Accepted Manuscript

A systematic overview of Descolea (Agaricales) in the Nothofagaceae forests of
Patagonia

Francisco Kuhar, Matthew E. Smith, Alija Mujic, Camille Truong, Eduardo Nouhra

PII: S1878-6146(17)30086-7
DOI: 10.1016/j.funbio.2017.06.006
Reference: FUNBIO 828

To appear in:  Fungal Biology

Received Date: 1 March 2017
Revised Date: 16 June 2017
Accepted Date: 26 June 2017

Please cite this article as: Kuhar, F., Smith, M.E, Mujic, A., Truong, C., Nouhra, E., A systematic
overview of Descolea (Agaricales) in the Nothofagaceae forests of Patagonia, Fungal Biology (2017),
doi: 10.1016/j.funbio.2017.06.006.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.funbio.2017.06.006

o O A W NP

10

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29

30

A systematic overview of Descolea (Agaricales) in the Nothofagaceae for ests of Patagonia

Kuhar, Francisco™; Smith, Matthew E.% Mujic, Alija% Truong, Camille’; Nouhra,

Eduardo®.

1
Centro de Investigacion y Extension Forestal Andtatagonico (CONICET), Ruta 259 Km

16,24 CC 14 Esquel (9200), Chubut, Argentina.

Universidad Nacional de la Patagonia S.J. BoscapGt Argentina.

2
Department of Plant Pathology, University of Flaji@Gainesville, Florida 32611.

3
Instituto Multidisciplinario de Biologia Vegetal @NICET), FCEFyN, Universidad Nacional

de Cérdoba, Argentina.

*Corresponding author: fkuhar@gmail.com, phone (84 49702360, fax +54 (2945) 453948
Resear ch highlights

The genuPescoleas emended in light of new and historical Patagordollections.

A new sequestrateescoleaspecies is described from Patagonia.

Two sequestrate species@drtinarius (Thaxterogastgrare transferred to the genbescolea

Morphological variation withirDescoleaand key characters for delimiting this genus are

discussed.
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Abstract

The descolea clade includes species of ectomyeairbasidiomycetes in the genddascolea
Setchelliogaster, Descomyceand Timgroveathat are known primarily from the Southern
Hemisphere. Taxa in this group produce basidiorhes$ tange in morphology from typical
epigeous mushroom®éscolea and secotioid taxaSetchelliogastgrto fully gasteroid species
(Descomyceand Timgrovea. High intraspecific morphological variation hasen reported in
several species within this clade, suggestingadaegful morphological and molecular studies are
needed to refine species concepts. Molecular aemlyd fresh Patagonian collections in
conjunction with taxonomic studies have confirmedhhvariability in key morphological
features, including overall sporocarp form, spdrepe and dimensions, universal veil remnants
and cuticle configuration. Based on our synthesis,emend the genu3escoleato include
sequestrate species. We describe the new seqeettrain Descolea infernasp. nov. from
Nothofagaceaéorests in Patagonia and we propd$axterogaster squamatas a synonym of
our new combinatioescolea brunneaNe also formalize the identity @fescolea pallidaas a
synonym ofD. antarcticaand provide new specimens Taxterogaster archeuretua,species
that has not been encountered since the origirslodery during the expeditions of Roland
Thaxter in 1905-1906. Here we re-describe and fieanghis species tdescoleaas D.
archeureta We also discuss diagnostic features that canskd to delimitate the four known

South American taxa in the descolea clade.

Keywords: Setchelliogaster, Descomyces, Timgrovea, secotioid, hypogeous, South America.

Introduction

Close affinities between the genidescoleaand the sequestrate taetchelliogaster
Descomycesand Timgroveahave been previously inferred based on morpholbaggo et al.
2001) and also via molecular data (Peintner &G01, Tedersoo and Smith 2013). This group of
fungi has been referred to as the ‘descolea clagi®eintner et al (2001) or the /descolea lineage
by Tedersoo and Smith (2013). Multilocus phylogenstudies suggest that this lineage belongs
to the familyBolbitiaceaeand is distantly related to other macroscopicsilhyilar, brown-spored
lineages of ectomycorrhizal fungi (e @ortinarius, Hebeloma Hymenogastgr(Matheny et al.
2006). Taxa within the descolea clade produce asis that range in morphology from typical
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agaricoid mushroomsDgscoled or secotioid taxaSetchelliogastgrto fully gasteroid forms
(Descomycesand Timgroved. These are ectomycorrhizal fungi that are mostistricted to
forests of Australasia and southern South Amerithey are usually associated with
Nothofagacea@and Myrtaceaehost plants but at least two epigeous species bege reported
from Asia with other hosts (e.@. flavoannulatain Japan and Siberid). pretiosain India)
(Horak 1971, Bougher and Castellano 1993, Tedeesad. 2010). Taxa in the descolea clade
have brown limoniform spores that lack a germ paue always have a more or less hyaline,
ornamented utricle that covers the spores. Thenwenged utricle is present in epigeous
Descoleaspecies (Singer 1949) but is much more developet abvious in many of the
sequestrate taxa in this group (Bougher and Castelll993, Danks et al. 2010). A fully
developed universal veil that may remain until miatus also frequent in some taxa within this
group but it is not obvious in all collections @esies (Horak 1971).

Pouzar (1958) erected the ger@efchelliogasteto accommodate species of the descolea
clade that produce secotioid basidiomes wHetchelliogaster tenuipe¢Setch.) Pouzar
(=Secotium tenuipeSetch.) as the type species.The gem@acomycesnd Timgroveawere
originally described by Bougher and Castellano 8)3® accommodate hypogeous sequestrate
taxa originally placed in the genudymenogaster(which is phylogenetically aligned with
epigeous species dflnicola and Hebeloma— Matheny et al. 2006). Bougher and Castellano
(1993) recognized th&escomyceand Timgroveashared some morphological similarities with
the agaricoid species @fescoleaas well as the secotioid speciesS#tchelliogastebut they
reasoned that these fully sequestrate lineages mverghologically and ecologically uniqgue and
therefore required separate genus-level recognitianvever, molecular analyses of Peintner et
al. (2001) and the morphological analysis by Lag@le2001) have confirmed the close and
complex relations betweddescolea DescomycesTimgroveaand Setchelliogasteand suggest
that further taxonomic and phylogenetic studies regeded (Lago et al. 2001, Peintner et al.
2001). Although Peintner et al. (2001) confirmeé ttlose evolutionary relationships among
these lineages, their phylogenetic analyses suggjabiat gasteroid and secotioid taxa (e.g.
DescomycesTimgroveaand Setchelliogastgr likely arose multiple times due to convergent
evolution.

High morphological variation was reported for sospecies within the descolea clade by

Lago et al. (2001), who found high variability imetspore dimensions and also in the presence
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and morphology of cystidia. They concluded thatlder species concepts are needed within this
lineage to accommodate variable intraspecific molqaical features. They also determined that
generic boundaries are not always clear. For exantpé generic boundary betweascolea
(epigeous, agaricoid basidiomes) éetchelliogaste(secotioid basidiomes) is transgressed by
some taxa (e.ddescolea maculateD. gunnj that can produce basidiomes of both types (Lago
et al. 2001). This exceptional intraspecific valligbwas previously described by Cribb (1956),
when she studied the spore morphology and developoi®escomyces albuBerk.) Bougher
and Castellano (ddymenogaster albis

There are currently 15 accepted species and fivietses of Descolea(according to
Index Fungorum http: //www.indexfungorum.org/) bartly two described species are known
from PatagoniaDescolea antarcticavas described from the forests of Tierra del Fubgo
Singer (1951) as the type species, wheBsscolea pallidavas later described by Horak (1971)
from Valdivian forests of coastal Chil®escolea pallidawas separated fror®. antarctica
based on the geographic distribution as well asploge size and color differences of the cap and
veil remnants. However, both Singer (1954) and Kof#71) discussed the difficulty in
differentiating these two species by their morplyadal characteristics.

In addition, the sequestrate taxa within the clagetaxonomically confused for several
reasons. First, the original species descriptianssbme of the sequestrate taxa are based on
specimens preserved in liquid rather than freshectibns and this made it challenging to
accurately describe these taxa (Halling 1981). &a&cthere are longstanding issues regarding
the proper generic names to use for gasteroid andtisid taxa so some species have been
described in different genera. Third, some prontineaxonomists have disagreed about
nomenclatural synonyms and the proper names téouskese taxa, leaving the final number of
species in doubt. Amidst this ongoing debate InBergorum currently lists six species in the
genusDescomycedive in Timgroveaand seven species plus three varieti€satthelliogaster

In the light of the morphological plasticity of bdi®mes and the difficulty in establishing
limits between agaricoid and secotioid genera, sanihors have responded by transferring
species with secotioid basidiomes Bmescolea(e.g. Descolea tenuipegSetch.) Neville &
PoumaratPescolea gunni{Berk. ex Massee) Horak). However the acceptahtteose names is
not yet complete and currently some authors sghtthypogeous species under the sequestrate

genus names (e.g. Cortez et al. 2008, Nouhra 20@8, Pennington et al 2011)
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The first discoveries of brown-spored, sequestbasdiomycetes from Patagonia came
from the expedition of Roland Thaxter, who visitdétbthofagaceaeforests in Chile and
Argentina during an extended collecting trip in 2A®06 (Halling 1981). Thaxter took notes in
the field but there are no photographs of his ctibes. Due to the difficulties of traveling in the
early 1900’s, he was unable to dry all specimertss @uld only keep small portions of each
specimen in liquid preservatives. His preservetectbns and notes were returned to the Farlow
Herbarium at Harvard University and were later ®ddand described by Dodge and Zeller
(1934) and Halling (1981).

Among Thaxter’'s collections from Patagonia, Zelird Dodge (1934) examined a
sequestrate specimen (Hymenogaster No. 1, FH aooe#4635) that they identified as the
previously described Tasmanian spetigsnenogaster albelluslassee & Rodway (Massee and
Rodway 1898). Horak (1963) later described a mdaggically similar taxon under the name
Hypogea brunne#&lorak. This species was later transferred by Si{ih@71) toSetchelliogaster
as S. brunneugHorak) Singer. Although Horak (1979) identified atter's collection asS.
brunneus this material was discussed by Dodge and Zell&¥34) and morphologically
characterized by Halling (1981) under the natyenenogaster albellus

In a detailed revision of Thaxter's materials, kel (1981) also described two new
Thaxterogasterspecies,T. squamatusand T. archeuretus Thaxterogaster squamatusas
distinguished by its limoniform, utriculate sporésp-spored basidia and notable veil remnants
whereasT. archeuretusvas distinguished by four-sterigmate basidia, lndniform, utriculate
spores that are smaller than any other known U&tielthaxterogastespecies.

Moser and Horak (1975) suggested tlhbtxterogastemwas nested withir€ortinarius
and the paraphyly o€ortinarius and polyphyly ofThaxterogastemwere later verified using
molecular data by Peintner et al. (2001). Basedhesse studies that focused on a subset of
species, all describe@haxterogasterspecies were subsequently transferredCtatinarius
(Peintner et al. 2002). However, some taxa sudBainarius squamatugHalling) Peintner &
Moser have spores and cystidia that suggest amutewahry relationship wittDescolearather
than Cortinarius These findings suggest that a critical reviewsefuestrate taxa currently
treated in the genuSortinariusis needed to determine the phylogenetic and taxanaffinities
of these taxa.
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Based on Thaxter's materials, a hypogeous seqtesjpacies was described by Dodge
and Zeller (1934) aslymenogaster fragilisHowever, this species was later transferred to
Thaxterogaste(Smith apud Singer 1962) and synonymized \@#tchelliogaster tetrasporum
Singer by Horak (1979) under the new combinat8®ichelliogaster fragiligZeller & C.W.
Dodge) E. Horak. Halling (1981) provides a detaillidcussion of the morphology of this
species based on Thaxter’s original collectiongtRer et al. (2001) confirmed the affiliation of
this taxon within the genu€ortinarius under the name&. fragilis (Zeller & C.W. Dodge)
Peintner & Moser using DNA sequences from Austrapecimens. This relationship has been
recently confirmed based on South American mate@ailean collections of Hymenogaster
fragilis” are related t&ortinariusand notSetchelliogaste(F. Kuhar, unpublished data).

Recent collecting expeditions during 2008-2016 ataBonianNothofagaceadorests
have yielded numerous collections of both epigeans hypogeous members of the descolea
clade. Microscopic analyses of these specimengatwlithe difficulty of using morphological
features to assign these specimens to describeiespend suggest that molecular studies are
needed to resolve these problems. Furthermore,centrestudy of ectomycorrhizal fungal
communities of Patagoniadothofagaceaespecies Nothofagus dombeylLophozonia obliqua,
andL. alping suggests that at least two taxa in the descdéete can be locally common on
ectomycorrhizal roots (referred to @3escomycesp. 1’ and Descoleasp. 1') (Nouhra et al
2013).

The purpose of this study was to critically asséise morphology and molecular
phylogeny of members of the descolea clade to whter their diversity in Patagonian
Nothofagaceaéorests. Our main goals were to determine the nurmbspecies that are present
based on both morphological and molecular dataadéswlto ascertain the best taxonomic names
and genus-level placement for each of these phyltgelly distinct taxa. We also reviewed the
published taxonomic literature and examined typecspens of hypogeous sequestrate taxa

described from Patagonia to determine appropriateas and synonyms.

2. Materialsand Methods

Specimens (e.gDescolea Descomycesand Setchelliogasteamong other taxa) were

collected in spring and autumn 2008-2016, photdgrdpand dried on a forced air drier.
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Additional specimens were obtained from the follogviherbaria: Florida Museum of Natural
History (FLAS), the Farlow Herbarium at Harvard Usisity (FH), the New York Botanical
Garden (NY), Herbario del Museo Botanico de Cord@®@RD), Universidad Nacional de La
Plata Herbarium (LP) and Museo Nacional de Histbigaural de Chile (SGO). New collections
were deposited at FH, FLAS, SGO, and CORD. Drietena was rehydrated and mounted in
water, 3% KOH, Melzer's reagent, and cotton blymr&s were measured in 3% KOH solution.
Spore measurements include the hilar appendix butad include spore ornamentation or the
utricle. Length and width measurements were usechloulate length to width ratios (Qr).At
least 20 different measurements were averageditoags all size values. Variation in the cuticle
was also observed and characterized by examiningctbss-sections from multiple specimens
of each species.

DNA was extracted from basidiomes following a nfiedi cetyltrimethylammonium
bromide (CTAB) method (Gardes and Bruns, 1993)simgithe Extract n” Amp DNA extraction
kit (Sigma-Aldrich, St. Louis, MO, USA) following anufacturers protocols. PCR for the
internal transcribed spacer region (ITS1-5.8s—ITe2¢after referred to as ITS) was performed
with forward primers ITS1F and reverse primers IT@4ITS4B. The PCR conditions were:
94°C for 5 min followed by 35 cycles of 1 min at°@ 1 min at 55°C and 2 min at 72°C,
followed by 7 min at 72°C. The PCR products weriglized on 1.5% agarose gels with SYBR
Green | (Molecular Probes, Eugene, OR, USA) andipdrwith ExXoSAP®-IT (USB) following
the manufacturer’s instructions. Sanger sequeneagyconducted at the Interdisciplinary Center
for Biotechnology Research at the University ofrila and in Macrogen (Seoul, South Korea).
Sequences were edited with Sequencher v.4.1 (Gedesdnc., Ann Arbor, MI, USA).

The obtained sequences were used as “Blastn” seguehies against the UNITE

database _(https: //unite.ut.ee/) and “Megablastarde queries against Genbank (http:

Ilwww.ncbi.nlm.gov).Available high quality, voucleel ITS sequences of the gen&€nagrovea,
Setchelliogaster, Descomycaad Descoleawere included in the analysis. We also included
ectomycorrhizal (ECM) root tip sequences BDescomycesp. 1’ and Descoleasp. 1’ obtained

by Nouhra et al. (2013) from the roots of Patagorithofagaceaespecies. High quality
sequences of the genetartinarius andHebelomawere used as outgroups, as in Paintner et al.
(2001). All sequences analyzed are listed in thaela.
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Sequences were aligned using L-INS-i strategy geimented in MAFFT v 7.0 (Katoh
and Standley 2013). The aligned matrix is availabl&éom TreeBASE
(http://purl.org/phylo/treebase/phylows/study/TB21%86). Ambiguously aligned regions were
eliminated using Gblocks (Castresana 2000) availlabl fom http:
/Imolevol.cmima.csic.es/castresana/Gblocks.htmbwahg smaller final blocks, gap positions
within the final block and less strict flanking @iasns for a less stringent selection. Maximum
likelihood (ML) analysis was performed in PHYML asplemented on the South of France
bioinformatics platform (http: //www.atgc-montpeltifr/phyml/) (Guindon and Gascuel 2003;
Guindon et al. 2010) using the GTR+G+l substitutieodel as estimated in PHYML. Bootstrap
support values were calculated with 1,000 repetitidBayesian analyses were conducted with
MrBayes (Huelsenbeck and Ronquist 2001). The aesalygere run for 10,000,000 generations
starting with a random tree and employing four diemeous chains. The first 80,000
generations (i.e., 8,000 trees) were discarded ks burn-in. TRACER1 (http:
/llevolve.zoo.ox.ac.uk/software.html/tracer/) wagduso ensure that stationarity was achieved
after the first 100,000 generations. Maximum Papsiyn(MP) analyses were performed using
PAUP 4.0 (Swofford 2002). Support values giverhia text correspond to Maximum Likelihood
Bootstrap (BS) and Bayesian Posterior Probabil{##2).

3. Results
3.1 Phylogenetic analysis

Analyses based on ITS rDNA confirmed that membétb@descolea clade (e.g. species
of Timgrovea DescomycesSetchelliogasterand Descolea are closely related and form a
strongly supported monophyletic group (BS 1.00;0P99) (Fig 1). The placement of secotioid
and sequestrate taxa across multiple branchesegptilogeny indicate that sequestrate forms
have arisen multiple times within the descoleaelés$ previously determined by Peintner et al.
2001).

Regardless of their preliminary morphologicaledstinations, the Patagonian sequences
from sequestrate and epigeous descolea clade taxea m@solved into four different well-
supported clades. Epigeous specimens from acrossvid® geographical range and

morphologically identified aBescolea antarcticandD. pallida were resolved in just one clade
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with minimal ITS variation (0.02%) among speciméBS 1.00; PP 0.99) (Fig 1). These results
indicate that these should be treated as a singtphologically variable taxoB. antarctica

Despite the high morphological variation among skquestrate specimens, we resolved
three distinct clades that can be distinguishededbasn both macroscopic and microscopic
characters. One of the well-supported sequesttaties BS (1.00, PP 1.00péscolea brunnéa
showing 0.03% ITS variation includes morphologigalhriable specimens initially identified
under different genera and species names. Howallamllections are brownish in color, have
spores >17 um, and have two spores per basidium.

A second well-supported monophyletic clade of alnmbsntical ITS sequences (BS 0.93,
PP 0.99) (Fig 1) includes a small number of segagstspecimens from northern Patagonia.
Specimens in this group have a distinctly yellouocaevhen fresh, have spores smaller than 17
pm in length, and four spores per basidium. Membeéthkis clade do not fit the descriptions of
any known species and are described belovescolea infernasp. nov. based on unique
morphological and molecular characters.

Two other sequestrate collections form a third wapported clade. After detailed study
and comparison with th€ortinarius archeurethug=Descolea archeuretaomb. nov.) holotype
collection, one of them (MES1786) was matchedCtoarcheurethusThe second collection
(MES1584) was too rotten at the time of collecttorbe morphologically characterized but is
also regarded here &vortinarius aff. archeuretug=Descolea archeuretaomb. nov. based on

molecular data).

3.2 Taxonomy

Our phylogenetic results and evidence from previsuglies (e.g. Lago et al. 2001,
Peintner et al. 2001) indicate that the descoladecis a monophyletic ectomycorrhizal lineage
with high intraspecific morphological variation analltiple origins of secotioid and gasteroid
forms. In order to avoid polyphyletic entities rigg from the process of convergent evolution
to sequestrate forms, we emend the gé&escoleao include secotioid and sequestrate taxa that

belong to the descolea clade.
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We have extensively studied the Patagonian spaciégprovide molecular evidence for
the placement of these taxa as well as an overgfetlve synonyms that have been historically
used. We also recombine other sequestrate taxapthatively belong to the descolea clade
based on available evidence, including a combinatib morphological, host association, and
biogeographical data. For example, several seqiediaxa treated below were first described
from South America and collected under exotic egtmmmrhizal Myrtaceae of Australasian
origin. We have identified a few additional spedieat have been treated in various genera of
the descolea clade (e.Bescomycegsbut seem likely to belong to other fungal lineag&/e
conservatively refrain from transferring these ieuttaxa and provide a rationale for excluding

these fronDescoleauntil more data are available.

Descolea (Sing.) emend. Kuhar, Nouhra & M.E. Smith.

Basidiomes agaricoid to secotioid or fully gastdr@tipe sometimes reduced to a turbinate base
that easily breaks apart in some secotioid basiggoamd remains only as a percurrent columella
in fully gasteroid basidiomes. Spore wall ornamgota if present, of exosporial - perisporial
origin, frequently constituting an embedding ugicType:Descolea antarctic&ing., Lilloa, 23:
527. (1950).

Descolea inferna Kuhar, Nouhra & M.E. Smith sp. nov. (figs 2E andBE
MycoBank No.: MB817784

UNITE SH: SH444912.07FU

Type: Argentina: Neuquén, Huiliches, Lanin National Park, pativimador Curruhé Grande,
Araucaria araucanaand Nothofagus dombeymixed forest, 17 May 2015, Rosanne Healy
(holotype CORD MES1315), Isotype FLAS-F-60295, GanBaccession: ITS = KY523090.
Diagnosis: Basidiomes secotioid, not exposing tednophore, yellow, hypogeous. Stipe
turbinate and fragile. Basidia bearing 2-3-4 steatp. Spores 14 - 17 x 8.5 - 9.5 beaked to
sublimoniform.

Etym.: from the latinnfernus “of the lower world”, in reference to the hypogesadhabit of this
species.

Basidiomes 2 x 2.5 cm, hypogeous, globose to dspdesincurvate, not exposing the

hymenophore at maturity, dry, smooth, devoid oflegaor other visible velum remnants,
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yellowish, turning brown in age. Pileal (peridighama 0.5 - 2 mm thick. Hymenophore

galericulate (fully enclosed, refered to in liten& on gasteroid fungi as a gleba), hyaline to
white when immature, reddish brown in age, consgstf irregular locules up to 0.2 mm diam.

Stipe 0.4 - 1 x 0.5 1.1 cm, reduced, constitutecalfyagile sterile turbinate base that easily
breaks apart, percurrent through as a narrow cadlanggy, whitish to yellow.

Spores 14 - 17 x 8.5 - 9.5 um (Qr=1.72), slightaked to sublimoniform, covered by a
pigmented irregular utricle of variable thicknes$emtt frequently leaves the smooth rostrum
uncovered. Cuticle consisting of inflated termies#ments interwoven with cylindrical hyphae

(7 - 15 um) incrusted with yellowish pigments. Bil§eridial) trama of thick hyphae organized
in a hyaline inner layer of thin walled hyphae amdouter layer of thick-walled elements with

golden yellow content. Cystidia 20 - 35 x 4 - 9 upomviform to capitate, rare in some

collections. Basidia 28 - 33 x 10 - 15 um, clawfprbearing four (occasionally two - three)

sterigmata.

Habitat habit and distribution hypogeous, in wet habitats, unddiothofagus pumilip N.

dombeyiandN. antarcticain North Patagonia in Argentina and Chile.

Other specimens examinellrgentina: Neuguén, Nahuel Huapi National Park, 17 km nofth
Villa La Angostura, near Lago Espejo, undédombeyi 28 March 1988, R. Halling (Halling
5915). Rio Negro, Nahuel Huapi National Park, haiiMo Tronador, opeN. antarcticaforest,

9 May 2015, M. E.Smith, (CORD, FLAS-F-60291, MES2),3GenBank accessions: ITS
KY523086; Los RéapidosN.antarcticaforest, 11 May 2015, M.E. Smith, (CORD, FLAS-F-
60293, MES1228); near Lago Hess, opémntarctica forest, 16 May 2016, L. Fernandez,
(CORD, FLAS-F-60304, MES2067), GenBank accessidi§€KY523099. Chile. Osorno,
Puyehue National Park, below Antillanca Ski Aren,tbe edge of the road near dry riverbed
area, withN.pumilia 6 May 2016, R. H. Healy, (FLAS-F-60299, MES 17350 167980),
GenBank accessions: ITSKY523095.

Additional notes: Descolea inferns one of the fourDescoleaspecies known from the
Nothofagaceadorests of Patagonia. This species is readilyirdjsished from the epigeous.

antarcticaby its gasteroid, hypogeous fruiting habit. Althbudescolea infernas superficially
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similar to Descolea brunneathe new taxorD. infernais differentiated by a yellow pileus
(peridium), four-sterigmate basidia and spores #nat14-17 x 8.5-9.5 pum (compared to those
of D. brunneawhich are 17.5 - 22 (24) x 8.5 - 13 um). S imilpeces described in the literature
areCortinarius archeuretugHalling) Peintner & M.M. Moser (transferred beldavDescoleaas

D. archeurety, with smaller spores (12-14 x 6.5-7.5) and duifgtish brown basidiomes, and
the highly variableSetchelliogaster australiensi&.W. Beaton, Pegler & T.W.K. Young
(transferred below tescoleaasD. australiensi} with larger asymmetrical spores (11 - 18.3
(20.8) x 6.3 - 9.9 (11.5) um) and lacking hymeigtidia. One specimen collected by Halling
and deposited in NY asHymenogastér (Halling 5915) is a specimen db. inferna This

collection was annotated by Dr. Michael Castellan®993 as Descomycesp. nov.”

Descolea alba (Berk) Kuhar, Nouhra, & M.E. Smith comb. nov.

MycoBank No.: MB817791

UNITE SH: SH300040.07FU

Basionym:Rhizopogon albusensu Berkeley, English Flora 5(2): 229. 1836.
SynonymsHymenogaster albuBerk., Ann. Mag. nat. Hist., Ser. 1 13: 349. 1844.
Hymenangium alburKlotzsch, in Dietrich, Fl. Regn. Boruss. 7: 466328
Splanchnomyces albuklbtzsch) Corda, in Zobel, Icon.fung. (Prague) 6; tab. 8: 82. 1854.
Descomyces alby8erk.) Bougher & Castellano, Mycologia 85(2): 28@93)
Hymenogaster klotzschiul. & C. Tul., Fungi hypog. 64. 1851.

Hymenogaster cerebellumaCara, Atti Ist. Bot. R. Univ. Pavia, 2 Sér. 3: 2229 (1893)

Descolea albella (Massee et Rodway) Kuhar, Nouhra, & M.E. Smith bonov.

MycoBank No.: MB817793

UNITE SH: SH300097.07FU

Basionym:Hymenogaster albelluslassee & Rodway in Massee, Kew Bull. Misc. Infod98.
Synonyms:Descomyces albelludMassee et Rodway) Bougher et Castellano, Mycal8&i(2):
290. 1993.

Hymenogaster zeylanictetch, Ann. Roy. Bot. Gard. (Peradeniya) 6: 2@71.71
Hymenogaster maideodway, Pap. & Proc. Roy.Soc. Tasmania 1920: 1971.



370 Descolea angustispora (A.A. Francis & Bougher) Kuhar, Nouhra, & M.E. Smcomb. nov.
371  MycoBank No.: MB817795

372  UNITE SH: SH281415.07FU

373  Synonym:Descomyces angustispordsA. Francis & Bougher, Australas. Mycol. 23(1)5.1
374  2004.

375

376  Descolea antarctica Singer (figs 2A and 3B)
377  MycoBank No.: MB296578

378 UNITE SH: SH300036.07FU

379  Singer, Lilloa, 23: 527. (1950).

380

381 SynonymsbDescolea pallide&E. Horak, Persoonia 6: 237 (1971).

382 Descolea lepiotiformi&aith., Hongos Argentinos 2: 128 (1977).

383 Pseudodescolea lepiotiform{Raith.) Raith., Metrodiana 9: 48 (1980).

384 Descolea recedersensu Singer, Sydowia 9: 407 (1955)

385

386 Specimens examined\rgentina: Chubut, Parque Nacional los Alerces, Sendero ert®u
387 Chucao\. dombeyiand Austrocedrus chilensimixed forest, 8 May 2013, F. Kuhar (EN382),
388 GenBank accessions: ITS KY523077. Neuquén, NahuebpH National Park, Ultima
389 Esperanza/Lago Espejo Tral, antarcticaandN. dombeyimixed forest, 13 May 2015, P. B.
390 Matheny (CORD, FLAS-F-60294, MES1242), GenBank ssimms: ITS KY523089.Rio Negro,
391 Nahuel Huapi National Park, Los Rapidos, unbterantarctica 11 May 2015, B. Matheny
392 (CORD, FLAS-F-60292, MES 1195), GenBank accessithS: KY523088; road to Tronador
393 below Pampa Linda, 14 May 2016, M. E. Smith & F.h&u (CORD, FLAS-F-60303,
394 MES2016), GenBank accessions: ITS = KY523098. &ietel Fuego, Ushuaia, Paso de las
395 ovejas, solitary unded. pumilio20 Feb 2015, C. Truong (CT-4237), GenBank accessidis
396 = MF085057; Valle Andorra, solitaryN. antarctica spot near transition t&N. pumilio 16
397 Feb2015, C. Truong (CT-4235). GenBank accessionS:4 MF085056.Chile: Los Rios,
398 Ranco, Along road T-80 between La Union and Hu&acdlefore Alerce Costero natural
399 monument, mixed forest withl. dombeyi Lophozonia alpinaand mixedMyrtaceag 1 May
400 2015, M. E. Smith (FLAS-F-60286, MES917, SGO 167)98BenBank accessions: ITS
401 KY523081.
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Additional notesBoth Horak and Singer identified morphological diffnces betwedbescolea
specimens collected in the far south of Patagdtiia Fuegian region’) and those from forests of
northern Patagonia (Horak 1971, Singer 1954, Sith§éP).Descolea pallidavas described by
Horak (1971) to accommodate collections from narthBatagonia that had smaller spores,
yellow veil remnants, and lighter colored caps. ldoer, both Horak and Singer recognized that
the two ‘species’ . antarctica and D. pallida) were challenging to differentiate from one
another. Singer (1954, in German) expressed “I'tnembirely sure if the Patagonian speciBs (
pallida, [not yet officially described in 1954]) is differefrom the Fuegian ond( antarcticg...
The form and ornamentation of the spores is theesatmater, Singer (1969) consideré&x
antarcticaas a synonym of the Australian spedisscolea receden§ooke & Mass.) Sing. (=
Agaricus recedenfooke & Massee). Our phylogenetic analysis, whiatiudes light yellow
colored specimens from coastal Chile (&gpallida) and darker colored specimens from Tierra
del Fuego D. antarcticg, confirms that these two species are synonyms tépresent
intraspecific color and size variants (Fig 2a). iDgrfield collections we also observed color
variation in both the caps and partial veil remsawithin individual collections, consistent with
the idea that species within the descolea cladiixtigh morphological plasticity (Cribb 1956,
Lago et al. 2001, Neville et al. 2004). Our phylogic analysis also rejects the hypothesis that
D. antarcticafrom South America is a synonym Df recedendrom Australia (Figl).

Descolea ar cheureta (Halling) Kuhar, Nouhra, & M.E. Smith comb. no¥igé 2D and 3A)
MycoBank No.: MB819433

Basionym:Thaxterogaster archeuretialling, Mycologia 73: 861. 1981.
Synonym:Cortinarius archeuretugHalling) Peintner & M.M. Moser, Mycotaxon 81: 178002

Additional notes: Halling (1981) studied historicgdecimens collected by Thaxter in Chile and
described the new speci@haxterogaster archeuretubslalling (= Cortinarius archeuretus
(Halling) Peintner & M.M. Moser). Morphological dgais of the holotype specimen at the
Farlow Herbarium (FH accession #7775A, Thaxtersrifus Hypogeous No. 6”) indicated that
the spores have a hyaline utricle and 4-sporediizasihe spores are also distinctly smaller than

those of other sequestrate Patagomlaacoleaspecies. Although spore size has proven not to be
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a conclusive feature to consistently delimit spgciecan be useful when used in combination
with other diagnostic characters. One feature taat be used to separdde archeuretafrom
other South AmericaDescoleaspecies is a thick hyaline utricle that is moem#lucent than the
other Patagonian species. No additional collectmfr®. archeuretawere found at the herbaria
(FH, LPS, BAFC, CORD, or NY). However, two freshlleotions recently found in northern
Patagonia (2016) morphologically match the typEkht

Specimens examine@hile: Los Lagos, Puyehue National Park, foothills oldam Puyehue,up
the road past El Caulle north of Rio Golgol, untierdombeyi 1 May 2016, Rosanne Healy
(FLAS-F-60300, MES1786, SGO 167981) GenBank acoessilTS KY523096; foothills of
Volcan Puyehue, up the road past El Caulle, ndrRi@ Golgol, undeiN. dombey# May 2016,
Rosanne Healy (FLAS-F-60296, MES1584, SGO 167983gnBank accessions: ITS
KY523092. Magallanes, Punta Arenas, Fungus Hypagedda. 6, Feb 1906 (precise date
unknown), Holotype preserved in liquid, Roland TieaXFH accession #7775A).

Descolea australiensis (G.W. Beaton, Pegler & T.W.K. Young) Kuhar, Nouh&aM.E. Smith

comb. nov.

MycoBank No.: MB 817800

Basionym: Setchelliogaster australiensi&.W. Beaton, Pegler & T.W.K. Young, Kew Bull.
40(1): 169. 1985.

Descolea brunnea (Horak) Kuhar, Nouhra, & M.E. Smith comb. nov. figB-C and 3C-D)

MycoBank No.: MB817785

UNITE SH: SH300035.07FU

Basionym:Hypogaea brunneslorak, Sydowia 17: 279. 1964.

Synonyms: Setchelliogaster brunneu@Horak) Sing. apud Petersen. Petersen, Evol. High.
Basidiomyc. 468. 1971

Thaxterogaster squamatttalling, Mycologia 71: 853. 1981.

Cortinarius squamatu@Halling) Peintner & M.M. Moser, Mycotaxon 81: 182002.

Hymenogaster albellus senBwdge & Zeller, Ann. Mo. Bot. Gard. 21: 669. 1934.
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Additional notes: Several names have been usecfty to this common South American
sequestrate Descolea species, including Cortinarius squamatus, Hypogaea brunnea,
Setchelliogaster brunnepyandThaxterogaster squamatughis is a highly variable taxon that is
present across a wide rangeNufthofagaceaéorests at varying altitudes and latitudes. Howgeve

a combination of molecular and morphological evieBuggests that these are the same taxon
(thus we treat the names listed above as synonyRepgonian collections of sequestrate
basidiomes with two sterigmata and large sporesddra well supported clade (Fig 1a) and
include specimens with highly variable pileal (pel) structures, including variable cuticle
construction and presence of universal veil scébesles are present in some basidiomes but
others are totally devoid of scales. For exampbecsnen EN214 was originally identified as
Thaxterogaster squamatbssed on the obvious and persistent scales. Roglirmoniform) and
non-rostrate spores also occur within this higdyiable species and in some cases both spore
types can be observed within the same basidiomeh&Ve also found that in some cases the
apical area of the spore darkens in 3%KOH evendbés not protrude from beneath the utricle.
Scales are also present in the type collectioityfogaea brunneddorak andT. squamatus
Halling.

Descolea brunneavas first collected by Thaxter and later consideby Zeller and
Dodge to beHymenogaster albellug= Descolea albellp from Australia. However, the
specimens examined by Zeller and Dodge are fraginer@nd had no stipe remnants. This
morphological feature is important because it canubed to distinguish betwe&n brunnea
from South America (typically with a short stipeths easily separable from the pileus) &nd
albella (=H. albellug from Australia (typically lacking a stipe).

Horak (1964) described this species Hgpogaea brunnealn Horak’s original
description, the species was depicted with broadlipsoid to sublimoniform spores and our
examination of théd. brunneaisotype (LPS 38225) confirms these observationseSspores in
the type ofHypogaea brunneare utriculate, Singer (1971) correctly identifigdls taxon as a
member of the descolea clade and transferred tbeiesptoSetchelliogasterlas S. brunneus
(Horak) Sing.

The same species was later described by Hallin§1(18sThaxterogaster squamatus
based on Thaxter's Fungus Hypogeous No. 7 from &urenas, Chile Thaxterogaster

squamatusvas described as having limoniform spores (ancefbee seemed different from the
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broadly ellipsoid spores depicted in the originalblcation that describedH. brunned.
However, theT. squamatudolotype at FH has urticulate spores that rangshape from
limoniform to broadly ellipsoid to limoniform. Althugh variable, these spores match the
morphology ofD. brunnea We have also confirmed th&. brunneais a common ECM
symbiont ofNothofagaceaespecies near Punta Arenas and at other coasaligitChile (see
collections MES160 and MES538 listed below).

Specimens examinedrgentina: Neuquén, halfway between San Martin de los ArschesHua
Hum, Mixed Lophozonia obliquaand L. nervosaforest 18 May 2015, R. Healy (CORD,
MES1351). Rio Negro, Nahuel Huapi National Parks RapidosN. antarcticaforest, 8 May
2015, F. Kuhar (FLAS-F-60289, MES1102). GenBanleasmns: ITSKY523084; Laguna Frias,
5 Apr 1962, Horak, (LPS 38225, isotype lypogaea brunngda Nahuel Huapi National Park,
Mascardi LakeNothofagus dombeyorest, 9 May 2010, E. Nouhra (CORD EN214), GeriBan
accessions: ITS KY523078; Puerto Blest, pNredombeyistand, 10 May 2015, M. E. Smith
(CORD, MES1155), GenBank accessions: ITS KY52308dscardi Lake witiN. dombeyi 8
May 2015, G. Furci (CORD, FLAS-F-60290, MES1113gnBank accessions: ITS KY523085;
Los RapidosN. antarcticaforest, 13 May 2016, F. Kuhar & R. Healy (CORD, F4-60301,
MES1894). GenBank accessions: ITS KY523097; Losidap near Lago Los Moscos!.
antarctica 16 May 2016, A. Mujic (CORD, FLAS-F-60305, MESH)9 Lago Hess,N.
antarcticaandN. dombeyi18 May 2016, F. Kuhar (CORD, FLAS-F-60306, MES2j14L km
before Lago Hesd\. antarcticaand N. dombeyi 18 May 2016, A. Mujic (CORD, FLAS-F-
60307, MES2167); Road to Tronador, before Pampdad_iny the riverN. antarctica 14 May
2016, E. Nouhra (CORD, FLAS-F-60302, MES197@&}hile. Aysén, Reserva Natural
Melimoyu, mixed Nothofagaceadorest, 12 Mar 2012, M. E. Smith and D. H. Pfis(EH,
FLAS-F-60284, MES538), GenBank accessions: ITS KY&®; Reserva Patagonia Sur, Valle
California, Nothofagaceadorest 15 Mar 2012, M. E. Smith and D. H. Pfister (FH,AS-F-
60285, MES565). GenBank accessions: ITS KY5230&8& Lagos, Puyehue National Park,
below Antillanca,N. dombeyiforest in dense patches @husquea colequs May 2015, P.
Sandoval (MES1059, SGO 167989); near the Antilldodge, Nothofagaceadorest, 15 Mar
2015, R. Healy (FLAS-F-60287, MES996 SGO 16798®nEank accessions: ITS KY523082;

above the Antillanca lodge right near the ski s|dyeantarcticaandN. pumiliomixed forest, 5
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May 2015, M.E. Smith (FLAS-F-60288, MES1048 SGO 984), GenBank accessions: ITS =
KY523083; on the road to Antillanca lodge with. pumiliq 3 May 2016, P. Sandoval
(MES1515, SGO 167984). GenBank accessions: ITS B¥S2; foothills of Volcan Puyehue,
with N. dombeyi4 May 2016, A. B. Mujic (FLAS-F-60297, MES1586, ©@67988), GenBank
accessions: ITS KY523093; Anticura, Sendero Ladesa withN. dombeyi5 May 2016, A. B.
Mujic (FLAS-F-60298, MES1687, SGO 167987), GenBackessions: ITS KY523094; below
Antillanca, 5 Jun 2015, M. E. Smith (MES1079). Miayzes, Punta Arenas, Feb 1906, R.
Thaxter, Hymenogaster No. 1(FH 4635); Feb 19067 lkaxter, Fungus Hypogeous No. 7 (FH
accession #7775B, holotype Gbrtinarius squamatys Reserva Nacional Magallanes, Summit,
Las Minas, MixedNothofagaceadorest, 21 Mar 2008, M. E. Smith and D. H. Pfis(EH,
FLAS-F-60283, MES160).

Descolea ferruginea (Cribb) Kuhar, Nouhra, & M.E. Smith comb. nov.

MycoBank No.: MB817790

UNITE SH: SH300052.07FU

Basionym:Gymnoglossum ferrugineu@ribb, Paps. Dept. Bot. Univ. Queensland 3: 15531
SynonymsTimgrovea ferruginegCribb) Bougher et Castellano, Mycologia 85(2)029993.
Hymenogaster areolaty€ribb) A. H. Smith, Mycologia 58: 109. 1966.

Gymnoglossum areolatu@ribb, Paps. Dept. Bot. Univ. Queensland 3: 19581

Descolea fusispora (Trappe & Claridge) Kuhar, Nouhra, & M.E. Smithnalo. nov.

MycoBank No.: MB 817796

Basionym:Descomyces fusispordsappe & Claridge, in Nouhra, Dominguez, Daniélengo,
Trappe & Claridge, Mycologia 100(5): 753. 2008

Descolea giachinii (Trappe, V.L. Oliveira, Castellano & Claridge) Kuhdouhra, & M.E.
Smith comb. nov.

MycoBank No.: MB817797

Basionym: Descomyces giachiniTrappe, V.L. Oliveira, Castellano & Claridge, inaGhini,

Oliveira, Castellano and Trappe, Mycologia 92(@)724. 2000.
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Descolea javanica (Hohnel) Kuhar, Nouhra, & M.E. Smith comb. nov.

MycoBank No.: MB817794

Basionym: Hymenogaster javanicudHohnel, Sitzungsber. Kaiserl. Akad. Wiss., Math.-
Naturwiss. C1. Abt. 1, 117: 1017. 1908.

Synonym:Descomyces javanici{siohnel) Bougher et Castellano, Mycologia 85(2021993

Additional notes: Hymenogaster javanionas collected by F. Von Hohnel on the island oJa
and described in 1909 (von Hohnel, 1909). Althotigh habitat of mixed tropical forest does
little to illuminate the host associations, it i&ely that ectomycorrhizaMyrtaceae were
originally present in these forests prior to hundisturbance. Smith and Schmull (2010)
translated von Hohnel's description Bf javanicusfrom German to English, examined von
Hohnel's collections, and provided microscopic jpiscas well as reproductions of von Hohnel's
original line drawings. All that remains of tli javanicustype specimen is a single preserved
slide. Smith and Schmull (2010) nonetheless comfitrthe observations of von Héhnel (1909)
and Bougher and Castellano (1993). Smith and Sdh{0L0) and Bougher and Castellano
(1993) accepted this species as a member of tlweldasclade.

Descolea macr ospora (Cunningham) Kuhar, Nouhra, & M.E. Smith comb. nov

MycoBank No.: MB817788

Basionym:Hymenogaster macrosporusunningham non Knapp & Soehner, Proc. Linn. Soc.

New South Wales 59: 171. 1934.

Synonym:Timgrovea macrosporéCunningham) Bougher et Castellano, Mycologia 85220.
1993.

Descolea reticulata (Cunningham) Kuhar, Nouhra, & M.E. Smith comb. nov

MycoBank No.: MB817792

Basionym:Hymenogaster reticulatuG. H. Cunningham, Proc. Linn. Soc. New South ¢/ak
171. 1934.

Synonyms:Timgrovea reticulatalCunningham) Bougher et Castellano Mycologia 85280.
1993.



587 Hymenogaster reticulatuZeller & Dodge in Dodge and Zeller, Ann. MissoBot. Gard.21:
588 656. 1934.

589  Gymnoglossum reticulatu@ribb, Paps. Dept. Bot. Univ. Queensland 3: 19%81

590

591  Descolea subtropica (Cribb) Kuhar, Nouhra, & M.E. Smith comb. nov.

592  MycoBank No.: MB817789

593 Basionym:Hymenogaster subtropic@ribb, Paps. Dept. Bot. Univ. Queensland 3: 12561
594  Sinonym:Timgrovea subtropicéCribb) Bougher et Castellano, Mycologia 85(2)029993.

595

596 Descolea tenuipes (Setch.) Neville & Poumarat, in Neville, Poumatativaldi, Bull. Soc.
597  mycol. Fr. 120(1-4): 68. 2005.

598 MycoBank No.: MB312266

599 UNITE SH: SH281414.07FU

600 Basionym:Secotium tenuipeSetch., J. Mycol. 13(6): 239. 1907.

601  Synonyms:Setchelliogaster tenuipegar. tenuipes(Setch.) PouzarCeska Mykol. 12(1): 34.
602 1958.

603  Setchelliogaster tenuipesr. rheophyllus(Bertault & Malencon) G. Moreno & M.P. Martin [as
604  'rheophylld], Mycotaxon 78: 262. 2001.

605 Descolea tenuipe¢Setch.) Neville & Poumarat, in Neville, Pouma#ativaldi, Bull. Soc.
606 mycol. Fr. 120(1-4): 68. 2005 (2004) vdenuipes Naucoria rheophyll8ertault &
607 Malencon, in Malencon and Bertault, ChampignonéBiepirs du Maroc 1: 427. 1970.
608 Setchelliogaster rheophylluU8ertault & Malencon) G. Moreno & Kreisel, in Mare, Kreisel,
609 Galan, Feddes Repert. 108(7-8): 567. 1997

610 Descolea rheophyll@Bertault & Malengon) Malencon, Beih.Sydowia 8825979 (2004)

611

612  Additional notes:We consider the combination proposed by Nevillealet(2004) as a valid
613 nomenclatural proposal.

614

615 Descoleavarians (Trappe & Claridge) Kuhar, Nouhra, & M.E. Smith donmov.

616 MycoBank No.: MB817798
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Basionym:Descomyces varian$rappe & Claridge, in Nouhra, Dominguez, Dani¢lengo,
Trappe and Claridge, Mycologia 100(5): 754. 2008.

4. Discussion

4.1 Morphological Traits

The high degree of morphological convergence assatiwith the sequestration process has
often caused confusion for taxonomists in the pHs& delimitation of many genera was based
on features that we now know correspond to degrsessquestration, aligned under the concept
of phylogenetic “series” as in Malengon (1931) @uBher and Castellano (1993). This resulted
in polyphyletic sequestrate taxa suchTasxterogasterSetchelliogasterpr Descomycebeing
nested within paraphyletic agaricoid genera suchCadinarius and Descolea Convergent
features in the sequestrate representatives (thadlled, mostly globose and heavily ornamented
spores) were also used to group these specieh@wgatlarge genera likelymenogaster sensu
lato. However, with the use of molecular data and céuricroscopic study, it is often possible
to see morphological features that help to clagifglutionary relationships.

The utricle, a more or less translucent discamtirs membrane that covers the
basidiospores of some fungi (often treated as aosfgorium” — Lago et al. 2001), was used as a
key feature to recognize sequestrate geriees¢omyceandTimgrovea within theBolbitiaceae
by Bougher and Castellano (1993). Specifically, ythecognized the sequestrate genera
Timgrovea SetchelliogasteandDescomycesThis utricle is structured in its exosporial layes
columns or ridges under a smooth surface. Howes@arsely distributed verrucae leaving a
smooth apex in limoniform spores of so@ertinarius (Supplementary Fig 1) were alternatively
interpreted as an utricle or as individual ornamgobhs with the subsequent placement of
species having “utricle like structure”or “densergrrucose” spores in different genera by
different authors (Singer in Petersen 1971, Hor@Kk9). For example, the heavily verrucose
limoniform spores ofCortinarius fragilis were the main reason that this species was treéated
the genusSetchelliogasterdespite the cortinarioid cuticle of the cap and &ibsence of a true
urticle (Horak 1979, Lago et al. 2001). Our ressliggest that truly utriculate spores are found
in all species in the descolea clade but do notirowdthin the genugortinarius Increasing
visual contrast with Cotton Blue or Toluidine Blg€lemencon et al. 2012), and the use of

differential interference contrast (DIC) microscojy spore observations (Halling 1981), can
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help to differentiate the presence of dense spomangentation versus a continuous utricle
partially covering the spore surface.

Although highly variable, sterile hymenial elememranging from slightly capitate
cystidia to protruding basidioles are common witthe Patagonian species. This variation is
congruent with the observations of Lago et al. (9G@at found this feature to be correlated with
the hymenium maturity. The cylindrical pigmentedohge that Horak (1971) proposed as an
additional difference between the two agaricoid photypes (e.gDescolea antarcticaandD.
pallida) are present in all collections studied but inhhygvariable proportions. This could be the
cause of different colorations observed in the wethnants and again, in possible correlation
with maturity stages. Finally, Singer's (1969) alysd¢ion that occasional basidia bearing less
than four sterigmata produce larger spores maynbexplanation for the high variability of this
feature.

Together this suite of morphological charactersiulate spores, capitate cystidia, and
celluloderm) can be used to consistently diffemstiaxa in the descolea clade from those in the
cortinarius clade. The importance of these charackeas previously recognized by Singer
(1969). He also suggested that the apical gaperuthicle is actually a germ pore, a feature that
he interpreted as phylogenetically linkiBgscoleato theBolbitiaceae(which have germ pores
on their spores) and excluding the genus f@antinariaceae(which lack germ pores on their
spores) (Peintner et al. 2004; Mishra 2005).

4.2 Excluded Species

Several brown-spored sequestrate taxa have préyibasn considered members of the
descolea clade (e.g. placed ifimgrovea, Descomycesr Setchelliogastgr but exhibit
morphological, ecological, or biogeographical featu that are not consistent with this
phylogenetic placement. We know that taxa in thecdiea clade: 1) have brown, utriculate
spores, 2) are mostly native to Australasia andhsoo South America, and 3) are found
primarily with host trees in thBothofagacea®r Myrtaceae Only a few exceptional species of
Descoleaare found in Asia with Northern Hemisphere hosingd (Tedersoo et al. 2010). Taxa
that are inconsistent with these three key feataredikely to belong to other fungal lineages

and are therefore considered here outside of theotka clade.
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Bougher and Castellano (1993) transferred the GbinspeciesHymenogaster
kwangsiensisB. Liu to the genusTimgrovea probably based on the reticulate spore
ornamentation forming polygonal alveoli. Howevdristspecies is known only from Asia and
has a spore morphology that is quite different froost other sequestrate species in the descolea
clade. Specifically, it lacks the characteristiondniform, utriculate spores. The type is
unavailable for study but the combination of spom@phology and biogeography suggest that
this taxon probably belongs to a different group.

Another species that does not fit well within thescblea clade iSetchelliogaster
aurantius (Zeller) Singer & A.H. Sm. This species was orain described asSecotium
aurantiumZeller from the Trinidad Mountains of Cuba (Zell947). Although this species was
transferred by Singer t8etchelliogasterit was originally described by Zeller as beingght
orange with a “phalloid” appearance, white rhizopt®, and smooth brown spores (Zeller
1947). The combination of morphology and biogeolgyaplearly excludes this taxon from the
descolea clade and suggests that it is likely a lneemof thePhallomycetideae

Setchelliogaster tetrasporusas described by Singer (1971) from Valdivian $tseof
Nothofagus dombeyand Araucaria araucanain Chile and discussed by Horak (1979). This
species has recently been considered by Horak (1878 a synonym ofortinarius fragilis
(zeller & C.W. Dodge) Peintner & M.M. Moser. Howeyéhe published descriptions along with
our analysis of the holotype (SGO) and fresh spessr(MES129, MES143, MES144) indicate
that Setchelliogaster tetrasporughows morphological affinity witlCortinarius sclerospermus
Peintner & M.M. Moser. This taxon is retained fawnin the genusetchelliogastebut will be
treated in a future taxonomic work to revise theusstrate Cortinarius species of South

America.

4.3 Ecological Aspects

The mycorrhizal status dbescoleaspecies in Patagonia is well established. Palfner
(2008) demonstrated th&l. antarcticawas the most abundant fungal symbiont on post-fire
seedlings of.ophozonia alpinasuggesting thaD. antarcticabehaves as an early stage symbiont
in the Nothofagaceadorests. BothD. antarcticaand D. brunneawere also common on ECM
root tips of thredNothofagaceaspecies sampled by Nouhra et al. (2013) (seeFatsd). These

two species are also among the most common ECMespea seedlings dlothofagus(F.



710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740

Kuhar, unpublished dataPescolea brunnealso produces abundant basidiomes from high
elevation sites down to sea level, as well as awerde latitudinal range (Nouhra et al. 2012 as
Thaxterogaster squamafug his suggests that these tidescoleaspecies are strong competitors
and can be dominant in many different typedlothofagacea&CM communities. Alberdi et al.
(2007) found thatN. dombeyiseedlings were more photosynthetically active wimerculated
with D. antarcticaor Pisolithus tinctoriughan non-ECM seedlings, and that plants colonimed
D. antarcticawere less physiologically stressed than seedlingsulated withP. tinctorius
Since the sequestrate basidiome®Dofbrunneamay constitute an important source of spore
inoculum, a deeper knowledge of the ecologyDof brunneacould facilitate its use as a
greenhouse inoculant to produce ectomycorriitahofagaceaseedlings for reforestation.

In addition to being common in the environment, yn&rescoleaspecies can also be
grown in pure culture on diverse media types. CafiofDescoleaspecies typically produce
whitish colonies with a yellow center and have tapi cystidia (Bougher and Castellano,
1993).Valenzuela et al. (2008) successfully cuttibeantarcticaon malt extract agar and report
capitate cystidia on the mycelium, a feature thathave also confirmed (F. Kuhar, unpublished
data). Alvarez et al. (2004) reported tiatantarcticaalso has highly adaptable enzymes (i.e.
phosphatases, amylases, cellulases) that are actérea wide pH and temperature range. In a
later experiment Valenzuela et al. (2008) charamtdrseveral enzyme activities and suggested
thatD. antarcticacan utilize a wide range of nutrient sources famwgh in axenic culture. The
importance of the enzyme machinery of ectomycoalhiungi has been extensively discussed
(e.g. Baldrian 2009) and conclusive evidence ofrth@e as important degraders of organic
matter has been summarized and emphasized by Lidah Tunlid (2015). Available data
suggest that species Déscoleamay be among the most saprotrophically activeregtorrhizal

fungi.

5. Conclusion

The genudPescoleas represented in Patagonia by four species. tterbave placed the
hypogeous, secotioid taxa .([Archeureta D. brunneaandD. inferng in the genudescolea
along with the epigeous agaricoid type spedescolea antarcticaWe found that several

features constitute excellent criteria to recognmembers of the genudescolea capitate
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cystidia, inflated cuticular elements, perisporidticle with an apical gap, limoniform to
sublimoniform spores and the tendency towards festesigmata in the sequestrate species. The
high intra-species or even intra-individual morgigital variation is a common feature that
makes some species challenging to differentiatbamit molecular data. Despite the taxonomic
difficulties that are caused by this variationisitalso possible that this morphological plasticity
might contribute to the ecological adaptabilityspiecies in this group to different environmental

conditions.
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Figure 1: Phylogenetic Analyses

One of three most parsimonious trees (722 stepsyia the phylogenetic placement of the
Patagonian species within the monophyletic gebascolea Significant parsimony bootstrap,
maximum likelihood bootstrap values and Bayesiastgror probabilities are indicated as well
as basidiome morphologies. Specie€oftinariusandHebelomawere used as the outgroup.
Figure 2: Basidiomes

Fresh specimens of the Patagorimscoleaspecies. ADescolea antarcticaB and CDescolea
brunnea D, Descolea archeureteE, mature specimeof Descolea infernavith missing stipe.
Scale bar = 10 mm.

Figure 3: Microscopy

Light micrographs at 1000X magnification showing croscopic features of Patagonian
Descoleacollections: A,Descolea archeurefaB, Descolea antarcticaC, mature spores of
Descolea brunneaD, bispored basidium dD. brunnea;E, tetrasporic basidium ddescolea
inferna; F, mature spore oD. inferna Scale bar = 10 p@upplementary Figure 1:
Sequestrate Cortinarius spores

Light micrographs at 1000X of sublimoniform to lim@brm spores of two sequestrate
Cortinarius species showing the lack of utricle: A-Bptrinarius sclerospermusPS38212; C

and D,Cortinarius sphaerocephaldsK14036 (CORD) Scale bar =5 pm.



Table 1: List of sequences analyzed

Specimen and location data is provided for eacluesszp used in the phylogenetic

analyses. Personal collections are indicated withasnes and herbarium acronyms are
from Thiers, B. Index Herbariorum: A global direstef public herbaria and associated

staff. New York Botanical Garden's Virtual Herbaniuhttp: //sweetqum.nybg.org/ih/.

GenBank

Accession

Number Species Origin Voucher Source
Continental

KY523092  Cortinarius archeuretus Patagonia MES1584 FLAS
Continental

KY523096  Cortinarius archeuretus Patagonia MES1786 FLAS

NR131815 Cortinarius badiovinaceus  Austria IB19500061 IB

NR130311 Cortinarius caesiocolor Europe Kyt600-029 H

NR130313 Cortinarius obsoletus Europe G00262069 CJB
Continental

KY523078  Cortinarius squamatus Patagonia EN214 FLAS

AF325646 Descolea antarctica Tierra del Fuego IB19630883 IB

MF085056 Descolea antarctica Tierra del Fuego CT4235 FLAS

MF085057 Descolea antarctica Tierra del Fuego CT4237 FLAS
Continental

KY523077 Descolea antarctica Patagonia EN382 FLAS
Continental

KY523088 Descolea antarctica Patagonia MES1195 FLAS
Continental

KY523089 Descolea antarctica Patagonia MES1242 FLAS
Continental

KY523098 Descolea antarctica Patagonia MES2016 FLAS
Continental

KY523081 Descolea antarctica Patagonia MES917 FLAS

AF325647 Descolea antarctica New Zealand NZ5182 Horak
Continental

KY523083  Descolea brunnea Patagonia MES1048 FLAS
Continental

KY523084  Descolea brunnea Patagonia MES1102 FLAS
Continental

KY523085 Descolea brunnea Patagonia MES1113 FLAS
Continental

KY523087 Descolea brunnea Patagonia MES1155 FLAS
Continental

KY523091 Descolea brunnea Patagonia MES1515 FLAS
Continental

KY523093 Descolea brunnea Patagonia MES1586 FLAS
Continental

KY523094 Descolea brunnea Patagonia MES1687 FLAS



KY523097

KY523079

KY523080

KY523082

KY523086

KY523090

KY523095

KY523099
JX968155
AF325657
1X178627
AF325649
1X178628
AF325645
GU479276
DQ328125
DQ328058
AF325644
DQ328211
NR119686
NR120177
KC110674

JX316330

JX316348

AF325627

AF325628
DQ328184
DQ328214
AF325624
AF099363
DQ328083
DQ328116
DQ328128
KP191836
DQ328180
DQ328182
DQ328207

Descolea brunnea
Descolea brunnea
Descolea brunnea
Descolea brunnea
Descolea inferna
Descolea inferna
Descolea Inferna

Descolea inferna

Descolea maculata
Descolea phlebophora
Descolea phlebophora
Descolea recedens
Descolea recedens
Descomyces albellus
Descomyces albus
Descomyces angustisporus
Descomyces angustisporus
Descomyces sp.
Descomyces sp.

Hebeloma plesiocistum
Hebeloma theobrominum
Hebeloma velutipes

Patagonia root tip

Patagonia root tip
Setchelliogaster
australiensis
Setchelliogaster
australiensis

Setchelliogaster sp.
Setchelliogaster sp.
Setchelliogaster tenuipes
Setchelliogaster tenuipes
Timgrovea ferruginea
Timgrovea ferruginea
Timgrovea ferruginea
Timgrovea sp.

Timgrovea sp.

Timgrovea sp.

Timgrovea sp.

Continental
Patagonia
Continental
Patagonia
Continental
Patagonia
Continental
Patagonia
Continental
Patagonia
Continental
Patagonia
Continental
Patagonia
Continental
Patagonia
Europe
Australia
New Zealand
Australia
New Zealand
Australia
Europe
Australia
Australia
New Zealand
Australia
Europe
Europe

New Zealand
Continental
Patagonia
Continental
Patagonia

Australia

Australia
Australia
Australia
Australia
Europe

Australia
Australia
Australia
Australia
Australia
Australia
Australia

MES1894

MES538

MES565

MES996

MES1132

MES1315

MES1730

MES2067
Wu21819
E4912
OTA60177
E4459
OTA60312
Tr17168

it53

H7216

H7216
Tr12624
TRAPPE14397
LIPJVG1021214
HJB1000080
PDDPL3404

Cla.2679

Cla.2621
TRAPPE14175
TRAPPE14281
Tr24776
BCC-MPM2703
H5803

H5803

H5803
MELKV636
H4162

H4574

H4146

FLAS
FLAS
FLAS
FLAS
FLAS
FLAS
FLAS

FLAS
Wu
Bougher
OTA
Bougher
OTA
0osc
DSMZ

H

H

0sc
0scC

LIP
HJB
PDD

CORD
CORD
Trappe&Claridge

Trappe&Claridge
0sC

0sC

0sC
M&R.GenBank



ACCEPTED MANUSCRIPT

KP191843  Timgrovea sp. Australia MEL2364426  MEL
DQ328219 Timgrovea sp. Australia H5655 H
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AF325647 Descolea anfarctica A
MES2016 Descolea pailida A

- JX316348 Pafagonia roof tip

MES1242 Descolea antarctica A
Branch support: * 1 EN 382 Descolea antarctica A ;
L AF325646 Descolea antarctica A D. antarctica
MES917 Descolea pallida A

—*_ ML Bootstrap > 70% - CT 4237 Descolea anfarctica A

CT 4235 Descolea antarctica A
MP Bootstrap > 70% 1 MES1195 Descolea anfarctica A

~_ BP Probability > 0.95 i Dgg%gﬂgg?injgmveasg o o
imgrovea ferruginea ;

* DQ328083 Timgrovea ferruginea © D. ferruginea

%*'DQ328116 Timgrovea ferruginea O
" MES538 Sefcheiliogaster brunneus H
MES1515 Sefchelliogaster brunneus O
MES1586 Sefchelliogaster brunneus
MES565 Sefcheiliogaster brunneus 0
MES1102 Sefchelliogaster brunneus O
* MES1687 Sefchelliogaster brunneusd o
. - J¥ 316330 Patagonia root tip . drunnea
© Gasteroid 1 * | MES996 Setchelliogaster brunneus B
EN214 Cortinarius squamatus 0
L MES1113 Sefchelliogaster brunneus
z MES1894 Sefchelliogaster brunneus O
Patagonian - MES1048 Setchelliogaster brunneus
G MES1155 Sefchelliogaster brunneus O
Oorigin - DQ328182 Timgrovea sp ©

o AF325645 Descomyces aibellus O | D. aibelia
* KP191843 Timgrovea sp ©
* DQ328211 Descomyces sp O
= * GU479276 Descomyces albus O | D. alba

L — * AF325644 Descomyces sp O
¥ ¥ MES1584 Corfinarius aff archeurefus @ | D h
:* MES1786 Cortinarius archeurefus [ | ©- @rcheureia
& AF 325657 Descolea phiebophora A

ﬂ?&ﬁﬂ Descolea phiebophora A
SR A' DQ328058 Descomyces angustisporus O | .

* * ¥ DQ328125 Descomyces angustisporus O | D- angustispora
-y PR AF099363 Sefchelliogaster tenuipes I

T'_IEIQSGM Setfchelliogaster fenuipes
DQ328184 Sefchelliogaster sp O

MES2067 Descolea inferna @
* * | MES1730 Descolea Inferna @
* ¥ |MES1132 Descolea inferna @
MES1315 Descolea inferna @

* DQ328180 Timgrovea sp O
m1 91836 Timgrovea sp O
* DQ328207 Timgrovea sp &

* — % AF325649 Descolearecedens A
* E JX178628 Descolea recedens A
—] . —— JX968155 Descolea maculata A

*
==l . [ DQI28214 Setchelliogaster sp
AF 325627 Setchelliogaster australiensis @ | )

% L[AF325628 Setchelliogaster sustralienssll | = oustralicnsis

* KC110674 Heheloma velutipes A
*:_7 NR 119686 Hebeloma plesiocistum A | Outgroup 1
NR 120177 Hebeloma theobrominum A
* NR 131815 Cortinarius badiovinaceus A
_*EZIMH Corlinarius caesiocolor A
* NR 130313 Cortinarius obsolefus A

*

Type of basidiome:

A Agaricoid
@ Secotioid

D. tenuipes

D. inferna

Outgroup 2




