O0SPgy
AO

g % MYCOSPHERE 16(1): 2961 422(20%) www.mycosphere.org ISSN 2077 7019
& $ Doi 10.5943/mycosphere/16/1/5
ARTICLE

Systematic revision, molecular phylogeny and divergence times of Thelephorales
(Basidiomycota)

Song CG, Xu TM1, XuYH?, WangD?, ZengL?, FanXP?, SunYFY", Cui BKY
! State Key Laboratory of Efficient Production of Forest Resources, School of Ecology and Nature Conservation,
Beijing Forestry University, Beijing 100083, China

Citation T Song CG, XuTM, Xu YH, WangD, ZengL, FanXP, SunYF, Cui BK 205 i
Systematic revision, molecular phylogeny and divergence times of Thelephorales (Basidiamycota)
Mycospherel6(1), 296 422, Doi 10.5943/mycosphere/16/1/5

Abstract

Thelephoraless an important order of macfangi belonging toBasidiomycota. Species in
this orderplay an essential role in the biogeochemical cycle in forest ecosysisri®ing an
essential economic value in developing and utilizing edible and medicinal fungal resources. In this
study, the classification system of Thelephoraless revised based on morphological and
phylogenetic analysesThe DNA sequences of multiple loci, including the internal transcribed
spacer (ITS) regions, the large subwfihuclear ribosomaRNA gene (nLSU), the small subunit
of nuclear ribosomdaRNA gene (nNSSU), anthe second largest subunit of RNA polymerase Il gene
(RPB2) were used to construgithylogenetic relationshipand infe the divergence timeof
ThelephoralesThe phylogeneti@naly®s revealed that six cladasthe family level were obtained
in Thelephoralesvith high suppod. The ancestor of Thelephorales split at about 269.9&, lsihd
the mean stem ages of the families of Thelephorales were centralized differentiation in 145.95
269.07 Mya.Combinedwith morphologcal studies Thelephoralesvere confirmed to comprise six
families, including four new families: Lenzitopsidaceae, Polyozellaceae, Sarcodonaceae,
Tomentellopsidaceae, anwvo existing families: Bankeraceae and Thelephoracdhere are
twelve identified genera vizAmaurodon Boletopsis Corneroporus Hydnellum Lenzitopsis
Neosarcodon Odontig Sarcodon Phellodon Polyozellus Thelephora and Tomentellopsis
Furthermore 20 new speciesvere describedand4 new combinationsvere proposed. lllustrated
descriptions andcanning electrormicrographsof the basidiospores of the new specesre
provided.Keys to Thelephoralesndthe accepted familiegind the ntesof the accepted genera
Thelephoralesverealsoprovided

Keywords i ectomycorrhizh fungi 7 Thelephoralesi multi-gene phylogenyi taxonomy i
evolution

INTRODUCTION

Thelephorales Corn ex. Oberw., a member of the Agaricomycetes (Basidiomycota), was
established byberwinklerin 1976. Species in Thelephorales were characterized by pileus vary in
shape, including resupinate, effuseflexed, spathulate, imbricagpathulate flabellate, or
infundibuliform; hymenophores vary to poroid, lamellate, aculeate, or smooth; and basidiospores
colorless to strongly pigmented, namyloid, warted to typically echinulate (Stalpers 1993
Kdljalg 1996 Yorou 2008 Hibbett et al. 2014Vizzini et al. 2016).

Thelephoralespeciesplay a vital role in the ecosystem. Many spe@&d helephoralesre
ectomycorrhizh(EcM) fungi, which can form an outer sheath around the root of the plant, and the

Submitted: 20 July 2024 Accepted: 18 February 202%ublished: 1 March 2025

*Corresponding Author: Bao-Kai Cuii e-maili cuibaokai@bjfu.edu.crYi-Fei Suni e-mail i
yifeisun2016@163.com

Accepted by: Tatiana Baptista Gibertoni 296



hyphae penetrate the space between the root cortex cells and the epidermal cells form a Hartig
network.(Smith & Read 2008VasccePalacios 2018). In additiomostThelephorales species, as

EcM fungi, can absorb organic compounds from host plants (8Rkad2008), and increase the
surface area of host plants to absorb nutrients, especially nitrogen and phosphorus (Agerer 2006
Smith & Read 2008). Therefor& helephoralesspecies can participate in the energy flawd
promote the material circulation of the ecosystem.

Some Thelephorales species are delicious edible fungi or biologically active fungi, which
have substantial economic value in developing and utilizing edible and medicinal fungi resources.
For exampleSarcodon imbricatuglL.) P. Karst. andrhelephora ganbaju. Zangare staplest
the edible mushroom market in southwest China and are very popular with the locals. Some species
have biological activities such asHydnellum concrescens(Pers.). Bankerand Phellodon
melaleucus(Sw. ex Fr.) P. Karst., the forméas an inhibitory action on syncytium formation,
trafficking of glycoprotein and hemagglutinimuraminidase (HN) to the ceurface (Lee et al.
2012),while the latter has a unique antibiotic named Phellodonic Acid, isolated by Stadler et al.
(1993).

The genera contained in Thelephorales have been much debated for a long time. Stalpers
(1993) conducted a systematic study of Thelephorales and proposed that it cbhtgarera
representing two families: Bankeraceae and Thelephoraceae. The first family, Bankeraceae,
containsBankeraCoker & Beers ex PouzaBoletopsisFayod HydnellumP. Karst.,PhellodonP.

Karst, SarcodonQue’l. ex P. Karst; and Thelephoraceae contdosryohypochnusDonk,
LenzitopsisMalencon & BertaultPolyozellusMurrill, Pseudotomentell& v r |SkepperiaBerk.,
ThelephoraEhrh. Ex Willd., TomentellaPers. Ex Pat.TomentellagoHjortstam & Ryvarden,
TomentellopsisHjortstam, Tylospora Donk. Recently, He et al. (2019) elucidated all valid
publications ofBasidiomycetes and suggested thael€phorales contains 16 genera, of which
Bankera Boletopsis CorneroporusT. Hatt., Hydnellum Sarcodonare contained in Bankeraceae,
while AmaurodonJ. Schrét,GymnodermeaHumb., Lenzitopsis ParahaplotrichumW.A. Baker &

Partr., Phellodon Polyozellus PseudotomentellaSkepperia Berk., Thelephora Tomentella
Tomentellopsigre contained in Thelephoraceae. Compared with Stalpers (1993), He et al. (2019)
eliminated three gener®¢tryohypochnusTylospora,and Tomentellagp and added three genera
(Gymnoderma Parahaplotrichum and Skepperiq in Thelephorales.However, the genera
Botryohypochnusnd Tylosporaat present have been classified into Cantharellales and Atheliales,
respectively, according to MycoBank (https://www.mycobank.oBgnkera and Tomentellago

were combined intoPhellodon and Amaurodon respectively, which were still members of
Thelephorales (Baird et al. 201Rdljalg 1996). At the same time, due to the lack of molecular
sequences and descriptions @fymnodermaParahaplotrichum and Skepperia further research
cannot be carried out for the time being to clarify the phylogenetic relationships of the three genera.
Il n additi on, Neosadadedt iwacst icnlifaoddemalid y defined i n
(Larsson et al. 2019). Moreover, the recent study of Wang et al. (2024) formally introduced
Neosarcodoras a genus by moving nine species frdarcodonto Neosarcodorand revised the
delimitation ofSarcodkob ased on phyl ogenetic and nKdllalghol oc
(1996) proposed the concept of Atomentell oid
morphological characteristics witfomentella including four genera:Amaurodon Odontig
Pseudotomentellaand Tomentellopsis However, the genu®dontia was not contained in the
Thelephorales in the above two systematic studies (Stalpers H838 al. 2019). Tedersoo et al.
(2014) confirmed thaOdontiais a nonmycorrhizal sister genus afomentellaand Thelephora

based on stable isotope analysis, field observationssymttietic experiments. Considering the

lack of evidence at the molecular level of the previous studies (StalpersH®@3 al. 2019), in

this study, we include@®dontiain the phylogenetic study of Thelephorales to clarify its taxonomic
status.

Many genera of Thelephorales are phylogenetically paraphyletic and have been revised in
recent years. Baird et al. (2013) confirmed tBankera and Phellodon are phylogenetically
paraphyletic and recombined thgified specieBankera fuligineoalbgJ.C. Schmidt) Pouzar to
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Phellodon according to morphological studies and phylogenetic analyses. Sinc®#mierahas
been combined intBhellodon and the type genus of Bankeraceae has been changkdlkodon
Previously, molecular evidence has confirmed tiytnellumand Sarcodonin Bankeraceae were
paraphyleticboth genera aggregatedn t he s ame cHydnellenSarcodonne ch efalye O f
(Binder et al. 2005). However, Baird et al. (2013) suggestedtbageneric limits oHydnellum
and Sarcodonneed reassessment. Later, Larsson et al. (2019) conducted a systematic study to
reassess the generic limits fetydnellumand Sarcodon and transferred twelve species from
Sarcodon to Hydnellum based on ITS and nLSU sequences. MoreoWwwlyozellus and
Pseudotomentellavere two closely related genera in Thelephoraceae (Svantesson et al. 2021).
Morphologically, Polyozellus differs from Pseudotomentellaby its pileate and stipitate
basidiomata. Svantesson et al. (2021) redefined the generic delimitation of the two genera based on
a multrgene dataset and recombined nearlyPakudotomentellapecies td?olyozellus Recently,
Kdljalg et al. (2024)merged the genusTomentellainto Thelephoraand proposedl91 new
combinations

With the rapid development of molecular techniques in recent years, DNA sequence data
have been widely used in the taxonomic studies of Thelephorales. Baird et al. (2013) conducted a
systematic study on the species diversity and classification of stipitate hydroids in the southern
region of the United States, describing 41 species and constructing phylogenetic trees using ITS
fragments. Li (2017) systematically studied Bankeraceae from Korea, describing 17 species,
including three new and seven uncertain species in his master's tteestsal.(2024) analyzed all
the valid literature of Basidiomy®otaandconfirmedthat Thelephorales included generaand ca.
470 speciesHowever, due to the lack of molecular sequences, there were no systemic phylogenetic
studies for the entire Thelephorales, and only some studies on specific genera (Yorou et al, 2011a, b
Vizzini et al. 2016 Khalid & Muhammad 201,7Voitk et al. 2017 Yuan et al. 2018Svantesson et
al. 2019, 2021, 202Mu et al. 2021Liu et al. 2021 Lu et al. 2022Kuhar et al. 2022Yang et al.
2023).So far, no phylogenetic studies have been conducted on the entire Thelephorales.

Recently, divergence time was used as an essential criterion for the classiferadion
estimation of evolutionary time in Basidiomycota (Zha@le2016, 2017He et al. 2019Ji et al.
2022 Liu et al. 2023b, c). Hennig (1966) proposed the divergence time to recognize different
taxonomic ranks, which can be used as a standardized criterion in the systematics of all known
organisms. This conception was first used to study fish, anthropoid primates and fruit flies at the
end of 20th century (Avis& John 1999). Zhao et al. (2017) recently confirmed that the mean stem
ages of Basidiomycota and Entorrhizomycota are ca. 530 million years ago (Mya). Liu et al. (2023b)
confirmed that Polyporales appeared in the early Cretaceous (about 141.55H\a)er, no
comprehensive study focused on the divergéinoe of Thelephorales.

This studyaims to revise the classification, phylogenetic relationships, and diverdenee
of the Thelephorales and describe the new taxdydhellum NeosarcodonPhellodon Sarcodon
and Thelephorabased orextensive morphological examinations of more specinimm China
and some other countries, combined with analydesulti-gene sequences data. The phylogeny
anddivergence time of Thelephoralegr@reconstructeénd analyzethased on DNAsequences of
multiple loci, including ITS nLSU, nSSU and RPBgenes. Based on morphological studies and
phylogenetic analyses, twelve genera belonging to six familigere accepted within the
Thelephorales, including four nelamilies, 20 new species, andinew combinations.

MATERIALS AND METHODS

Morphological studies

The examined specimens were depositethatherbaa of the Institute of Microbiology,
Beijing Forestry University (BJFCand the Institute of Applied Ecology, Chinese Academy of
Sciences (IFR)Morphological descriptions and abbreviations used in this study following Sun et
al. (2020, 2022). Samples for microscopic examination vegaeedi n cotton bl ue,
reagent, and observed at magnifications up to x100 under a light microscope (Nikon Eclipse E 80i
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microscope, Nikon, Tokyo, Japan) following Sun et al. (2022). A field Emission Scanning Electron
Microscope (FESEM) Hitachi S8010 (Hitachi, Ltd., Tokyo, Japan) was used to photograph the
morphology of the basidiospores. Sections were studied at magnifications up to 2000x following
Sun et al. (2022). The following abbreviatiomereused: L = mean spore length, W = mean spore
width, Q = L/W ratio, n (a/b) = number of spores (a) measured from given number of specimens
(b), Il KI = Meil= emwredgsa trievaeg einnt ,MdIKzer 6s reagent,
CB=Cot on Bl ue, CB+ = cyanophilous, CB1T = acyan

DNA extraction, PCR amplification and sequencing A CTAB plant genome rapid
extraction kitDN14 (Aidlab Biotechnologies Co., Ltd) was employed for DNA extraction and PCR
amplification from dried specimenaccor di ng to the manufacture
modifications (Liu et al. 2023a). The primer pairs ITS5/ITS4, LROR/LR7, NS1/NS4 and 5F/7Cr
were used to amplify ITS, nLSU, nSSU and RRf@Re locjrespectively

The Polymerase Chain Reaction (PCR) procedure for ITS was as follows: initial denaturation
at 95 °C for 3 min, followed by 35 cycles at 94 °C for 40 s, 56 °C for 45 s, and 72 °C for 1 min,
and a final extension of 72 °C for 10 min. The PCR procedure for nLSU and nSSU was as follows:
initial denaturation at 94 °C for 1 min, followed by 35 cycles at 94 °C for 30 s, 50 °C for 1 min,
and 72 °C for 1.5 min, and a final extension of 72 °C for 10 min. The PCR procedure for RPB2
was as follows: initial denaturation at 94 °C for 2 min, nine cycles at 94 °C for 45 s, 60 °C for 45 s,
followed by 36 cycles at 94 °C for 45 s, 53 °C for 1 min, 72 °C for 1.5 min and a final extension of
72 °C for 10 min. The PCR products were purified and sequenced with the same primers at the
Beijing Genomics Institute, China. The newly generated sequences were deposited at GenBank. All
sequences analyzed in this study were listed in Table 1.
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Table 1.A list of species, specimens and GenBank accession numlbesefjuences used in this study.

GenBank accession no.

Species Specimen no. Locality
ITS nLSU nSSU RPB2

Agaricus campestris LAPAG370 - KM657927 KR006607 KT951556
Aphanobasidium pseudotsug¢ CFMR: HHB-822 USA GU187509 GU187567 GU187620 GU187781
Amaurodon angulisporus SYN2217 Burkina Faso - FR823360 - -
Amaurodon aquicoeruleus UK 452 Australia AM490944  AM490944 - -
Amaurodon caeruleocaseus PERTH06670709 Australia MT565478 - - -
Amaurodon caeruleocaseus MEL2231735 Australia KP311335 KP311452 - -
Amaurodon hydnoides LR37576 Venezuela  AM490941  AM490941 - -
Amaurodon sumatranus TU115407 Malaysia - MT737304 - OK632661
Amaurodorviridis TAA149664 Russia AM490942  AY586625 - -
Amaurodorviridis TU115739 Italy - OK559560 OK559673 -
Amaurodon viridis KHLarsson14947b Norway MK602707  MK602707 - -
Amylocorticium cebennense CFMR: HHB-2808 USA GU187505 GU187561 GU187612 GuU187770
Antrodia tanakae Cui 9743 China KR605814 KR605753 KR605914 KR610833
Athelia epiphylla CFMR: FR100564 USA GU187501 GU187558 GU187613 GuU187771
Boletopsis grisea AH42971 Spain MN536748 MN536743 - -
Boletopsis grisea AH44091 Spain MN536747 MN536742 - -
Boletopsis grisea Dai 23070 China OL673003  OL672990 OR761700 PP545350
Boletopsis grisea Cui 23076 USA OR761684 OR761804 OR761701 -
Boletopsis leucomelaena UPSF173290 Sweden MN536739 MN536738 - -
Boletopsis leucomelaena UPSF575617 Sweden MN536740 MN536739 - -
Boletopsis macrocarpa Dai 21780 China OL673004  OL672991 - -
Boletopsis macrocarpa Dai 22727 China OL673007 OL672994  OR761702 -
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GenBank accession no.

Species Specimen no. Locality
ITS nLSU nSSU RPB2

Boletopsis macrocarpa Dai 22728 China OL673005 OL672992 OR761703 -
Boletopsis macrocarpa Dai 22729 China OL673006 OL672993 OR761704 -
Boletopsis macrocarpa Dai 22748 China OL673008  OL672995 OR761705 PP545351
Boletopsis mediterraneensis AH44070 Spain MN536724  MN535630 - -
Boletopsis mediterraneensis AH44080 Spain MN536723 MN535629 - -
Boletopsis nothofagi PDD96007 New Zealand JQ417193 - - -
Boletopsissp. Dai 22172 China OL673011 OL672998 - -
Boletopsis tibetana Dai 20896 China OL673012  OL672999 - -
Boletopsis tibetana Dai 20897 China OL673013  OL673000 - -
Boletopsis watlingii Wat 28788 UK DQ408767 - - -
Boletopsis watlingii HoldenE150627 UK DQ408766 - - -
Boletopsis watlingii SMI350 Canada FJ845401 - - -
Boletus edulis HMJAU4637 - JN563894 KF112455 - KF112704
Bondarzewiasp. Yu 56 China KT693203 KT693205 - -
Callistosporium graminicolor AFTOL-ID 978 USA DQ484065 AY745702  AY752974 KJ424369
Cotylidia sp. MB5 - AY854079  AY629317  AY705958 AY883422
Clavulicium macounii GB: KHL12129 Sweden - KC203494 - -
Geastrum recolligens 0SC41996 - - DQ218486 - DQ219052
Gloeophyllum sepiarium Wilcox-3BB USA HM536091 HM536061 HM536062 HM536109
Hydnellum ailacense HKAS 125553 China OP602211 OP605523 - -
Hydnellum ailacense HKAS 125554 China 0OP602212 OP605520 - -
Hydnellum ailaoense Dai 19998 China OR761639 OR761762 - -
Hydnellum amygdaliolens GB-0202072 France MW144290 MW144290 - -
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GenBank accession no.

Species Specimen no. Locality
ITS nLSU nSSU RPB2

Hydnellum amygdaliolens SG2011 - JN376763 - - -
Hydnellum atrorubrum Wei 8315 China MW579937 - - -
Hydnellum atrorubrum Wei 8261 China MW579936 MW579884 MW579910 -
Hydnellum atrospinosum Yuan 6514 China MW579940 MW579886 MW579913 -
Hydnellum atrospinosum Dai 24519 China OR761640 OR761763 OR761706 PP545352
Hydnellum atrospinosum Dai 24520 China OR761641 OR761764 OR761707 PP545353
Hydnellum aurantiacum RGCarlsson08.05 Sweden MK602711  MK602711 - -
Hydnellum aurantiacum EBendiksenl17-07 Norway MK602712  MK602712 - -
Hydnellum aurantiacum Cui 16276 China OR761696 - OR761708 -
Hydnellum aurantiacum Cui 18737 China OR761642 OR761765 - -
Hydnellum aurantiacum Cui 23070 USA OR761685 OR761805 OR761709 PP545354
Hydnellum auratile OF294095 Norway MK602714  MK602714 - -
Hydnellum auratile OF242763 Norway MK602715 MK602715 - -
Hydnellum bomiense Yuan 13759 China MW579941 MW579887 MW579914 OK254206
Hydnellum bomiense Yuan 13767 China MW579942 - MW579915 -
Hydnellum brunneorubrum Yuan 14339 China MW57994 3 MW579888 MW579916 OK254216
Hydnellum brunneorubrum Yuan 14668 China MW579945 MW579890 MW579918 0OK254218
Hydnellum brunneorubrum Chen 447 China OR761643 OR761766 OR761710 PP545355
Hydnellum brunneorubrum Chen 449 China OR761644 OR761767 OR761711 PP545356
Hydnellum caeruleum OF291490 Norway MK602717 MK602717 - -
Hydnellum caeruleum Cui 17100 China OR761645 OR761768 OR761712 PP545358
Hydnellum caeruleum Cui 17101 China OR761646 OR761769 OR761713 PP545359
Hydnellum caeruleum Cui 17013 China OR761647 OR761770 OR761714 PP545357
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GenBank accession no.

Species Specimen no. Locality
ITS nLSU nSSU RPB2

Hydnellum chocolatum Cui 18545 China ON603657 - - ON605665
Hydnellum chocolatum Cui 18543 China ON603656 ON603638 ON603646 -
Hydnellum chrysinum SC071 - KJ534291 - - -
Hydnellum chrysinum Dai 18981 China OR761648 - OR761715 -
Hydnellum chrysinum Cui 18756 China OR761649 OR761771 - -
Hydnellum cinnamomea Cui 18743 China OR813988 OR814033 OR814068 PP545336
Hydnellum cinnamomea Cui 18740 China OR813989 OR814034 OR814069 PP545337
Hydnellum cinnamomea Cui 18755 China OR813990 OR814035 OR814070 -
Hydnellum cinnamomea Cui 18744 China OR813991 OR814036 OR814071 -
Hydnellum coactum Wei 8094 China MN846278 MN846287 - -
Hydnellum coactum Shi 181 China MN846279  MNB846288 - -
Hydnellum complicatum REB 71 USA KC571711 - - -
Hydnellum complicatum REB 329 USA KC571712 - - -
Hydnellum concentricum Cui 17017 China ON603658 ONG603639 ON603647 ON605666
Hydnellum concentricum Cui 17098 China - ON603640 ON603648 -
Hydnellum concrescens REB-385 USA JN138182 - - -
Hydnellum concrescens REB-384 USA KC571714 - - -
Hydnellum crassipileatum Cui 17021 China ON603660 ON603641 ON603649 ON605668
Hydnellum crassipileatum Cui 17019 China ON603659 ON603642 ON603650 -
Hydnellum cristatum 4446 Canada KM406974 - - -
Hydnellum cristatum REB 169 USA JN135174 - - -
Hydnellum cumulatum SEW 69 USA AY569026 - - -
Hydnellum cumulatum REB-342 USA JN135172 - - -
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GenBank accession no.

Species Specimen no. Locality
ITS nLSU nSSU RPB2

Hydnellum cyanopodium SEW 85 USA AY569027 - - -
Hydnellum decurrata Cui 23050 USA OR813993 ORS814038 OR814072 PP545339
Hydnellum dearrata Cui 23049 USA OR813992 OR814037 OR814073 PP545338
Hydnellum decurrata Cui 23052 USA OR813994 OR814039 OR814074 PP545340
Hydnellum decurrata Cui 23056 USA OR813995 - OR814075 PP545341
Hydnellum diabolus KAH13873 Canada AF351863 - - -
Hydnellum diabolus Cui 18706 China OR761650 OR761772 OR761716 -
Hydnellum diabolus Cui 18707 China OR761651 OR761773 OR761717 -
Hydnellum dianthifolium ML902162HY - KX619420 - - -
Hydnellum dianthifolium ML61211HY - KX619419 - - -
Hydnellum earlianum REB-375 USA JN135179 - - -
Hydnellum earlianum Cui 16958 China OR761652 OR761774 OR761718 PP545359
Hydnellum earlianum Cui 17154 China OR761653 OR761775 OR761719 PP545361
Hydnellum fagiscabrosum Cui 17228 China OR761654 - OR761720 PP545362
Hydnellum fagiscabrosum GB-0195805 Sweden MW144294 MW144294 - -
Hydnellum fagiscabrosum GB-0195625 Sweden MW144292 MW144292 - -
Hydnellum fennicum OF242833 Norway MK602738  MK602738 - -
Hydnellum fennicum SWesterberg110909 Sweden MK602739 MK602739 - -
Hydnellum ferrugineum ELarsson 19714 Sweden MK602722  MK602722 - -
Hydnellum ferrugineum Cui 17015 China OR761655 OR761776 OR761721 -
Hydnellum ferrugineum Cui 17099 China OR761656 OR761777 - PP545363
Hydnellum ferrugipes REB-176 USA KC571727 - - -
Hydnellum ferrugipes REB-68 USA JN135176 - - -
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GenBank accession no.

Species Specimen no. Locality
ITS nLSU nSSU RPB2

Hydnellum fibulatum Yuan 14646 China MW579957 - MW579926 -
Hydnellum fibulatum Yuan 14656 China MW579927 - MW579958 -
Hydnellum fuligineoviolaceum LA120818 Sweden MK602740 MK602740 - -
Hydnellum fuligineoviolaceum BNylen130918 Sweden MK602741  MK602741 - -
Hydnellum fuscoindicum OSC 113641 USA EU669230 EU669280 - -
Hydnellum fuscoindicum OSC 107844 USA EU669229  EU669279 - -
Hydnellum geogenium OF66379 Norway MK602723  MK602723 - -
Hydnellum geogenium EBendiksen524.1 Norway MK602725  MK602725 - -
Hydnellum glaucopus RGCarlsson1®60 Sweden MK602743  MK602743 - -
Hydnellum glaucopus JNitare06091 Sweden MK602744  MK602744 - -
Hydnellum glaucopus Cui 17492 China OR761657 - OR761722 -
Hydnellum gracilipes ELar sson Sweden Norway MK602727 - -
Hydnellum gracilipes GB 01137 Sweden MK602726  MK602726 - -
Hydnellum granulosum Yuan 12213a China MW579948 MW579893 MW579921 0OK254213
Hydnellum granulosum Yuan 12213b China MW579947 MW579892 MW579920 0OK254212
Hydnellum grosselepidotum Wei 8120 China MN846274  MN846283 - -
Hydnellum grosselepidotum Wei 8075 China MN846276  MN846285 - -
Hydnellum grosselepidotum SAAS 2472 China OP437911 - - -
Hydnellum illudens OF76340 Norway MW144334 MW144334 - -
Hydnellum illudens SAAS 3830 China OP437912  OP407678 - OP434361
Hydnellum illudens SAAS 3844 China OP437914  OP407680 - OP434363
Hydnellum inflatum Wang 80 China MW579949 MW579949 MW579922 OK254210
Hydnellum inflatum Shi 506 China OK254210 MW579895 0OK254210 0OK254211
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GenBank accession no.

Species Specimen no. Locality
ITS nLSU nSSU RPB2

Hydnellum joeides KHjortstam17589 Sweden MK602750 MK602750 - -
Hydnellum joeides Nitare110829 Sweden MK602751  MK602751 - -
Hydnellum lepidum EGrundel110916 Sweden MK602753  MK602753 - -
Hydnellum lepidum JNitare110829 Sweden MK602754  MK602754 - -
Hydnellum lidongense Wei 8329 China MN846281 MN846290 - -
Hydnellum lidongense SAAS 2435 China OP437915 OP407681 - OP434364
Hydnellum lidongense Dai 24635 China OR761658 OR761778 OR761723 PP545364
Hydnellum lundellii OF242639 Norway MK602759  MK602759 - -
Hydnellum lundellii OF295814 Norway MK602760 MK602760 - -
Hydnellum luteocaesia Cui 23033 USA OR813996 OR814040 OR814076 -
Hydnellum luteocaesia Cui 23045 USA OR813997 OR814041 OR814077 PP545342
Hydnellum luteocaesia Cui 23046 USA OR813998 OR814042 OR814078 -
Hydnellum martioflavum OF242872 Norway MK602761  MK602761 - -
Hydnellum martioflavum SAAS 2667 China OP437917 - - OP434365
Hydnellum melanocarpum Cui 18556 China ONG603661 - ON603651 -
Hydnellum melanocarpum Cui 18557 China ON603662 ON603643 ON603652 -
Hydnellum melanocarpum Cui 18559 China ON603663 ONG603644  ON603653 ONG605667
Hydnellum mirabile SLund140912 Sweden MK602730 MK602730 - -
Hydnellum mirabile RGCarlsson11119 Sweden MK602728  MK602728 - -
Hydnellum mirabile ELarssonl170 14 Sweden MK602729 MK602729 - -
Hydnellum nitida Cui 18571 China OR814000 - OR814080 -
Hydnellum nitida Cui 18572 China OR813999 OR814043 OR814079 -
Hydnellum nemorosum GB-0195631 Sweden MW144373 MW144373 - -
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Hydnellum nemorosum OF242352 Norway MW144372 MW144372 - -
Hydnellum nemorosum Cui 23073 USA OR761686 OR761806 OR761724 -
Hydnellum nemorosum Cui 23074 USA OR761687 OR761807 OR761725 -
Hydnellum parvum REB 131 USA JN135187 - - -
Hydnellum parvum REB 392 USA KC571717 - - -
Hydnellum peckii ELarssonl1744 Sweda MK602732 MK602732 - -
Hydnellum peckii Yuan 13720 China MW579967 MW579906 MW579932 OK254215
Hydnellum peckii Cui 18703 China - OR761779 OR761726 PP545365
Hydnellum peckii Cui 18617 China OR761659 OR761780 - -
Hydnellum pineticola REB 49 USA KC571733 - - -
Hydnellum pineticola REB 43 USA JN135175 - - -
Hydnellum pineticola Cui 23041 USA OR761688 OR761808 OR761727 -
Hydnellum pineticola Cui 23042 USA OR761689 - OR761728 -
Hydnellum piperatum REB-332 USA JN135173 - - -
Hydnellum piperatum REB-304 USA KC571723 - - -
Hydnellum piperatum Cui 23044 USA OR761690 OR761809 OR761729 -
Hydnellum ginghaiense Dai 18937 China - OR814044 OR814081 -
Hydnellum ginghaiense Dai 18939 China OR814001 OR814045 OR814082 -
Hydnellum ginghaiense Dai 18943 China OR814002 OR814046 - -
Hydnellum radiatum Cui 17130 China ON603664 ON603645 ON603654 ON605669
Hydnellum radiatum Cui 16254 China ON603665 - ON603655 -
Hydnellum regium SEW 93 USA AY569031 - - -
Hydnellum roseoviolaceum GB-0195687 Sweden MW144375 MW144375 - -
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Hydnellum roseoviolaceum GB-0195936 Sweden MW144374 MW144374 - -
Hydnellum rubidofuscum Yuan 14587 China MW579952 MW579897 MW579925 OK254208
Hydnellum rubidofuscum Yuan 14561 China MW579951 MW579896 MW579924 OK254207
Hydnellum scabrosellum GB-0195791 Sweden MW144378 MW144378 - -
Hydnellum scabrosellum GB-0195689 Sweden MW144379 MW144379 - -
Hydnellum scabrosum OF295824 Norway MK602764  MK602764 - -
Hydnellum scabrosum OF292320 Norway MK602766  MK602766 - -
Hydnellum scleropodium REB-3 USA JN135186 - - -
Hydnellum scleropodium REB-352 USA KC571740 - - -
Hydnellum scrobiculatum REB-78 USA JN135181 - - -
Hydnellumsp. SAAS3824 China OK636119 - - OP434357
Hydnellum spongiosipes REB-107 USA KC571743 - - -
Hydnellum spongiosipes REB-52 USA JN135184 - - -
Hydnellum spongiosipes Cui 23109 USA OR761691 OR761810 OR761730 -
Hydnellum squamulosum Yuan 13625 China MW579956 MW579899 - OK254204
Hydnellum squamulosum Cui 18686 China OR761661 OR761782 OR761732 -
Hydnellum squamulosum Cui 18685 China OR761660 OR761781 OR761731 -
Hydnellum suaveolens ELarsson 1399 Norway MK602734  MK602734 - -
Hydnellum suaveolens ELarsson 814 Sweden MK602735  MK602735 - -
Hydnellum suaveolens Cui 18671 China OR761662 OR761783 OR761733 PP545366
Hydnellum suaveolens Cui 18610 China OR761663 OR761784 OR761734 -
Hydnellum subalpinum SAAS2778 China OP437919 OP407685 - OP434369
Hydnellum subalpinum SAAS2961 China 0OP437922 OP407688 - 0OP434372
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Hydnellum subalpinum SAAS2923 China OP437921  OP407687 - 0OP434371
Hydnellum subalpinum Cui 18710 China OR804330 OR793838 OR793841 -
Hydnellum subalpinum Cui 18711 China OR804331 OR793839 OR793842 -
Hydnellum subcaeruleum Dai 18976 China OR814003 OR814047 OR814083 -
Hydnellum subcaeruleum Dai 18979 China OR814004 OR814048 OR814084 -
Hydnellum subcaeruleum Dai 18980 China OR814005 OR814049 OR814085 -
Hydnellum subailaoensis Dai 24634 China OR814006 OR814050 OR814086 PP545343
Hydnellum subscabrosellum SAAS 3833 China OK636110 OP407683 - OP434367
Hydnellum subscabrosellum SAAS3842 China OK636111 OK636111 - OP434368
Hydnellum subsuccosum SEW 55 USA AY569033 - - -
Hydnellum subsuccosum REB-10 USA JN135178 - - -
Hydnellum succulentus Dai 19953 China OR814007 OR814051 OR814087 -
Hydnellum succulentus Cui 22876 China OR814008 OR814052
Hydnellum sulcatum Yuan 14521 China MW579961 MW579902 MW579930 0OK254202
Hydnellum sulcatum Cui 16954 China - OR761785 OR761735 -
Hydnellum sulcatum Cui 16965 China OR761664 OR761786 OR761736 -
Hydnellumsp. Cui 16459 Vietnam - PP087925 OR814103 -
Hydnellumsp.1 Shi 164 China MW579969 - - -
Hydnellumsp.2 Yuan 14387 China MW579970 MW579908 MW579934 -
Hydnellumsp.3 Yuan 14388 China MW579971 - - -
Hydnellumsp.4 Wang 295 China MW579972 - - -
Hydnellumsp.5 Yuan 14594 China MW579973 MW579909 MW579935 OK254205
Hydnellum tarda Dai 19925 China OR814009 OR814053 - -

309



GenBank accession no.

Species Specimen no. Locality

ITS nLSU nSSU RPB2
Hydnellum tarda Dai 19974 China OR814010 ORS814054 OR814088 -
Hydnellum tarda Dai 19975 China OR814011 - OR814089 -
Hydnellum yunnanense Yuan 14386 China MW579962 MW579903 - OK254199
Hydnellum yananense Yuan 14396 China MW579963 MW579904 - OK254200
Hydnellum yunnanense Dai 20399 China OR761665 - - -
Hydnellum underwoodii REB 358 USA JN135189 - - -
Hydnellum underwoodii REB-50 USA KC571781 - - -
Hydnellum versipelle REB242 USA JN135188 - - -
Hydnellum versipelle SAAS 2841 China OP437923  0OP407689 - 0OP434373
Hydnellum versipelle SAAS 2905 China OP437924  0OP437924 - OP434373
Hydnellum xanthopus Cui 18618 China OR814012 OR814055 OR814090 -
Hydnochaete duportii AFTOL-ID 666 - DQ404386 AY635770 - AY662669
Hyphoderma praetermissum AFTOL-ID 518 - AY854081 AY700185 AY707094 AY787221
Jaapia argillacea CBS:252.74 Netherlands  GU187524  GU187581 - GuU187788
Lactarius deceptivus AFTOL-ID 682 USA AY854089  AY631899  AY707093 AY803749
Lenzitopsis daii Yuan 2959 China JN169799 JN169795  MT732087 MT724774
Lenzitopsis daii Yuan 2952 China JN169798 JN169794 - -
Lenzitopsis daii Dai 18892 China OR761666 OR761787 OR761743 PP545370
Lenzitopsis daii He 7135 China OR761667 OR761788 OR761744
Lenzitopsis daii Dai 22612 China OR761668 OR761789 OR761745
Lenzitopsis oxycedri KHLarsson15304 Spain MK602774  MK602774 - -
Lenzitopsioxycedri UK635 - JN169800 JN169796 - -
Leptosporomyces raunkiaeri CFMR: HHB-7628 USA GuU187528 GU187588  GU187640 Gu187791
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Neolentinus adhaerens DAOM 214911 - HM536096 HM536071 HM536072 HM536116
Neosarcodon atroviridis REB-104 USA JN135190 - - -
Neosarcodon atroviridis REB-109 USA KC571769 - - -
Neosarcodon atroviridis REB-61 USA KC571768 - - -
Neosarcodon bairdii AV990 Colombia KR698938 - - -
Neosarcodon colombiensis AG-2015 Colombia KP972654 - - -
Neosarcodon melanocarpus Dai 19964 China - OR814056 OR814091 -
Neosarcodon melanocarpus Dai 19978 China OR814013 OR814057 OR814092 -
Neosarcodon pallidogriseus AV989 Colombia KR698939 - - -
Neosarcodon pakaraimensis TH9554 Guyana KM668103 - - -
Neosarcodon pakaraimensis TH9513 Guyana KC155390 - - -
Neosarcodon portoricensis Baroni 8776 Puerto Rico KM668100 - - -
Neosarcodon quercophilus CFMR-BZ-3833 BELIZE KM668101 - - -
Neosarcodon rufobrunneus AV1989 Colombia KR698937 - - -
Neosarcodorumbilicatus Baroni 10201 Belize KM668102 - - -
Neosarcodorumbilicatus - Belize NR137923 - - -
Odontia aculeata Yuan 10793 China MG719981 - - -
Odontia aculeata Yuan 10767 China MG719982 - - -
Odontiaduemmeri TU103876 Cameroon  UDBO013978 - - -
Odontia ferruginea TAAM149492 Estonia uUDB000285 - - -
Odontia ferruginea TU110988 Estonia UDB025793 - - -
Odontia fibrosa TU115028 China MK602775  MK602775 - -
Odontia fibrosa SSvantesson38 Norway MH310788 - OK586799 OK632664
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Odontia sparsa Yuan 10718 China MG719980 - - -
Odontia sparsa Yuan 10780 China MG719980 - - -
Odontia parvispina Yuan 10652 China MW033328 - - -
Odontia parvispina Yuan 10716 China MW033329 - - -
Odontiahuanrenensis Yuan 10663 China MWO033326 - - -
Odontiahuanrenensis Yuan 10741 China MWO033327 - - -
Odontiaparvospora Yuan 13073 China MK883038 MKB883038 - -
Odontiaparvospora Yuan 13071 China MK883037  MK883037 - -
Phellodon albomarginatus Dai 19880 China OR814014 OR814058 - -
Phellodon alboniger REB-70 USA KC571749 - - -
Phellodon alboniger REB-57 USA JN135206 - - -
Phellodon alboniger Cui 23062 USA OR761692 OR761811 OR761737 -
Phellodon arcularius Cui 17127 China OR814015 OR814059 OR814093 -
Phellodon atratus CL-72 Canada MK281471 - - -
Phellodon atratus DAVFP 28189 Canada HQ650766 - - -
Phellodon atroardesiacus Cui 18449 China MZ221189 MZ225598 MZ225636 -
Phellodon atroardesiacus Cui 16951 China MZ225632 MZ225597 MZ225635 MZ343197
Phellodon brunneoolivaceus REB-166 USA KC571752 - - -
Phellodon caesius Cui 18734 China OP751005 OP751407 OP751414 OP755305
Phellodon caesius Cui 18735 China - OP751408 OP751415 -
Phellodon cinereofuscus Cui 16944 China MZ225581 MZ225603 MZ225641 MZ343199
Phellodon cinereofuscus Cui 16962 China MZ225583 MZ225605 MZ225643 MZz343200
Phellodon cinereofuscus Cui 16963 China MZz225584  MZ225606 MZ225644 MZ343201
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Phellodonconcentricus Dai 20401 China - OP751406 OP751413 -
Phellodonconcentricus Dai 20403 China OP751004 OP751405 OP751412 -
Phellodon confluens WAT 28574 UK EU622361 - - -
Phellodon confluens EO00 186901 UK EU622362 - - -
Phellodon crassipilieatus Cui 18532 China 0OL449267 OL439037 0OL439027 -
Phellodon crassipilieatus Cui 18533 China OL449268  OL439038  0OL439028 -
Phellodon ellisianus REB-264 USA KC571757 - - -
Phellodon ellisianus REB-407 USA KC571759 - - -
Phellodon fibulatus REB-168 USA JN135205 - - -
Phellodon fibulatus REB-34 USA KC571761 - - -
Phellodon fuligineoalbus REB-271 USA KC571760 - - -
Phellodon fuligineoalbus REB-285 USA JN135196 - - -
Phellodon fuligineoalbus Cui 23048 USA OR761693 - OR761738 PP545371
Phellodon longipes Cui 18542 China OR814016 - - PP545344
Phellodon griseofuscus Cui 18544 China 0OL449265 OL439035 0OL439025 0OL449087
Phellodon griseofuscus Cui 18561 China OL449266  OL439036  0OL439026 -
Phellodon henanensis Chen 463 China OP751002 - OP751410 -
Phellodon henanensis Chen 465 China OP751003 OP751404 OP751411 -
Phellodon melaleucus LH4 UK EU622368 - - -
Phellodon melaleucus E00219373 UK EU622369 - - -
Phellodon mississippiensis MS-1 USA JN247563 - - -
Phellodon mississippiensis MS-3 USA JN247564 - - -
Phellodon niger REB-46 USA JN135202 - - -
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Phellodon niger REB-282 USA KC571766 - - -
Phellodoncf. nothofagi MES-175 Chile MH930224 - - -
Phellodon perchocolatus Cui 18534 China OL449259  0OL439029  0OL439020 -
Phellodon perchocolatus Cui 18536 China 0OL449260 OL439030 - -
Phellodon perchocolatus Cui 18540 China 0OL449261 OL439031 0OL439021 -
Phellodon putidus REB-8 USA JN135200 - - -
Phellodon secretus 0097 Russia MG597404 - - -
Phellodon setulosus Cui 23031 USA OR814017 - OR814094 -
Phellodon setulosus Cui 23040 USA OR814018 - OR814095 PP545345
Phellodon setulosus Cui 23058 USA OR814019 - OR814096 PP545346
Phellodon setulosus Cui 23059 USA OR814020 - OR814097 PP545347
Phellodon sinclairii PDD 89028 New Zealand GU222291 - - -
Phellodon stramineus Cui 16956 China MZ225587 MZ225609 MZ225647 MZ343203
Phellodon stramineus Cui 16959 China MZz225588 MZ225610 MZ225648 MZ343204
Phellodon stramineus Cui 16961 China MZ225589 MZ225611  MZ225649 MZ343205
Phellodon subconfluens Yuan 11123 China MK677464 - - -
Phellodon subconfluens Yuan 11150 China MK677465 - - -
Phellodonsubgriseofuscus Dai 18982 China OP751000 - - -
Phellodonsubgriseofuscus Dai 18993 China OP751001 OP751403 OP751409 OP755301
Phellodon submelaleucus Cui 18614 China 0L449262 0OL439032 0OL439022 -
Phellodon submelaleucus Cui 18620 China 0OL449263 0OL439033 0OL439023 -
Phellodon submelaleucus Cui 18623 China 0OL449264 0OL439034 0OL439024 -
Phellodonsubstramineus Dai 24629 China OR814021 OR814060 OR814098 PP545348
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Phellodonsubstramineus Dai 24630 China OR814022 OR814061 OR814099 PP545349
Phellodonsubstramineus Dai 24631 China OR814023 OR814062 OR814100 -
Phellodonsp.1 REB-83 USA KC571747 - - -
Phellodonsp.1 REB-325 USA KC571748 - - -
Phellodon tomentosus SL70 UK EU622381 - - -
Phellodon tomentosus LH22 UK EU622382 - - -
Phellodon yunnanensis Cui 17097 China MZ225593 MZ225613 MZ225651 MZ343206
Phellodon yunnanensis Cui 17129 China MZ225594  MZ225614  MZ225652 MZ343207
Phellodon yunnanensis Cui 17131 China MZ225595 MZ225615 MZ225653 MZ343208
Phellodon violascens 2359QFB-25626 - KM406977 - - -
Phellodon violascens Cui 23047 USA OR761694 OR761812 OR761739 -
Phellodon violascens Cui 23061 USA OR761695 OR761813 - -
Picipes atratus Cui 11289 China KX900043 KX900159 KX900271 KX900307
Podoserpula ailaoshanensis ZJL.2015015 China KU324484  KU324487 KU324491 -
Polyporus austrosinensis Cui 11126 China KX900045 KX900161 KX900272 KX900308
Polyozellus abundilobus OF110312 Norway MK290731  MK290731 - -
Polyozellus alnophilus OF110313 Norway MK290715 MK290715 - -
Polyozellus alobaits OF110315 Norway MK290695 MK290695 - -
Polyozellus alobats SSvantesson425 Sweden MK290696  MK290696 - -
Polyozellus atrofuscus ML7553 USA MK290732 - - -
Polyozellus atrofuscus 1859RD China HQ850125 - - -
Polyozellus atrolazulinus TU117559 Canada MG214657 MT737307 MT732090 MT724777
Polyozellus atrolazulinus TU102998 USA MF100819 - - -
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Polyozellus flavovirens KHLarsson16727 Sweden - OK559566  OK559682 OK632648
Polyozellus flavovirens KHL16310 Sweden MK290723  MK290723 - -
Polyozellus SSvantesson401 Sweden MK290720 - - OK632653
Polyozellus 7883 Norway  MK290721 MK290721  MK290649 .
Polyozellus humicola SSvantesson345 Sweden  MK290724 MK290724 MK290724  OK632649
Polyozellus humicola SSvantesson539 USA - OK559565  OK559680 OK632650
Polyozellusmariae TU117348 Canada MF100831  MF100831 - -
Polyozellusmariae TU117235 Canada MF100826 - - -
Polyozellusmarymargaretae TU117347 USA MF100841  MT737308 MT732089 MT724778
Polyozellus medius TU115609 Estonia MK290714  MK290714
Polyozellus medius MBNO021322 Canada KC840631 -
Polyozellus mucidulus T1155 Norway MK290725 MK290726
Polyozellus mucidulus T1123 Norway MK290726  MK290718
Polyozellusmultiplex TU115322 Canada MF100814 MT737306 MT732095 MT724779
Polyozellusmultiplex TU117350 USA MF100830  MF100830 - -
Polyozellusmultiplex TU115049 China MF100812 MF100812 - -
Polyozellus nigra KHL16273 Finland MK290718 MK290718 - -
Polyozellus nigra T838 Norway MK290719 MK290719 - -
Polyozellus pinophils SSvantess@b8 Sweden MK290708 MK290708 - -
Polyozellus pinophils OF110328 Norway MK290709 MK290709 - -
Polyozellus plurilobus US 4263 Finland MK290698 - - -
Polyozellus plurilobus SSvantesson439 Sweden MK290699 - - -
Polyozellus purpureoniger H7021198 Russia MF100842 - - -
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Polyozellus purpureoniger TU103000 USA MF100821 - - -
Polyozellus rhizopunctatus SSrantessoh29 Sweden MK290717 MK290717  OK559677 OK632669
Polyozellus rhizopunctatus EMartini 10413 Switzerland - OK559563  OK559678 OK632668
Polyozellus rotundispais SSvantessatl3 Sweden MK290674  MK290674 - -
Polyozellus rotundispais SSvantess@94 Sweden MK290728 MK290728 - -
Polyozellus sciastrs OF110317 Norway MK290684 MK290684 - -
Polyozellus sciastrs OF110318 Norway MK290688 MK290688 - -
Polyozellus tristis SSvantesson193 Sweden MK290679 MK290679  OK559676 OK632658
Polyozellus tristis OF110300 Norway MK290676  MK290676 - -
Polyozellus tristoides OF110306 Norway MK290692 MK290692 - -
Polyozellus tristoides R60p6 Czechia GU327494 - - -
Polyozellus umbrinus SSvantesson 351 Sweden MK290700 - - -
Polyozellus umbrinus OF110268 Norway MK290702 MK290702 - -
Polyozellus umbrinascens SSvantesson 335 Sweden MK290697  MK290697 - -
Polyozellus umbrinascens UE31 Italy HM370480 - - -
Polyozellus vepallidosporus 51821201 Germany HM146848 - - -
Stereopsis radicans O: KHL15528 Brazil - KC203497 KC203497 KC203503
Sarcodon aspratus - - DQ448877 - - -
Sarcodon aspratus - - AF335110 - - -
Sarcodorflavidus SAAS 3819 China OK636116  OP407698 - OP434380
Sarcodorflavidus SAAS 3832 China OK636112  OP407699 - OP434381
Sarcodorflavidus SAAS 3923 China OK636113  OP407700 - OP434382
Sarcodorgiganteus SAAS 3974 China OK636122 OP407702 - OP434384
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Sarcodorgiganteus SAAS 3576 China OK636121 OP407701 - OP434383
Sarcodon imbricatus ELarsson 3840 Norway MK602747  MK602747 - -
Sarcodon imbricatus SSvantesson355 Norway MK602748 MK602748 - -
Sarcodon imbricatus SAAS 2681 China OK636080 OP407703 - OP434385
Sarcodon imbricatus Cui 16834 China OR761669 OR761790 OR761740 PP545367
Sarcodon imbricatus Cui 16835 China OR761670 OR761791 OR761741 PP545368
Sarcodorieucopus OF 296944 Norway MK602756  MK602756 - -
Sarcodorieucopus OF 296099 Norway MK602755  MK602755 - -
Sarcodorieucopus SAAS 2873 China OK636090 OP407706 - OP434389
Sarcodorieucopus SAAS 2875 China OK636087 OP407707 - OP434388
Sarcodorieucopus Cui 17596 China OR761671 OR761792 OR761742 PP545369
Sarcodomeosquamosus SAAS 2914 China OK636095 OP407712 - OP434390
Sarcodomeosquamosus SAAS 2919 China OK636096 OP407713 - 0OP434391
Sarcodomeosquamosus SAAS 2926 China OP437932 - - OP434392
Sarcodomigrosquamosus SAAS 2704 China OK636106 OP407709 - -
Sarcodomigrosquamosus SAAS 2938 China OK636101  OP407710 - -
Sarcodomigrosquamosus SAAS 3922 China OK636103 OP407711 - -
Sarcodorpseudoimbricatus Cui 16969 China OR804332 OR793840 OR793843 -
Sarcodorpseudoimbricatus SAAS 2944 China OK636099 OP407694 - -
Sarcodorpseudoimbricatus SAAS 2962 China OK636098 OP407695 - 0OP434378
Sarcodon quercinofibulatus JG-20090718.2 Italy JX271818 MK602773 - -
Sarcodon quercinofibulatus RMAS USA MG663244 - - -
Sarcodon scabripes REB-351 USA JN135191 - - KF007970
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Sarcodon scabripes FCME:23240 Mexico EU293829 - - -
Sarcodon squamosus ELarsson 2482 Sweden MK602767  MK602767 -
Sarcodon squamosus OF295554 Norway MK602769  MK602769 - -
Sarcodon sutuercinofibulatus SAAS 2904 China OK636123 OP407691 - OP434375
Sarcodon sutpuercinofibulatus SAAS 3780 China OP434375 0OP407692 - OP434376
Sarcodon sufpuercinofibulatus SAAS 3976 China OK636124  OP407693 - OP434377
Sarcodon sutuercinofibulatus Dai 20315 China OR814024 OR814063 OR814101 -
Sarcodon yunnanensis He 1078 China OR814025 - - -
Sarcodon yunnanensis SAAS 2471 China OP437909 - - -
Schenella pityophilus 0SC59743 - - DQ218519 DQ219057
Schizophyllum radiatum AFTOL-ID-516 Panama AY571060  AY571023  AY705952 DQ484052
Serpula himantioides MUCL:30528 Belgium GU187545 (GU187600 GU187651 GU187808
Steccherinum murashkinskyi X449 Russia JN710588 JN710588 - -
Steccherinum ochraceum KHL11902 Sweden JQO031130 JQO031130 - -
Stereopsis radicans O: KHL15528 Brazil - KC203497 KC203497 KC203503
Thelephora africana SYN 991 Benin EF507254 - - -
Thelephora africana SYN890 Benin EF507256 - - -
Thelephora afrostuposa SYN 2292 Guinea JF520431 - - -
Thelephora afrostuposa MSYN 2292 Guinea NR119954 - - -
Thelephora agbassaensis SYN 981 Benin EF507257 - - -
Thelephora agbassaensis MSYN 981 Benin NR119638 - - -
Thelephora agereri MRA 13793 Benin NR119641 - - -
Thelephora albomarginata NF20010 Denmark UDB016649 - - -
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Thelephora alnii TUF115341 Finland UDB011639 - - -
Thelephora alnii TH034568 Estonia UDB002958 - - -
Thelephora alpina IB 20060231 Austria EF655702 - - -
Thelephora alpina B 20060231 Austria NR121330 - - -
Thelephoraamericana BMJO1 USA MT196971 - - -
Thelephora amyloapiculata MSYN 893 Benin EF507263 - - -
Thelephoraanthocephala src614 USA DQ974771 - - -
Thelephoraanthocephala NSK1014540 Russia MT773612 MT773612 - -
Thelephora asia®rientalis Yuan 12022 China MK211711  MK446334 - -
Thelephora asia@rientalis Yuan 11918 China MK211710 MK446333 - -
Thelephora asperula MT7 Germany KF498576 - - -
Thelephora atra TAAM149211 Russis UDB000235 UDB018697 - -
Thelephoraatramentaria TUF123496 Germany UDB000236 - -
Thelephoraatramentaria TUF108866 Estonia UDBO000955 - -
Thelephora atroarenicolor TU115438 Estonia - uDB016303 - -
Thelephora atrobadia Yuan 11099 China KY686248  MK446335 - -
Thelephora atrobadia Yuan 11114 China KY686249  MK446336 - -
Thelephora atrocastanea Yuan 12179 China MK211743  MK446338 - -
Thelephora atrocastanea Yuan 12170 China MK211742  MK446337 - -
Thelephoraatrocitrina SH1502461 Italy UDB023357 - - -
Thelephoraatrocitrina SH1213711 Italy UDB023355 - - -
Thelephora aquila Wei 8831 China OP793743  OP793698 - -
Thelephora aquila Wei 8833 China OP793744  OP793699 - -
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Thelephora aurantiotincta 520625MF420 China MZ057686 - - -
Thelephora aureomarginata Yuan 10671 China MK211744  MK446339 - -
Thelephora aureomarginata Yuan 10683 China MK211745  MK878395 - -
Thelephora austrosinensis GDGM 48891 China MF593266 MH620354 - -
Thelephora austrosinensis Dai 19706 China OR761672 OR761793 OR761746
Thelephorabadia TUF108893 Estonia UDB000952 - - -
Thelephorabadia TAA159022 Russia uDB000238 - - -
Thelephorabeaverae TU105060 Seychelles - UDB015002 - -
Thelephorabeaverae TU103595 Seychelles - UDB017787 - -
Thelephora bidoupensis Yuan 12707 Vietnam MK775477  MN684329 - -
Thelephora bidoupensis Yuan 12685 Vietnam MK775476  MN684330 - -
Thelephora botryoides KHL8453 Sweden UDB000255 AY586717 - -
Thelephora bresadolae TU115616 Slovenia UDB020335 - - -
Thelephora bresadolae TU115447 Estonia UDB016311 - - -
Thelephora brevis Yuan 11328 China MK211746  MK446340 - -
Thelephora brevis Yuan 11332 China MK211747  MK878396 - -
Thelephora brevisterigmata Yuan 12700 Vietnam MK775472  MK775472 - -
Thelephora brevisterigmata Yuan 12701 Vietnam MK775473  MK850203 - -
Thelephora brunneocystidia SYN 839 (M) Benin DQ848613 - - -
Thelephora brunneocystidia RA 13779 Benin DQ848610 - - -
Thelephora brunneoflava Yuan 12162 China MK211749  MK850194 - -
Thelephora brunneoflava Yuan 12161 China MK211748 MK446341 - -
Thelephora brunneogrisea Yuan 12147 China MK211751 MK446343 - -
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Thelephora brunneogrisea Yuan 12146 China MK211750 MK446342 - -
Thelephora brunneorufa TAAM159857 Australia uDB000274 - - -
Thelephora bubalinomarginat: Dai 20606 China OR814026 OR814064 - -
Thelephora bubalinomarginat: Dai 20608 China OR814027 - - -
Thelephora bubalinomarginat: Dai 19919 China OR814028 OR814065 - -
Thelephora bubalinomarginat: Dai 19931 China OR814029 OR814066 - -
Thelephora bubalinomarginat: Dai 19932 China OR814030 OR814067 - -
Thelephora caryophyllea ELarsson899 Sweden MK602776  MK602776 - -
Thelephora caryophyllea He 6816 China OR761675 OR761794 OR761747 -
Thelephora caryophyllea Dai 20119 China OR761673 OR761795 OR761748 -
Thelephora caryophyllea Dai 21741 China OR761674 OR761796 OR761749 -
Thelephora castanea B923 Iran UDB005597 - - -
Thelephora castanea TL-6886 Denmark uDB000120 - - -
Thelephora changbaiensis Yuan 11496 China MK211739  MK446347 - -
Thelephora changbaiensis Yuan 11477 China MK211738 MK446346 - -
Thelephora cinerascens TU108037 Estonia - UDB016193 - -
Thelephora cinerascens TU111378 Italy - UDB016498 - -
Thelephora cinereobrunnea Yuan 12703 Vietnam MK775478 MK850198 - -
Thelephora cinereobrunnea Yuan 12705 Vietnam MK775479  MK850199 - -
Thelephora cinereoumbrina TU115342 Finland uUDB011602 - - -
Thelephora citrinocystidiata Yuan 10680 China KY686246 MK446348 - -
Thelephora citrinocystidiata Yuan 10743 China KY686247  MK446349 - -
Thelephora clavigera TU115532 Estonia UDB016389 - - -
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Thelephora coerulea TU115602 Estonia UDB016469 - - -
Thelephora coerulea TAAM153804 Estonia UDB000266 - - -
Thelephora coffeae Yuan 10629 China KY686254  MK446350 - -
Thelephora coffeae Yuan 11100 China MK446350 MK446350 - -
Thelephora conclusa Yuan 12086 China MK211703 MK850195 - -
Thelephora conclusa Yuan 11986 China MK211702  MK446352 - -
Thelephora cuticularis MCVE23531 Italy UDB023363 - - -
Thelephora cuticularis MICH139821 Italy uUDB023383 - - -
Thelephora cystidiata Yuan 10620 China KY686219 MK446353 - -
Thelephora dimidiata Yuan 11205 China MK211704  MK446355 - -
Thelephora dimidiata Yuan 11267 China MK211705 MK211705 - -
Thelephoradominicana JBSD126510 Dominican KX216400 KX216399 - -
Thelephora duplexa Yuan 12207 China MK211707 MK446358 - -
Thelephora duplexa Yuan 12202 China MK211706  MK446357 - -
Thelephora efibulata Yuan 10699 China KY686228 MK446359 - -
Thelephora efibulata Dai 21669 China OR761697 - - -
Thelephora efibulis Yuan 11241 China MK211708 MK446361 - -
Thelephora efibulis Yuan 11329 China MK211709 MK446362 - -
Thelephora ellisii TU115347 Finland UDB011603 - - -
Thelephora ellisii TU123494 Germany UDB000226 - - -
Thelephora farinosa Yuan 10656 China KY686251 - - -
Thelephora farinosa Yuan 10666 China KY686250 - - -
Thelephora flavidobadia Yuan 11044 China KY686231 MK446364 - -
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Thelephora flavidobadia Yuan 11061 China KY686230 MK446365 - -
Thelephora fuscocinerea TAAM149918 Estonia uDB000240 UDB018703 - -
Thelephora fuscocrustosa Yuan 11420 China MK211713  MK446367 - -
Thelephora fuscocrustosa Yuan 11399 China MK211712  MK446366 - -
Thelephora fuscofarinosa Yuan 12142 China MK211715 MK446369 - -
Thelephora fuscofarinosa Yuan 12125 China MK211714  MK446368 - -
Thelephora fuscogranulosa Yuan 10733 China KY686232  MK446370 - -
Thelephora fuscogranulosa Yuan 10725 China KY686233  MK446371 - -
Thelephora fuscopelliculosa Yuan 11305 China MK211716  MK446372 - -
Thelephora fuscopelliculosa Yuan 11316 China MK211717  MK446373 - -
Thelephora fuscus T1180 China AB634268 - - -
Thelephora fuscus He 6923 China PP573019 PP573018 - -
Thelephora galzinii RS27093 Finland uUDB000264 - - -
Thelephora galzinii 2007BBF2 France HQ204743 - - -
Thelephoraganbajun HKAS 14735 China KY245240 - - -
Thelephoraganbajun Yuanl6715 China OP793760 OP793685 - -
Thelephora glaucoflora Dai 19753 China OP793755 OP799736 OR761750 -
Thelephoraglaucoflora Dai 20462 China OR761677 - OR761751
Thelephoraglaucoflora Cui 13840 China OR761676 - OR761752
Thelephora globosa Yuan 11618 Finland MG136838 MH201367 - -
Thelephora globosa Yuan 11603 Finland - MN684328 - -
Thelephora globospora Yuan 10668 China KY686242  MK446374 - -
Thelephora globospora Yuan 10748 China KY686243  MK446375 - -
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Thelephora gloeocystidiata Yuan 11171 China KY686220 MK446376 - -
Thelephora gloeocystidiata Yuan 11200 China KY686221  MK446377 - -
Thelephora grandinioides CLZhao 3406 China MZ400675 MZ400673 - -
Thelephora grandinioides CLZhao 3408 China MZ400676  MZ400674 - -
Thelephora griseocastanea Yuan 11409 China MK211719  MK446379 - -
Thelephora griseocastanea Yuan 11401 China MK211718  MK446378 - -
Thelephora griseofusca Yuan 11094 China KY686252  MK446380 - -
Thelephora griseofusca Yuan 11104 China KY686253 MK446381 - -
Thelephora griseomarginata Yuan 11468 China MK211721  MK446383 - -
Thelephora griseomarginata Yuan 11458 China MK211720 MK446382 - -
Thelephora guineensis SYN 2331 - JF520432 - - -
Thelephora guineensis M SYN 2331 - NR119955 - - -
Thelephora hjortstamiana TU103641 Seychelles  AM412303 - - -
Thelephora hjortstamiana Toohyp24 Australia KC222770 - - -
Thelephora inconspicua Yuan 11107 China KY686234  MK446385 -

Thelephora inconspicua Yuan 11060 China KY686235 MK446384 - -
Thelephora incrustata Yuan 12189 China MK211723  MK446387 - -
Thelephora incrustata Yuan 11158 China MK211722  MK446386 - -
Thelephora interrupta Yuan 10775 China KY686236  MK446388 - -
Thelephora interrupta Yuan 11203 China KY686237 MK446389 - -
Thelephora intsiae TAA195077 Seychelles  AM412296 - - -
Thelephora igbalii MH810 Pakistan JX241471 - - -
Thelephora lammiensis Yuan 11617 Finland MG136840 MH201366 - -
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Thelephora lapida TU115604 Estonia - UDB016370 -
Thelephora lapida TU115440 Estonia - UDB016305 -
Thelephora larssoniana TU105082 Seychelles UDBO017790 - -
Thelephora lateritia NF S045 Norway uUDB000963 - -
Thelephora lateritia TU108551 Estonia UDB000954 - -
Thelephora liaoningensis Yuan 10681 China MK250814 - -
Thelephora liaoningensis Yuan 10707 China KY686257 - -
Thelephora lilacinogrisea TU108189 Estonia - UDB018468 -
Thelephora lilacinogrisea TU111381 Italy - UDB016500 -
Thelephora_longechinulata_ Yuanl11979 China MK211726  MK446393
Thelephora_longechinulata_ Yuan12083 China MK211727  MK446394
Thelephora longiaculeifer Yuan 10744 China KY686238 MK446391 -
Thelephora longiaculeifer Yuan 11119 China KY686239  MK446392 -
Thelephora longiechinula Yuan 12687 Vietnam MK775474  MK850201 -
Thelephora longiechinula Yuan 12720 Vietnam MK775475  MK850200 -
Thelephora longisterigmata Yuan 11610 Finland MG136836 MG136836 -
Thelephora longisterigmata Yuan 11602 Finland - MH201365 -
Thelephora maroana SYN 878 Benin EF507250 - -
Thelephora maroana MSYN 878 Benin NR119636 - -
Thelephora macrospora Cui 23037 USA OR814031 - -
Thelephora macrospora Cui 23038 USA OR814032 - OR814102
Thelephora megaspora Yuan 11326 China MK211724  MK446395 -
Thelephora megaspora Yuan 11472 China MK211725 MK446396 -
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Thelephora minispora SYN 2273 Guinea JQ814474 - - -
Thelephora mollissima MCVE21287 Italy UDB023356 - - -
Thelephora muricata TU100771 Estonia UDB003303 - - -
Thelephora muricata TU100729 Finland uUDB003310 - - -
Thelephora nebula He 4452 China OP793748 OP793693 OR761753 -
Thelephora nebula He 4456 China OP793749 OR761803 OR761754 -
Thelephora nitellina L2AAL USA EF411085 - -
Thelephora nitellina Src675 USA DQ974778 - -
Thelephora olivacea Yuan 11043 China KY686224  MK446397 - -
Thelephora olivacea Yuan 11139 China KY686225 MK446398 - -
Thelephora olivaceobrunnea Yuan 11194 China MK211728  MK446399 - -
Thelephora olivaceobrunnea Yuan 12148 China MK211729  MK446400 - -
Thelephora pallidobrunnea Yuan 11493 China MK211731  MK446402 - -
Thelephora pallidobrunnea Yuan 11481 China MK211730 MK446401 - -
Thelephora pallidocastanea Yuan 11416 China MG799183 MN684323 - -
Thelephora pallidocastanea Yuan 12034 China MG816514 MN684324 - -
Thelephora pallidomarginata Yuan 11474 China MK211733  MK446404 - -
Thelephora pallidomarginata Yuan 11404 China MK211732 MK446403 - -
Thelephorgpalmata AT2005162 Sweden UDB018570 - - -
Thelephorgpalmata TU115271 Sweden MH310778 - - -
Thelephora parmastoana TU105091 Seychelles - uUDB016713 - -
Thelephora parmastoana TU103691 Seychelles - uDB017782 - -
Thelephora parvispora Yuan 11144 China KY686226 MK446405 - -
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Thelephora parvispora Yuan 11196 China KY686227 - - -
Thelephora patagonica BAFC52373 Argentina KT032091 KT032103 - -
Thelephora patagonica BAFC52372 Argentina KT032090 KT032102 - -
Thelephora penicillata X618 Prague 0OL469898 0OL469898 - -
o Czech

Thelephora penicillata X536 Republic OL469887 - - -
Thelephora pertenuis Yuan 11064 China KY686240  MK446407 - -
Thelephora pertenuis Yuan 11131 China KY686241  MK446408 - -
Thelephora pileocystidiata TU105068 Seychelles UDB015029 - - -
Thelephora pileocystidiata TU105054 Seychelles UDB017789 - - -
Thelephora pilosa TU124234 Estonia - UDB028227 - -
Thelephora pisoniae TU103655 Seychelles UDBO017778 - - -
Thelephora pseudoganbajun Yuan 16771 China OP793765 OP793705 - -
Thelephora pseudoganbajun Yuan 16780 China OP793766  OP793703 - -
Thelephora pseudoterrestris TAA159625 - AF272907 - - -
Thelephora pseudoversatilis FCME26232 Mexico JX075890 JX514167 - -
Thelephora pseudoversatilis FCME26152 Mexico KJ462486 - - -
Thelephora pulvinulata BAFC52371 Argentina KT032089 - - -
Thelephora pulvinulata BAFC52370 Argentina KT032088 KT032101 - -
Thelephora punicea KHL11908 Sweden UDBO000959 - - -
Thelephora pyrolae TAAMO005998 Switzerland UDB000262 - - -
Thelephora gingyuanensis Yuan 10616 China KY686223  MK446409 - -
Thelephora gingyuanensis Yuan 11109 China KY686222 MK446410 - -
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Thelephora radiosa P35 Mexico MT668616 - -
Thelephora radiosa P37 Mexico MT668618 - -
Thelephora regularis JMT17371 USA U83485 - -
Thelephorascissilis MUOB:324045 USA OK376730 - -
Thelephora segregata Yuan 11256 China MK211735  MK446412 -
Thelephora segregata Yuan 10650 China MK211734  MK446411 -
Thelephora separata Yuan 10664 China MK211737 MK850196 -
Thelephora separata Yuan 10654 China MK211736  MK850197 -
Thelephorasikkimensis KD 16-003 India MF684017 - -
Thelephorasikkimensis KD 16-042 India MF684018 - -
Thelephora stipitata Yuan 11160 China MK211740 MK446413 -
Thelephora stipitata Yuan 12143 China MK211741  MK446414 -
Thelephora stipitobasidia Yuan 12713 Vietnam MK775470 MK850204 -
Thelephora stipitobasidia Yuan 12691 Vietnam MK775471  MK850205 -
Thelephora storea Yuan 10623 China KY686244  MK446415 -
Thelephora stuposa Th0O764 Norway - MK602778 -
Thelephora stuposa TU115328 Estonia - uUDB016174 -
Thelephora subclavigera TU115594 Finland - UDB031979 -
Thelephora sublilacina UP161 Sweden EF493288 - -
Thelephora subtestacea TU115374 Ukraine - uDB016180 -
Thelephora subtestacea Dai 21659 China OR761699 - -
Thelephora subtestacea He 6952 China OR761698 - OR761761
Thelephora tedersooi TU103673 Seychelles UDB017781 - -
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Thelephora tedersooi TU103664 Seychelles UDB002644 - - -
Thelephora tenuirhizomorpha Yuan 11964 China MG799184 MN684326 - -
Thelephora tenuirhizomorpha Yuan 12059 China MG799185 MNG684327 - -
Thelephora tenuissima FK15011 Argentina KT032083 - - -
Thelephora tenuissima BAFC52369 Argentina KT032082 KT032100 - -
Thelephora terrestris DM1100 Denmark MT644883  MT644883 - -
Thelephora terrestris Dai 20983 China OR761678 OR761797 OR761756 -
Thelephora terrestris Dai 20981 China OR761679 OR761798 OR761755 -
Thelephora terrestris Dai 21649 China OR761680 OR761799 OR761757 -
Thelephora terrestris He 4990 China OR761681 OR761800 OR761758 -
Thelephora umbrinospora TAAM149462 Estonia UDB000233 - - -
Thelephora vialis TENN-F-072281H2 USA MN121029 MN121029 - -
Thelephora vialis TENN-F-072094 USA MN121022 MN121022 - -
Thelephora verruculata Yuan 12684 Vietnam MK775469 MN684332 - -
Thelephora verruculata Yuan 12680 Vietnam MK775468 MN684331 - -
Thelephoraversatilis FCME 26149 Mexico KC595625 - - -
Thelephoraversatilis MEXU 26351 Mexico KC595626 - - -
Thelephora viridula TU115536 Estonia UDB016392 - - -
Thelephora wakefieldiae TU115353 Finland UDB011601 - - -
Thelephora wakefieldiae TU115350 Finland UDB011599 - - -
Thelephora wuliangshanensis CLZhao 21020 China MZ400677 MZ400671 - -
Thelephora wuliangshanensis CLZhao 4107 China MzZ400678  MZ400672 - -
Tomentellopsis bresadoliana JEH 031011 Sweden EU118674 EU118674 - -
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Tomentellopsis bresadoliana H. G-B 5388 Germany AJ410769 - - -
Tomentellopsigchinospora TUF110333 Estonia - MT737310 MT732086 MT724780
Tomentellopsis pulchella KHLarsson16366 Norway MK602779  MK602779 - -
Tomentellopsis pusilla GB (KHL8459) Sweden - AY586718 - -
Tomentellopsis submollis RS-22498 Finland AJ410774 - - -
Tomentellopsis submollis P24F UK AMO086447 - - -
Tomentellopsizygodesmoides TUF124075 Estonia - MT737311 MT732091 MT724781

Note: New sequences are shown in hdlds: the internal transcribed spacer regiamnsSU: the large subunif nuclear ribosomal RNA geneSSU the small
subunitof nuclear ribosomal RNA genBPB2 the second largest subunit of RNA polymerase Il gene
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Phylogeneticanalyses

In this study, 426 sequencederived from718 fungal samples representing 340 spess®
used to reconstruct phylogenetic trees, including 681 sequences of ITS, 460 sequences of nLSU,
171 sequences of nSSU, and 116 sequenc&PB2. Among them,339 sequencesvere newly
generated, including 108 sequences of ITS, 90 sequences of nLSU, 101 sequences of nSSU, and 40
sequences of RPB2.

The phylogenetic relationships ®helephoralesvere analyzed by the datasets of combined
ITS+nLSU sequences and ITS+nLSU+nSSU+RPB2 sequestsstherinum ochraceu(Rers. ex
J.F. Gmel.) Grayand Steccherinum murashkinskiBurt) Maas Geest. were used as outgsaap
the above twghylogenetia@analyses, according to Larsson et al. (2019).

Comprehensive phylogenetic analysesigtinellum Phellodon,and Thelephorawere carried
out, respectively, since these three groups contain most species of Thelephorales. The phylogenetic
relationships of Hydnellum and Phellodon were analyzed by the datasets of combined
ITS+nLSU+nSSU+RPB2 sequencel addition, due to the lack of muigene molecular
sequencesthe combined dataset ¢TS+nLSU sequences &s used to rebuild the phylogenetic
relationshipsof Thelephora Amaurodon aquicoeruleusgerer (UK 452) andh. viridis (Alb. And
Schwein.) J. Schrot (TAA 149664) were used as the outgroups in the above three phylogenetic
analyses, according to Song et al. (2023).

The DNA quences were aligned by MAFFT v.7 wille GINI-I option (Katoh& Standley
2013) Alignments were optimized manually in BioEdit v. 7.0.9 (Hall 199®\ spliced in
Mesquite v. 3.2. (Maddiso&k Maddison 2017)The partition homogeneity test (PHT) (Farris et al.
1994) of thefour-gene dataset was tested by PAUP v. 4.0b10 (Swoford 200@3r 1,000
homogeneity replicates. The bdist evolutionary model was selected with AIC (Akaike
Information Criterion)using MrModeltest v. 2.3 (Nylander 2004)he dataset was deposited in
TreeBase (http://treebase.org/treebasd/home.html, submission ID1387).

The Maximum Likelihood (ML) and Bayesian Inference (BI) analyses were performed based
on the fourgene dataset. RAXMHPC2 v. 8.2.3 (Stamatakis 2014) was used to construct the
maximum likelihood (ML) analyses with the GTRGAMMA model. All model parameters were
estimated by the program, and only the best ML tree from all searches was kept. The ML bootstrap
values were performed using rapid bootstrapping with 1,000 replicates. All model parameters were
estimated by the program, and only the best ML tree from all searches was kept. The ML bootstrap
values were performed using rapid bootstrapping with 1,000 replicatesaBiksesvereconducted
using MrBayes 3.2.6 with four Markov chains (MCMC), performing ten million generations until
the split deviation frequencies 0.01 The trees were saved every 100 generatigremd the first
25% of the sampled trees were discarded as dourhen, the remaining trees were kept and
estimated wittBl bootstrap.

The phylogenetic trees obtainf'dm the Maximum Likelihood (ML) and Bayesian Inference
(BI) analysesvere modified by FigTree v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/, accessed
on 20 September 2023) and Adobe lllustrator CS6. In this studirenéopologyof ML was used
as a representative, and theotstrapvalues marked on the clade exe significantly credible the
ML bootstrapvas 50% or above, and the IBdotstrapnvas 0.95 or above.

Divergence time estimation

Two fossil calibrationsArchaeomarasmius leggetibbett, D. Grimaldi & Donoghue, and
Quatsinoporites cranhamiB.Y. Sm., Currah & Stockey, were used in the divergence time
estimationA. leggettj an agaricoid fungus dated toi90 Mya (Hibbett et al. 1997), was treated as
the representative of the minimum age of Agaricalesranhamij wasdatedat 125 Myawhich is
the minimum divergence time of Hymenochaetales (Smith et al. 2004).

Divergence timavas estimated with the BEAST v2.6.5 software package (Bouckaert et al.
2019)usingthe ITS, nLSU, nSSU, and RPB2quencesf ThelephoralespeciesFour species of
Agaricales viz.Agaricus campestris., Aphanobasidium pseudotsugégurt) Boidin & Gilles,
Callistosporium graminicolot.ennox andSchizophyllum radiaturzr. were used to represent the
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Agaricales cladewhile Hydnochaete duportiPat., Hyphoderma praetermissuifP. Karst.) J.
Erikss. & A. Strid and an undescribed species Gitylidia were used to represent the
Hymenochaetales clade. Amylocorticiales was treated as a sister clade of Agaifzadest al.
(2017), andthe main speciesf Atheliales, Boletales, Russulales, Thelephorales, Stereopsidales,
and other three orders were also included inamalysesAll the DNA sequences were aligned in
MAFFT 7 and manually adjusted in BioEdit (Hall 1999). The rates of evolutionary changes in
nuclear acidswere estimadd with ModelTest version 3.71using the GTR substitution model
(Posada& Crandall 1998)The XML file was executed in BEAULti v2. A legormal distribution
wasemployed for molecular clock anaégs(Drummond& Rambaut 2007). The clock model was

set to an uncorrelated lognormal relaxed clock (Drummond et al, RBp&ge et al. 2007). A Yule
speciation modelas selected prior, assuming a constant speciation rate per lineage. Gamma priors
distribution was used for fossil node calibrations, set shape = 1.0, scale = 20.0, offset = 90.0 for
Agaricales clade and 125.0 for Hymenochaetales clade. After 10,000,000 generations, the first 10%
were removed as bwin. The log file was checked for convergence with Tracer (version 1.54).
Consequently, a Maximum Clade Credibility (MCC) tree was summarized with TreeAnnotator
(version 2.6.5), annotatirthe clades with more than 0.8 posterior probability (PP).

RESULTS

Molecular phylogeny

The phylogenetic relationships dhelephoraledasedon the combined dataset of ITS+nLSU
sequence contained the sequences fron232 fungal samplesof 125 species The besfit
evolutionary models applied in Bayesian analyses were selected by MrModeltest v. 2.3 for each
region of the two gene§he moded for ITS and nLSU wre GTR+I+G with equal frequerycof
nucleotides. Bayesian anadgsresulted in a topologgimilar to that from ML analysjswith an
average standard deviation of split frequencies = 0.004838.ML topology was presented and
annotated with ML bootstrag3 5 0a¥td Bl bootstrap€0.95.

The phylogenetic relationships ofhelephoralesbased on the combined dataset of
ITS+nLSU+nSSU+RPB2 sequersceontainedthe sequences fron232 fungal samplesof 125
species The besfit evolutionary models applied in Bayesian analyses were selected by
MrModeltest v. 2.3 for each region of the four gerlédee moded for ITS, nLSU, nSSU, and RPB2
were GTR+I+G with equal frequency of nucleotides. Bayesian aealyssulted in a topology
similar to that from ML analysjswith an average standard deviation ofitsfrequencies =
0.004729.The ML topology was presented and annotated with ML bootsteapsO &nd Bl
bootstrap<0.95.

The phylogenetic relationships oHydnellum based on the combined dataset of
ITS+NnLSU+nSSU+RPB2 sequersceontainedthe sequences frof®3 fungal samplesof 83
species The besffit evolutionary models applied in Bayesian analyses were selected by
MrModeltest v. 2.3 for each region of the four genes; the sddel TS, nLSU, nSSU, and RPB2
were GTR+I+G with equal frequency of nucleotides. Bayesian analysis resulted in a topology
similar to that from ML analysjswith an average standard deviation of split frequencies =
0.002120.The ML topology was presented and annotated with ML bootsteabsO &hd Bl
bootstrap<D.95.

The phylogenetic relationships oPhellodon based on the combined dataset of
ITS+NnLSU+nSSU+RPB2 sequersceontainedthe sequences from 73 fungal samples 35
species The besfit evolutionary models applied in Bayesian amsagly were selected by
MrModeltest v. 2.3 for each region of the four genes; the sddel TS, nLSU, nSSU, and RPB2
were GTR+I+G with equal frequency of nucleotides. Bayesian analysis resulted in a topology
similar to that from ML analysjswith an average standard deviation of split frequencies =
0.006860.The ML topology was presented and annotated with ML bootsteabsO &hd Bl
bootstrap<D.95.
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The phylogenetic relationships @helephorabasedon the combined dataset of ITS+nLSU
sequence contained the sequences from 284 fungal samples 143 species The besffit
evolutionary models applied in Bayesian analysesvsetected by MrModeltest v. 2.3 for each
region of the four genes; the moslér ITS, nLSU, nSSU, and RPB2aere GTR+I1+G with equal
frequency of nucleotides. Bayesian analysis resulted in a topsimggar to that from ML analysjs
with an average standard deviation of split frequencies = 0.00938€.ML topology was
presented and annotated with ML bootstr@ds 0a¥td Bl bootstrap€0.95.

The phylogenetic relationships ofhelephoralesbased on the combined datasets of
ITS+nLSU and ITS+nLSU+nSSU+RPB2 sequeswere contained inifs. 1, 2, respectively. Six
clades werdormedin the phylogenetid¢ree of Theleplorales(Figs. 1, 2, including six families:
Lenzitopsidaceaéam. nov.(100% ML, 1.00 BPP, Figs. 1, ZBankeracea¢69% ML, 1.00 BPP,
Fig 1; 55% ML, 1.00 BPP, Fig 2Rolyozellaceadéam. nov.(1.00 BPP, Fig 1; 67% ML, 1.00 BPP,
Fig 2), Sarcodonaceaéam. nov. (52% ML, 1.00 BPP, Fig 1; 78% ML, 1.00 BPP, Fig 2),
Thelephoraceag’1% ML, 0.98 BPP, Fig 1; 68% ML, 1.00 BPP, Fig P)mentellopsidacedam.
nov. (79% ML, 0.95 BPP, Fig 1; 86% ML, 1.00 BPP, Fig 2). There are eleven genera involved in
six families, viz, Amaurodon Boletopsig100% ML, 1.00 BPP, Figs., ), Hydnellum(98% ML,
1.00 BPP,Fig. 1, 99% ML, 1.00 BPPFig 2), Lenzitopsis(100% ML, 1.00 BPP, Figs. 1, 2),
Neosarcodorn(100% ML, 1.00 BPP, Figs. 1, 2Qdontia(74% ML, 0.99 BPPFig. 1, 73% ML,
1.00 BPPFig 2), Sarcodon Phellodon(100% ML, 1.00 BPP, Figs. 1, ,Zpolyozellus(1.00 BPP,
Fig. 1, 67% ML, 1.00 BPPFig 2), Thelephora(100% ML, 1.00 BPP, Figs. 1, ,Zyomentellopsis
(75% ML, 0.95 BPPFig. 1, 86% ML, 1.00 BPPFig 2).

Detailed studiegor Hydnellum Phellodon and Thelephorawere conducted orall available
molecular sequences of dethree generaespectively Figs. 35). Thereare 83lineagesformed
in Hydnellum of which eleven lineagewere distant from otherspeciesand regarded as new
species with higlsuppors. There are85 lineagesormed inPhellodon of which six lineageswvere
distant from othespeciesand regarded as new species with légphpors. A total of 143 species
wereinvolvedin Thelephoraand two new species formedlistinct wellsupported branch distant
from otherspecies.

The phylogeneticanaly®s revealed that six clades the family level were obtainedn
Thelephoralesand Thelephoralesvere confirmed to comprise sbamilies, includingfour new
families: Lenzitopsidaceae, Polyozellaceae, Sarcodonaceae, Tomentellopsidacéae,existing
families: Bankeraceae and Thelephorac@dwre are twelve identified genera vimaurodon
Boletopsis Corneroporus Hydnellum Lenzitopsis NeosarcodonOdontig Sarcodon Phellodon
Polyozellus Thelephoraand Tomentellopsis
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Fig. 1 ¢ Maximum likelihood tree illustrating the phylogeny of Thelephorales based on the
combined sequence dataset of ITS+nLSU. Branches are labeled with maximum likelihood
bootstrap higher than 50% and Bayesian posterior probabilities more than 0.95 respectively. Bold

names = New species. Black starg (epresent generic type.
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Figure 17 Continued.
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Figure 11 Continued.
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Fig. 2 Maximum likelihood tree illustrating the phylogeny of Thelephorales based on the combined
sequence dataset of ITS+nLSU+nSSU+RPB2. Branches are labeled with maxkelihodd
bootstrap higher than 50% and Bayesian posterior probabilities more than 0.95 respectively. Bold

names = New species. Black star9 (epresent generic type.
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Figure 27 Continued.
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Figure 27 Continued.
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8-\ | Hydnellum ferrugineum ELarsson19714
Hydnellum sp.2 Yuan 14387
Hydnellum melanocarpum Cui 18557
Hydnellum melanocarpum Cui 18556
Hydnellum melanocarpum Cui 18559
100/1.00] Hydnellum geogenium EBendiksen5261 1
Hydnellum geogenium OF66379 Subelade iz
100/1.00f Hydnellum radiatum Cui 16254
Hydnellum radiatum Cui 17130
100/1.00| Hydnellum cumulatum SEW 69 Subclade IV
Hydnellum cumulatum REB342

100/1.00

99/1.00

100/1.0

51/-

68/-

100/1.00

Fig. 3 Maximum likelihood tree illistrating the phylogeny dflydnellumbased on the combined
sequence dataset of ITS+nLSU+nSSU+RPB2. Branches are labeled with maximum likelihood
bootstrap higher than 50% and Bayesian posterior probabilities more than 0.95 respectively. Bold

names = New species.
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Hydnellum brunneorubrum Chen 447
Hydnellum brunneorubrum Yuan 14339
1007100 Hydnellum brunneorubrum Chen 449
Hydnellum brunneorubrum Yuan 14668
‘00”-00\% Hydnellum auratile OF294095
69/~ ' Hydnellum auratile OF242763
Hydnellum chrysinum Dai 18981
Hydnellum chrysinum SC071
Hydnellum chrysinum Cui 18756
Hydnellum earlianum REB375
%Hya'ne/lum earlianum Cui 16958 Subclade V
Hydnellum earlianum Cui 17154
Hydnellum cinnamomea Cui 18755
Hydnellum cinnamomea Cui 18744
Hydnellum cinnamomea Cui 18740
Hydnellum cinnamomea Cui 18743
Hydnellum aurantiacum Cui 18737
Hydnellum aurantiacum RGCarlsson08105
Hydnellum aurantiacum Cui 23070
1007100 Hydnellum aurantiacum EBendiksen17707
Hydnellum aurantiacum Cui 16276
100/1.00f Hydnellum complicatum REB329
Hydnellum complicatum REB71 Subclade VI
Hydnellum caeruleum Cui 17101
Hydnellum caeruleum Cui 17013
9810991 Hydnellum caeruleum Cui 17100
89/1.00| 28/0.00| Hydnellum caeruleum OF291490
>~ 10000 Hydnellum subcaeruleum Dai 18980
o Hydnellum subcaeruleum Dai 18976
: Hydnellum subcaeruleum Dai 18979
B S Hydnellum ferrugipes REB176
Hydnellum ferrugipes REB68 Subclade VII
Hydnellum fibulatum Yuan 14656
100/1.00 (101000 Hydnellum fibulatum Yuan 14646
Hydnellum luteocaesia Cui 23045
°3f°~"‘*\.v Hydnellum luteocaesia Cui 23046
Hydnellum luteocaesia Cui 23033
Hydnellum sp. Cui 16459
100/1 _ool Hydnellum martioflavum OF242872
Hydnellum martioflavum SAAS2667
Hydnellum suaveolens ELarsson13909
Hydnellum suaveolens ELarsson814
10071908 Hydnellum suaveolens Cui 18671
Hydnellum suaveolens Cui 18610 Subclade VIII
Hydnellum atrospinosum Dai 24520
Hydnellum atrospinosum Dai 24519
Hydnellum atrospinosum Yuan 6514
100/1.00f Hydnellum scleropodium REB3
ML—{ Hydnellum scleropodium REB352 Subclade IX
Hydnellum cyanopodium SEW 85
557 Hydnellum versipelle SAAS2841
- 100/1.00(! Hydnellum versipelle SAAS2905 Subclade X
Hydnellum versipelle REB242
Hydnellum subalpinum SAAS2923
Hydnellum subalpinum SAAS2778
100/1.00| Hydnellum subalpinum SAAS2961 Subclade XI
Hydnellum subalpinum Cui 18711
Hydnellum subalpinum Cui 18710
Hydnellum piperatum REB332
H 100/1.00} Hydnellum piperatum REB304
Hydnellum piperatum Cui 23044
Hydnellum cristatum 4446
Hydnellum cristatum REB169
Hydnellum inflatum Shi 506
Hydnellum inflatum Wang 80
100/1.00r Hydnellum granulosum Yuan 12213a
Hydnellum granulosum Yuan 12213b
Hydnellum mirabile ELarsson17014
100/1.00| Hydnellum mirabile RGCarlsson11119
Hydnellum mirabile SLund140912
100/1.00) Hydnellum lundellii OF295814
Hydnellum lundellii OF242639

100/1.00

84/1.00
97/’-

100/1.00

100/1.00:

100/1.00

59/

52/-\\

99/1.00

100/1.00

98/0.9911 667700

Subclade XII

85/0.99

Figure 31 Continued.
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M 100/1.00r Hydnellum gracilipes ELarsson21911
97/1.00 Hydnellum gracilipes GB0113779
Hydnellum sp.1 Shi 164

100/1.00 Hydnellum ioeides KHjortstam17589
Hydnellum ioeides Nitarel 10829
Hydnellum succulentus Dai 19953
Hydnellum roseoviolaceum GB0195687
Hydnellum roseoviolaceum GB0195936
Hydnellum fuligineoviolaceum BNylen130918
Hydnellum fuligineoviolaceum L A120818
100/1.00 Hydnellum fuscoindicum OSC113641
Hydnellum fuscoindicum OSC107844
Hydnellum glaucopus JNitare06091
Hydnellum glaucopus RGCarlsson13060
Hydnellum glaucopus Cui 17492
—— Hydnellum sp. SAAS3824

Hydnellum peckii Cui 18703

Hydnellum peckii Yuan 13720

Hydnellum peckii ELarsson17414

Hydnellum peckii Cui 18617

Hydnellum diabolus Cui 18707
m@ydnel/um diabolus Cui 18706
% Hydnellum diabolus KAH13873

100/1.00:

1/
i

76/0.99~
99/1.00~]

91/0.99

i
7]

100/1.00<| 75/

82/0.99

/
ya|

Hydnellum fagiscabrosum Cui 17228

100/1.00L Hydnellum fagiscabrosum GB0195625
Hydnellum fagiscabrosum GB0195805
Hydnellum coactum Shi 181

9| 100/1.008 Hydnellum coactum Wei 8094

Hydnellum grosselepidotum Wei 8120
100/1.008 Hydnellum grosselepidotum Wei 8075
Hydnellum grosselepidotum SAAS2472
Hydnellum nemorosum GB0195631
Hydnellum nemorosum Cui 23073

100/L00 Hydnellum nemorosum OF242352
Hydnellum nemorosum Cui 23074
Hydnellum illudens SAAS3844

99/1.00| Hydnellum illudens SAAS3830

Hydnellum illudens OF76340

Hydnellum subscabrosellum SAAS3842
Hydnellum subscabrosellum SAAS3833

100/1.00] Hydnellum lepidum EGrundel110916
Hydnellum lepidum JNitarel 10829
Hydnellum decurrata Cui 23049

100/1.00. Hydnellum decurrata Cui 23050

Hydnellum decurrata Cui 23056

Hydnellum decurrata Cui 23052

100/1.00 .lHydnellum lidongensis SAAS2435

81/0.9¢

100/1.00

65/0.98|

100/1.00—] | 98/1.00

100/1.00—|

N0 Hydnellum lidongensis Wei 8329
Hydnellum lidongensis Dai 24635
| Hydnellum scabrosum OF292320
il Hydnellum scabrosum OF295824
\H Hydnellum scabrosellum GB0195791
Hydnellum scabrosellum GB0195689
l(wl Hydnellum fennicum OF242833
Hydnellum fennicum SWesterbergl 10909
10071.00 9977.00] 100100 Hydnellum amygdaliolens GB0202072
Hydnellum amygdaliolens SC201 1
Hydnellum edulium SAAS2870
100/1.000 Hydnellum edulium SAAS2920
10071000 L Hrydnellum edulium Dai 19998
Hydnellum subailaoensis Dai 24634
100:1:00 Hydnellum underwoodii REB50
10071.001 Frydnellum underwoodii REB358
— Amaurodon aquicoeruleus UKA
L Amaurodon viridis KHLarsson1

94/0.95
85/0.99 30

tJ

100/1.00—]

Figure 31 Continued.

Subclade XIII

Subclade XIV

Subclade XV

Subclade XVI

————— Hydnellum regium SEW93

Subclade XVII
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Phellodon stramineus Cui 16959
100/1.001 Phellodon stramineus Cui 16961
wonoo| - Phellodon stramineus Cui 16956
Phellodon substramineus Dai 24629
! Phellodon substramineus Dai 24631
100/1.00 1007000 ppellodon substramineus Dai 24630
™ ~~r Phellodon caesius Cui 18734
| Phellodon caesius Cui 18735
99/1.00! Phellodon longipes Cui 18542
r Phellodon alboniger REB70

‘ Phellodon alboniger REB57
10071991 ppefiodon alboniger Cui 23062
Phellodon setulosus Cui 23058
Phellodon setulosus Cui 23031
Phellodon setulosus Cui 23059
Phellodon setulosus Cui 23040
Phellodon concentricus Dai 20403
Phellodon concentricus Dai 20401
100/1.00] Phellodon atratus CL72
Phellodon atratus DAVFP28189
Phellodon atroardesiacus Cui 18449
100/1.001 Phellodon atroardesiacus Cui 16951
100/1.00| [100/1.00] Phellodon sp.1 REB83

Phellodon sp.1 REB325
Phellodon albomarginatus Dai 19880
Phellodon niger REB46

100/1.001 Phellodon niger REB282

Phellodon violascens 2359QFB25626
100/1.00f Phellodon violascens Cui 23061
Phellodon violascens Cui 23047
Phellodon fuligineoalbus REB271
Phellodon fuligineoalbus REB285

100/1.00~—_

71

98/1 .00\
N

100/1.00—] Phellodon fuligineoalbus Cui 23048
100100 Phellodon griseofuscus Cui 18544
ey

Phellodon griseofuscus Cui 18561
Phellodon subgriseofuscus Dai 18993
Phellodon subgriseofuscus Dai 18982
Phellodon yunnanensis Cui 17131
Phellodon yunnanensis Cui 17097
Phellodon yunnanensis Cui 17129
Phellodon perchocolatus Cui 18536

100/1.008 Phellodon perchocolatus Cui 18534
79/0.99 Phellodon perchocolatus Cui 18540
100/1.00] Phellodon mississippiensis MS3
Phellodon mississippiensis MS1
Phellodon cinereofucus Cui 16962
Phellodon cinereofucus Cui 16963
1001000 ppeliodon cinereofucus Cui 16944

100/1.00] Phellodon fibulatus REB34
I Phellodon fibulatus REB168
100/1.00r Phellodon crassipilieatus Cui 18532
L Phellodon crassipilieatus Cui 18533

100/1.00; Phellodon ellisianus REB264
Phellodon ellisianus REB407
Phellodon brunneoolivaceus REB166
Phellodon secretus 0097
Phellodon arcularius Cui 17127
s2/-|  100/0.99) Phellodon tomentosus 1LH22
Phellodon tomentosus SL70
Phellodon putidus REB8
100/1.00; Phellodon henanensis Chen463

94/0.99~_|

Y O Y |

100/1.00

100/1.00

981‘0.98&099 Phellodon henanensis Chen465

100/1.00

2

Phellodon confluens WAT28574
Phellodon confluens E00186901
100/1.00] Phellodon subconfluens Yuanl1123
Phellodon subconfluens Yuanl1150
100/1.00 Phellodon submelaleucus Cui 18614
100/0.99 Phellodon submelaleucus Cui 18620
[ Phellodon submelaleucus Cui 18623
93/1.00| | Phellodon melaleucus LH4
100/0.99 Phellodon melaleucus E00219373
100/1.00—— Phellodon sinclairii PDD89028
L—— Phellodon cf. nothofagi MES175

— Amaurodon aquicoeruleus UK452
Amaurodon viridis KHLarsson14947b

Fig. 4 Maximum likelihood tree illustrating the phylogeny Bhellodonbased on the combined
sequence dataset of ITS+nLSU+nSSU+RPB2. Branches are labeled with maximum likelihood
bootstrap higher than 50% and Bayesian posterior probabilities more than 0.95 respectively. Bold
names = New species.
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wonoo) Thelephora duplexa Yuan 12202
Thelephora duplexa Yuan 12207
Thelephora bresadolae TUF115447
"I Thelephora bresadolae TUF115616
.| Thelephora globosa Yuan 11618
Thelephora globosa Yuan 11603
Thelephora stuposa TUF115328
Thelephora stuposa Th0764
os/1.00] Thelephora griseofusca Yuan 11094
Thelephora griseofusca Yuan 11104
swnos| Thelephora conclusa Yuan 11986
Thelephora conclusa Yuan 12086
Thelephora longiechinuli Yuan 12083
Thelephora longiechinuli Yuan 11979
Thelephora longechinulata Yuan 11979
 Thelephora longechinulata Yuan 12083
Thelephora longisterigmata Yuan 11602
Thelephora longisterigmata Yuan 11610
Thelephora alpina 1B2006023 1
Thelephora alpina B20060231
won.99| Thelephora afrostuposa MSYN2292
1 Thelephora afrostuposa SYN2292
92099] Thelephora coffeae Yuan 10629
! Thelephora coffeae Yuan 11100
Thelephora atramentaria TAAM14921 1

61/0.99.

Thelephora bubalii -ginata Dai 19919
Thelephora bubali, "gi Dai 19932
Thelephora bubalii -ginata Dai 19931

75/0.99.

Thelephora bubalinomarginata Dai 20606
Thelephora bubalinomarginata Dai 20608

won.o| Thelephora sikkimensis KD 16003
I Thelephora sikkimensis KID16042

won.o0] Thelephora bidoupensis Yuan 12707
85/ |~ Thelephora bidoupensis Yuan 12685
98/0.99 Thelephora aurantiotincta 520625MF420

Thelephora wuliangshanensis C1.Zhao21020

- 100091 Thelephora wuliangshanensis C1.Zhao4107
Thelephora asperula MT7

woner| Thelephora efibulis Yuan 11329

Thelephora efibulis Yuan 11241

Thelephora cinerascens TUF108037

67/0.97

94/0.98

"I Thelephora cinerascens TUF111378
Thelephora brunneorufa TAAM159857
Thelephora amyloapiculata MSYN893

Thelephora longiaculeifera Yuan 11119

Thelephora longiaculeifera Yuan 10744

Thelephora interrupta Yuan 10775

Thelephora interrupta Yuan 11203

Thelephora megaspora Yuan 11472
AL Thelephora megaspora Yuan 11326
Thelephora changbaiensis Yuan 11477
Thelephora changbaiensis Yuan 11496
Thelephora bryophila TUF116131
Thelephora pallidobrunnea Yuan 11493
Thelephora pallidobrunnea Yuan 11481
osnos| Thelephora asiae-orientalis Yuan 11918
Thelephora asiae-orientalis Yuan 12022

100/1.00

Thelephora lammiensis Yuan 11617
wonoof Thelephora stipitata Yuan 11160
Thelephora stipitata Yuan 12143
Thelephora globospora Yuan 10748
Thelephora globospora Yuan 10668
Thelephora dimidiata Yuan 11205
Thelephora dimidiata Yuan 11267
Thelephora segregata Yuan 10650
Thelephora segregata Yuan 11256

100/1.00

tootoo-_| |

100/1.00.

Thelephora liaoningensis Yuan 10681
Thelephora liaoningensis Yuan 10707
Thelephora pertenuis Yuan 11064
Thelephora pertenuis Yuan 11131
.,.,“v‘,.,[ Thelephora fuscopelliculosa Yuan 11316
Thelephora fuscopelliculosa Yuan 11305
ow1.00| Thelephora brunneogrisea Yuan 12147
Thelephora brunneogrisea Yuan 12146
Thelephora atrobadia Yuan 11114
Thelephora atrobadia Yuan 11099
Thelephora fuscofarinosa Yuan 12142
Thelephora fuscofarinosa Yuan 12125

Fig. 5 Maximum likelihood tree illustrating the phylogeny Biielephorabased on the combined
sequence dataset of ITS+nLSU. Branches are labeled with maximum likelihood bootstrap higher
than 50% and Bayesian posterior probabilities more than 0.95 respectively. Bold names = New
species.

100/0.99

100/1.00/

100/0.99}
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Thelephora badia TAAM159022
Thelephora badia TUF108893
Thelephora longiechinula Yuan 12687
Thelephora longiechinula Yuan 12720
Thelephora cinereoumbrina TUF115342
Thelephora atramentaria TUF 123496
Thelephora atramentaria TUF 108866
Thelephora atra TAAM14921 1
Thelephora lapida TUF115440
Thelephora lapida TUF115604
Thelephora atrocitrina SH1213711
Thelephora atrocitrina SH1502461
Thelephora dominicana JBSD126510
Thelephora pseudoterrestris TAA159625
Thelephora pulvinulata BAFC52371
Thelephora pulvinulata BAFC52370
vonoo[~ Thelephora griseomarginata Yuan 11468

[ Thelephora griseomarginata Yuan 11458

Thelephora subclavigera TUF115594
Thelephora clavigera TUF115532

os-| Thelephora beaverae TUF105060
Thelephora beaverae TUF103595

wonee| Thelephora galzinii RS27093
62/ |— Thelephora galzinii 2007BBF2
Thelephora viridula TUF115536
Thelephora pyrolae TAAMO05998
Thelephora subtestacea Dai 21659
Thelephora subtestacea He6952
Thelephora subtestacea TUF115374
won.oo| Thelephora verruculata Yuan 12680
Thelephora verruculata Yuan 12684
Thelephora olivaceobrunnea Yuan 12148
Thelephora olivaceobrunnea Yuan 11194
Thelephora griseocastanea Yuan 11409
Thelephora griseocastanea Yuan 11401
Thelephora lilacinogrisea TUF108189
Thelephora lilacinogrisea TUF111381
Thelephora storea Yuan 10623
Thelephora citrinocystidiata Yuan 10743
Thelephora citrinocystidiata Yuan 10680
won.00| Thelephora stipitobasidia Yuan 12713
Thelephora stipitobasidia Yuan 12691
Thelephora muricata TUF100729
10009 Thelephora muricata TUF100771
wonoof Thelephora brevisterigmata Yuan 12700
Thelephora brevisterigmata Yuan 12701
wonso[ Thelephora africana SYN991
L Thelephora africana SYN890
Thelephora cuticularis MCVE23531
Thelephora cuticularis MICH139821
Thelephora fuscocinerea TAAM149918
Thelephora patagonica BAFC52372
Thelephora patagonica BAFC52373
won.oo| Thelephora cinereobrunnea Yuan 12705
Thelephora cinereobrunnea Yuan 12703
10011.00] Thelephora tenuissima FK15011
Thelephora tenuissima BAFC52369
oo Thelephora coerulea TUF115602
Thelephora coerulea TAAM153804
Thelephora intsiae TAA195077
wonos| Thelephora lateritia TUF108551
Thelephora lateritia NFS045

99/0.97

82/

87/-
97/1.00

84/0.99— |

98/0.98

100/0.99|

97/0.98

54/-

97/0.9¢
85097 | 97/0.99

98/0.96

100/1.00

50/~
~

100/0.99

98/0.99

Thelephora larssoniana TUF 105082
(,x,(,_g(,[— Thelephora brevis Yuan 11332
Thelephora brevis Yuan 11328

Figure 57 Continued.
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Figure 51 Continued.

100/0.99.

51/~

94/0.98

~
~
~

83/0.99]

100/0.99
M~

won.o0| Thelephora gloeocystidiata Yuan 11200
760971 | Thelephora gloeocystidiata Yuan 11171
Thelephora cystidiata Yuan 10620
Thelephora capitatocystidiata Yuan 11459
Thelephora capitatocystidiata Yuan 11494
Thelephora pilosa TUF124234
w0098 | Thelephora capitata SYN860
Thelephora capitata RA13785

53/~

100098 Thelephora brunneocystidia SYN839
Thelephora atroarenicolor TUF115438
son.00| Thelephora tenuirhizomorpha Yuan 12059
Thelephora tenuirhizomorpha Yuan 11964
osnos | Thelephora atrocastanea Yuan 12170
Thelephora atrocastanea Yuan 12179
L0000 Thelephora agbassaensis SYN98I
Thelephora agbassaensis MSYNO981

] Thelephora inconspicua Yuan 11107
loW'

Thelephora inconspicua Yuan 11060
Lo00.900| Thelephora brunneoflava Yuan 12161
Thelephora brunneoflava Yuan 12162

Thelephora separata Yuan 10664
Thelephora separata Yuan 10654
Thelephora aureomarginata Yuan 10683
10909 Thelephora aureomarginata Yuan 10671
Thelephora punicea KHL11908
Thelephora fuscogranulosa Yuan 10725

100/1.00

100/0.96

Thelephora fuscogranulosa Yuan 10733
Thelephora umbrinospora TAAM149462
Thelephora incrustata Yuan 12189

N Thelephora incrustata Yuan 11158
~N

y Thelephora flavidobadia Yuan 11044

\t\ Thelephora flavidobadia Yuan 11061
N

Thelephora efibulata Dai 21669

Thelephora efibulata Yuan 10699

1oon.00| Thelephora parvispora Yuan 11196
Thelephora parvispora Yuan 11144
Thelephora olivacea Yuan 11139

Thelephora olivacea Yuan 11043

Thelephora gingyuanensis Yuan 11109

100/1.00

Thelephora gingyuanensis Yuan 10616

‘——— Thelephora botryoides KHL.8453

wonse[ Thelephora pseudoganbajun Yuan 16771
61/0.98) Thelephora pseudoganbajun Yuan 16780
Thelephora vialis TENNF072281H2

100098 Thelephora vialis TENNF072094

,(,(,r(,_.,.,lf Thelephora palmata Telpa3138
Thelephora palmata 1. W84
| 1(,0‘0_99[— Thelephora ganbajun Yuan 16715

Thelephora ganbajun HKAS14735

Thelephora glaucoflora Dai 19753
TLE Thelephora glaucoflora Dai 20462

=1 Thelephora glaucoflora Cui 13840
Thelephora grandinioides C1.Zhao3406

93/0.99, won.oo| Thelephora grandinioides C1.Zhao3408

Thelephora nebula He 4452
B 75053 Thelephora nebula He 4456
99‘,,_00[ Thelephora austrosinensis GDGM48891
Thelephora austrosinensis Dai 19706
1on.00] Thelephora aquila Wei8833
Thelephora aquila Wei883 1
1001.00] Thelephora parmastoana TUF105091

Thelephora parmastoana TUF103691
1o00.90| Thelephora tedersooi TUF103673

| Thelephora tedersooi TUF103664

wo099| Thelephora pileocystidiata TUF 105054
Thelephora pileocystidiata TUF105068

.m,,‘(,%|- Thelephora farinosa Yuan 10656
Thelephora farinosa Yuan 10666

Thelephora agereri MRA13793

Thelephora brunneocystidia RA13779
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10099 Thelephora guineensis SYN2331
. Thelephora guineensis MSYN2331
100.99| Thelephora maroana SYN878
Thelephora maroana MSYNS878
a0 | Thelephora pallidocastanea Yuan 12034
\ Thelephora pallidocastanea Yuan 11416
Thelephora caryophyllea ELarsson8909
Thelephora caryophyllea He 6816
Thelephora caryophyllea Dai 20119
Thelephora caryophyllea Dai 18913
Thelephora caryophyllea Dai 21741
Thelephora anthocephala NSK 1014540
Thelephora anthocephala src614
Thelephora scissilis MUOB324045
Thelephora terrestris EL9897
Thelephora terrestris TUF100886
Thelephora igbalii MH810

\oose| Thelephora nitellina stc675
&[{ Thelephora nitellina 1.2AA1
Thelephora americana BMJ01
wonoo| Thelephora penicillata X536
§ Thelephora penicillata X618

woose| Thelephora palmata TU115271
100099 | Thelephora palmata AT2005162
Thelephora regularis U83485

1w00.00| Thelephora macrospora Cui 23038
Thelephora macrospora Cui 23037

Thelephora pseudoversatilis FCME26232
Thelephora pseudoversatilis FCME26152
Thelephora pallidomarginata Yuan 11404
Thelephora pallidomarginata Yuan 11474
Thelephora ellisii TUF115347
Thelephora ellisii TUF123494
wonoo| Thelephora fuscocrustosa Yuan 11420
Thelephora fuscocrustosa Yuan 11399
Thelephora fuscus T1180
"t Thelephora fuscus He 6923
wo0.99| Thelephora versatilis FCME26149
Thelephora versatilis MEXU26351
Thelephora pisoniae TUF103655
Thelephora hjortstamiana TU103641
Thelephora hjortstamiana Toohyp24
Thelephora minispora SYN2273

100/-

100/1.00

89/1.00

60/~

100/1.00

Thelephora wakefiediae TUF115350
Thelephora wakefiediae TUF115353
Thelephora sublilacina UP161
Thelephora albomarginata NF20010
Thelephora castanea B923
Thelephora castanea TL6886
Thelephora radiosa P35
Thelephora radiosa P37
Thelephora terrestris Dai 21649
Thelephora terrestris He 4990
Thelephora terrestris DM1100
Thelephora terrestris Dai 20983
Thelephora terrestris Dai 20981
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Figure 57 Continued.

Divergence time estimation
The combined datasetf ITS, nLSU, nSSU, and RPB&quence$rom 92 fungal samples

wereused to infer the divergence times of Thelephordtas 6). It indicatedthat the ancestor of
Thelephorales evolved during the Iakerassic Perigdapproximately 269.07 &, with a 95%
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highest posterior density (HPD) of 126349.43 Mya. Sixfamilies of Thelephorales were
centralized differentiation in the Mesozoic (about 146289.07 Mya). Among them, the first to
appear was Thelephoraceae (269.07 Mya), and the I|atesé Lenzitopsidaceae and
Polyozellaceae (145.95 Mya). Eleven other orders viz. Agaricales, Amylocorticiales, Atheliales,
Boletales, Geastrales, Gloeophyllales, Hymenochaetales, Jaapialgsorales,Russulalesand
Stereopsidales wemdsocontained in thelivergence time estimatipsplit at about 81.3265.65

Mya, which generally consistent with the previous studies (Ji et al.,20@2t al. 2023b)The
estimated divergence timestbe families and genera Thelephoralesvere summarized in Table

2.
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Fig. 6 Divergence time estimation of Thelephorales from Bayesian evolutionary analysis sampling
tree based on ITS, nLSU, nSSU, and RPB2 multiple datasets. Posterior probabilities not less than
0.80 and the mean ages of each node are annotated. The 95% highest posterior densities of
divergence time estimation are marked by horizontal bars.
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Table 2 The divergence times tifie families and genem Thelephorales

Families recognized in Gengera recognized Mean of stem age 95% HPD (Mya)

this study in this study (Mya)
Lenzitopsidaceae 145.95 90.4 228.38
Lenzitopsis 145.95 90.4/ 228.38
Bankeraceae 174.89 62.74 262.17
Amaurodon 161.75 62.74 262.17
Phellodon 161.75 62.74 262.17
Polyozellaceae 145.95 90.4/ 228.38
Polyozellus 145.95 90.4/ 228.38
Sarcodonaceae 216.52 103.5283.79
Boletopsis 188.73 102.71 256.02
Hydnellum 175.72 104.24230.69
Neosarcodon 167.07 104.48 214.04
Sarcodon 167.07 104.48 214.04
Thelephoraceae 253.98 103.7337.98
Odontia 242.4 121.4351.79
Thelephora 242.4 121.4351.79
Tomentellopsidaceae 174.89 62.74 262.17
Tomentellopsis 174.89 62.74 262.17

Note: Mya: million years agpHPD: highestposterior density
Taxonomy

ThelephoralesCorner ex Oberw.

Type familyi Thelephoracea€hevall.

Descriptioni Basidiomata annuapileate orresupinate, sessile siipitate,colored in a wide
variety of tints Hymenophoresvhite, blueto brown or darkersmooth,aculeateor poroid.Hyphal
system monomitior dimitic, generative hyphae with simpéeptate or clamp connectior@ystidia
absent or present, clavate, obclavate or acumiBatgdiaclavate toutriform, sometimes sinuous,
2(1 4)i spored Basidiospores hyaline or colored with pale buff to brawblue, irregular, ellipsoid,
subglobose to globossmoothechinulate or warted

Notesi Thelephorales were established by Oberwinkler to describe fungicaiitiless to
strongly pigmented, neamyloid, warted to typically echinulate basidiospor8salpers 19983
Previously, species in Thelephorales were usually divided into two families, Bankeraceae and
Thelephoraceae, based on morphological characteristics (Stalpers He®®&ver, due to the
scarcity of molecular data and techniques, no systematic phylogenetic studies of Thelephorales
were conductedn this study, the DNA sequences of multiple loci Fh&SU+nSSU+RPB2) were
used to construct phylogenetic relationships and infer the divergence time of Thelepfdmales.
phylogenetianalyss revealed thahe original two families, Bankeraceae and Thelephoraceae, did
not form monophyletic clades respectively, and the entire Thelephorales formed six separate clades
(Figs. 1, 2, 6). We confirmed that species of these clades can represtmisies by combining
with morphological studies. Therefore, the order Thelephorales was divided into six families.

Key to family of Thelephorales

1. Hymenophoresinuous to [eNzitoid.............cooeoiiiiiiiiiiinn e Lenzitopsidaceae
1. Hymenophores NGINUOUS t0 [ENZITOIA...........oooiiiiiiieeee e 2
2. Clamp connections abSent............ooouiiiiiiieeen e Tomentellopsidaceae
2. Clamp CONNECLIONS PrESEIAL......uuurreiiiiiiiiieeieeeteeee e ettt e et e e e e e e e e e e s s ammt e e e e e e e e e e s e s s s anbnnes s e anne 3
3. CYSHAIA PrESENL... .ot rrrer e ——— Thelephoraceae
3. CyStidia ADSEIL. ...t e e e e e e 4
4. Hymenophorereticulate or almost poroid to corticiaid.............cccooeevvivviccmnnnnnn. Polyozellaceae
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4. Hymenophores not reticulate or almost poroid to cortiCioid...............cevvvvieeeeeeriieeeeeiiiiinnnnd 5.
5. BasidiosporeByaline to pale yellow or blue.............ccuvviiiiiiieemie Bankeraceae
5. Basidiospores hyaline or DroWn............coooviiiiiieer e Sarcodonaceae

BankeraceaeDonk, Persoonia 1 (4): 405961.

Type genu$ PhellodonP. Karst.

Descriptioni Basidiomata annual, pileate ogsupinatepften initially tomentose, glabrous
with age, colored in a wide variety of tintdymenophoresvhite, blueto brown or darkersmooth,
aculeateor poroid Hyphal system monomitic; generative hyphae with sirspletate or clamp
connectionsCystidia and cystidioles absemasidia clavate, i4pored. Basidiospores hyalirie
pale yellow or bluebroadly subglobose to globose, smooth, echinulateaaed

Notesi Donk (1961) established Bankeraceae with two gendankeraand Phellodon
However, Baird et al.(2013) recombined theaype species ofBankerato Phellodondue to the
consistent morphological characteristics with Phellodon and the included phylogenetic
relationships othe Phellodonclade It suggestd thatBankerashould be regarded as the synonym
of Phellodon and recent stu@s recognized this revision (8g et al.2021, 2023, 2023. In this
study, Phellodonand Amaurodonformed an independent cladie Thelephoralesvith moderate
support 69% ML, 1.00 BPP, Fig 155% ML, 1.00 BPPFig. 2). Morphologically,the species in
this cladecan beidentified by pileate orresupinatebasidiomata,smooth, aculeate or poroid
hymenophores, and hyalirie pale yellow or bludasidiosporedt is different from other families
in ThelephoralesBesides the divergence time estimation resulstiowed that Phellodon and
Amaurodorclustered together, artde ancestor of botavolvedat 161.75 Mya, whictwas in line
with the time range for the differentiation of other families in Thelepho&ies 6). The family
name Bankeraceaeas in honor of the mycologist H. J. Banker (Donk 19@id the original type
genus Bankera has been grouped intBhellodon Thus, the familyBankeraceae consist of
PhellodonandAmaurodonwith Phellodonas thetype genus

Key to genera of Bankeraceae
1. Basidiospores Smooth OF Warted..............uuuuuiiiiieeeiiiiiiiiiiiie e Amaurodon
1. Basidiospores €ChiNUIALE.............oovuiiiiiiie e e e e e e e e e e Phellodon

AmaurodonJ. Schrét. KryptogamerFlora von Schlesienid(4): 461, 1888.

Type specie$ Amaurodon viridigAlb. & Schwein.: Fr.) J. Schrot.

Descriptioni Basidiomata annual, resupinate, blue to yelgpraen. Hymenophores blue,
smooth, aculeate, or poroid. Hyphal systelmnomitic generative hyphae with simpgeptate or
clamp connectionsCystidia and cystidioles abserBasidia clavate, i4spored. Basidiospores
hyaline to pale yellow or blyellipsoid or subglobose, smoothwarted For a detailed description
of Amaurodon see Kdljalg (1996) and Svantesson et al. 2202

Notesi Amaurodon establishedy J. Schrét. in 1888has grown on standing angiosperm
wood in the middle stages of dec&chibter 1888 Miettinen & Kdljalg 2007 Gardt et al. 2011).
Amaurodonspecies have been reported from Europe and Asia (BodrdBalzin 1924, 1928
Wakefield 1952Burdsall& Larsen1974 Kdljalg 1996 Agerer& Bougher 2001L 2 f ek et al
Melo et al. 208), Australia (Agere& Bougher 2001), America (Gilbertson 19@inns 1989),
and tropicalareasof Africa (Miettinen & Kadljalg 2007 Gardt et al. 2011)Amaurodonspecies
were characterized by resupinate, lignicolous, and corticioid basidiomata, with smooth or aculeate
hymenophores, blue to green, which turns green after drying, and hyaline to pale yellow or blue
basidiospores that turn purple in KOH (Kdljalg 198vantesson et al. 2B Currently, eleven
species are contained iAmaurodon(He et al. 2019 Svantesson et al. 28R which were
considered saprotrophic (Kdljalg 199Bdljalg & Ryvarden 1997 Agerer & Bougher 2001
Miettinen & Kadljalg 2007, Gardt et al. 201,1Svantesson et al. 2B Amaurodon together with
TomentellaPers. exPat.,Pseudotomentell&vreek,andTomentellopsigijortstam,werecommonly
termed tomentelloid genera, because of the resupinate basidiomata (Kdljald-48%6n et al.
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2004).Kdljalg (1996) and Larsson et al. (2004) confirmed thaiaurodorcan be classified among
Thelephorales Corner ex Oberw. as a distinct monophyletic gehosever Tomentella
Pseudotomentellaand Tomentellopsisall belong to ectomycorrhizal funglLy & Yuan 2021
Svantesson et al. 2D2Kadljalg et al. 2009 Our phylogenetic analysis contains seviemgal
samplegepresenting fivespeciegFigs. 1, 2)In this study Amaurodonwvas divided into two parts,
of which four species clustered together with proper sugp6#o ML, Fig. 1;50% ML, 1.00 BPP,
Fig. 2, andAmaurodon caeruleocasetm@medan independenibranch in Thelephorales with high
support (100% ML, 1.00 BPP, Figs. 1, Bjorphologically,A. caeruleocaseudiffers from other
Amaurodonspecies by stipitate basidiomata and smooth basidiospores. Due imadeguate
specimens oAmaurodonthe phylogenetic relationships of the genus canndtlberesolvedfor
the time being. More specimens and credible sequences are needed to clarify the taxonomic status
of Amaurodon

PhellodonP. Karst., Revue Mycologique Toulouse 3 (9): 19, 1881.

Type specie$ Phellodon nigeFr.) P. Karst.

Descriptioni Basidiomata annual, pileate, centrally or laterally stipjtitegle to concrescent.
Pileus depressed to infundibuliform or irregular, brown, greyish brown, straw buff, to almost black,
glabrous, fibrillose, spongy to tomentose, often strigose hairy becoming matt@iteat.
Hymenophores whiteplue, brown or darker, aculeatddymenophoreswhite, grey or tinged
violaceous,aculeate, sometimes decurrent. Hyphal system monomitic; generative hyphae with
simpleseptate or clamp connectior@ystidia and cystidioles abseasidia clavate, i4spored.
Basidiospores hyaline, ellipsoid, subglobose to globose, echintlatea detailed description of
Phellodon see Karsten (1881) and Song et al. (2021, 2022a, 2023).

Notesi Phellodonwas established by Karsten (Karsten 18®8hellodonspecies were often
found under pine needles or oak leaves in coniferous or oak forests or mixed forests (Song et al.
2023). The wet woodlands where they grow are often covered with dense moss to prevent water
loss. According to previous studie®hellodonspecies often grow at high altitudes (from 870 to
3320 m, Song et al. 2023). However, the specimens collected in the United States in this study grew
in forests at more than 400 m altitudes. The gdPlusllodonmay be widely distributed in the
Northern Hemisphere. It has been reported in North America (Harti86h, 1964, 1968, 1972
1984 Harrison& Grund 1987a, 1987Maas Geeseranus 1971, 19B&ird 1986a, 19861Baird et
al. 1987, 2013), the UK (Parfitt et al. 2007), and Asian (Li 2017). In addi®bellodonspecies
have a significant presence in China and were found in northeast, soutiavéstest, and central
China (Song et al. 2021, 2022023).According to previous studies, about 37 species have been
described and transferred Rtellodon(Song et al. 2021, 20222023).Phellodonspecies can be
characterized by pileate and stipitate basidiomaitaus colored in a wide variety of tintsyaline,
and echinulate basidiospores?hellodon presents macroand micremorphology similar to
Hydnellum However, it can be distinguished by its woody pileus and hyaline basidiosptaas (
Geesteranus 19Y.1In this study,Phellodonwas shown to bean independent genusith solid
support (100% ML, 1.00 BRFFigs. 1, 2. With the addition of morphological evidence, six new
species were described proposed, and redescribed.

PhellodonalbomarginatusB.K. Cui, Y.F. Sun and C.G. Songp. nov.(Figs. 7a, b; 10a; 13).

Index Fungorum numbelfr 902652 Facesoffungi numbeFoF 16238

Diagnosisi Differs from otherPhellodonspecies by its black basidiomata and white pileal
margin.

Typei CHINA. Yunnan Province, Pingbian County, Daweishan National Forest Park, on the
ground ofmixedforest,approx.103° 42'30" E22° 58' B" N, alt. 1500 m, 27 June 2019ai19880
(holotype inBJFC isotype in IF.

Etymologyi albomarginatug(Lat.), refers to th&vhite pileal margin of the basidiomata

Fruiting body1 Basidiomata annuapileate, centrally stipitate single to concrescent, with
light fenugreek when fresh. Pileus circular, up to 3 cm in diam, and 0.2 cm thick at the center.
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Pileal surface black when fresh at the center, brown near the margin, and becoming deep olive to
mouse grey upon drying, zonate, tomentose at the center, fibrillose near margin; margin white
when fresh and becoming mouse grey upon drying, and up to 0.2 cm wide. Spines soft, white when
fresh, pale mouse grey upon drying, fragile, and up to 1 mm long. Context dark grey upon drying,
fragile, and up to 0.2 cm thick. Stipes cylindrical, tomentose, black, and up to 2.5 cm long, 1 cm in
diam.

Hyphal structuré Hyphal system monomitic; generative hyphae with singgleta; all the
hyphae IKT, CBi; tissues turned olive green to black in KOH.

Pileus i Generative hyphae dark olive green, thwe#lled, rarely branched, regularly
arranged, andi® pm in diam.

Spinesi Generative hyphae clayff, slightly thickwalled, occasionally branched, regularly
arranged, andi® pm in diam. Cystidia and cystidioles absent. Basidia clavaspofed, 2B40 x
51 6.5 um; sterigmatai2 um; basidioles similar to basidia in shape.

Stipei Generative hyphae fuscous to black, thickled, occasionally branched, regularly
arranged, 26 pum in diam.

Sporesi Basidiospores, hyaline, subglobose to globose;whiled, echinulate, 1Kl, CBI,
516 x (4.5) 5(55 pm, L = 553 pm, W = 5.15 pm, Q = 1.07 (n = 30/1, without the
ornamentation).

Notesi Phellodonalbomarginatuswas collected from southwest China under a subtropical
humid mountain monsoon climate. this study P. albomarginatuswas closely related tB. niger
(Fr.) P. Karst (Fig. 4). Morphologicallyp. albomarginatusmight be confused witl. niger by
having black pileal surface and black stipe. However, it can be distinct by its zonate pileal surface,
white pileal margin, and larger basidpores (66 x45 e m, Baird et al . 2013
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Fig. 7 Basidiocarps of new species, b Phellodon albomarginatuéDai 19880; c, d Phellodon
arcularius(Cui 17127) e, fPhellodon longipe$¢Cui 18543; g, h Phellodon setulosugui 2303);

i, j, kK Phellodan submelaleucué from Cui 18620, j-k Cui 18614; I, m Phellodon substramineus
(Dai 24629; n, o Hydnellum cinnamomegui 18744,Cui 18757).
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