070 Geopora sumneriana ISL99125
MN200944 Geopora sumneriana RS_18_1000

Undetermined 
Pyronemataceae 5

MK359188 Geopora cooperi OSC79808

HQ184961 Geopora BS-2010 1082IICV_frb2

FM206432 Geopora sepulta

HQ625477 Cistus ECM LB-8bI

KC965881 from soil USA: Howe Island, AK

KC840620 Picea ECM MBN0213_11 Canada

MK359182 Geopora cooperi f. gilkeyae MICH00071413

MK359183 Geopora cooperi f. cooperi MICH00071414

MK359184 Geopora cooperi OSC80446

EU795365 Salix ECM Poland

MK359172 Geopora cooperi MICH00067846

MK359180 Geopora cooperi f. cooperi MICH00067851

AY351625 Epipactis roots

FM206431 Geopora sepulta

AY634112 Epipactis roots

LC013719 Populus ECM China:Shaanxi Province

EU195343 Epipactis roots Estonia

GU205118_Cercocarpus ECM_CC02_16

AJ410865 Pinus ECM France

MK359178 Geopora cooperi f. gilkeyae MICH00026484

MK359196 Geopora cooperi OSC56168

HQ184960 Geopora BS-2010 1082IICV_frb1

MK359175 Geopora cooperi f. gilkeyae MICH00026471

MT483600_Geopora_sepulta_MO200151

MK359195 Geopora cooperi OSC127012

MK359181 Geopora cooperi f. gilkeyae MICH00071412

MK359177 Geopora cooperi f. gilkeyae MICH00026478

FJ013067 ECM postfire OTO-41a

JQ393126_Arbutus ECM_4_39P8

Undetermined 
Pyronemataceae 7
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MZ091995 DC3902 Lichen-saxicolous Southwestern USA (UA)

JN704828 Pinus ECM Mexico

DQ069008 Pinus ECM Lithuania

MZ091548 WB1238 Lichen-terricolous Western Canada (UA)

MG274187 Quercus ECM Spain

JQ409292 Populus ECM France: Orleans

HM122872_ARIZ_AZ0121 Lichen-epiphytic USA:Arizona (UA)

HM545741 Pinus ECM Italy

KY322521 Pinus ECM Montenegro

GU452518 Pseudotsuga ECM Canada:British Columbia

JX630803 Dryas ECM Canada:Nunavut

EU562601 Simb21C Pinus ECM Argentina

KM247674ECM France

EF484931 Pinus ECM Spain

JQ759658 AK1333 Lichen-saxicolous USA:Alaska (UA)

DQ069010Pinus ECM Lithuania

JX198543_Trichophaea_1_UT4_4 ECM USA

JN704826 ECM Mexico

JX630543 Dryas ECM Canada:Northwest Territories

MZ092000 DC3263 Lichen-saxicolous Southwestern USA (UA)

FJ013060 Pinus ECM burn associated Spain 

MZ091546 PC098 Lichen-saxicolous Southwestern USA (UA)

MZ091996 PC035 Lichen-saxicolous Southwestern USA (UA)

JX898965 Pinus ECM USA:Hawaii

MT236513_irrigation water Lithuania

AY587740 ECM USA:California

HM123569_ARIZ_AZ0886 Lichen-saxicolous USA:Arizona (UA)

JQ409293Populus ECM France

FR852318 ECM Iran

JQ409294 Populus ECM France: Orleans

KU245949 Pinus ECM Mexico

MF186833 ECM USA:California

AJ410863 Pinus ECM_France:Languedoc Roussillon

MZ091998 DC3673 Lichen-saxicolous Southwestern USA (UA)

EU557319 Simb67s21C Pinus ECM Argentina

MZ091547 WB0046 lycopod endophyte Western Canada (UA)

MZ091999 DC2353 conifer endophyte Southwestern USA (UA)

DQ508802 Picea ECM_Poland

FJ210746 ECM Italy: Ferrara

MT236609 Irrigation water Lithuania

MZ091997 DC3617 Lichen-saxicolous Southwestern USA (UA)

HE687090 ECM Iran

HM036637 Pinus ECM Lithuania

EU649088 Pinus ECM USA:California

DQ069013 Picea ECM Lithuania

MG273978 Quercus ECM Spain

HM123089 ARIZ AZ0347 Lichen-terricolous/muscicolous USA:Arizona (UA)

DQ320132 Picea ECM Lithuania

MN653022 Sepultariella RH1343 USA:Minnesota

MK23828 Pezizales LY:N.V. 2018.07.01 Albania

JX630802 Dryas ECM Canada:Nunavut

KT314854 Pseudotsuga ECM Canada:Southern British Columbia

HG426013 Pinus ECM Czech Republic:Central Bohemia

JQ393124 ECM USA:California

GU181851 Larix ECM Italy

JQ976017 Pinus ECM burn associated Spain 

JQ759223 AK0832 Lichen-terricolous USA:Alaska (UA)

MF352743 Pinus ECM UK

HM044534 Larix ECM Italy

AY310830 ECM USA:California

MG274184 Quercus ECM Spain

KF061020 Picea ECM Canada:Quebec

MW214722_soil Lithuania

KU245947 Pinus ECM Mexico
KU245948 Pinus ECM Mexico

GQ985430 Pinus ECM China

MG274190 Quercus ECM Spain

MW215637_Uncultured_3993_1790 soil Lithuania

MG273984 Quercus ECM Spain

EU726302 Pinus ECM USA:California

JQ824884 Populus ECM France

JX630801 Salix ECM Canada:Northwest Territories

JQ393125 ECM USA:Oregon

JQ917867 Picea ECM North America

GU181861 Larix ECM Italy

JQ824120 Ascorhizoctonia praecox burn associated Germany: Holzkirchen 

DQ822806 ECM California

HG426005 Salix ECM Czech Republic:Central Bohemia

KY364041 S. semi-immersa U.L. 181 Ethiopia 

KY364036 S. semi-immersa  R.D. 25.09.227.98 Switzerland 

KY364040 S. semi-immersa NV 2006.09.27 burn associated France 

KY364042 S. patavina Georgia
KY364043 S. patavina R.D. 15.50.227.91 Switzerland

KY364044 S. patavina M.V. 20131018-4 Germany

KY364045 S. patavina NV 2011.09.18 France

KY364038 S. semi-immersa M.V. 20130928-3 Germany 

MN385987 S. semi-immersa M.V. 20140222-11 Spain  

KY364037 S. semi-immersa NV-2013-11-17 Portugal  

MN385988 Sepultariella sp. M.V. 20140124-06 Portugal 

KY364046 Cupulina ascophanoides NV 2014.06.07 France

KY365049 Cupulina ascophanoides NV 2006.08.24 France

KY364050 Cupulina ascophanoides NV 2007.07.30 France
KY364048 C. montana NV 2011.09.04 France

KY364047 C. montana G 00262366 Switzerland TYPE (Van Vooren et al. 2017) 

KY928063 Cupulina ascophanoides UL131 Slovakia

KY928064 Cupulina ascophanoides UL192 Norway

MN385980 Lasiocupulina mediterranea M.V. 180702-01 Albania TYPE (Van Vooren et al. 2019b) 

KY364031 Ascorhizoctonia praecox NV 2016.03.01 France

KY364032 Ascorhizoctonia praecox R.D. 15.06.245.91 burn associated Switzerland 

KY364030 Ascorhizoctonia praecox U.L. 100 burn associated Spain 

JQ836559 Ascorhizoctonia praecox CBS 240.85 burn associated Norway TYPE (GB)  

GQ153065 living leaf conifer endophyte ARIZ AEA 11056 USA:Arizona (UA)

JQ824122 Ascorhizoctonia gilva M 0178315 Germany 

MN385982 Ascorhizoctonia praecox MK 2013-30 burn associated Japan 

MN385981 Tricharina praecox var. intermedia CUP-61648 burn associated Canada TYPE (Van Vooren et al. 2019b) 

Sepultariella

Cupulina

Lasiocupulina

Ascorhizoctonia 
praecox
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Sepultariella AM_AR17_015

JQ759150 AK0747 Lichen-saxicolous USA:Alaska (UA)
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Fig. S24 Phylogeny based on ITS sequences of Pyronemataceae (Lasiobolidium pro parte1) and 
related endophytic and endolichenic fungi analyzed with Maximum Likelihood. The phylogram 
is a 50% majority rule tree with midpoint rooting and support based on 1000 bootstrap replicates. 
Bootstrap support ≥70% is shown above each node. Taxa detected as endophytes are highlighted 
in green and the legend for other colors is shown in the upper lefthand corner. Details such as 
GenBank accession numbers, sources of sequences, locality data and type status are noted on 
each terminal. GenBank accession number is given on the terminal preceding other available 
information (organism name, herbarium voucher accession number, collection, and country). 
Sequences from type specimens are indicated with “TYPE”. Terminals are color coded by their 
sequence source (fruitbody, black; endophytic and endolichenic, green; soil, gray). Endophyte 
and endolichenic sequences originating from the University of Arizona are indicated with “UA”. 
Endophyte and endolichenic sequences that are not from the UA database include a reference to 
the publication where they were obtained. Sequences from type specimens include the reference 
for the sequence.  
1“Lasiobolidium pro parte” refers to the fact that Lasiobolidium is currently paraphyletic. The 
Lasiobolidium represented in this tree is correctly named because it contains the type species as 
demonstrated by a sequence from the type specimen. Another entity named “Lasiobolidium” is 
treated in the Pseudombrophilaceae. 
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MW546586 Lasiobolidium parvisporum ERD 7668 Spain

MW546589 Lasiobolidium spirale TRTC_41942_USA TYPE (Van Vooren et al. 2021)

MW546588 Lasiobolidium spirale TRTC_41596_USA TYPE (Van Vooren et al. 2021)

MW546585 Lasiobolidium coprophilum JA_CUSSTA 9525 Spain 

MW546584 Lasiobolidium coprophilum MAAS_RB_01127 Netherlands TYPE (Van Vooren et al. 2021)

MW546587 Lasiobolidium trachysporum LY:NV.2019.04.14 Spain TYPE (Van Vooren et al. 2021)
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KX194102 Uncultured 1681 soil USA:Illinois

MW164517 Uncultured saf F1888 soil Italy

MW164387 Uncultured saf F1758 soil Italy

KX195706 Uncultured 3285 soil USA:Illinois

HM123612 AZ0935 conifer endophyte Southwestern USA (UA)

KX194181 Uncultured 1760 soil USA:Illinois

MW164369 Uncultured saf F1740 soil Italy

MF186876 FO5 Angiosperm endophyte Iran (Tazik et al. 2020)

KP991751 FF175 Angiosperm endophyte USA:Arizona (UA)

MZ091692 LG1359 Angiosperm endophyte Southwestern USA (UA)

KX192925 Uncultured 504 soil USA:Illinois
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Fig. S25 Phylogeny based on ITS sequences of Pyronemataceae (Perilachnea) and related 
endophytic and endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 
50% majority rule tree with midpoint rooting and support based on 1000 bootstrap replicates. 
Bootstrap support ≥70% is shown above each node. GenBank accession number is given on the 
terminal preceding other available information (organism name, herbarium voucher accession 
number, collection, and country). Sequences from type specimens are indicated with “TYPE”. 
Terminals are color coded by their sequence source (fruitbody, black; endophytic and 
endolichenic, green; dead leaf, gray brown), and substrates for fruitbodies are color coded if they 
were collected on a burnt substrate  (orange). Endophyte and endolichenic sequences originating 
from the University of Arizona are indicated with “UA”. Endophyte and endolichenic sequences 
that are not from the UA database include a reference to the publication where they were 
obtained. Sequences from type specimens include the reference for the sequence. 
	



 

	

HM123354 AZ0636 Lichen-epiphytic USA:Alaska (UA)

KJ508298 Moss endophyte JMUR 201 MTL0094 USA:Arizona (UA)

GQ153212 11288 Conifer endophyte Southwestern USA (UA)

JQ759604 Bryophyte endophyte_AK1265 USA:Alaska (UA)

JQ758549 AK0046 Bryophyte endophyte USA:Alaska (UA)

HM123250 AZ0528 Lichen-epiphytic USA:Arizona (UA)

HM123170 AZ0443A Angiosperm dead leaf endophyte USA:Arizona (UA)

HM123599 AZ0921 Lichen-epiphytic USA:Arizona (UA)

HM123457 AZ0754 Lichen-epiphytic USA:Arizona (UA)

KP991500 CM0070 conifer leaf endophyte USA:Arizona (UA)

HM123641 AZ0973 Lichen-saxicolous USA:Arizona (UA)

HM123245 AZ0523 Lichen-epiphytic USA:Arizona (UA)

JQ758738 AK0265 Angiosperm endophyte USA:Alaska (UA) 

KM215630 milk thistle stem endophyte G78 (Raja et al. 2015)

HM123511 AZ0815 Lichen-epiphytic USA:Arizona (UA)

JQ759059 AK0636 Lichen-saxicolous USA:Alaska (UA)

JX978248 NLEndoHerit 019 2008N3 19 2Ge Populus endophyte USA:Utah (Lamit et al. 2014)

HM123359 AZ0641 Lichen-saxicolous USA:Arizona (UA)

HM123308 AZ0591 Lichen-epiphytic Southwestern USA (UA)

HM123419 AZ0708 Lichen-epiphytic USA:Arizona (UA)

KP991498 Conifer endophyte CM0068 USA:Arizona (UA)

KP335283 SNP078 Angiosperm stem endophyte Southwestern USA (UA)

LC431568 MYA0701 endolichenic Japan: Nagano (Yoshino et al 2020)

HM123215 AZ0489 Lichen-epiphytic USA:Arizona (UA)

HM123268 AZ0548 Lichen-epiphytic Southwestern USA (UA)

JQ759138 Lichen-saxicolous AK0734 USA:Alaska (UA)

HM123409 AZ0696 Lichen-epiphytic Southwestern USA (UA)

JQ759148 AK0745 Lichen-saxicolous USA:Alaska (UA)

HM123393 ARIZ AZ0679 Lichen-saxicolous USA:Arizona (UA)

AF351582 Trichophaea hybrida (NSW 7162) burn associate USA:Oregon

HM123421 AZ0711 Lichen-saxicolous Southwestern USA (UA)

JQ759166 AK0765 Lichen-terricolous USA:Alaska (UA)

HM123025 AZ0277 Lichen-epiphytic USA:Arizona (UA)

HM123273 AZ0554 Lichen-epiphytic USA:Arizona (UA)

HM123503_AZ0806 Lichen-epiphytic USA:Arizona (UA)

HM123311 ARIZ AZ0594 Lichen-epiphytic USA:Arizona (UA)

GQ153031 DC2408 Angiosperm endophyte Southwestern USA (UA)

JQ759853 AK1568 Lichen-saxicolous USA:Alaska (UA)

JQ759035 Lichen-terricolous/muscicolous_AK0605 USA:Alaska (UA)

JQ758571 AK0071 Angiosperm endophyte USA:Alaska (UA)

HM123338 AZ0620 Lichen-saxicolous USA:Arizona (UA)

HM123441 AZ0734 Lichen-epiphytic USA:Arizona (UA)

JQ758991 Pezizomycetes AK0553 Lichen-saxicolous USA:Alaska (UA)

HM123380 ARIZ AZ0665 Lichen-saxicolous USA:Arizona (UA)

MH844567 Trichophaea hemisphaerioides SH08081609 Ukraine

JX298920 M47 XS 2012 lichen endophyte China: Jilin (GB) 

HM123261 AZ0539  Lichen-saxicolous USA:Arizona (UA)

HM123514 AZ0819 Lichen-saxicolous Southwestern USA (UA)

HM123280 AZ0563 Lichen-epiphytic USA:Arizona (UA)

KP991515 ARIZ CM0085 conifer endophyte Southwestern USA (UA)

HM122834 AZ0080 Lichen-saxicolous USA:Arizona (UA)

HM123164 ARIZ AZ0434 Lichen-epiphytic USA:Arizona (UA)

HM123244 ARIZ_AZ0522 Lichen-epiphytic Southwestern USA (UA)

HM123316 AZ0599 Lichen-saxicolous USA:Arizona (UA)

HM123306 AZ0589 endolichenic USA:Arizona (UA)

KP991495 ARIZ CM0065 Conifer leaf endophyte (UA)

HM123300 AZ0583 Lichen-epiphytic USA:Arizona (UA)

HM123230 AZ0506 Lichen-epiphytic USA:Arizona (UA)

JQ759648 Lichen-terricolous_AK1314 USA:Alaska (UA)

MZ091724 AK3871 Lichen-terricolous USA:Alaska (UA)

MZ448208 WB1049 Lichen-terricolous/muscicolous Western Canada (UA) 

MZ091751 WB1318 Lichen-terricolous/muscicolous Western Canada (UA)

MZ091767 WB1312 Lichen-terricolous/muscicolous Western Canada (UA)

MZ091772 IL0720 Lichen-terricolous North-central USA (UA)

MZ091726 AK2209 Conifer endophyte USA Alaska (UA)

MZ091722 AK2597 Lichen-saxicolous USA:Alaska (UA)

MZ091744 WB0070 Fern endophyte Western Canada (UA)

MZ091738 WB0173 Bryophyte endophyte Western Canada (UA) 

MZ091747 WB0031 Lycopod endophyte Western Canada (UA)

MZ091717 AK3873 Lichen-terricolous USA:Alaska (UA)

MZ091775 WB0154 Bryophyte Endophyte Western Canada (UA)

MZ091766 RU0156 Lichen-saxicolous Central Russia (UA)

MZ091749 WB1687 Lichen-terricolous/muscicolous Western Canada (UA)

MZ091759 RU0913 Lichen-epiphytic Central Russia (UA)

MZ091730 WB1605 Lichen-saxicolous Western Canada (UA)

MZ091755 RU0368 Lichen-terricolous/muscicolous Central Russia (UA)

MZ091776 WB0167 Bryophyte endophyte Western Canada (UA)

MZ091753 WB1162 Lichen-terricolous Western Canada (UA)

MZ091760 RU0674 Bryophyte endophyte Central Russia (UA)

MZ091733 PC123 Lichen-saxicolous Southwestern USA (UA)

MZ091765 RU1075 Lichen-saxicolous Central Russia (UA)

MZ091739 AK1999 Angiosperm endophyte USA:Alaska (UA)

MZ091769 WB1545 Lichen-terricolous/muscicolous Western Canada (UA)

MZ091723 WB1277 Lichen-terricolous Western Canada (UA) 

MZ091737 AK2350 Lichen-terricolous USA:Alaska (UA)

MZ091718 AK4038 Lichen-terricolous USA:Alaska (UA)

MZ091736 AZ0701 Lichen-saxicolous USA:Arizona (UA)

MZ091752 WB1249 Lichen-terricolous Western Canada (UA)

MZ091758 RU0953 Lichen-terricolous Central Russia (UA)

MZ091715 FQ10884 Lichen-saxicolous Southwesten USA (UA)

MZ091727 WB1503 Lichen-terricolous Western Canada (UA)

MZ091719 LG0145 Lichen-epiphytic Southwestern USA (UA)

MZ091754 WB1421 Lichen-epiphytic Western Canada (UA)

MZ091764 WB0608 Lichen-saxicolous Western Canada (UA)

MZ091773 PC071 Lichen-saxicolous Southwestern USA (UA)

MZ091716 LG0121 Lichen-epiphytic Southwestern USA (UA)

MZ091714 IL0920 Lichen-epiphytic North-central USA (UA)

MZ091761 RU1072 Lichen-saxicolous Central Russia (UA)

MZ091757 RU0064 Lichen-epiphytic Central Russia (UA)

MZ091756 RU0152 Lichen-saxicolous Central Russia (UA)

MZ091748 WB0983 Lichen-terricolous Western Canada (UA)

MZ091768 WB1362 Lichen-terricolous Western Canada (UA)

MZ091745 WB1511 Lichen-terricolous Western Canada (UA)

MZ091746 RU0371 Lichen-terricolous/muscicolous Central Russia (UA)

MZ091734 SO-04739-CHILE Endolichenic Chile (UA)

MZ091774 PC113 Lichen-saxicolous Southwestern USA (UA)

MZ091763 RU0753 Angiosperm endophyte Central Russia (UA)

MZ091732 LG0141 Lichen-epiphytic Southwestern USA (UA)

MZ091750 WB0405 Lichen-saxicolous Western Canada (UA)

MZ091762 WB1068 Lichen-terricolous/muscicolous Western Canada (UA)

MZ091725 AK1918 Bryophyte endophyte USA:Alaska (UA)

MZ091771 DC4047 Lichen-saxicolous Southwestern USA (UA)

MZ091729 DC4018 Lichen-saxicolous Southwestern USA (UA) 

MZ091770 DC4026 Lichen-saxicolous Southwestern USA (UA)

MZ091728 WB0751 Bryophyte endophyte Western Canada (UA)

MZ091720 FQ10933 Lichen-saxicolous Southwestern USA (UA)

MZ091731 AK2718 Lichen-terricolous USA:Alaska (UA)

MZ091735 WB0485 Lichen-saxicolous Western Canada (UA)

MZ091721 AEA 10748 Lichen-terricolous/muscicolous Southwestern USA (UA)

MW546590 Perilachnea hemisphaerioides LY:NV.2010.07.02 on burnt soil France 

MW546592 Perilachnea hemisphaerioides ERD 4327 on burnt soil Spain

MW546591 Perilachnea hemisphaerioides LY:NV.2014.06.12 on burnt soil France

HM123685 AZ1031 Lichen-epiphytic Southwestern USA (UA)

KY024697 Trichophaea flavobrunnea France: Saint Clement des Baleines

KY024696 Trichophaea flavobrunnea Montenegro
MW546594 Perilachnea flavobrunnea TUR A-208916 Hungary

MW546593 Perilachnea cf. flavobrunnea TUR A-208921 Italy
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MZ091741 AK1940 Bryophyte endophyte USA:Alaska (UA)

MZ091740 WB1768 Lichen-saxicolous Western Canada (UA)
MZ091742 WB0850 Bryophyte endophyte Western Canada (UA)

MZ091743 WB1077 Lichen-saxicolous Western Canada (UA)

MW546595 Perilachnea ochraceoflava TUR A-208917 Italy TYPE (Van Vooren et al. 2021)

Endophyte or endolichenic
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Fig. S26 Phylogeny based on ITS sequences of Pyronemataceae (Jafnea, Pyropyxis, Smardaea) 
and related endophytic and endolichenic fungi analyzed with Maximum Likelihood. The 
phylogram is a 50% majority rule tree with midpoint rooting and support based on 1000 
bootstrap replicates. Bootstrap support ≥70% is shown above each node. GenBank accession 
number is given on the terminal preceding other available information (organism name, 
herbarium voucher accession number, collection, and country). Terminals are color coded by 
their sequence source (fruitbody, black; endophytic or endolichenic, green; dead leaf, gray 
brown; undetermined environmental source, gray). Endophyte and endolichenic sequences 
originating from the University of Arizona are indicated with “UA”. Endophyte and endolichenic 
sequences that are not from the UA database include a reference to the publication or dissertation 
where they were obtained. Sequences from type specimens include the reference for the 
sequence. 



 

 
	
	
	
	
	
	
	
	
	

KY067465 Smardaea australis PSC4080 Australia

HM122933 AZ0183 Lichen-epiphytic Southwestern USA (UA)

HM123568 AZ0883 Lichen-saxicolous Southwestern USA (UA)

HM123213 AZ0487 Lichen-epiphytic Southwestern USA (UA)

KT264534 AM258-P5T2T-2 Conifer endophyte USA:New Mexico (GB)

HM123448 AZ0741 Lichen-terricolous/muscicolous Southwestern USA (UA)

HM123065 AZ0320 Bryophyte endophyte Southwestern USA (UA)

FJ025219 Micronematobotrys verrucosus E3-2181 China:Beijing (Sun and Guo 2010)

HM123163 AZ0433 Lichen-epiphytic Southwestern USA (UA) 

GQ153016 DC2142 Angiosperm endophyte Southwestern USA (UA)

MK564580 Pezizomycetes MycoMap6953 USA:Indiana

KP992088 YLH0116 Conifer endophyte Southwestern USA (UA)

KJ508329 947 JMUR-2014 ML0132 Endolichenic Southwestern USA (UA)

MZ091979 DC2199 Conifer endophyte Southwestern USA (UA)

KP991994 YLH0012 Conifer endophyte Southwestern USA (UA)

KP991502 CM0072 Conifer endophyte Southwestern USA (UA)

KP992019 YLH0038 Conifer endophyte USA:Arizona (UA)      

GQ153026 DC2179 Angiosperm endophyte Southwestern USA (UA)

HM123038 AZ0291 Lichen-saxicolous Southwestern USA (UA)

KP991493 CM0063 Conifer endophyte Southwestern USA (UA)

MZ091980 DC3623 Angiosperm endophyte Southwestern USA (UA)

KP335342 SNP137 Angiosperm endophyte Southwestern USA (UA)

KT264736 JR088-JET1T Conifer endophyte USA:New Mexico (GB)

HM123330 AZ0613B Lichen-epiphytic Southwestern USA (UA)

KP992082 YLH0110 Conifer endophyte USA:Arizona (UA)
HM123520 AZ0831 Endolichenic Southwestern USA (UA)

MZ091976 PC062 Lichen-saxicolous Southwestern USA (UA)
KP991839 SR0063 Conifer endophyte Southwestern USA (UA)

MK025558 Smardaea ovalispora Italy:Brandisi

KY067463 Smardaea australis PSC4043 Australia

MT373918 Jafnea semitosta ISC 443551 USA:Iowa

HM123394 AZ0680 Lichen-saxicolous Southwestern USA (UA)

KP991998 YLH0016 Conifer endophyte Southwestern USA (UA) 

HM123192 AZ0465 Conifer dead leaf Southwestern USA (UA)

HM123453 AZ0749 endolichenic USA:Arizona (UA)

HM122788 AZ0031 Conifer dead leaf Southwestern USA (UA)

KY067464 Smardaea australis PSC4079 Australia TYPE (Catcheside et al. 2017)

HM123387 AZ0673 Lichen-saxicolous Southwestern USA (UA)

MK025556 Smardaea planchonis Italy:Brandisi

MK025557 Smardaea verrucispora Italy:Roma

KP992035 YLH0054 Conifer endophyte Southwestern USA (UA)

MZ091975 LG1370 Angiosperm endophyte Southwestern USA (UA)

GQ153024 DC2168 Angiosperm endophyte Southwestern USA (UA)

HM123424 AZ0714 Endolichenic USA:Arizona (UA) 

HM123423 AZ0713 Lichen-terricolous/muscicolous Southwestern USA (UA)

FJ025220 Micronematobotrys verrucosus China:Beijing (Sun and Guo 2010)

MZ448219 MTL0132 Lichen-terricolous/muscicolous Southwestern USA (UA)

HM123086 AZ0344 Conifer dead leaf Southwestern USA (UA)
HM123026 AZ0278 Lichen-epiphytic Southwestern USA (UA)

GQ153002 DC2025 Angiosperm endophyte Southwestern USA (UA)

HM123153 AZ0423 Lichen-epiphytic Southwestern USA (UA)

HM123191 AZ0464 Conifer dead needle USA:Arizona (UA)

HM122801 AZ0044 Bryophyte endophyte Southwestern USA (UA)

KP335227 SNP021 Angiosperm endophyte Southwestern USA (UA)

HM123366 AZ0649 Lichen-saxicolous Southwestern USA (UA)

HM123252 AZ0530 Bryophyte endophyte Southwestern USA (UA)

HM123412 AZ0699 Lichen-epiphytic Southwestern USA (UA)

HM123536 AZ0847 Lichen-epiphytic Southwestern USA (UA)

HM123190 AZ0463 Conifer dead needles Southwestern USA (UA)

MG760862 EAB089 Conifer endophyte Southwestern USA (UA)

MZ091978 DC2211 Conifer endophyte Southwestern USA (UA)
EU908690 Micronematobotrys verrucosus O15-2161 China:Beijing (Sun and Guo 2010)

HM123296 AZ0579 Lichen-epiphytic Southwestern USA (UA)
HM123449 AZ0744 Lichen-epiphytic Southwestern USA (UA)

MK018713_OTU550 Sorghum environment USA:California

HM123034 AZ0287A Conifer dead leaf Southwestern USA (UA)

KP991688 FF105 Angiosperm endophyte USA:Arizona (UA)
KP991690 FF107 Conifer endophyte USA:Arizona (UA)

GQ153017 DC2143 Angiosperm endophyte Southwestern USA (UA)

GQ153181 11240 Conifer endophyte Southwestern USA (UA)

GQ153022 DC2160 Angiosperm endophyte Southwestern USA (UA)

HM123122 AZ0383 Lichen-epiphytic Southwestern USA (UA)

KP991683 FF100 Angiosperm endophyte Southwestern USA (UA)

KP991851 SR0075 Conifer endophyte Southwestern USA (UA)

HM123197 AZ0470 Lichen-saxicolous Southwestern USA (UA)

HM123452 AZ0748 Lichen-saxicolous Southwestern USA (UA)

MZ091977 DC2347 Conifer endophyte Southwestern USA (UA)

Endophyte or endolichenic
Fruitbody

Sequence Source
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MZ448217 IL0016 Lichen-epiphytic North Central USA (UA)

KF128875 Smardaea GS5_1_5 (Mapperson 2014 Dissertation) 

MZ448218 WB0166 Bryophyte endophyte Western Canada (UA)
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Fig. S27 Phylogeny based on ITS sequences of Pyronemataceae (Bactridium, Miladina, 
Ramsbottomia, Scutellinia, Sphaerosporium) and related endophytic and endolichenic fungi 
analyzed with Maximum Likelihood. The phylogram is a 50% majority rule tree with midpoint 
rooting and support based on 1000 bootstrap replicates. Bootstrap support ≥70% is shown above 
each node. GenBank accession number is given on the terminal preceding other available 
information (organism name, herbarium voucher accession number, collection, and country). 
Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green; asexual spore mat, blue; soil, gray) and substrates for spore mats are color 
coded if they were collected on a burnt substrate  (orange).  Endophyte and endolichenic 
sequences originating from the University of Arizona are indicated with “UA”. Endophyte and 
endolichenic sequences that are not from the UA database include a reference to the publication 
where they were obtained. 



 

	

MT386355 Scutellinia RH1404 USA:Minnesota

AY220800 Scutellinia crinita no locality or paper

MT386346 Scutellinia RH1468 FLAS-F-64141 USA:Iowa

MZ091973 IL0589 Lichen-saxicolous North-central USA (UA)

JF908722 Scutellinia ampullacea Italy

JF908712 Scutellinia legaliae Italy

AY220817 Scutellinia superba no locality no paper

MN653018 Scutellinia RH1933 FLAS-F-61416 USA:Georgia

AY220826 Scutellinia subhirtella no locality no paper

FJ378722 Angiosperm endophyte eastern Himalaya (Gao and Yang 2010)

AY220828 Scutellinia colensoi no locality no paper

MH930303_Scutellinia_MES-2973 FLAS-F-65523 Chile:Los Lagos

AF072091 Scutellinia scutellata NSW 7387 Pacific Northwest?

JF908720 Scutellinia patagonica Italy

MT386343 Bactridium RH2043 FLAS-F-64033 USA:Iowa 
MZ457215 Bactridium flavum FLAS-F-66571 France

AY220832 Scutellinia colensoi no locality no paper

MT386358 Scutellinia_FLAS-F-62665 USA:Florida

AY220822 Scutellinia no locality no paper

JF908715 Scutellinia subhirtella Italy

AY220808 Scutellinia nigrohirtula no locality or paper

MN752431 Scutellinia crinita CU7-F6 USA:Arkansas

JF908713 Scutellinia hirta Italy

MN749372 Sphaerosporium lignatile USA:Wisconsin

MN653012 RH1901 FLAS-F-61386 USA:Georgia

AY220794 Scutellinia crinita no locality or paper

JF908714 Scutellinia barlae Italy

MT386361 FLAS-F-64593_Scutellinia USA:Colorado
KY462576_Scutellinia_sp_MES-1826 Chile:Puyehue National Park

MT386362 Scutelliinia MO365966 FLAS-F-65568 USA:Ohio

MT386367 MES-3216 Sphaerosporium FLAS-F-63838 Belize

MT386350 Scutellinia FLAS-F-64144 USA:Iowa

AY220830 Scutellinia colensoi no locality no paper

AY220824 Scutellinia subhirtella no locality no paper

AY220797 Scutellinia crinita MCKU_020701-15 no locality or paper

MT386342 MES-3017 Bactridium FLAS-F-62911 USA:Tennessee

MT386356 FLAS-F-63926 Scutellinia USA:Minnesota

MT386351 Scutellinia RH1443 FLAS-F-64138 USA:Iowa 

AY220813 Scutellinia scutellata no locality no paper

AY220796 Scutellinia crinita MCKU_020603-01 no locality or paper

AJ875384_Angiosperm associate Germany:Lake Constance

KU556557 Scutellinia soil Canada:New Brunswick

MZ091972 ER2573 Bryophyte endophyte Eastern Russia (UA)

MT386370 RH1776 Sphaerosporium FLAS-F-60064 USA:Florida

MT386341 Bactridium RH2000 FLAS-F-62040 USA:New York

JF908718 Scutellinia vitreola 16090 Italy

FJ235141 Scutellinia scutellata USA:Oregon

AY220842 Scutellinia MCKU 020829-14 no locality no paper

AY220841 Scutellinia no locality no paper

AY220825 Scutellinia subhirtella MCKU 020607-01 no locality no paper

AY220792 Scutellinia crinita no locality or paper

KY462643 MES-2027 Argentina:Nahuel Huapi National Park

JX630686 Angiosperm root endophyte (as ECM) USA:Alaska (Timling et al. 2012)

AY220801 Scutellinia crinita no locality or paper

KJ619951 Scutellinia cejpii Karen Hansen Sweden

MT386371 Sphaerosporium lignatile RH1992 FLAS-F-62612 USA:NY

MT386357 Scutellinia FLAS-F-63922 USA:Minnesota

JF908717 Scutellinia crinita Italy
MT386364 Scutellinia FLAS-F-63299 USA:Washington

MF230412Scutellinia iNaturalist 2707580 USA:California
MZ091974 WB1018 Lichen-terricolous Western Canada (UA)

MT386368 CT4305 Sphaerosporium FLAS-F-62905 USA:Florida

MT386349 Scutellinia DNA1550 FLAS-F-64143 USA:Iowa

MZ150405 Scutellinia RH1446 FLAS-F-64140 USA:Iowa

MZ150407 Sphaerosporium FLAS-F-62712 USA:Florida

AY220843 Scutellinia no locality no paper

MT386373 Sphaerosporium lignatile MO365518 USA:Ohio

MT386352 Scutellinia FLAS-F-64139 USA:Iowa

MT386347 Scutellinia_RH1469 USA:Iowa

KU556583 Scutellinia soil Canada:New Brunswick

MT156530 MES-3169_Scutellinia FLAS-F-64135 Belize 

AY220816 Scutellinia superba no locality no paper

JF908716 Scutellinia kerguelensis Italy

MT386345 Scutellinia RH1616 FLAS-F-65564 USA:Minnesota

KR673635 Scutellinia hirta South Korea

MH142016 Scutellinia nigrohirtula 420526MF0257 China:Hubei

MT386360 Scutellinia_RH1210 USA:Minnesota

KR673575 Scutellinia South Korea

AY220823 Scutellinia no locality no paper

MK351710 Scutellinia KA17-0623 Kyrgyzstan

AY220802 Scutellinia crinita no locality or paper

MT386366 FLAS-F-64198 Scutellinia MO397876 USA:Ohio

KJ473495 Scutellinia cejpii Italy

MT386369 Sphaerosporium FLAS-F-61694 USA:Florida

JQ346813 Angiosperm root endophyte Southwest China (Gao and Yang 2016)

AY220827 Scutellinia subhirtella no locality no paper

MT386365 Scutellinia RH2042 FLAS-F-65570 USA:Iowa

AY220799 Scutellinia crinita no locality or paper

KR673478 Scutellinia South Korea

MT386372 Sphaerosporium lignatile FLAS-F-62948 USA:IA

AY220814 Scutellinia scutellata no locality no paper

AY220829 Scutellinia colensoi no locality no paper

MH930244_Scutellinia_marginata_MES-2556 FLAS-F-65157 Chile:Magellanes

MZ150373 Bactridium flavum FLAS-F-66570 France

DQ491492 Scutellinia scutellata AFTOL-ID_62 USA:Oregon

MH930391 Scutellinia cf scutellata MES-2507 Chile

KR673469 Scutellinia nigrohirtula KA12-0418 South Korea

AY220818 Scutellinia superba no locality no paper

JF908721 Scutellinia heterosculpturata Italy

AY220831 Scutellinia colensoi MCKU 020913-15 no locality no paper

NBRC-31322 Bactridium subglandis Japan

Soil

Endophyte or endolichenic

Fruitbody

Asexual spore mat

Sequence Source

MZ150404 Scutellinia FLAS-F-67160 USA:Minnesota

 MZ150374 Bactridium FLAS-F-67148 

MZ150406 Sphaerosporium lignatile FLAS-F-67167 on burnt wood USA:Iowa

MH859871 Cheilymenia pulcherrima CBS:606.70
KX592795 Cheilymeniam stercoraria U.L. 240

KM220793_grassland soil Ireland

 MZ150379 Miladina FLAS-F-67137 USA:Minnesota

MZ150399 Ramsbottomia FLAS-F-67310 USA:Colorado
MT386344 Miladina FLAS-F-64195 USA:Virginia

MZ150400 Ramsbottomia FLAS-F-67157 USA:Minnesota

MH212078 Scutellinia FLAS-F-61744 USA:Florida

Scutellinia 
sensu stricto
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Fig. S28 Phylogeny based on ITS sequences of Pyronemataceae (Trichophaea pro parte1, 
Wilcoxina) and related endophytic and endolichenic fungi analyzed with Maximum Likelihood. 
The phylogram is a 50% majority rule tree with midpoint rooting and support based on 1000 
bootstrap replicates. Bootstrap support ≥70% is shown above each node. GenBank accession 
number is given on the terminal preceding other available information (organism name, 
herbarium voucher accession number, collection, and country). Sequences from type specimens 
are indicated with “TYPE”. Sequences from ectomycorrhizas are designated with the 
abbreviation “ECM” preceded by host name if available. Terminals are color coded by their 
sequence source (fruitbody, black; endophytic or endolichenic, green; ectomycorrhiza, reddish-
brown; orchid root, purple; soil, gray) and substrates for fruitbodies are color coded if they were 
collected on a burnt substrate (orange). Endophyte sequence includes a reference to the 
publication where it was obtained.    
1“Trichophaea pro parte” refers to the fact that Trichophaea is currently paraphyletic. 
Trichophaea woolhopeia is the lectotype of the genus, and is not included in the Trichophaea 
clades represented in this tree. 
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MT812243 Pinus ECM Canada

AB428784 Epipactis orchid root associate_Japan: Kanagawa

MF352747 Pinus ECM LMKR497 UK 

JN129415 Keteleeria ECM China

MT812222 Pinus ECM Canada

JX630365 Salix ECM USA:Alaska

EF611145 Tilia ECM Finland: Street Kskelantie

JX129137 Ostryopsis ECM China: Inner Mongolia

MG754954 ECM Canada:Alberta

LC142801 Epipactis orchid root associate Japan

LC142809 Epipactis orchid root associate Japan

LC142808 Epipactis orchid root associate Japan

KX510041 Picea ECM China: Helan Mountains

KY322526 Pinus fine roots Montenegro 

LC142807 Epipactis orchid root associate Japan

KT800250 Pinus ECM USA:Oregon

KX664712 Pseudotsuga ECM China

AB587763 Pinus ECM South Korea:Kangwon-do

MN549516 Pinus ECM China

MH038076 Pinus ECM USA:Oregon

AY587282 ECM USA:CA

MT528064 soil AJ89324 USA:Alaska

MT527986 soil USA:Alaska

KX354286 Epipactis orchid root associate JS652014 Germany

LC142802 Epipactis orchid root associate Japan

AB636444 Pinus ECM China: Hunan

AB506091 Pinus ECM South Korea: Samcheok

LC142816 Epipactis orchid root associate Japan

LC200530 Pinus ECM China:Shaanxi

KR019794 Picea ECM Latvia

JX898977 Pinus ECM Hawaii

JN544509 Pinus ECM Italy

FJ553295 soil Canada

AJ968678 ECM_Estonia:Tartu 

FM206477_Trichophaea_hybrida_TAA_192334 Estonia:Kesselaid

KR019795 Picea ECM Latvia

MF352745 Pinus ECM UK

EU668262 ECM UK: Wales

EF619913_soil USA:NC

KJ195405 Picea ECM Czech Republic: Beskydy Mts.

KJ195403 Picea ECM Czech Republic: Beskydy Mts.

EF434044 soil USA:Alaska

JN544511 Pinus ECM Italy

KJ195402 Picea ECM Czech Republic: Beskydy Mts.

MF976649 Nothofagus endophyte New Zealand: Taupo (Johnston et al. 2017)

KJ195411 Picea ECM Czech Republic: Beskydy Mts.

MG754940 ECM Canada

KM023226 ECM Argentina

HM036641 Pinus ECM Lithuania

KF617568 soil USA:Alaska

KU061020 Wilcoxina mikolae HMJAU27330 China

EF434147 soil USA:Alaska

AY219841 Picea ECM Canada:Alberta

FJ266736 Picea ECM USA:Wisconsin

KT182911 Picea ECM Latvia

MH844568 Trichophaea gregaria_SH10091420 Ukraine

DQ200834 Trichophaea cf. hybrida KH.04.39 USA:Colorado

DQ069002 Picea ECM Lithuania

MH844564 Trichophaea pseudogregaria SH15071406 Ukraine

KP125637 Picea ECM Switzerland

U38638 Wilcoxina mikolae Finland

U38565_Wilcoxina rehmii Norway

U38634 Wilcoxina rehmii Canada:Alberta

U38636 Wilcoxina mikolae USA:Mississippi

U38561 Wilcoxina mikolae CSY19 USA:Oregon 

U38632 Wilcoxina rehmii Canada:Alberta

U38637 Wilcoxina mikolae USA:west Virginia

U38571 Wilcoxina mikolae Canada:Alberta

U38567 Wilcoxina rehmii Spain

U38630 Wilcoxina mikolae Canada:Alberta

EU292476 soil USA:Alaska

U38633 Wilcoxina mikolae Canada:Alberta
U38563 Wilcoxina mikolae USA:New York
U38626 Wilcoxina mikolae USA:New York

EU292521 soil USA:Alaska

U38631 Wilcoxina mikolae Canada:Alberta
U38635 Wilcoxina mikolae Canada:Alberta

FJ552917 forest soil Canada
KT800359 Pinus ECM USA:Oregon

KT182912 Pinus ECM Latvia

FJ15801 Pinus ECM Poland

MW546599 Trichophaea pseudogregaria LY_NV.2013.08.71 France

MF926519 pyroloid ECM Russia?

MW546607 Wilcoxina LY_NV.2016.09.01 Belgium

GU969258 Pinus ECM Argentina

MW546606 Wilcoxina_GM_20160801 France

GU969252 Pinus ECM Argentina

Wilcoxina rehmii

Wilcoxina mikolae

Trichophaea 
pseudogregaria

Trichophaea hybrida?

Wilcoxina sp.

Trichophaea gregaria?
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Ecto- or ectendomycorrhiza 

Fruitbody

Sequence Source

Fruitbody was fire associated

AF351581 Pinus ECM after fire USA:Oregon 
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Fig. S29 Phylogeny based on ITS sequences of Rhizinaceae and related endophytic and 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Terminals are color coded by their sequence source (fruitbody, black; endophytic 
or endolichenic, green; asexual spore mat, blue) and substrates for fruitbodies are color coded if 
they were collected on a burnt substrate  (orange). All endophyte and endolichenic sequences 
originated from the University of Arizona and are indicated with “UA”. Sequences from type 
specimens include the reference for the sequence. 
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EF442000 Phymatotrichopsis omnivora M_Olsen Mexico:Sonora

EF494040 Phymatotrichopsis omnivora TAMD-C04 cotton USA:Texas

MF992154 Rhizina undulata BPL929 burned ground  USA:Tennessee 

EF441999 Phymatotrichopsis omnivora M_Olsen_4 Rhus lancea USA:Arizona

EF494044 Psilopezia deligata KH.99.13 USA:Vermont

AY549455 Phymatotrichopsis omnivora TXCO3-9

MH857650 Rhizina undulata CBS 300.56 Netherlands

KJ410121 Phymatotrichopsis omnivora POD11 diseased cotton root USA:Arizona

EF494039 Phymatotrichopsis omnivora Prosper-C04 cotton USA:Texas

EF494042 Phymatotrichopsis omnivora ATCC_22316  cotton roots USA:Arizona

EF441996 Phymatotrichopsis omnivora M_Olsen_1 cotton USA:Arizona

KJ410120 Phymatotrichopsis omnivora isolate POD10 diseased cotton root USA:Arizona

EU339123 Rhizina undulata PDK-1 South Korea

JQ912674 Rhizina undulata Sweden

AY549456 Phymatotrichopsis omnivora OKAlf8

EF494041 Phymatotrichopsis omnivora NFAlf alfalfa USA:Oklahoma

EF441994 Phymatotrichopsis omnivora ATCC_32446 cotton roots USA:Arizona

MZ091970 WB1059 Lichen-terricolous/muscicolous Western Canada (UA)

AY549454 Phymatotrichopsis omnivora TXCO3-6

EU346951 Rhizina undulata PDS-5 South Korea

MN047434 Rhizina undulata TENN-F-069463 burnt wood on ground  USA:Tennessee   

FJ914885 Phymatotrichopsis omnivora ATCC_MYA-45 cotton 51 Alfalfa USA:Oklahoma

MK863520 Rhizina undulata JLF6721 USA:Arizona

EF494043 Phymatotrichopsis omnivora ATCC_32445 cotton roots USA:Arizona

KJ410123 Phymatotrichopsis omnivora POD13 cotton USA:Arizona

AY549457 Phymatotrichopsis omnivora OKAlf13

MZ091969 QU0170 lycopod endophyte Eastern Canada (UA)

KC201234 Rhizina undulata KW_39968 Ukraine

MT374020 Psilopezia deligata RH1660 USA:New Hampshire 
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Fig. S30 Phylogeny based on ITS sequences of Sarcoscyphaceae and related endophytic and 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Terminals are color coded by their sequence source (fruitbody, black; endophytic 
or endolichenic, green; air, gray). Endophyte and endolichenic sequences originating from the 
University of Arizona are indicated with “UA”. Endophyte and endolichenic sequences that are 
not from the UA database include a reference to the publication where they were obtained or are 
labeled with “GB” if they are unpublished and were obtained directly from GenBank (NCBI). 
Sequences from type specimens include the reference for the sequence. 
 

	
 

	

U66015_Sarcoscypha_coccinea USA:Oregon

KU507205_Sarcoscypha_occidentalis_MHHNU_8646 China

U66021_Sarcoscypha_emarginata Switzerland

AF026308_Sarcoscypha_korfiana

MT366726_Sarcoscypha_coccinea_MES-3493__FLAS-F-65928 Chile

MK253755_Sarcoscypha_occidentalis_MHHNU_8150 China
MK253745_Sarcoscypha_occidentalis_MHHNU_30441 China

U66022_Sarcoscypha_macaronesica Spain:Gomera

NR_156600_Sarcoscypha_minuta_TNM_F28831_ Taiwan TYPE (Phytotaxa 245(2): 173 (2016))

KU234218_Sarcoscypha_dudleyi_HMJAU36044 China

AF026312_Sarcoscypha_coccinea

MK607507_Sarcoscypha_austriaca_MO236814 USA:OH

MF942973_Dicranum scoparium moss endophyte_3T07 USA:North Carolina (UA) 

U66012_Sarcoscypha_austriaca Slovakia

MT374024_Sarcoscypha_austriaca_ISC_RHt61 USA:IA

U66029_Sarcoscypha USA:Hawaii

MF942972_Dicranum scoparium moss endophyte1M06 USA:North Carolina (UA)

U66025_Sarcoscypha_occidentalis USA:Pennsylvania

DQ491486_Sarcoscypha_coccinea_USA:Oregon

KX774126_Conifer endophytes China (GB) 

KT716836 Sarcoscypha tatakensis_TNM_F0993 Taiwan TYPE (Phytotaxa 245(2): 174 (2016))

HM123666_AZ1007 Lichen-epiphytic USA:Arizona (UA)KT936558_Sarcoscypha_mesocyatha_TNM_F3688 Taiwan

U66019_Sarcoscypha_dudleyi USA:New York

U66026_Sarcoscypha_javensis China

JQ761535_Pezizomycetes_555_NC0542 epiphytic lichen USA:North Carolina (UA)

MT374025_Sarcoscypha_austriaca_ISC_RHt60 USA:IA

U66018_Sarcoscypha_dudleyi USA:Florida

KT936559_Sarcoscypha_mesocyatha_TNM_F5134 Taiwan

MF943107 Dicranum scoparium moss endophyte_3M29 USA:North Carolina (UA)

MF942974_Dicranum scoparium moss endophyte_3T14 USA:North Carolina (UA) 

MK253747_Sarcoscypha_javensis_MHHNU_30761 China:Hunan

Endophyte or endolichenic
Fruitbody

Sequence Source

Pithya

Pseudopithyella

Sarcoscypha
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MT374016_Pithya_FLAS-F-65634_Pearson393 USA:Iowa

Pseudopithyella minuscula_MH 675_USA:California

MN844800_Pithya_vulgaris_KoLRI_EL005413 lichen endophyte South Korea (GB)

HM123528 AZ0839_OTU312 endolichenic USA:Arizona (UA)

MH931280_Pithya_vulgaris_ZT10013 Abies needle endophyte Canada: Quebec (Schlegel et al. 2018)

U66009_Pithya_cupressina mh 208 USA:Oregon
GQ153007_DC2055_OTU327 Juniper leaf endophyte Southwestern USA (UA)

MN844801_Pithya_vulgaris_KoLRI_EL005512 lichen endophyte South Korea (GB)

KC131417_TZ_2013_I12F_01766 Lichen endophyte China:Yunnan (GB)

JQ761968_Pithya_614_NC1604_OTU521 Lichen-saxicolous Southeastern USA (UA)

KJ188703_Pithya_DWS8m3 grass root endophytes China:Yunnan (Luo et al. 2014) 

MZ091799 IL1224 Bryophyte leaf endophyte North-central USA (UA)

MZ091803 WB0348 Lichen-terricolous Western Canada (UA)

MZ091801 RU0088 Lichen-saxicolous Central Russia (UA)

MZ091800 RU1027 Lichen-saxicolous Central Russia (UA)

KT264612_AM399_P6T10T Juniper tree twig USA:New Mexico (GB) 

KP992031_YLH0050 Juniper leaf endophyte USA:Arizona (UA)

JX984684_Pithya_F1-O8 air South Korea

KX774136_Pithya_226 Platycladus arborvitae leaf endophyte China: Shaanxi (GB)

GQ153101_11123 Juniper endophyte USA:Arizona (UA)

MH281858_Pithya_FLAS-F-60778 Ascoma on acorn USA:Florida

KY038043_Pithya_226 Platycladus Arborvitae endophyte China: Shaanxi (GB)

MZ091802 WB0356 Lichen-terricolous Western Canada (UA)

HM123531 Pithya AZ0842_endolichenic USA:Arizona (UA)

MZ091795 WB1083 Lichen-terricolous Western Canada (UA)

KP335521_SNP337 Larrea Angiosperm stem endophyte USA:Arizona (UA)

MZ091791 SO_05560_DUKE conifer leaf endophyte Southeastern USA (UA)

KP991825_SR0048 Juniper leaf endophyte USA:Arizona (UA)

MZ091798 SO_06251-DUKE Angiosperm endophyte Southeastern USA (UA)

MK595665_Pithya_MBD_F8 Dalea Angiosperm leaf endophyte USA:MN (DeMers and May 2021)

AY465469 Pinus needle endophyte USA:Idaho (Ganley and Newcombe 2006)

MZ091804 SO_09957_DUKE Angiosperm leaf endophyte Southeastern USA (UA)

MZ091794 LG1353 Angiosperm stem endophyte Southwestern USA (UA)

MN792776_Pithya_vulgaris decaying Abies branch on ground Luxembourg

MZ091797 SO_09996-DUKE Angiosperm endophyte Southeastern USA (UA)

KP991499_Pithya CM0069_OTU312 Juniper leaf endophyte USA:Arizona (UA)

MZ091796 QU1118 Bryophyte endophyte Eastern Canada (UA)

MZ091792 SO_08320_DUKE endophyte Southeastern USA (UA)

MG543961_Pithya_RF18 Lichen endophyte France (Lagarde et al. 2018)

KR261580_Pithya_vulgaris USA:Idaho

MZ091793 SO_05566_DUKE Conifer leaf endophyte Southeastern USA (UA) 

KP991681_ARIZ_FF098 Quercus endophyte USA:Arizona (UA)

U66008_Pithya_vulgaris mh 210
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Fig. S31 Phylogeny based on ITS sequences of  Sarcosomataceae (Donadinia) and related 
endophytic and endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 
50% majority rule tree with midpoint rooting and support based on 1000 bootstrap replicates. 
Bootstrap support ≥70% is shown above each node. GenBank accession number is given on the 
terminal preceding other available information (organism name, herbarium voucher accession 
number, collection, and country). Sequences from type specimens are indicated with “TYPE”. 
Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green). All endophyte and endolichenic sequences originated from the University 
of Arizona and are indicated with “UA”. Sequences from type specimens include the reference 
for the sequence. 
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JX669836 Donadinia nigrella TUR_A-195793 USA:Idaho

AF485077 Donadinia helvelloides CBS:763.85 France

MZ091573 ER0531 Lichen-epiphytic Eastern Russia (UA)

KP204907 Donadinia helvelloides MCVE28377 France

MZ091571 ER0816 Lichen-epiphytic Eastern Russia (UA)

MH860304 Plectania nannfeldtii CBS:694.71 Canada:British Columbia

MT226750 Donadinia lusitanica MCVE31259 Italy

MZ091572 ER2478 Conifer endophyte Eastern Russia (UA)

KY794717 Donadinia seaveri FH-Bermuda Fungi 188 Bermuda TYPE (Pfister and Lobuglio 2018) 

KP204912 Donadinia nigrella WTU_F-017148 USA:Washington

NR_120219 Donadinia helvelloides LY_PB.940 TYPE France (Carbone et al. 2014b) 

KY794720 Donadinia seaveri FH-00458441 USA:Massachusetts

KP204908 Donadinia sibirica MCVE_28375 Russia

KP204911 Donadinia nigrella WTU_F-017150 USA:Washington

KP204909 Donadinia sibirica MCVE_28376 Russia

KP794618 Donadinia helvelloides SMM206 France

KY794718 Donadinia seaveri Grand Vernia USA:North Carolina

MH703907 Donadinia helvelloides Spain

KP204910 Donadinia sibirica MCVE_28374 Russia TYPE (Carbone et al. 2014b) 

KY794722 Donadinia seaveri FH-00465512 USA:New York

KP204906 Donadinia lusitanica MCVE28378 Greece

KY794719 Donadinia seaveri Tenn-12124 USA:North Carolina

JX669811 Donadinia lusitanica TUR_A-195791 Italy

Endophyte or 

endolichenic
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Sequence Source Donadinia siberica

Donadinia nigrella 1

Donadinia
seaveri

Donadinia helvelloides
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Unknown Donadinia 
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Fig. S32 Phylogeny based on ITS sequences of  Sarcosomataceae (Galiella, Plectania) and 
related endophytic and endolichenic fungi analyzed with Maximum Likelihood. The phylogram 
is a 50% majority rule tree with midpoint rooting and support based on 1000 bootstrap replicates. 
Bootstrap support ≥70% is shown above each node. GenBank accession number is given on the 
terminal preceding other available information (organism name, herbarium voucher accession 
number, collection, and country). Sequences from type specimens are indicated with “TYPE”. 
Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green; asexual spore mat, blue; dead leaf, gray brown). Endophyte and 
endolichenic sequences originating from the University of Arizona are indicated with “UA”. 
Endophyte and endolichenic sequences that are not from the UA database include a reference to 
the publication or thesis where they were obtained. 
 



 

	

MT374017 MES-3048 Plectania milleri USA:WA

MT373902 Galiella rufa RH1465_ USA:IA

MN341261 Endolichenis endophyte South Korea (Oh et al. 2020)
MN341260 Endolichenis endophyte South Korea (Oh et al. 2020)

MH003435 Angiosperm endophyte Andes Mountains (Portero 2013 thesis)

EU552114_Conoplea_fusca CBS 113475

MT373903 Galiella RH1429 FLAS-F-65603 USA:MN

KM610323_Plectania_zugazae_TUR_A_199784 Cyprus

EU652355_Plectania_milleri_OSC_73165 Pacific Northwest USA
EU837210_Plectania_milleri_OSC_104467 Pacific Northwest USA

MN826131_Galiella_rufa_D54_E2 USA:Arkansas

WB1187 Lichen-terricolous Western Canada (UA)

KP991657 FF074 Angiosperm endophyte Southwestern USA (UA)

MZ091811 ER0143 Lichen-epiphytic Eastern Russia (UA)

HM123042 AZ0295 Lichen-terricolous/muscicolous Southwestern USA (UA)

HM123360 AZ0642 Lichen-saxicolous Southwestern USA (UA)

JQ761605 NC0617 Lichen-saxicolous Southeastern USA (UA)

WB0783 Conifer endophyte Western Canada (UA)

MTL0055 Bryophyte endophyte Southwestern USA (UA)

MZ091574 ER2575 bryophyte endophyte Eastern Russia (UA)

JQ761417 NC0387 Bryophyte endophyte Southeastern USA (UA)

WB1031 Lichen-terricolous Western Canada (UA)

MN826132_Galiella_rufa_D54_E8 USA:Arkansas

MZ091820 QU0832 Lichen-saxicolous Eastern Canada (UA)

MTL0136 Lichen-terricolous/muscicolous Southwestern USA (UA)

WB1204 Lichen-terricolous Western Canada (UA)

SO-03975-CHILE endolichenic endophyte Chile (UA)

AF485073 Galiella rufa Southeastern USA

MG543948 Plectania PA39 Lichen endophyte France (Lagarde et al. 2018) 

MZ091825 SO-01007-PANAMA endolichenic endophyte Panama (UA)

MZ091815 ER2919 Angiosperm endophyte Eastern Russia (UA) 

MZ091817 WB0242 Lichen-saxicolous Western Canada (UA)

JQ761419 NC0389 bryophyte endophyte Southeastern USA (UA)

MZ091810 ER3051 Conifer endophyte Eastern Russia (UA)

EU837209_Plectania_milleri_OSC_107824 Pacific Northwest USA

MZ091824 SO-01531-PANAMA endolichenic endophyte Panama (UA)

MZ091818 RU0822 Lichen-terricolous Central Russia (UA)

KC812764 Conifer endophyte Pakistan (Fatima et al. 2016)

AF485071 Galiella rufa_ATCC 200370 USA:GA

FQ10880 Lichen-saxicolous Southwestern USA (UA)

MZ091823 SO-00167-PANAMA endolichenic endophyte Panama (UA)

JX669832_Plectania_rhytidia_PDD_90028 New Zealand

MTL0133 Lichen-terricolous/muscicolous Southwestern USA (UA)

AF485070_Galiella_rufa_CBS135.92 USA:FL

MZ091826 SO-03923-CHILE endolichenic endophyte Chile (UA)

FQ10888 Lichen-saxicolous Southwestern USA (UA)

MH860629_Plectania_melastoma_CBS_918_72 

SO-03905-CHILE endolichenic endophyte Chile (UA)

WB0383 Lichen-saxicolous Western Canada (UA)

MK213359 Galiella rufa USA:Arkansas

MZ091821 DC3132 Lichen-saxicolous Southwestern USA (UA)
MZ091813 RU0933 Lichen-terricolous/muscicolous Central Russia (UA)

MZ091816 AK3899 Lichen-saxicolous USA:Alaska (UA)

HM123603 AZ0925B Lichens-mixed Southwestern USA (UA)

 MZ091812 DC3173 Lichen-saxicolous Southwestern USA (UA)

FQ10876 Lichen-saxicolous Southwestern USA (UA)

MF000911_Plectania_melastoma_Luxembourg

HM123125 AZ0386 Lichen-saxicolous Southwestern USA (UA) 

MZ091814 RU0863 Lichen-epiphytic Central Russia (UA)

HM123398 AZ0684 Lichen-saxicolous Southwestern USA (UA)

MZ091805 SO-00177-PANAMA Lichen endophyte Panama (UA)

JQ761461 NC0433 Lichen-epiphytic Southeastern USA (UA)

MTL0098 bryophyte endophyte Southwestern USA (UA)

JQ761529 NC0534 Bryophyte endophyte Southeastern USA (UA)

NR_120217_Plectania_zugazae_MA_53068 TYPE Spain

MZ091819 RU0949 Lichen-terricolous Central Russia (UA)

MZ091575 IL0237 Lichen-saxicolous North-central USA (UA)

RU0574 Lichen-epiphytic Central Russia (UA)

JX669833_Plectania_rhytidia_PDD_75313 New Zealand

AF485072_Galiella_rufa_CBS 762.85 USA:GA

Galiella

 HM123030 AZ0283 Lichen-saxicolous Southwestern USA (UA)

JQ761310 NC0272 Lichen-saxicolous Southeastern USA (UA)

HM123375 AZ0659 Lichen-saxicolous Southwestern USA (UA)

JX669816_Plectania_rhytidia_TUR_A_195788 Italy

JX669805_Plectania_melastoma_TUR_A_195783 Italy

JX669804_Plectania_melastoma_TUR_A_195785 USA:Montana

HM122877 AZ0124 dead conifer leaf Southwestern USA (UA)

JX669809_Plectania_megalocrater_TUR_A_195803 Greece

JX421749 Conifer twig endophyte Spain (Sanz-Ros et al. 2015)

JX669812_Plectania_milleri_TUR_A_190823 USA:Montana

JQ761353 NC0317 Lichen-saxicolous Southeastern USA (UA)

MZ091827AK3151 Lichen-terricolous USA:Alaska (UA)

MZ091834 WB0674 Lichen-terricolous Western Canada (UA)

MZ091829 AK3108 Lichen-terricolous USA:Alaska (UA)
MZ091828 WB0162 Bryophyte endophyte Western Canada (UA)

MZ091832 WB0540 Lichen-epiphytic Western Canada (UA)

MZ091835 WB1239 Lichen-terricolous Western Canada (UA)
MZ091836 WB0590 Lichen-terricolous Western Canada (UA)

MZ091833 AK3339 Lichen-terricolous USA:Alaska (UA)

MZ091830 AK3365 Lichen-terricolous USA:Alaska (UA)
MZ091831 WB1180 Lichen-terricolous/muscicolous Western Canada (UA)

MZ091837 AK3940 Lichen-terricolous USA:Alaska (UA)
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Fig. S33 Phylogeny based on ITS sequences of  Sarcosomataceae (Pseudoplectania, Sarcosoma) 
and related endophytic and endolichenic fungi analyzed with Maximum Likelihood. The 
phylogram is a 50% majority rule tree with midpoint rooting and support based on 1000 
bootstrap replicates. Bootstrap support ≥70% is shown above each node. GenBank accession 
number is given on the terminal preceding other available information (organism name, 
herbarium voucher accession number, collection, and country). Sequences from type specimens 
are indicated with “TYPE”. Terminals are color coded by their sequence source (fruitbody, 
black; endophytic or endolichenic, green; dead leaf, gray brown).  Endophyte and endolichenic 
sequences originating from the University of Arizona are indicated with “UA”. Endophyte and 
endolichenic sequences that are not from the UA database include a reference to the publication 
where they were obtained or are labeled with “GB” if they are unpublished and were obtained 
directly from GenBank (NCBI). Sequences from type specimens include the reference for the 
sequence.  
 



 

	

KF305714_Pseudoplectania_nigrella_USA

MZ091945 IL0520 Lichen-epiphytic North-central USA (UA)

JQ760751 FL1131 Lichen-epiphytic Southeastern USA (UA)

JQ760750 FL1130 Lichen-epiphytic Southeastern USA (UA)

MZ091916 ER1858 Lichen-saxicolous Eastern Russia (UA)

MZ091941 DC2063 Conifer endophyte Southwestern USA (UA)

JQ760365 FL0668 Conifer endophyte Southeastern USA (UA)

MZ091949 IL1044 Lichen-epiphytic North-central USA (UA)

MZ091931 IL0519 Lichen-epiphytic North-central USA (UA)

MZ091938 RU0568 Lichen-epiphytic Central Russia (UA)

MZ091933 AK2174 Lichen-terricolous/muscicolous USA:AK (UA)

MZ091948 WB0377 Lichen-saxicolous Western Canada (UA)

MZ091922 AK2092 Lichen-terricolous USA:AK (UA)

MZ091915 RU0059 Lichen-epiphytic Central Russia (UA)      

JQ758985 AK0547 Lichen-saxicolous USA:AK (UA)

JQ759139 AK0735 Lichen-saxicolous USA:AK (UA)

JQ759926 FL0065 Conifer endophyte Southeastern USA (UA)

KX908756 FL1545 Conifer dead leaf endophyte Southeastern USA (UA)

JQ760134 FL0396 Lichen-terricolous Southeastern USA (UA)

JQ759955 FL0120 Angiosperm endophyte Southeastern USA (UA)

JQ760158 FL0422 Lichen-epiphytic Southeastern USA (UA)

MZ091899 AK3949 Lichen-terricolous USA:AK (UA)

MZ091954 WB0950 Lichen-terricolous Western Canada (UA)

JQ760432 FL0775 Angiosperm endophyte Southeastern USA (UA)

MZ091908 QU0853 Lichen-epiphytic Eastern Canada (UA)

JQ758696 AK0213 Bryophyte endophyte USA:AK (UA)

JX669806_Pseudoplectania_melaena_MCVE_27433 Italy

MZ091885 SW0014 Lichen-terricolous Sweden (UA)

MZ091906 IL0008 Lichen-epiphytic North-central USA (UA)

JQ758980 AK0540 Lichen-saxicolous USA:AK (UA)

MZ091903 QU0917 Lichen-epiphytic Eastern Canada (UA)

JQ760522 FL0886 Lichen-epiphytic Southeastern USA (UA)

MZ091923 AK1914 Bryophyte epiphyte USA:AK (UA)

MZ091878 WB0248 Lichen-saxicolous Western Canada (UA)

MZ091930 QU0408 Lichen-terricolous Eastern Canada (UA)

JQ759944 FL0099 Conifer endophyte Southeastern USA (UA)

JQ760371 FL0678 Conifer endophyte Southeastern USA (UA)

JQ760326 FL0615 Lichen-terricolous Southeastern USA (UA)

MZ091939 RU0901 Lichen-epiphytic Central Russia (UA)

JQ760105 FL0350 Angiosperm endophyte Southeastern USA (UA)

MZ091902 AK2648 Lichen-terricolous USA:AK (UA)

MZ091929 IL1173 Bryophyte endophyte North-central USA (UA)

MZ091879 QU0555 Lichen-saxicolous Eastern Canada (UA)

MZ091914 RU0505 Lichen-epiphytic Central Russia (UA)

JQ758679 AK0195 Conifer endophyte USA:AK (UA)

MZ091900 QU0830 Lichen-saxicolous Eastern Canada (UA)

KF305712_Pseudoplectania_episphagnum_TUR_064171 Finland

MZ091955 FQ10886A Lichen-saxicolous Southwestern USA (UA)

JQ760521 FL0885 Lichen-epiphytic Southeastern USA (UA)

KF305718_Pseudoplectania_melaena_NY_54130 USA

MZ091925 IL1114 Lichen-epiphytic North-central USA (UA)

JQ760638 FL1013 Lichen-epiphytic Southeastern USA (UA)

MZ091909 QU1097 Lichen-terricolous Eastern Canada (UA)

JQ759918 FL0053 Conifer endophyte Southeastern USA (UA)

KX908921 FL1601 Conifer dead leaf endophyte Southeastern USA (UA)

MZ091952 IL0218 Lichen-saxicolous North-central USA (UA) 

MN831477_Pseudoplectania_sinica_clubmoss endophyte LYS02_CGMCC3_19892 China TYPE (Zhang and Zhang 2020)

MZ091953 AK2529 Lichen-saxicolous USA:AK (UA)

JQ760471 FL0824 Lichen-terricolous Southeastern USA (UA)

JQ760621 FL0993 Lichen-terricolous Southeastern USA (UA)

MZ091894 SW0200 Lichen-terricolous Sweden (UA)

KX908632 FL2042 Angiosperm dead leaf Southeastern USA (UA)

MZ091944 IL0298 Lichen-terricolous North-central USA (UA)

MZ091926 QU1089 Lichen-terricolous Eastern Canada (UA)

KX908880 FL2111 Conifer dead leaf endophyte Southeastern USA (UA)

MZ091877 QU0896 Lichen-epiphytic Eastern Canada (UA)

MZ091880 QU0921 Lichen-epiphytic Eastern Canada (UA)

MZ091971 IL0227 Lichen-saxicolous North-central USA (UA)

JQ758954 AK0507 Lichen-saxicolous USA:AK (UA)

JQ760227 FL0508 Lichen-epiphytic Southeastern USA (UA)

MZ091913 ER0395 Lichen-epiphytic Eastern Russia (UA)
MZ091912 ER1221 Lichen-terricolous/muscicolous Eastern Russia (UA)

MZ091932 AK3854 Lichen-terricolous USA:AK (UA)

KF305717_Pseudoplectania_melaena_MCVE_27579 France

KX908771 FL1561 Conifer dead leaf endophyte Southeastern USA (UA)

JQ758987 AK0549 Lichen-saxicolous USA:AK (UA)

MT496886_Pseudoplectania_lignicola_Czech Republic

JQ759091 AK0670 Lichen-saxicolous USA:AK (UA)

MZ091934 AK2296 Lichen-terricolous USA:AK (UA)

MZ091935 RU0392 Lichen-epiphytic Central Russia (UA)

MZ091890 QU0484 Lichen-terricolous/muscicolous Eastern Canada (UA)

JQ760748 FL1126 Lichen-epiphytic Southeastern USA (UA)

JQ759049 AK0622 Lichen-terricolous USA:AK (UA)

MZ091891 IL0378 Lichen-epiphytic North-Central USA (UA)

JQ760463 FL0810 Lichen-terricolous Southeastern USA (UA)

MZ091937 QU0427 Lichen-terricolous/muscicolous Eastern Canada (UA)

MZ091904 AK3062 Lichen-terricolous USA:AK (UA) 

MZ091940 RU0867 Lichen-epiphytic Central Russia (UA)

MZ091918 SW0282 Lichen-epiphytic Sweden (UA) 

MZ091882 SW0196 Lichen-terricolous Sweden (UA)

MZ091958 IL0244 Lichen-terricolous North-central USA (UA)

JQ760361 FL0664 Conifer endophyte Southeastern USA (UA)

MZ091956 FQ10886 Lichen-saxicolous Southwestern USA (UA)

MZ091897 IL0266 Lichen-terricolous North-central USA (UA)

JQ759131 AK0723 Lichen-saxicolous USA:AK (UA)

JQ759902 FL0027 Conifer endophyte Southeastern USA (UA)

MZ091917 RU0566 Lichen-epiphytic Central Russia (UA)

JQ759915 FL0050 Conifer endophyte Southeastern USA (UA)

MZ091901 AK2360 Lichen-terricolous USA:AK (UA)

MZ091946 IL0100 Lichen-epiphytic North-central USA (UA)

JQ760747 FL1125 Lichen-epiphytic Southeastern USA (UA)

MT496881_Pseudoplectania_lignicola_Sovakia

MT502112_Pseudoplectania_episphagnum_ERD_6456 Spain

MZ091936 ER1213 Lichen-terricolous/muscicolous Eastern Russia (UA)

JQ760373 FL0680 Conifer endophyte Southeastern USA (UA)

MZ091924 QU0479 Lichen-terricolous/muscicolous Eastern Canada (UA)

HM123369 AZ0653 Bryophyte endophyte Southwestern USA (UA)

MN398980_Pseudoplectania_nigrella_EE00038 France                   

JQ760111 FL0356 Angiosperm endophyte Southeastern USA (UA)

MZ091951 IL0011 Lichen-epiphytic North-central USA (UA)

MZ091895 AK2894 Lichen-saxicolous USA:AK (UA)

KF305711_Pseudoplectania_episphagnum_TUR064173 Finland

MZ091881 SW0190 Lichen-terricolous Sweden (UA)

JQ760612 FL0984 Lichen-terricolous Southeastern USA (UA)

MZ091883 SW0701 Lichen-terricolous Sweden (UA)

MZ091896 AK2289 Lichen-terricolous/muscicolous USA:AK (UA)

MZ091927 QU0411 Lichen-terricolous/muscicolous Eastern Canada (UA)

MZ091892 QU0137 Bryophyte endophyte Eastern Canada (UA)

JX669826_Pseudoplectania_affinis_PDD TYPE New Zealand (Carbone et al. 2013a)

JQ760230 FL0511 Lichen-epiphytic Southeastern USA (UA)

KX908761 FL1550 Conifer dead leaf endophyte Southeastern USA (UA)

MZ091898 QU0887 Lichen-epiphytic Eastern Canada (UA)

JQ760189 FL0465 Lichen-terricolous SoutheasternUSA (UA)

MZ091886 AK2099 Lichen-terricolous USA:AK (UA)

GQ981522_Pseudoplectania_nigrella_KM61379 

JQ759916 FL0051  Conifer endophyte Southeastern USA (UA)

MZ091907 QU0882 Lichen-epiphytic Eastern Canada (UA)

JQ758884 AK0431 Lichen-saxicolous USA:AK (UA)

KX908852 FL1893 Conifer dead leaf endophyte Southeastern USA (UA)

JQ760633 FL1007 Lichen-epiphytic Southeastern USA (UA)

MZ091950 QU0923 Lichen-epiphytic Eastern Canada (UA)

JQ759914 FL0046 Conifer endophyte Southeastern USA (UA)

MZ091893 IL0507 Lichen-epiphytic North-central USA (UA)

MZ091921 QU0326 Angiosperm endophyte Eastern Canada (UA)

MZ091911 ER2332 Conifer endophyte Eastern Russia (UA)

JQ759928 FL0069 Conifer endophyte Southeastern USA (UA)

KX909040 FL1775 Angiosperm dead leaf Southeastern USA (UA)

NR 120216 Pseudoplectania nigrella Austria TYPE (Carbone et al. 2013a) 

MZ091920 QU0336 Lichen-terricolous Eastern Canada (UA)

JQ760170 FL0437 Lichen-epiphytic Southeastern USA (UA)

MZ091928 IL0757 Lichen-terricolous North-central USA (UA)

JQ760765 FL1146 Lichen-epiphytic Southeastern USA (UA)

MZ091889 RU0387 Lichen-epiphytic Central Russia (UA)

KF305720_Pseudoplectania_melaena_NY_96459 USA

MZ091919 IL0850 Lichen-terricolous North-central USA (UA)

JQ759845 AK1560 Lichen-terricolous USA:AK (UA)

JQ760018 FL0220 Conifer endophyte Southeastern USA (UA)

MZ091887 IL0098 Lichen-epiphytic North-central USA (UA)

JQ759043 AK0615 Lichen-terricolous USA:AK (UA)

JQ760277 FL0563 Lichen-epiphytic Southeastern USA (UA)

JQ760697 FL1074 Lichen-epiphytic Southeastern USA (UA)

JQ760284 FL0570 Lichen-epiphytic Southeastern USA (UA)

MZ091888 IL0212 Lichen-saxicolous North-central USA (UA)

MZ091947 WB0635 Lichen-saxicolous Western Canada (UA)

HM123507 AZ0811 Lichen-terricolous/muscicolous Southwestern USA (UA)

MZ091884 RU0393 Lichen-epiphytic Central Russia (UA)

KX908727 FL2099 Conifer dead leaf endophyte Southeastern USA (UA)

JQ759903 FL0030 Conifer endophyte Southeastern USA (UA)

JQ759135 AK0730 Lichen-saxicolous USA:AK (UA)

MZ091905 QU0141 Bryophyte endophyte Eastern Canada (UA)

MZ091910 ER1837 Lichen-saxicolous Eastern Russia (UA)

MK281913_Sarcosoma grass endophyte USA:Utah (GB)    

FJ499393_Sarcosoma_globosum_KH_07_04 Sweden

MH578522_Sarcosoma_orientale_PDD_112224 New Zealand

KY344789_Sarcosoma_globosum_LE_BIN_3794 Russia:Leningrad

KY344790_Sarcosoma_globosum_LE_BIN_3797 Russia:Leningrad

MT476910_Pseudoplectania_ericae_ZE1228 France

MT496892_Pseudoplectania_ZS_2020a_ZE59 South Africa

MZ448211 SO-03559-CHILE bryophyte endophyte Chile (UA)

MT476909_Pseudoplectania_ericae_CA1 Greece

KF305721_Pseudoplectania_ericae_MCVE_27581 Italy

MZ091957 SO-03568-CHILE bryophyte endophyte Chile (UA)

NR 156570 Pseudoplectania tasmanica Australia TYPE (Carbone et al. 2014a) 

MT498082_Pseudoplectania_ericae_MCVE_31255 France

MT498083_Pseudoplectania_ericae_Sousa Portugal

MZ091942 SO-03518-CHILE bryophyte endophyte Chile (UA)
MZ091943 SO-03511-CHILE bryophyte endophyte Chile (UA)

MT226749_Pseudoplectania_ericae_MCVE30339 Italy

MZ448210 SO-03562-CHILE bryophyte endophyte Chile (UA)

KF305723_Pseudoplectania_tasmanica_MCVE_27584 Australia
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Fig. S34 Phylogeny based on ITS sequences of  Sarcosomataceae (Urnula) and related 
endophytic and endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 
50% majority rule tree with midpoint rooting and support based on 1000 bootstrap replicates. 
Bootstrap support ≥70% is shown above each node. GenBank accession number is given on the 
terminal preceding other available information (organism name, herbarium voucher accession 
number, collection, and country). Sequences from type specimens are indicated with “TYPE”. 
Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green; asexual spore mat, blue). Endolichenic sequence originated from the 
University of Arizona and is indicated with “UA”. Sequences from type specimens include the 
reference for the sequence. 
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MZ150412 Urnula craterium FLAS-F-66458 USA:Iowa

JQ972061 Conoplea JCM12000
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JX669829 Urnula PDD81259 New Zealand

KJ577536 Urnula versiformis TNM_F13875 Taiwan 

AF485076 Strumella coryneoidea CBS:233.91 Canada:Ontario

JX669824 Urnula mediterranea TUR A 195797 France

EU834222 Urnula craterium OSC28742 Pacific Northwest USA
MN781996 Urnula craterium DP3_D8 USA:Arkansas

JX669820 Urnula craterium TUR_A-195794 Italy

MH179122 Urnula himalayana KD_17_2_17 India

JX669831 Urnula campylospora PDD88805 New Zealand

KX100405 Urnula GL1_D_D1 Greenland

JX669808 Urnula mediterranea TUR A 195796 Italy

NR_159073 Urnula himalayana CAL_1673 India TYPE (Wang et al. 2018)

MH179123 Urnula himalayana KD_17_33 India

JX669828 Urnula hiemalis TUR_196076 Finland

JX669827 Urnula hiemalis TUR_136909 Finland

AF485069 Strumella coryneoidea CBS:438.51 USA:Connecticut

EU834221 Urnula craterium OSC27384 Pacific Northwest USA
MH190417 Urnula craterium MO311139 USA:Georgia

KF311230 Urnula craterium 30.15.291.111 France

JX669830 Urnula campylospora PDD83522 New Zealand

NR_155962 Urnula versiformis TNM_F11317 Taiwan TYPE (Wang and Huang 2015)

NR_120218 Urnula padeniana WTU F-033051 USA: Washington TYPE (Carbone et al. 2013a)

MZ092002 AK2407 Lichen-terricolous/muscicolous USA:Alaska (UA)

KU933925 Urnula mediterranea MCVE 28636 Italy
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Endophyte or endolichenic
Fruitbody
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Fig. S35 Phylogeny based on ITS sequences of  Tarzettaceae and related endophytic and 
endolichenic fungi analyzed with Maximum Likelihood. The phylogram is a 50% majority rule 
tree with midpoint rooting and support based on 1000 bootstrap replicates. Bootstrap support 
≥70% is shown above each node. GenBank accession number is given on the terminal preceding 
other available information (organism name, herbarium voucher accession number, collection, 
and country). Sequences from Type specimens are indicated with “TYPE”. Sequences from 
ectomycorrhizas are designated with the abbreviation “ECM” preceded by host name if 
available. Terminals are color coded by their sequence source (fruitbody, black; endophytic or 
endolichenic, green; ectomycorrhiza, reddish-brown; orchid root, purple; dead leaf, gray brown; 
asexual spore mat, blue; soil, gray) and substrates for fruitbodies are color coded if they were 
collected on a burnt substrate  (orange). Endophyte and endolichenic sequences originating from 
the University of Arizona are indicated with “UA”. Endophyte and endolichenic sequences that 
are not from the UA database include a reference to the publication or thesis where they were 
obtained or are labeled with “GB” if they are unpublished and were obtained directly from 
GenBank (NCBI). Geopyxis is currently a paraphyletic genus. The clade that includes a sequence 
from Geopyxis carbonaria (the type species for Geopyxis) is the clade referred to as “sensu 
stricto”. The clade without the type speices is refered to as “sensu lato”. Sequences from type 
specimens include the reference for the sequence. 



 

 
 

MZ091616 AK2179 Lichen-terricolous/muscicolous USA:Alaska (UA)

KX909122 AK1761 Conifer dead leaf endophyte USA:Alaska (UA)

MZ091599 WB0429 Lichen-saxicolous Western Canada (UA)

MZ091610 AK2175 Lichen-terricolous/muscicolous USA:Alaska (UA)

HM122783 AZ0026A Bryophyte endophyte Southwestern USA (UA) 

KP335312 SNP107 Angiosperm stem endophyte Southwestern USA (UA)

JQ758661 AK0175 Cassiope tetragona endophyte USA:Alaska (UA)

HM122804 AZ0047 Lichen-epiphytic Southwestern USA (UA)

MZ091620 AK2077 Angiosperm endophyte USA:Alaska (UA)

JQ759396 AK1030 endolichenic USA:Alaska (UA) 

JQ759459 AK1103 Bryophyte endophyte USA:Alaska (UA)

KX909151 AK1638 Angiosperm dead leaf endophyte USA:Alaska (UA)

MF347755 Pinus endophyte_F11_20 USA:Colorado (Albertson 2017 thesis)

GQ153135 AEA 11171 Conifer endophyte USA:Southwestern USA (UA)

JQ759320 AK0941 Lichen-saxicolous USA:Alaska (UA)

MZ091612 WB1361 Lichen-terricolous Western Canada (UA)

MZ091592 AK2109 Lichen-terricolous USA:Alaska (UA)

MZ091583 AK2004 Angiosperm endophyte USA:Alaska (UA)

JQ759645 AK1308 Lichen-terricolous/muscicolous USA:Alaska (UA)

MZ091603 AK3146 Lichen-terricolous USA:Alaska (UA)

HM122764_Conifer dead leaf endophyte_AZ0006 USA:Arizona (UA)

JQ759259 AK0869 Lichen-terricolous USA:Alaska (UA)

MZ091606 AK3964 Lichen-terricolous USA:Alaska (UA)

MZ091586 AK2085 Lichen-terricolous USA:Alaska (UA)

MF347782 Pinus endophyte A11_3 USA:Colorado (Albertson 2017 thesis)

HM123331 AZ0614 Lichen-epiphytic Southwestern USA (UA)

MZ091611 AK2053 Angiosperm endophyte USA:Alaska (UA)

KP335212 SNP006 Angiosperm stem endophyte USA:Arizona (UA)

MF347808 Pinus needle endophyte USA:Colorado (Albertson 2017 thesis)

MZ091617 AK3376 Lichen-terricolous USA:Alaska (UA)

MZ091605 AK2043 Angiosperm endophyte USA:Alaska (UA)

JQ758887 AK0435 Lichen-saxicolous USA:Alaska (UA)

MK886736 Geopyxis carbonaria fire associated USA:Tennessee

MZ091594 AK3277 Lichen-saxicolous USA:Alaska (UA)

KX909148 AK1619 Salix endophyte USA:Alaska (UA)

JQ759054 AK0628 Lichen-terricolous USA:Alaska (UA)

MZ091598 AK3235 Lichen-saxicolous USA:Alaska (UA)

MZ091589 AK3893 Lichen-saxicolous USA:Alaska (UA)

HM122879 AZ0126  Conifer dead needle endophyte Southwestern USA (UA)

JQ759162 AK0760 Lichen-saxicolous USA:Alaska (UA)

MZ091591 AK2176 Lichen-terricolous/muscicolous USA:Alaska (UA)

KX909094 AK1700 Conifer dead leaf endophyte USA:Alaska (UA)

MZ091588 AK3267 Lichen-saxicolous USA:Alaska (UA)

MZ091604 AK1957 Bryophyte endophyte USA:Alaska (UA)

JQ758737 AK0264 Angiosperm endophyte USA:Alaska (UA)

MZ091597 AK3054 Lichen-saxicolous USA:Alaska (UA)

HM123498 AZ0801 Conifer needle endophyte Southwestern USA (UA)

KX909069 AK1608 Conifer dead leaf endophyte USA:Alaska (UA)

MZ091614 WB1610 Lichen-saxicolous Western Canada (UA)

KX909055 AK1690 dead leaf endophyte USA:Alaska (UA)

HM122850 AZ0097 Conifer dead leaf endophyte Southwestern USA (UA)

KX909113 AK1740 Conifer dead leaf endophyte USA:Alaska (UA)

JQ759686 AK1370 endolichenic USA:Alaska (UA)

HM122950 AZ0201 Lichen-epiphyticSouthwestern USA (UA)

HM122797 AZ0040 Bryophyte endophyte Southwestern USA (UA)

MZ091596 AK2030 Angiosperm endophyte USA:Alaska (UA) 

JQ759041 AK0613 Lichen-terricolous USA:Alaska (UA)

MK886737 Geopyxis carbonaria PBM4072 fire associated USA:Tennessee

JQ759358 AK0991 Lichen-terricolous USA:Alaska (UA)

GQ153149 AEA 11193 Conifer needle endophyte Southwestern USA (UA)

HM122869 AZ0118 Bryophyte Endophyte USA:Arizona (UA)

MZ091595 WB1792 Lichen-saxicolous Western Canada (UA)

MZ091590 AK3816 Lichen-terricolous USA:Alaska (UA)

MZ091608 DC3378 Lichen-saxicolous Southwestern USA (UA)

KP335539 SNP359 Parkinsonia Endophyte Southwestern USA (UA)
KX909066 AK1602 Conifer dead leaf endophyte USA:Alaska (UA)

WB1409 Lichen-epiphytic Western Canada (UA)

JQ759042 AK0614 Lichen-terricolous USA:Alaska (UA)

JQ759822 AK1536 Lichen-saxicolous USA:Alaska (UA)

MZ091601 WB0924 Lichen-epiphytic Western Canada (UA)

KX909067_Conifer dead leaf endophyte_AK1605 USA:Alaska (UA)

HM122763 AZ0005 Conifer dead leaf endophyte Southwestern USA (UA)

MZ091587 AK3617 Angiosperm endophyte USA:Alaska (UA)

KP335323 SNP118 Angiosperm stem endophyte Southwestern USA (UA)

GQ153171 AEA 11229 Conifer endophyte USA:Arizona (UA)

MZ091609 WB1576 Lichen-saxicolous Western Canada (UA)

JQ759147 AK0744 Lichen-saxicolous USA:Alaska (UA)

KF673626 Angiosperm endophyte DM0075 Southwestern USA (UA)

KP335313 SNP108 Angiosperm stem endophyte Southwestern USA (UA)

MZ091607 AK3356 Lichen-terricolous USA:Alaska (UA)

HM123008 AZ0260 Bryophyte endophyte Southwestern USA (UA)

KU932495 Geopyxis carbonaria PRM149720 Czech Republic TYPE of G. foetida (Wang et al. 2016) 

MZ091581 DC2572 Conifer endophyte Southwestern USA (UA)

GQ153191 AEA 11256 Conifer endophyte USA:Arizona (UA)

KX909110_Conifer dead leaf endophyte_AK1735 USA:Alaska (UA)

KP335458 SNP271 Angiosperm stem endophyte Southwestern USA (UA)

KX909126_Conifer dead leaf endophyte_AK1766 USA:Alaska (UA)

KP335428 SNP238 Angiosperm stem endophyte Southwestern USA (UA)

MZ091593 AK2199 Lichen-terricolous/muscicolous USA:Alaska (UA)

Z96989 Geopyxis carbonaria ascomata after fire Norway

JQ759254 AK0864 Lichen-terricolous USA:Alaska (UA)

HM123020 AZ0271B Bryophyte endophyte Southwestern USA (UA)

KX909090 AK1656 Conifer dead leaf endophyte USA:Alaska (UA)

KU932496 Geopyxis carbonaria TK1243 Finland

Z96985 Geopyxis carbonaria ascomata after fire Norway

MZ091618 WB1793 Lichen-saxicolous Western Canada (UA)

KP335360 SNP159 Angiosperm leaf endophyte USA:Arizona (UA)

MK886731 Geopyxis carbonaria TFB14655 fire associated USA:Tennessee

MZ091585 AK2796 Lichen-saxicolous USA:Alaska (UA)

MZ091600 QU1323 Lichen-terricolous Eastern Canada (UA)

MZ091602 WB0038 Lycopod endophyte Western Canada (UA) 

MZ091619 QU1179 Lichen-terricolous/muscicolous Eastern Canada (UA)

MZ091584 FQ10874 Lichen-saxicolous Southwestern USA (UA)

MZ091582 AK1929 Bryophyte endophyte USA:Alaska (UA)

MZ091613 RU1020 Lichen-epiphytic Central Russia (UA)
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KU932470 Geopyxis deceptiva DED 6280 USA:California

KT361824 Hydnocystis wz2209 China

NR_154090 Geopyxis aleurioides TUR_078772 Canada TYPE (Wang et al. 2016)

HM123274 AZ0555 Lichen-saxicolous Southwestern USA (UA)

KP309840 Kotlabaea delectans T.R.L. 1992/089 Germany

MZ091580 AK3364 Lichen-terricolous USA:Alaska (UA)

GQ153180 AEA 11239 Conifer endophyte USA:Arizona (UA)
KP992033 YLH0052 Conider endophyte Southwestern USA (UA)

KT361828 Hydnocystis transitoria USA:Minnesota

MH087211 Densocarpa crocea CMI-UNIBO 4518 Italy: Monteveglio

KJ508306 939JMUR-2014 ML0104 Moss endophyte USA:Arizona (UA)

KU932505 Geopyxis delectans KH.04.56a USA:Colorado

KU932459 Geopyxis rehmii  C-F-56562 USA:Washington

KU932481 Geopyxis aleurioides TUR_075595 Switzerland

GQ153227 AEA 11311 Conifer endophyte USA:Arizona (UA)

JN048890 Hydnocystis piligera Israel

KU932483 Geopyxis korfii HMAS 97508 China: Qinghai

KT428713 Hydnocystis japonica  Japan

KT361829 Densocarpa crocea MA56988 Spain

GQ153203 AEA 11276 Conifer endophyte USA:Arizona (UA)

KT361830 958 Densocarpa shanorii USA:Iowa

KU932464 Geopyxis rehmii C-F-56486  on burned ground USA:Oregon

KU932474 Geopyxis majalis C-F-48964 on burned ground Spain

EU715633 Conifer endophyte Mexico (Soca-Chafre et al. 2011)

KY321437 Hydnocystis japonica KPMNC 24892 Japan

JN048889 Hydnocystis piligera Greece

KY321436 Hydnocystis japonica KPMNC Japan TYPE (Kumar et al. 2017)

HM122787 AZ0030 Conifer dead leaf endophyte USA:Arizona (UA)

KP992038 YLH0057 Conifer endophyte Southwestern USA (UA)

KP992034 YLH0053 Conifer endophyte Southwestern USA (UA)

FQ10822 conifer dead leaf endophyte Southeastern USA (UA)

KF735056 Pinus endophyte Kashmir (Qadri et al. 2014)

KT361833 Paurocotylis patagonica N7 Argentina TYPE (Kumar et al. 2017)

KJ508307 939 JMUR-2014 ML0105 moss endophyte USA:Arizona (UA)

KU932451 Geopyxis alpina TUR_171952 Italy

KJ572150 grass Endophyte China (GB)

HM122823 AZ0066 Lichen-epiphytic Southwestern USA (UA)

KY321438 Paurocotylis pila KPMNC_23032 New Zealand:North Island

MZ091621 AK2193 lichen terricolous/muscicolous USA:Alaska (UA)

KT361827 Hydnocystis transitoria USA:Minnesota TYPE (Kumar et al. 2017)

KU932471 Geopyxis deceptiva BAP 434 USA:California

KU932477 Geopyxis majalis S-F276561 Cyprus

KT361822 Hydnocystis piligera MA9982 Italy

KU932469 Geopyxis deceptiva KH.04.45 USA:Colorado

KU932476 Geopyxis majalis S-F276573 Cyprus

GQ153169 AEA 11226 Conifer endophyte USA:Arizona (UA)

EU784396 Paurocotylis pila RBG Kew K(M)64053

EU784394 Paurocotylis pila RBG Kew K(M)136978

KP335245 SNP040 Angiosperm Endophyte Southwestern USA (UA)

KU932462 Geopyxis_rehmii C-F-56509 USA:Oregon

KU932467 Geopyxis deceptiva KH.04.61 USA:Colorado

KX577773 Paurocotylis pila New Zealand:North Island 

KT361826 Hydnocystis bombycina OSC61969 Serbia

KT361850 Densocarpa shanori 957 USA:Iowa

KU932468 Geopyxis deceptiva C-F-56514 on burned ground USA:Oregon 

GQ153138 AEA 11174 Conifer endophyte USA:Arizona (UA)

KU932448 Geopyxis alpina S-F276559 Spain

KT361832 Paurocotylis singeri Argentina 

KY321441 Paurocotylis EB263 Australia:Tasmania

JN812040 Hydnocystis piligera Spain

KT361831 Paurocotylis watlingi 11725 Australia TYPE (Kumar et al. 2017)

MZ091625 AK3904 Lichen-saxicolous USA:Alaska (UA)

KY321440 Paurocotylis patagonica MES-1666 Chile

GU327418 orchid associate Czech Republic

AY465441 Geopyxis sp USA:Idaho (Ganley and Newcomb 2006)

JN048886 Hydnocystis piligera Spain

MN540311 Vitis root endophyte Croatia (Radić et al. 2014)

Z96991 Geopyxis rehmii ascomata after fire Norway

MZ091622 WB0138 Angiosperm endophyte Western Canada (UA)

EU837242 Paurocotylis bynumii USA:Oregon TYPE (Kumar et al. 2017)

MK285776 Alnus root associate (as ”EcM”) Germany (GB)

GQ223459 orchid associate Germany
KU556814 Hydnocystis bombycina HKAS86978 China:Yunnan

MZ091623 MTL0096 Bryophyte endophyte Southwestern USA (UA)

KY321433 Densocarpa JT3319 Mexico

JQ759159 AK0757 Endolichenic USA:Alaska (UA)

UDB000991 Geopyxis alpina Estonia

KU932498 Geopyxis delectans S-F11221 Sweden LectoTYPE of Humaria delectans (Wang et al. 2016)

GQ153142 AEA 11183 Conifer endophyte USA:Arizona (UA)

KT361823 Hydnocystis piligera MA29812 Spain

KU932506 Paurocotylis pila Trappe12583 New Zealand

HM123210 AZ0484 endolichenic USA:Arizona (UA) 

KJ508305 939 JMUR-2014 ML0103 Moss endophyte USA:Arizona (UA)

JN048887 Hydnocystis piligera Greece

HM123166 AZ0439 Conifer dead leaf endophyte Southwestern USA (UA)

GQ153188 AEA 11249 Conifer endophyte USA:Arizona (UA)

KP309842 Kotlabaea delectans KL P0373 Austria

KU932478 Geopyxis aleuroides Canada

KU932482 Geopyxis korfii HMAS 97506 China: Qinghai

KT321435 Hydnocystis bombycina OSC32395 Mexico

JN048888 Hydnocystis piligera Spain

KU932457 Geopyxis alpina C-F-56936 Switzerland

KP191977 Paurocotylis TL2440 Australia

EU784395 Paurocotylis pila RBG Kew K(M)47945

GQ153204 AEA 11277 Conifer endophyte USA:Arizona (UA)

GQ153190 AEA 11252 Conifer endophyte USA:Arizona (UA)

MK432701 Paurocotylis pila JAC10844 New Zealand

KY321439 Paurocotylis bynumii JT9004 USA:Oregon

KU932465 Geopyxis rehmii Rossbach 136a USA:Idaho

HM123458 AZ0755 Lichen-saxicolous Southwestern USA (UA)

Z96992 Geopyxis_sp ascomata after fire Norway

KU932454 Geopyxis alpina S-F135760 Sweden

KP309841 Kotlabaea delectans T.R.L. 1992/099 Germany

KU932475 Geopyxis majalis India on burned ground India

 

MZ131648 Hydnocystis bombycina BL45 USA:Maryland

MZ091624 PC039 Lichen-saxicolous Southwestern USA (UA)

KU932466 Geopyxis deceptiva KH.04.37 USA:Colorado TYPE (Wang et al. 2016)
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MT366740 Tarzetta MES-3605 Chile

HM105534 Quercus ECM China

GQ985431 Pinus ECM ECM23 China

KF000479 Bistorta vivipara ECM Germany

LC013886 Pinus ECM_China:Shaanxi

EF559301 Quercus ECM USA:California

NR_169707 Tarzetta alnicola LY_NV.2017.08.36 France TYPE (Van Vooren et al. 2019)

MN818549 Abies ECM Bosnia and Herzegovina

HM849635 ECM USA

KX886157 Fagus ECMSwitzerland

MN712317 Tarzetta catinus LY_NV.2010.05.09 France

MK614882 Pinus ECM_PF_EM_18 USA

KC966365 soil Canada: Banks Island

KX438344 Corylus ECM Poland

EF411109 Quercus ECM USA:California

MN712306 Tarzetta quercus ilicis France TYPE (Van Vooren et al. 2019)

MN712296 Tarzetta pseudocatinus LY_NV.2013.11.09 France

FM995590 Quercus ECM France:Troncais

MT156527 Tarzetta FLAS-F-60826 MES3124 USA:California

HM370458 Corylus ECM Italy

MN653015 Tarzetta RH1194 USA:Iowa

MN712310 Tarzetta ochracea LY NV.2019.06.01 France TYPE (Van Vooren et al. 2019) 

DQ974820 Tarzetta src8441 USA:California

HQ204696 Quercus ECM 2008AEF7 Southern France

KC966151 soil USA:Alaska

KC965428 soil USA:Alaska

MN712321 Tarzetta cupularis LY_NV.2013.11.24 Portugal

MN712297 Tarzetta pseudocatinus LY_NV.2000.05.01 France

EF641839 Quercus ECM USA:California

JQ976016 Pine ECM Spain

EU326167 Salix ECM Austria

KX444378 Quercus ECM China:Shanxi Province

KX886159ECM Switzerland

HM370482 Corylus ECM Italy

JX316571 Populus ECM Estonia

MN712316 Tarzetta catinus GM_20190505 France

MK078087 Tilia ECM Poland

MT773335 Tarzetta cupularis DM295 Denmark

MH229989 Fagus ECM Central Germany

MN712315 Tarzetta_catinus VR_20190509 03 France

MK432714 Tarzetta jafneospora JAC12299 New Zealand

MN712322 Tarzetta cupularis LY_NV.2006.10.31 France

DQ200833 Tarzetta catinus KS.94.10A Denmark: Mon

JF927143 ECM Italy:Leonessa

JF506848 Quercus ECM PACC1b.10 France

MT374030 Tarzetta FLAS-F-62161 RHeidt USA:Iowa

EF559302 Quercus ECM USA:California

AF440669 Orchid root associate France

MW028022 Quercus ECM Italy

KY462675 Tarzetta MES-2162 Argentina

MN712295 Tarzetta pseudocatinus LY_NV.2014.08.19 France

MN712300 Tarzetta alnicola LY_NV.2017.08.33 France

KX897769 Alnus ECM Georgia

MN653032 Tarzetta USA:Iowa

KU924648 Alnus ECM France

MN712326 Tarzetta LY_NV.2014.07.10 France

MN712303 Tarzetta cf. catinus MC Italy

MN712313 Tarzetta ochraceae NV.2018.06.11 France

JX316639 Salix ECM Estonia

KY684574 Quercus ECM China

KX510018 Picea ECM China: Helan Mountains

MT374032 Tarzetta FLAS-F-65576 MES-3660 USA:Florida

JF506849 Quercus ECM France

MN970721 ECM Switzerland

FM993134 Alnus ECM Estonia

DQ974823 Quercus ECM USA:California

KX444245 Quercus ECM TBS11 China:Shaanxi Province

HM105530 Quercus ECM_China

LC175601 Picea ECM Japan: Hokkaido

MT366744Tarzetta MES-3640 Chile

MN712294 Tarzetta pseudocatinus LY_NV.2019.05.12 France

MN712320 Tarzetta cupularis MC_18.5.26 Italy

KX897766 Alnus ECM Georgia

JX474858 ECM Italy

MN970801 ECM Switzerland

Tarzetta MES-3638 Chile

MG761599 Pinus ECM PM561F USA:Arizona

NR_169706 Tarzetta sepultarioides France TYPE (Van Vooren et al. 2019)

KJ701309 Nothofagus ECM Argentina:Neuquen

EU334892 Quercus ECM USA:Southern Oregon

FR852085_ECM Iran

MT366732 Tarzetta MES-3553 Chile

MZ150408 Tarzetta RH1646 USA:Massachusetts (possibly introduction in arboretum)

MN712290 Hypotarzetta insignis LY_NV.2014.03.07 France

MW028111 Quercus ECM Italy

MT374034 Tarzetta FLAS-F-62238 USA:Florida

MN712302 Tarzetta alnicola LY_NV.2008.07.06 France

MN712292 Tarzetta pseudocatinus MC_18.5.21 Italy

MN712305 Tarzetta LY_NV.2018.06.12 France

KX444441 Quercus ECM China:Beijing

MN712298 Tarzetta pseudocatinus LY_NV.2006.09.01 France

HE687130 ECM Northern Iran

KX444384 Quercus ECM China: Shanxi 

HQ204723 Quercus ECM 2008BCG2 Southern France

MH019875 Nothofagus ECM Argentina

HM370481 Corylus ECM Italy

FM993170 Alnus ECM Estonia

MT374033 Tarzetta FLAS-F-60832 MES-3130 USA:California

MN712325 Tarzetta cf. catinus AH_53705 Spain

MT374031 Tarzetta MIN RH1310 USA:Minnesota

FJ197021 Quercus ECM Mexico:Guerrero

MN712323 Tarzetta cupularis LY_NV.2004.10.38 France

MN712293 Tarzetta pseudocatinus CA_20121020 Italy

FM206478 Tarzetta catinus Estonia:Saare

HQ336696 ECM Germany

NR_169708 Tarzetta melitensis LY_CS871 TYPE (Van Vooren et al. 2019)

MH930254 Tarzetta MES-2939 Chile

KY684503 Quercus ECM OTU145 China
MN712307 Tarzetta ochracea Italy

JX625301 ECM Italy

KF041371 Abies ECM AAM_cs_90_18 Mexico: Estado de Mexico

AJ969614 Fagus ECM Denmark:North West Zealand

MN712319 Tarzetta cupularis LY_NV.2019.05_11 France

JX474834 ECM Italy

MH834452 Carya ECM Poland

MN712314 Tarzetta ochracea LY_NV.2013.06.43 Switzerland

NR_169705 Tarzetta gregaria France TYPE (Van Vooren et al. 2019)

FJ235145 Tarzetta cf. cupularis SOC973 USA:Southern Oregon

MT366695 Tarzetta MES-3416 Chile

MT374029 Tarzetta FLAS-F-65646 RH1525 USA: Iowa

MG761447_Pinus ECM USA:Arizona

KF041381 Abies ECM Mexico: Estado de Mexico

JX316346 Nothofagus ECM Argentina

MN712299 Tarzetta alnicola LY_NV.2017.09.08 France

MN653043 Tarzetta USA:Iowa

MN712291 Hypotarzetta insignis FS_2013002 France
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Fig. S36 Phylogeny based on ITS sequences of Tuberaceae analyzed with Maximum Likelihood. 
Taxa for which endophyte sequences were reported by Schneider-Maunoury et al. (2020) are 
shown with a green asterisk. The phylogram is a 50% majority rule tree with midpoint rooting 
and support based on 1000 bootstrap replicates. Bootstrap support ≥70% is shown above each 
node. GenBank accession number is given on the terminal preceding other available information 
(organism name, herbarium voucher accession number, collection, and country). Sequences from 
type specimens are indicated with “TYPE”. Sequences from ectomycorrhizas are designated with 
the abbreviation “ECM” preceded by host name if available. Terminals are color coded by their 
sequence source (fruitbody, black; ectomycorrhizae, reddish-brown; orchid root, purple; soil, 
gray). ITS sequences of endophytes were not available, but species for which endophytes have 
been reported by Schneider-Maunoury et al. (2020) are indicated by a green asterisk. Sequences 
from type specimens include the reference for the sequence.   



 

 

FJ176920_Tuber_furfuraceum_HU061120C Taiwan
HM485377_Tuber_multimaculatum_OSC62169 Spain TYPE (Bonito et al. 2010)

JX092086_Tuber_sinosphaerosporum_BJTC_FAN135 China: Yunnan

DQ329373_Tuber_pseudoexcavatum_Tpse_yn02 China

KX904887_Tuber_verrucosivolvum_HKAS88863 China: Yunnan TYPE (Wan et al. 2017)

FM205558_Tuber_excavatum_07EXC Spain:Castello

HM485414_Tuber_miquihuanense_ITCV885 Mexico TYPE (Bonito et al. 2010)

JX092087_Tuber_sinosphaerosporum_BJTC_FAN136 China: Yunnan

JX625379__M4APC4 ECM Italy

EU697267_Tuber_pacificum_OSC69591 Pacific Northwest

DQ329362_Tuber_excavatum_Texc_eu02 France: Vaucluse

FM205701_Tuber_TG_2008_XX14B Serbia

KX904890_Tuber_depressum_HKAS88895 China:Sichuan

KT275641_Tuber_sp_3 Salix ECM USA:Minnesota
FJ807981_SDL63 ECM USA:Michigan

MF153060_Tuber_FLASF60274 USA:Florida

KY050593_Tuber_neoexcavatum_HKAS_88893 China

DQ329375_Tuber_rufum_Truf_eu01 France: Vaucluse 

DQ898187_Tuber_zhongdianense_wang0299 China TYPE (Chen and Liu 2007)

HM485396_Tuber_sp_16_Epipactis_orchid associate USA:New York

MG761290_ARIZ_PM073E Pinus ECM USA:Arizona

DQ329367_Tuber_indicum_Tind_pzh03 China:Sichuan

MW027905_Tuber_Plot1_41_M ECM italy

AY634174_ Epipactis Orchid associate Germany

KU203777_Tuber_cryptobrumale_BP107922 Hungary:Heves TYPE (Merényi et al. 2016)

GQ217541_Tuber_borchii_var_sphaerospermum China

HM485408_Tuber_beyerlei_JT32597 USA:Oregon TYPE (Bonito et al. 2010)

HM485392_Tuber_whetstonense_JT25783 USA:Oregon TYPE (Bonito et al. 2010)

AB587796_P09212 Pinus ECM South Korea

MN970797_Uncultured_SW_534 ECM Switzerland

FM205642_Tuber_puberulum Serbia

HM485365_Tuber_lauryi_JT19425 USA:Oregon TYPE (Bonito et al. 2010)

KY050592_Tuber_neoexcavatum_HKAS_88885 China

JN207851_Tuber_anniae_KUN_F59232 Finland

HM485403_Tuber_castilloi_ITCV149 Mexico TYPE (Bonito et al. 2010)

KC424538_c352 Pinus ECM USA:Georgia

KX904892_Tuber_depressum_HKAS95396 China:Sichuan

MT156443_Tuber_separans_FLAS_MES_283 USA:Massachusetts

AB553485_Tuber_sp_18_KA_2010_K423 Japan

HM485411_Tuber_mexiusanum_ITCV181 Mexico TYPE (Bonito et al. 2010)

DQ329360_Tuber_brumale_ France: Vaucluse 

AF106889_Tuber_maculatum_Mac1_18S Central Italy 

HM485397_Tuber_sp_17_GB_2010 USA:North Carolina

EU697247_Tuber_pacificum_p246i Pacific Northwest

KF021623_Tuber_oligospermum_CMI_UNIBO_4231 Morocco: Rabat

DQ898184_Tuber latisporum_JC_2006a_HKAS_42380 China

KX844699_ Fagus ECM USA:New Hampshire

HM485338_Tuber_anniae_JT13209 USA: Washington TYPE (Bonito et al. 2010)

HM485385_Tuber_separans_JT7697 USA:Oregon

KT897480_Tuber pseudoseparans_JT33778 Mexico: Jalisco TYPE Guevara et al. 2013)  

KX354290_Tuber_oligospermum_JS732014 Germany

AB506101_UnculturedEcM_T_s Pinus ECM South Korea

FJ008030_JCBOAK8 Quercus ECM USA:Maryland

DQ329366_Tuber_indicum_Tind_pzh01 China:Sichuan

DQ329376_Tuber_sinense_Tsin_hd03 China:Sichuan

KF021624_Tuber_oligospermum_CMI_UNIBO_4230 Morocco: Rabat

KX904889_Tuber_badium_HKAS88789 China:Sichuan

HM485370_Tuber_linsdalei_L63 USA:California TYPE (Bonito et al. 2010)

DQ329374_Tuber_pseudoexcavatum_Tpse_yn05 China

AB553504_Tuber_sp19_KA_2010_K455 Japan

JN392231_Tuber_cistophilum_AH39275 Spain TYPE (Alvarado et al. 2012)

DQ486032_Tuber_huidongense China:Sichuan

AB553484_Tuber_sp_18_KA_2010_K422 Japan

KT444595_Tuber_shidianense_HKAS_88770 Southwest China TYPE (Wan et al. 2016)

KX904882_Tuber_sinoniveum_HKAS_88792 China: Yunnan

FJ176919_Tuber_formosanum_HU070105C Taiwan

AB553505_Tuber_sp_19_KA_2010_K456 Japan
LC556135_Tuber_OBASE00187 Abies ECM Japan:Hokkaido

JF792506_BJP1481T Pseudotsuga ECM Canada:British Columbia

FM205683_Tuber_oligospermum_XX13 Hungary

DQ898183_Tuber_latisporum China TYPE (Chen and Liu 2007)

AY634175_Epipactis orchid associate Germany 

JX625371_ECM Italy: Ferrara

AY634152_Epipactis orchid associate Germany

KF742772_Corylus ECM Canada: British Columbia

JF927067_ECM Italy: Spoleto

JF927017_ECM Italy: Spoleto

MH801223_Tilia ECM Europe

MF405798_Quercus ECM China

KF742763_Corylus ECM Canada: British Columbia

DQ974800_Quercus ECM USA:California

JF419268_51E Quercus ECM Mexico: Vict

AB873199_Quercus ECM China:Tangshan

KM247653_ECM France: Pezilla-de-Conflent

EU668244_ECM UK:England

EF411131_Quercus ECM USA:California Tuber

Orchid mycorrhiza

Ectomycorrhiza

Fruitbody

Sequence Source

EU202708_Quercus ECM_Y2OM20

AF167096_Tuber_melanosporum_1015 Israel

KF591751_Tuber_melanosporum_61FR France
EU555392_Tuber_melanosporum_MEL282 Italy:Spoleto
GU810153_Quercus ECM_LHB-mic-Tmel-Qc-09-1 Spain
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MT366722_Nothojafnea_thaxteri_MES3476__FLASF65911 Chile

JF300140_Reddellomyces_donkii_AH7156 Mediterranean

KY420098_Tuber_regianum_ZB3081 Slovakia

JX630960_Dryas ECM Canada:Bank Island

AY702769_Conifer_ECM_TK3060D USA:California

KP191972_Dingleya_FUNNZ20140333 New Zealand

JX630656_Dryas ECM USA:Arkansas

KY697580_Dingleya_F12_S0055 Australia

EU784184_Choiromyces_meandriformis_RBG_KM135393 UK:England

EU697268_Choiromyces_alveolatus_p612i Pacific Northwest USA

HM485336_Reddellomyces_JT27724 Australia

HM485330_Choiromyces_meandriformis_RH691 USA:Iowa

GQ981515_Nothojafnea_cryptotricha_KM126736 Australia

KP191973_Labyrinthomyces_PDD_100315 New Zealand

HM485334_Dingleya_JT31575 Australia: Victoria

KP311463_Nothojafnea_MEL_2363843 Australia

JF300131_Dingleya_geometrica_AH37860 Australia

JQ925634_Labyrinthomyces_JT28801 Australia

JQ925633_Labyrinthomyces_JT25359 Australia

JF300145_Choiromyces_venosus_AH38935 UK

JF300144_Choiromyces_magnusii_AH11894 Spain

JF300136_Reddellomyces_westraliensis_JT6873 Australia

KT948409_Angiosperm ECM_OTU_110 Southwest Australia

JF300129_Labyrinthomyces_varius_AWC5466 Australia

HM485332_Choiromyces_alveolatus_MES97 USA:California

HM485360_Tuber_gennadii_JT9627 TYPE (Bonito et al. 2010)

GQ981507_Labyrinthomyces_varius_KM98067

JQ288899_Choiromyces_meandriformis_ZB2060 Romania: Sepsiszentgyorgy

KC494014_Reddellomyces Central-East Tunisia 

JQ925635_Labyrinthomyces_JT28821 Australia

MN809539_Choiromyces_cookei USA:Washington

KY420101_Tuber_regianum_JMV20011012_4 Spain

NR_153899_Choiromyces_helanshanensis_HKAS80634_China TYPE (Chen et al. 2016)

JQ925627_Dingleya_JT27686 Australia

KP191974_Dingleya_PDD_100069 New Zealand

JX630948_AR1647 Dryas ECM Canada: Ellesmere Island

MF142388_t23 Spruce ECM China: Tianshan Mountain, Xinjiang
KU531606_Choiromyces_helanshanensis_HKAS80641 China: Inner Mongolia Helanshan

KT444598_Tuber_calosporum_HKAS_88790 Southwest China TYPE (Wan et al. 2016)

JQ925638_Nothojafnea_cf_thaxteri_N10 Argentina

AF106887_Tuber_mesentericum_Mese4 Central Italy

KP191975_Dingleya_PDD64163 New Zealand

KX510042_Picea ECM China: Helan Mountains

EU784185_Choiromyces_meandriformis_RBG_KM53644 UK:England

JQ925626_Dingleya_JT20122 Australia

KX879781_Reddellomyces_parvulosporus_RP_Tur1 Mediterranean

KT948400_Angiosperm ECM_OTU_47 Southwest Australia

KC494013_Reddellomyces_GM_2013_Mah_SB3 Central-East Tunisia 

JX630936_Salix ECM_AR699 Canada: Somerseth Island

AF003910_Choiromyces_meandriformis Italy

JF300143_Choiromyces_magnusii_AH19770 Spain

JQ348414_Tuber_mesentericum_HKAS70294 France

KX879780_Reddellomyces_donkii_MahSB1_6 Mediterranean

KT948418_Angiosperm ECM_OTU_154 Southwest Australia

JF300130_Labyrinthomyces_JT27750 Australia

MF503287_Labyrinthomyces_32B_S0069 Australia

JX630610_Salix ECM Canada: Prince Patrick Islands

AF106885_Tuber_macrosporum_Macro1 Central Italy

MT366731_Nothojafnea_thaxteri_MES3529__FLASF65961 Chile

JF300142_Reddellomyces_AH7170 Mediterranean

JQ925636_Tuberaceae_Leppia Holotype Australia

KX879782_Reddellomyces_westraliensis_RW_Tur2 Mediterranean

JQ925637_Tuberaceae_JT28813 Australia

JF300135_Reddellomyces_westraliensis_AH38986 Australia

JF300146_Choiromyces_venosus_AH38915 Italy

GQ981514_Nothojafnea_cryptotricha_KM7612 location unknown

JQ925642_Reddellomyces_JT4985 Australia

MK397115_Pinus ECM_1980 Mexico

HM485337_Reddellomyces_JT6873 Australia

AF106888_Tuber_magnatum_Ma2 Central Italy

KT948422_Angiosperm root_OTU_175 Southwest Australia 

JX474839_ECM Italy

JX474822_ECM Italy

JX474821_ECM Italy

AJ879679_ECM Italy:Piedmont

AJ879687_ECM Italy:Piedmont

JX474807_ECM Italy

JQ925641_Reddellomyces_JT27723 Australia

Tuber

Reddellomyces

Nothojafnea

Choiromyces

Dingleya

Labyrinthomyces
HM485335_Labyrinthomyces_JT27750

0.2

JN975879_Tuber_aestivum sl CMI-UNIBO_4178-1 China

HM485331_Choiromyces_meandriformis_USA_Oregon

HQ285301_Tuber_aestivum_H19 Czech Republic 

FN397169_Uncultured soil France

AF516783_Tuber_aestivum_E61 Italy:Umbria
HQ285305_Tuber_aestivum_M13 Czech Republic

MZ150380 Nothojafnea_MES-3452 FLAS-F-65887 Chile            
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Fig. S37 Phylogeny based on ITS sequences of Geomoriaceae and an undetermined lineage of 
related endophytic and endolichenic fungi analyzed with Maximum Likelihood. The phylogram 
is a 50% majority rule tree with midpoint rooting and support based on 1000 bootstrap replicates. 
Bootstrap support ≥70% is shown above each node. GenBank accession number is given on the 
terminal preceding other available information (organism name, herbarium voucher accession 
number, collection, and country). Sequences from type specimens are indicated with “TYPE”. 
Sequences from ectomycorrhizas are designated with the abbreviation “ECM” preceded by host 
name if available. Terminals are color coded by their sequence source (fruitbody, black; 
endophytic or endolichenic, green; ectomycorrhiza, reddish-brown). All endophyte and 
endolichenic sequences originated from the University of Arizona and are indicated with “UA”. 
Sequences from type specimens include the reference for the sequence. 
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Ectomycorrhiza

Fruitbody

Sequence Source
MH019872_Uncultured_PF1_2_3_1 Nothofagus ECM Argentina

KY462444_Geomorium_geodon_MES_1239 Argentina

MK430942_Geomorium_geodon_MES_2362 TYPE (Kraisitudomsook et al. 2020) 

MK430931_Geomorium_singeri_MES_2266 Chile 

MK430947_Geomorium_singeri_MES_2572 Chile

MK430948_Geomorium_MES_2766 Chile

MK430933_Geomorium_AM_AR17_028 Argentina

MH019799_Nothofagus ECM Argentina

MK430951_Geomorium_geodon_MES_2377

KY462684_Geomorium_gamundiae_MES_577 Argentina TYPE (Kraisitudomsook et al. 2020) 

JX316498_Uncultured_TRO13 Nothofagus ECM Argentina

MES3346_UnderwoodiaSingeri Chile

MK430938_Geomorium_fuegianum_MES_1560 Chile

MK430945_Geomorium_fuegianum_MES_2510 Chile

KY462388 Geomorium furciae DHP-CH-126 Chile TYPE (Kraisitudomsook et al. 2020) 

MT366692_Geomorium_MES3384__FLASF65801 Chile

JQ925629_Geomorium_australianum_OSC_130601 Australia

MK430937_Geomorium_fuegianum_MES_1547 Chile

MK430950_Geomorium_fuegianum_MES_1520 Chile

KY462314_Geomorium_fuegianum_CT_4268 Argentina

JQ925630_Geomorium_echinulata_AWC_4529 Australia

JQ925654_Geomorium_beatonii_JT28375 Australia

JQ925655_Geomorium_beatonii_JT28380 Australia

MZ091576 AK3335 Lichen-terricolous USA:Alaska (UA)

MZ091579 AK2346 Lichen-terricolous USA:Alaska (UA)

MZ091577 AK2038 Angiosperm endophyte USA:Alaska (UA) 

MZ091578 AK3618 Angiosperm endophyte USA:Alaska (UA) 

Undetermined 
Pezizomycetes

Geomorium

Figure S37


