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Abstract:

Background and Aims: Sequestrate fungi form an artificial group characterized by their hypogeous habit; they are found within specific groups of
Ascomycota and Basidiomycota. The family Wynneaceae was recently established, which includes the genera Geodina and Wynnea. The latter is
characterized by forming spathuliform, auriculiform, otideoid to sparassoid apothecia, with ellipsoid to navicular ascospores bearing conspicuous
longitudinal ridges. In Mexico, W. americana, W. gigantea, and W. macrotis have been reported. Molecular and morphological analyses recovered
the specimens as a new hypogeous species of Wynnea, named here as W. hypogaea.

Methods: The specimens were collected in 2022 in a montane cloud forest in the municipality of Coscomatepec, Veracruz, Mexico. Morphological
descriptions and studies were performed according to appropriate protocols. Morphological and molecular studies with ITS, nrLSU, 18S, rpb2, and
tef-1a were performed to delimit the species. The studied material was deposited in the José Castillo Tovar Mycological Herbarium at the Instituto
Tecnoldgico de Ciudad Victoria (ITCV) and the Escuela Nacional de Ciencias Bioldgicas (ENCB) of the Instituto Politécnico Nacional.

Key results: Wynnea hypogaea is described and illustrated. Based on its morphological, molecular, and ecological characteristics, this species is
well-differentiated from other taxa in the genus. The new taxon is characterized by hypogeous ascomata with irregular glebal chambers, reddish
brown peridium, and ascospores of 35-40 x 15-20(-22) um, longitudinally striated. It grows under Quercus lancifolia in a montane cloud forest.
Conclusions: Wynnea hypogaea is the first species in the genus to exhibit a hypogeous and sessile habit. Phylogenetically, it is closely related to W.
macrotis and W. sparassoides; however, both of these form a different clade from the one described here. The transition from epigeous to hypogeous
life can be observed in some Pezizales. Therefore, further exploration and study of these organisms are required.
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Resumen:

Antecedentes y Objetivos: Los hongos secuestrados forman un grupo artificial caracterizado por su habito hipégeo; se ubican en un grupo deter-
minado de Ascomycota y Basidiomycota. Recientemente se erigié la familia Wynneaceae, que incluye los géneros Geodina y Wynnea. Este Ultimo
se caracteriza por formar apotecios espatuliformes, auriculiformes, otidioides a esparasoides, con ascosporas elipsoides a naviculares con crestas
longitudinales conspicuas. En México se han citado W. americana, W. gigantea y W. macrotis. Los analisis moleculares y morfoldgicos muestran que
los especimenes constituyen una especie nueva hipogea, aqui denominada Wynnea hypogaea.

Métodos: Los ejemplares se recolectaron en 2022 en un bosque meséfilo de montaiia del municipio de Coscomatepec, Veracruz, México. La descrip-
cién y estudios morfoldgicos se realizaron bajo los protocolos adecuados. Se realizaron los estudios moleculares con ITS, nrLSU, 18S, rpb2 y tef-1a
para delimitar las especies. El material estudiado estd depositado en el Herbario Micoldgico José Castillo Tovar del Instituto Tecnolégico de Ciudad
Victoria (ITCV) y Herbario de la Escuela Nacional de Ciencias Bioldgicas (ENCB) del Instituto Politécnico Nacional.

Resultados clave: Wynnea hypogaea se describe e ilustra. Por sus caracteristicas morfoldgicas, moleculares y ecoldgicas, se distingue claramente de
otros taxones del género. El taxdn nuevo se caracteriza por los ascomas hipogeos con cdmaras glebales irregulares, peridio marrdn rojizo y ascosporas
de 35-40 x 15-20(-22) um, estriadas longitudinalmente. Crece bajo Quercus lancifolia en bosque mesoéfilo de montafia.

Conclusiones: Wynnea hypogaea es la primera especie del género con habito hipogeo y sésil. Filogenéticamente es cercana a W. macrotis y W. spa-
rassoides; no obstante, ambas forman un clado distinto del descrito. En algunos ascomicetos Pezizales, se puede observar la transicién de epigeos a
hipégeos. Por lo cual, la exploracién y estudio de estos organismos deben continuar.

Palabras clave: Ascomycota, bosque mesoéfilo de montafia, hongos secuestrados, Quercus lancifolia.
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Introduction

The sequestrate fungi (also called false truffles or truf-
fle-like fungi) are an artificial group of fungi characterized
by a hypogeous habit (Castellano et al., 1989, 2004). Sev-
eral taxa of sequestrate fungi are well-known in temperate
forests, but knowledge of this group in the tropics remains
scarce. They form mycorrhizae with angiosperms and gym-
nosperms, but saprobic species are also known (Montec-
chi and Sarasini, 2000; Tedersoo et al., 2010). Most species
enclose the fertile tissue (hymenium) in a persistent layer
(peridium) and develop underground (Trappe et al., 2009).
The sequestrate fungi cannot discharge their spores in the
air, although several species have evolved mechanisms for
dispersal through mycophagy; some species form an im-
portant part of the diet of small mammals, birds, insects,
and invertebrates (Castellano et al., 1989; Guevara-Guer-
rero et al., 2014; Caiafa et al., 2021). Sequestrate forms
have evolved in several groups within Ascomycota and
Basidiomycota (Castellano et al., 2004; Kuhar et al., 2023).
The hypogeous Ascomycetes produce ascocarp features
that are homoplastic, resulting from the parallel evolution
of independent lineages of epigeous/hypogeous fruit bod-
ies during the evolutionary history of the Pezizales (Trappe,
1979; Borovicka et al., 2024).

Pfister et al. (2020) described the family Wynneace-
ae to include the genera Geodina Denison and Wynnea
Berk. & M.A.Curtis, based on morphological, molecular,
and trophic interaction data. Currently, Wynneaceae is
placed in the Pezizales, within the Class Pezizomycetes
(Hyde et al., 2024). Wynnea is characterized by forming
spathuliform, auriculiform, otideoid to sparassoid, rare-
ly solitary apothecia, generally growing in groups, from a
stem or a sclerotium, with a black, purplish, pinkish, dark
orangish red or brownish hymenium. Ascospores are ellip-
soid to naviculate, symmetrical or bilaterally asymmetrical,
with conspicuous longitudinal ridges (Pfister, 1979). This
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genus comprises eight species: Wynnea americana Thaxt.,
W. gigantea Berk. & M.A.Curtis, W. intermedia Waraitch,
W. macrospora B.Liu, M.H.Liu & J.Z.Cao, W. macrotis (Berk.)
Berk. & M.A.Curtis, W. silvicola Nannf., W. sinensis B.Liu,
M.H.Liu & J.Z.Cao, and W. sparassoides Pfister. In Mexico,
this genus is represented by W. americana in the states of
Mexico, Michoacan, and Morelos (Valenzuela et al., 1981;
Chacon and Bautista, 1988; Pompa-Gonzalez and Cifuent-
es, 1991; Medel et al., 1995; Ortega-Ldpez et al., 2019); W.
gigantea in the state of Veracruz (Berkeley, 1867); and W.
macrotis, although data on the state in which it was col-
lected is not shown (Berkeley, 1867). Furthermore, the ge-
nus Geodina has been observed in tropical Mexico and the
Caribbean (Angelini et al., 2018; de la Fuente et al., 2020;
Pfister et al., 2020). During mycological explorations in the
Mexican state of Veracruz, some interesting truffle-like fun-
gi were discovered growing under Quercus spp. Molecular
and morphological analyses identified the specimens as a
new hypogeous species, here named Wynnea hypogaea.

Material and Methods

Collection and morphological examination

The specimens were collected in the municipality of Cosco-
matepec, Veracruz, Mexico, in November 2022 (Fig. 1). The
specimens were deposited in the mycological herbarium
“José Castillo Tovar” of the Instituto Tecnolégico de Ciudad
Victoria (ITCV). The paratype was deposited in the herbar-
ium of the Escuela Nacional de Ciencias Bioldgicas of the
Instituto Politécnico Nacional (ENCB). The collected spec-
imens were examined following the protocols of Castella-
no et al. (1989). All specimens were characterized in fresh
condition, taking into account size, shape, color, texture,
and host. The colors are indicated according to Kornerup
and Wanscher (1978); likewise, the terminology was based
on the lllustrated Dictionary of Mycology (Ulloa and Hanlin,
2006). Furthermore, the microscopic structures of peridi-
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Figure 1: Map of the Wynnea hypogaea J.Garcia, Gallardo-Yobal, de la Fuente & Sanchez-Flores locality.

um, medular excipulum, paraphyses, asci, and ascospores
were analyzed and characterized using an optical micro-
scope (OM) (Axiostar plus, Zeiss, Jena, Germany). Scanning
electron microscopy (SEM) (SU1510, Hitachi High Technol-
ogies, Tokyo, Japan) was used to observe the ascospore or-
namentation.

Extraction, amplification,and sequencing of DNA
Genomic DNA was extracted from ascomata using the mod-
ified CTAB method (Martinez-Gonzalez et al., 2017). The
DNA was quantified with a Nanodrop 2000c (Thermo Scien-
tific, USA). Dilutions of each sample at 20 ng were prepared
to amplify five genes. The Internal Transcribed Spacer (ITS)
(primers ITS4-ITS5) (White et al., 1990), partial large sub-
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unit rDNA gene region (nrLSU) (primers LROR-LR3) (White
et al., 1990), small subunit ribosomal RNA gene (18S)
(primers P6Fa-P7Ra), partial RNA polymerase Il second
largest subunit gene (rpb2) (RPB2-5F/RPB2-7cR) (Matheny
et al., 2007) and translation elongation translation factor
1-a (tefl) (primer 983F-2218R) (Pfister et al., 2020) were
amplified. The reaction mixture for PCR was prepared in a
final volume of 13 ul containing: 1x Tag DNA polymerase
buffer, 0.8 mM deoxynucleoside triphosphates (0.2 mM of
each dNTP), 100 ng DNA, 20 pmol of each primer, and 2
units of GoTaq DNA (Promega, USA). Amplifications were
performed with an initial denaturation cycle step at 96°C
for 2 min.; followed by 35 cycles of denaturation at 94°C for
1 min., primer annealing at 57°C (Table 1) for 1 min., and
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Table 1: Primers used for amplification and sequencing of the DNA
fragments.

Loci/Segment Primer T(°C) Reference
ITS ITS4 58 White et al., 1990
ITS5 58 White et al., 1990
nrLSU LROR 54 White et al., 1990
LR3 60 White et al., 1990
18S P6Fa 56 Hansen et al., 2005
P7Ra 56 Hansen et al., 2005
rpb2 6F2 52 Matheny et al., 2007
7R2 52 Matheny et al., 2007
tefl EF1BF1 53 Pfister et al., 2020
EF1BR 53 Pfister et al., 2020

a final extension at 72°C for 5 min. All PCR reactions were
performed in a Peltier Thermal Cycler PTC-200 (BIORAD,
Mexico). The PCR products were verified by agarose gel
electrophoresis. The gels were run for 1 h at 95 V in 1.5%
agarose and 1x TAE buffer (Tris-Acetate-EDTA). The gel was
stained with GelRed (Biotium, USA), and the bands were vi-
sualized using an Infinity 3000 transilluminator (Vilber Lour-
mat, Germany). The amplified products were purified using
the ExoSAP Purification kit (Affymetrix, USA) according to
the manufacturer’s instructions. They were quantified and
prepared for sequencing using BigDye Terminator v. 3.1
(Applied Biosystems). These products were sequenced in
both directions using an Applied Biosystems model 3730XL
(Applied Biosystems, USA). Sanger sequencing was carried
out by Macrogen Inc. (Seoul, Korea).

Sequence assembly

The sequences of both strands of each gene were analyzed,
edited, and assembled using BioEdit v. 7.0.5 (Hall, 1999) to
generate consensus sequences. These consensus sequenc-
es were compared with those deposited in GenBank (NCBI,
2026), using the BLASTN v. 2.2.19 tool (Zhang et al., 2000).

Phylogenetic methods

Sequence data, retrieved from GenBank (NCBI, 2026) based
on previous studies, are listed in Table 2. The sequences
were analyzed using standard BLAST searches in GenBank
(NCBI, 2026) to determine the primary identity of the fun-
gal strains (Kirschner et al., 2023). To study phylogenetic
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relationships, our newly generated sequences from two in-
dividuals of Wynnea were added to reference sequences of
ITS, nrLSU, 18S, rpb2, and tefl deposited in the NCBI data-
base (NCBI, 2026). Each region was independently aligned
using the online version of MAFFT v. 7 (Katoh et al., 2002,
2017; Katoh and Standley, 2013). The alighments were
revised in PhyDE v. 10.0 (Mdller et al., 2005), followed by
minor manual adjustments to ensure character homology
between taxa. The matrices consisted for ITS of 13 taxa and
650 characters, nrLSU of 34 taxa and 600 characters, 18S of
29 taxa and 826 characters, rpb2 of 26 taxa and 771 charac-
ters, and tef1 of 26 taxa and 750 characters. Nine partition
schemes were established: one for ITS, one for nrLSU, one
for 18S, three to represent the three codon positions of the
rpb2 gene region, and three to represent the three codon
positions of the tefl gene region, as determined using the
option to minimize stop codons with Mesquite v. 3.2 (Mad-
dison and Maddison, 2021).

The data were analyzed using maximum parsimony
(MP), maximum likelihood (ML), and Bayesian inference (Bl).
Maximum parsimony analyses were carried out in PAUP* v.
4.0b10 (Swofford, 2002) using the heuristic search mode,
1000 random starting replicates, and TBR branch swapping,
with MULTREES and Collapse activated. Bootstrap values
were estimated using 1000 bootstrap replicates under the
heuristic search mode, each with 100 random starting repli-
cates. Maximum likelihood analyses were carried out in RAx-
ML v. 8.2.10 (Stamatakis, 2014) using a GTR + G nucleotide
substitution model. To assess branch support, 10,000 rapid
bootstrap replicates were run with the GTRGAMMA model.
Bayesian inference was carried out in MrBayes v. 3.2.6 x64
(Huelsenbeck and Ronquist, 2001) with four chains, and the
best evolutionary model for the alignment was determined
using PartitionFinder (Frandsen et al., 2015; Lanfear et al.,
2014, 2016). Phylogenetic analyses were then performed us-
ing MrBayes v. 3.2.6 x64 (Huelsenbeck and Ronquist, 2001).
The information block for the matrix included two simulta-
neous Monte Carlo chain runs, with a temperature of 0.2 and
10 million sampled generations (standard deviation <0.1).
Chain convergence was visualized in Tracer v. 1.6 (Rambaut
et al., 2014). The remaining trees were used to calculate a
50% majority-rule consensus topology and posterior proba-
bilities (PP). Trees were visualized and optimized in FigTree v.
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Table 2: Details of the taxa used in the phylogenetic analysis of this study. The newly generated sequences are in bold.

Species name Isolate GenBank Accessions
ITS nrLSU 18S rpb2 tefl
Chorioactis geaster(Peck) Kupfer ex Eckblad DHP02497 - KC012672 AF104340 DQ017609 KC109211
Cookeina tricholoma (Mont.) Kuntze IDD5 - AY945860 AF006311 MN103428 MN103423
Desmazierella acicola Lib. RK9512 e AY945854 AF104341 DQ017603 LN794774
Donadinia nigrella (Seaver) M.Carbone, Agnello & FLASF69550 -------- AY945853 - DQ017592 KC109214
P.Alvarado
Galiella rufa (Schwein.) Nannf. & Korf h101 - AY945850 AF004948 DQ017594 KC109213
Geodina guanacastensis Denison FH MNO096939 MNO096940 MNO096941 MN103424 MNO090946
Geodina salmonicolor Angelini & Medardi JBSD127408 MG597289 MG597287  --- e e
Geodina salmonicolor Angelini & Medardi JBSD127409 MG597290 MG597288 - e e
Gyromitra californica (W.Phillips) Raitv. AFTOLID176 ~  ---——-- AY544673 AY544717 DQ470891 DQ471059
Kompsoscypha phyllogena (Seaver) Pfister DHP10690 - 10260810 10260820 MN103430 MN103416
Morchella elata Fr. e u42667 u42641 AF107810 HM756737
Neournula pouchetii (Berthet & Riousset) Paden ~— —eeeeme AY307940 AF104666 DQO017601 -
Phillipsia carnicolor Le Gal DHP7126 = - 10260811 10260821 MN103426 MN090948
Pithya cupressina (Batsch) Fuckel MH208 - 10260818 AF006316 MN103429 MN103415
Plectanuia melastoma (Sowerby) Fuckel TURA195784 - JX669850 MN102128 MN103434 MN103422
Pseudopithyella minuscula (Boud. & Torrend) mh675 - AY945849 AF006317 DQ017600 FJ238387
Seaver
Pseudoplectania nigrella (Pers.) Fuckel KH9728 - AY945852 MNQ096942 MN103433 MN103421
Pseudosarcosoma latahense (Paden & Tylutki) AFTOLID954 - FJ176860 FJ176806 ~ = - FJ238392
M.Carbone Agnello & P.Alvarado
Rickiella edulis (Speg.) Pfister BAFC51697 -------- 1Q260809 JQ260819 MN103425 MN090947
Sarcoscypha austriaca (Beck ex Sacc.) Boud. mh670 - AY945856 AF006318 MN103427 KC109210
Sarcosoma globosum (Sscmidel) Casp. KHO704 - FJ499393 U53386 JX943753 KC109215
Urnula craterium (Schwein.) Fr. DHPO4511 - AY945851 AF104347 DQO017595 KC109216
Wolfina aurantiopsis (Ellis) Seaver ex Eckblad DHP04599 - AY945859 AF104664 DQO017605 KC109212
Wynnea americana Thaxt. SNFH MK599141 AY945848 MK592785 MN103435 MN103417
Wynnea americana Thaxt. FLASF61957 --—-—-- MZ018899 W - e e
Wynnea americana Thaxt. FHO00445978 MK599141 MK599148 - e e
Wynnea gigantea Berk. & M.A.Curtis Brazil 2013 MK335782 MK335802 - e e
Wynnea gigantea Berk. & M.A.Curtis Brazil 1993 MK335781 MK335801 MK335790 - e
Wynnea hypogaea J.Garcia, Gallardo-Yobal, dela  SGY 77 ITCV PZ839274 PZ834822 PZ834854 PZ852167 PZ852169
Fuente & Sanchez-Flores Holotype
Wynnea hypogaea J.Garcia, Gallardo-Yobal & SGY 78 ITCV Pz839275 Pz2834823 Pz834855 Pz852168 Pz852170
Sanchez-Flores Paratype
Wynnea macrospora B.Liu, M.H.Liu & J.Z.Cao FHO00445975 MK335784 MK335803 MK335793 MN103432 MN103419
Wynnea macrospora B.Liu, M.H.Liu & J.Z.Cao Wz2130 MK335785  -——--- MK335794 - e
Wynnea macrotis (Berk.) Berk. & M.A.Curtis cupP2864 - MK335804 MK335795 - MN103420
Wynnea sp. N.153 e MG871342 - MG980708 --------
Wynnea sparassoides Pfister FH 00445986 -------- EU360917 MK335796 MN103431 MN103418
Wynnea sparassoides Pfister NYBG024800 MK335787  --—--- MK335797 - e
Wynnea sparassoides Pfister FLASF68409 OM672767 == e e e
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1.1.4 (Rambaut, 2014) and edited in Adobe Illustrator (Ado-
be Systems, Inc., San Jose, California, USA).

Results

Molecular phylogenetic analyses

The dataset of combined ITS, nrLSU, 18S, rpb2, and tefl
comprises 37 taxa with 3597 characters, including gaps.
The three phylogenetic analyses, MP, ML, and BI, recovered
similar topologies (Fig. 2). No significant conflicts (boot-
strap values >80%) were detected among the topologies
obtained from the separate phylogenetic analyses. The par-
simony analysis of the alignment found 11485 trees of 371
steps (Cl=0.5952, HI=0.1350, RI=0.2901, RC= 0.1088). The
best RAXML tree with a final likelihood of -20842.006371
is presented. The matrix had 1071 distinct alignment pat-
terns, with 4.12% undetermined characters or gaps. Esti-
mated base frequencies were as follows: A= 0.190241, C=
0.195100, G= 0.105247, T= 0.103407; substitution rates
AC=1.000683, AG=1.003401, AT= 1.00957, CG= 1.002740,
CT= 4.001954, GT= 1.141004; gamma distribution shape
parameter a= 0.001007. In the Bayesian analysis, the stan-
dard deviation between the chains stabilized at 0.001 after
3 million generations. No significant changes in tree topol-
ogy, trace plots, or cumulative split frequencies of selected
nodes were observed after about 0.25 million generations,
which were discarded as the 25% burn-in. The analysis pro-
duced a phylogenetic tree in which Wynnea hypogaea is
shown to be a sister group of W. gigantea (BS= 100%, BS=
100%, Bl p= 1) and a separate taxon.

Taxonomy
Ascomycota
Pezizomycetes
Pezizales
Wynneaceae

Wynnea hypogaea J.Garcia, Gallardo-Yobal, de la Fuente &
Sanchez-Flores sp. nov. Figs. 3, 4,5, 6, 7.
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TYPE: MEXICO. Veracruz, Coscomatepec munici-
pality, Japalma bridge, in montane cloud forest, 1389 m,
19.106627°N, 97.039096°W, 7.X1.2022, S. Gallardo-Yobal
77 (holotype: ITCV! [SGALLARDOYOBAL-77-ITCV]).

GenBank: ITS: PZ839274; 28S: PZ834822; 18S:
PZ834854; rpb2: PZ852167; tefl: PZ852169.

MycoBank: 856887 (MycoBank, 2025).

Wynnea hypogaea differs from other species within
the genus by its hypogeous, turbinate ascomata, irregular,
empty, pinkish locules, ascospores 35-40 x 15-22 um, and
grows below Quercus lancifolia.

Ascomata 20-25 mm in diameter, hypogeous, turbi-
nate, irregularly lobulate, solitary to scattered, garnet red
(11E8) to violet brown (11F8), texture rough to slightly to-
mentose, with a wide columella, becoming thinner at the
base and dendroid in the hymenium, forming irregular to
elongate locules, purplish pink (14A4), purplish grey (14B2),
reddish lilac (14B5), becoming greyish magenta (14C7) near
the locules, locules sometimes become exposed near the
peridium, sclerotium not observed; peridium 120-170 um
thick, composed of pseudoparenchymatous tissue, with
globose to subglobose cells of 15-47 x 10-32 um, hyaline
with purplish cell walls, inamyloid, thick-walled (1-3 um),
with clavate to cylindrical terminal cells of 36-100 x 15-32
um, septate, thick-walled; medullary excipulum 125-340
pum in diameter, textura intricata, composed of tubulose
hyphae of 7-9 um in diameter; hymenium 300-410 pum in
diameter; paraphyses 7-10 um in diameter, branched, wid-
ening at the apex, hyaline, thin-walled; asci 284-406 x 20-
27 um, hyaline, 8-spored, uniseriate, without croziers, stipe
60-90 um long, inamyloid, thin-walled; ascospores 35-40 x
15-22 pum, n=100, X=37.15 x 17.29 um, Q= 1.81-2.53, Qm=
2.148, bilaterally symmetric, hyaline, with four conspicuous
longitudinal ridges joined by small ribs between the ridges,
disappearing with 5% KOH.

Habitat: on soil, below Quercus lancifolia Schltdl. &
Cham.
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Wynnea americana FH00445978
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Wynnea americana SNFH

1/100/100 0.92/92/92 | Wynnea macrospora FH00445975
' | Wynnea macrospora WZ2130

0.97/97/97] Geodina salmonicalor JBSD127408
171007100 Geodina salmonicolor JBSD127409
1/100/100 Geodina guanacastensis FH
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Rickiella edulis BAFC51697

0.94/94/94
1/100/100

1/100/100

1/100/100
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Pseudoplectania nigrella KH9728

Sarcosoma globosum KHO704

Neourmula pouchetii

Pseudosarcosoma latahense AFTOLID354
Desmazierella acicola RK9512

Chorioactis geaster DHP02497

Wolfina aurantiopsis DHP04539

_:: Gyromitra californica AFTOLID176
1/100/100 Morchella elata

0.56/56/56

1/100/100

0.002

Figure 2: Maximum likelihood phylogeny based on the concatenated ITS, nrLSU, 18S, rpb2 and tefl sequence alignment. Maximum parsimony and
Bayesian analyses recovered identical topologies for the relationships among the main clades of Wynnea Berk. & M.A.Curtis. For each node, the
following values are provided: posterior confidence (p-value) / maximum parsimony bootstrap (%), and maximum likelihood bootstrap (%). The scale
bar represents the expected number of nucleotide substitutions per site. The new species is shown in bold.

Distribution: known from the type locality, Veracruz, Additional specimens examined: MEXICO. Ve-
Mexico. racruz, municipality Coscomatepec, Japalma bridge,
in montane cloud forest, 1389 m, 19.106627°N,
Etymology: the name refers to the formation of the  97.039096°W, 14.X1.2022, S. Gallardo-Yobal 78 (ENCB,

first hypogeal ascomata within the genus Wynnea. ITCV).
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TR S
Figure 3: A. type locality of Wynnea hypogaea J.Garcia, Gallardo-Yobal, de la Fuente & Sanchez-Flores; B. ascomata of Wynnea hipogaea; C. Quercus
lancifolia Schltdl. & Cham.
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Figure 4: Wynnea hypogaea J.Garcia, Gallardo-Yobal, de la Fuente & Sdnchez-Flores. A, B. apothecia.
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Figure 5: Wynnea hypogaea J.Garcia, Gallardo-Yobal, de la Fuente & Sanchez-Flores. A. peridium; B. terminal cells; D. asci base; E. asci; F. ascospores
in Melzer reagent; G. ascospores in blue cotton; H. ascospores in KOH.
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SU151010.0kV 14.5mm x3.50k SE

-

SU1510 10.0kV 14.7mmix3.50k SE

Figure 6: Wynnea hypogaea J.Garcia, Gallardo-Yobal, de la Fuente &
Sanchez-Flores. A, B. ascospores under SEM.

Notes: The new species is characterized by hypo-
geous ascomata and ascospores measuring 35-40 x 15-22
um. It differs from W. sparassoides by its epigeous ascoma-
ta, with a cartilaginous stalk, asci 350-375 x 16-20 um, and
ascospores 32-36 x 12-15 um (Pfister, 1979) vs. W. hypo-
gaea with hypogeous ascomata, asci 284-406 x 20-27 um,
and ascospores 35-40 x 15-22 um. According to the phylog-
eny, the new species is close to W. macrotis. However, that
species shows long, oblique, auriform apothecia emerging
from a stipe and smaller, asymmetric ascospores of 28-32
x 12-13 um.

Discussion

The genus Wynnea is described as having epigeous, elon-
gated-cupped, spatulate, auriculiform, otideoid to secoti-
oid apothecia (Thaxter, 1905; Pfister, 1979; Ekanayaka et
al., 2018; Pfister et al., 2020), among which W. hypogaea is
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Figure 7: Wynnea hypogaea J.Garcia, Gallardo-Yobal, de la Fuente &
Sanchez-Flores. A. ascospores; B. asci; C. paraphyses; D. terminal cells.

the first species within the genus to form hypogeous asco-
mata. This genus is reported to be saprobic (Ekanayaka et
al., 2018), despite our species being often collected under
Q. lancifolia. The new species is phylogenetically close to
W. macrotis and W. sparassoides. However, W. hypogaea
forms a clade with W. gigantea, which, despite its distinct
morphological characteristics, is separate from the other
species, justifying the erection of a new taxon. Due to its
morphology, the new species described here resembles W.
sparassoides. Both species show stipitate ascomata. The
fertile tissue remains closed in W. hypogaea; nevertheless,
some specimens of W. sparassoides show slightly irregular
apothecia, similar to those of some sequestrate taxa. An-
other characteristic of Wynnea species is the presence of
a sclerotium. This structure can even develop symbiotic re-
lationships with other fungi, such as Armillaria (Fr.) Staude
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(Xu et al., 2019; Pfister et al., 2020). According to our
data, no sclerotia are formed in W. hypogaea, but more
sampling is recommended. Morphological comparisons
are shown in Table 3.

Several hypogeous forms are known in Ascomyco-
ta, mainly in Pezizales. Those taxa are distributed in seve-
ral genera, some of them composed only of sequestrate
forms (Castellano et al., 1989; Trappe et al., 2009). The
transition between epigeous and hypogeous ascomata
has already been observed within the Pezizales. Despi-
te morphological differences between the two types of
ascomata, some sequestrate species retain features sha-
red with their epigeous relatives, such as tissue structu-
re and ascospore shape and ornamentation (Smith and
Healy, 2009; Smith, 2014). Still, classification of peziza-
lean hypogeous taxa and evidence of a link with their
epigeous relatives can be challenging (Smith, 2014). In
W. hypogaea, the species still retains features of the
genus, such as ascospore ornamentation and peridial
structure (Pfister, 1979). Due to W. hypogaea’s current
hypogeous habit, its dispersal by zoochory is suspec-

ted (Castellano et al., 1989). Unfortunately, data about
their aroma and taste were not recorded. Furthermore,
data about its dispersers are lacking. Further studies will
fill the gaps in our understanding of the ecology of this
outstanding new species.

This transition to a sequestrate lifestyle has been
studied by Thiers (1984), who proposed that climate
change could stimulate the progression to a hypogeous
habit. Furthermore, some studies have suggested that
the sequestrate form is a recessive feature expressed
under endogamy (Hibbett et al., 1994). Also, paedomor-
phosis and neoteny have been proposed to explain the
gasteromycetization phenomenon (Kuhar et al., 2023).
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Table 3: Morphological comparison of the known species of Wynnea Berk. & M.A.Curtis.

Species Ascomata Ascomata  Ascospore size Asci size Sclerotium Distribution Reference
size habit (um) (um)
(mm)
W. americana Thaxt. 130 x 60 epigeous 35-40 x 12-18 330-400 x 16-20 present Costa Rica, Pfister (1979)
Japan, USA

W. gigantea Berk. & >80 epigeous 30-35 x 13-16 300-325 x 14-18 not recorded Brazil, Pfister (1979)

M.A.Curtis Mexico,
Peru

W. hypogaea J.Garcia, 20-25 hypogeous  35-40 x 15-22 284-406 x 20-27 not recorded Mexico This study
Gallardo-Yobal, de la
Fuente & Sanchez-
Flores

W. intermedia Waraitch 180-40 epigeous 25-32 x 11.5- 360-435 x 13.5- present India Waraitch

14.5 19.5 (1976)

W. macrospora B.Liu, 45-65 x epigeous 40-47 x 17-18 320-350 x 19-22 present China Liu et al. (1987)
M.H.Liu & J.Z.Cao 23-50

W. macrotis (Berk.) Berk. 180 x 40 epigeous 28-32 x 12-13 320-360 x 15-18 present India, Tibet Pfister (1979)
& M.A.Curtis

W. sinensis B.Liu, 80-90 x epigeous 26-30x 13-14 300-320 x 13-14 not recorded China Liu et al. (1987)
M.H.Liu & J.Z.Cao 50-60

W. sparassoides Pfister 60-80 epigeous 32-36 x 12-15 350-375 x 16-20 not recorded USA Pfister (1979)

Acta Botanica Mexicana 133: e2604 | 2026 | https://doi.org/10.21829/abm133.2026.2604




Garcia-Jiménez et al.: A new species of Wynnea from Mexico

Funding

The authors thank the project PAPIIT IN219424 and SECI-
HTI CBF-G-499 for financial support. JdIF and MSF thank
SECIHTI for the PhD scholarship.

AckRnowledgements

We thank Laura Mdrquez and Nelly Lépez (LaNaBio, Ins-
tituto de Biologia, Universidad Nacional Auténoma de
Meéxico) for sequencing the PCR products. Maria Berenit
Mendoza Grafias (LaNaBio, Instituto de Biologia, Universi-
dad Nacional Autonoma de México), for taking the scan-
ning electron microscope images.

Declaration of use of Artificial Intelli-
gence

The authors confirm that no artificial intelligence tools
were used in the preparation of this manuscript.

Literature cited

Angelini, C., G. Medardi and P. Alvarado. 2018. Contribution to
the study of neotropical discomycetes: a new species of
the genus Geodina (Geodina salmonicolor sp. nov.) from
the Dominican Republic. Mycosphere 9(2): 169-177. DOI:
https://doi.org/10.5943/mycosphere/9/2/1

Berkeley, M. J. 1867. On some new fungi from Mexico. Botanical
Journal of the Linnean Society 9(39): 423-425. DOI: https://
doi.org/10.1111/j.1095-8339.1867.tb01307.x

Borovicka, J., M. Kolafik, V. Halast, C. Perini, A. D. Parker, M.
Gryndler, J. D. Cohen, H. Hréelov4, R. Pastorino, A. Zigova
and L. A. Parra-Sanchez. 2024. Taxonomic revision of the
genus Sarcosphaera (Ascomycota: Pezizales) in Europe and
North America revealed unexpected diversity. Mycological
Progress 23: 69. DOI: https://doi.org/10.1007/s11557-024-
02006-7

Caiafa, M. V., M. A. Jusino, A. C. Wilkie, I. A. Diaz, K. E. Sieving
and M. E. Smith. 2021. Discovering the role of Patagonian
birds in the dispersal of truffles and other mycorrhizal
fungi. Current Biology 31(24): 5558-5570. DOI: https://doi.
org/10.1016/j.cub.2021.10.024

Castellano, M. A., J. M. Trappe and D. L. Luoma. 2004.
Sequestrated fungi. In: Mdller, G., G. Bills, and M. Foster

(eds.). Biodiversity of fungi inventory and monitoring

Acta Botanica Mexicana 133: e2604 | 2026 | https://doi.org/10.21829/abm133.2026.2604

methods. Elsevier Academic Press. San Diego, California,
USA. Pp. 197-213. DOI: https://doi.org/10.1016/B978-
012509551-8/50013-1

Castellano, M. A., J. M. Trappe, Z. Maser and S. Maser. 1989.
Key to spores of the genera of hypogeous fungi of North
America, with reference to animal mycophagy. Mad River
Press. Eureka, USA. 185 pp.

Chacdn, S. and N. Bautista. 1988. Ascomycetes poco conocidos de
Meéxico, IV. Especies en Morelos parte 2. Biotica 13: 35-40.

de la Fuente, J. I., J. Garcia-Jiménez, C. Y. Lopez, |. Oros-Ortega,
R. Y. Vela-Hernandez, G. Guevara-Guerrero, F. Garza-
Ocanias, J. A. Chay-Casanova, L. E. Ibarra-Garibay and V. M.
Bandala. 2020. An annotated checklist of the macrofungi
(Ascomycota, Basidiomycota, and Glomeromycota) from
Quintana Roo, Mexico. Checklist 16(3): 627-648. DOI:
https://doi.org/10.15560/16.3.627

Ekanayaka, A. H., K D. Hyde, E. B. Gareth Jones and Q. Zhao. 2018.
Taxonomy and phylogeny of operculate discomycetes:
Pezizomycetes. Fungal Diversity 90: 161-243. DOI: https://
doi.org/10.1007/s13225-018-0402-z

Frandsen, P.B., B. Calcott, C. Mayerand R. Lanfear. 2015. Automatic
selection of partitioning schemes for phylogenetic analyses
using iterative k-means clustering of site rates. BMC
Evolutionary Biology 15: 13. DOI: https://doi.org/10.1186/
$12862-015-0283-7

Guevara-Guerrero, G., E. Cazares-Gonzalez, G. Bonito, R. A. Healy,
B. Stielow, J. Garcia, F. Garza-Ocaias, M. Castellano and J.
M. Trappe. 2014. Hongos hipégeos de Tamaulipas, México.
In: Correa, S. A., J. V. Horta, J. Garcia and L. Barrientos (eds.).
Biodiversidad Tamaulipeca (Vol. 2). Tecnoldgico Nacional de
Meéxico-Instituto Tecnoldgico de Ciudad Victoria. Cd. Mx.,
Mexico. pp. 87-102.

Hall, T. A. 1999. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/
NT. Nucleic Acids Symposium Series 41: 95-98.

Hansen, K., K. F. LoBuglio and D. H. Pfister. 2005. Evolutionary
relationships of the cup-fungus genus Peziza and Pezizaceae
inferred from multiple nuclear genes: RPB2, B-tubulin, and
LSU rDNA. Molecular Phylogenetics and Evolution 36(1):
1-23. DOI: https://doi.org/10.1016/j.ympev.2005.03.010

Hibbett, D. S., A. Tsuneda and S. Murakami. 1994. The secotioid

form of Lentinus tigrinus: genetics and development



https://doi.org/10.5943/mycosphere/9/2/1
https://doi.org/10.1111/j.1095-8339.1867.tb01307.x
https://doi.org/10.1111/j.1095-8339.1867.tb01307.x
https://doi.org/10.1007/s11557-024-02006-7
https://doi.org/10.1007/s11557-024-02006-7
https://doi.org/10.1016/j.cub.2021.10.024
https://doi.org/10.1016/j.cub.2021.10.024
https://doi.org/10.1016/B978-012509551-8/50013-1
https://doi.org/10.1016/B978-012509551-8/50013-1
https://doi.org/10.15560/16.3.627
https://doi.org/10.1007/s13225-018-0402-z
https://doi.org/10.1007/s13225-018-0402-z
https://doi.org/10.1186/s12862-015-0283-7
https://doi.org/10.1186/s12862-015-0283-7
https://doi.org/10.1016/j.ympev.2005.03.010

Garcia-Jiménez et al.: A new species of Wynnea from Mexico

of a fungal morphological innovation. American
Journal of Botany 81(4): 466-478. DOI: https://doi.
org/10.1002/j.1537-2197.1994.tb 15472 .x

Hyde, K. D., M. T. Noorabadi, V. Thiyagaraja, M. Q. He, P. R.

Johnston, S. N. Wijesinghe, A. Armand, A. Y. Biketova, K.
W. T. Chethana, M. Erdogdu, Z. W. Ge, J. Z. Grenewald, S.
Hongsanan, I. Kusan, D. V. Leontyev, D. W. Li, C. G. Lin, N. G.
Liu, S. S. N. Maharachchikumbura, N. Matocec, T. W. May,
E. H. C. McKenzie, A. Mesi¢, R. H. Perera, C. Phukhamsakda,
M. Pigtek, M. C Samarakoon, F. Selkuc, I. C. Senanayake,
J. B. Tanney, Q. Tian, A. Vizzini, D. N. Wanasinghe, N.
Wannasawang, N. N. Wijayawardene, R. L. Zhao, M. A. Abdel-
Wahab, J. Abdollahzadeh, P. D. Abeywickrama, Abhinay, S.
Absalan, K. Acharya, N. Afshari, N. S. Afshan, S. Afzalinia, S. A.
Ahmadpour, O. Akulov, A. Alizadeh, M. Alizadeh, A. M. Al-Sadi,
A. Alves, V. C. S. Alves, G. Alves-Silva, V. Antonin, S. Aouali, A.
Aptroot, C.C.S. Apurillo, R. M. Arias, B. Asgari, R. Asghari, D. M.
A. Assis, B. Assyov, V. Atienza, H. D. R. Aumentado, S. Avasthi,
E. Azevedo, M. Bakhshi, D. F. Bao, H. O. Baral, M. Barata, K.
D. Barbosa, R. N. Barbosa, F. R. Barbosa, R. Baroncelli, G. G.
Barreto, C. Baschien, R. M. Bennett, |. Bera, J. D P. Bezerra, C.
S, Bhunjun, M. V. Bianchinotti, J. Blaszkowski, T. Boekhout,
G. M. Bonito, S. Boonmee, N. Boonyuen, F. M. Bortnikov,
C. Bregant, D. Bundhun, G. Burgaud, B. BuyckM. F. Caeiro,
M. Cabarroi-Hernandez, M. F. Cai, L. Cai, M. S. Calabon, F.
J. S. Calaga, M. Callalli, M. P. S. Camara, J. Cano-Lira, B. Cao,
J. R. Carlavilla, A. Carvalho, T. G. Carvalho, R. F. Castafieda-
Ruiz, M. D. V. Catania, J. Cazabonne, M. Cedefio-Sanchez,
S. Chahermiri-Dokhaharani, N. Chaiwan, N. Chakraborty,
R. Cheewankoon, C. Chen, J. Chen, Q. Chen, Y. P. Chen, S.
Chinaglia, C. C. Coelho-Nascimento, C. Coleine, D. H. Costa-
Rezende, A Cortés-Pérez, J. A. Crouch, P. W. Crous, R. H. S.
F. Cruz, P. Czachura, U. Damm, V. Darmostuk, Z. Daroodi,
K. Das, N. Davoodian, E. A. Davydov, G. A. da Silva, I. R. da
Silva, R. M. F. da Silva, A. C. da Silva Santos, D. Q. Dai, Y. C.
Dai, D. de Groot Michiel, A. De Kesel, R. De Lange, E. V. de
Medeiros, C. F. A. de Souza, F. A. de Souza, T. E. E dela CruzC.
Decock, G. Delgado, C. M. Denchey, T. T. Denchey, Y. L. Deng,
B. T. M. Dentinger, B. Devadatha, J. C. Dianese, B. Dima,
M. Doilom, A. J. Dissanayake, D. M. L. S. Dissanayake, L. S.
Dissanayake, A. G. Diniz, S. Dolatabadi, J. H. Dong, W. Dong,
Z.Y.Dong, E. R. Drechsler-Santos, I. S. Druzhinina, T. Y. Du, M.
K. Dubey, A. K. Dutta, T. F. Elliott, M. S. Elshahed, E. Egidi, P.

Acta Botanica Mexicana 133: e2604 | 2026 | https://doi.org/10.21829/abm133.2026.2604

Eisvand, L. Fan, X. Fan, X. L. Fan, A. G. Fedosova, L. O. Ferro,
P. O. Fiuza, A. Flakus, E. O. Fonseca, S. C. Fryar, T. Gabalddn,
A. J. Gajanayake, P. B. Gannibal, F. Gao, D. Garcia-Sanchez,
R. Garcia-Sandoval, I. Garrido-Benavent, L. Garzoli, J. Gasca-
Pineda, A. K. Gautam, J. Gené, M. Ghobad-Nejhad, A. Ghosh,
A. ). Giachini, T. B. Gibertoni, E. Gentekaki, V. I. Gmoshinskiy,
A. Gdes-Neto, D. Gomdola, S. P. Gorjén, B. T. Goto, M. M.
Granados-Montero, G. W. Griffith, M. Groenewald, H.-P.
Grossart, Z. R. Gu, C. Gueidan, A. Gunarathne, S. Gunaseelan,
S. L. Guo, L. F. P. Gusmdo, A. C. Guitierrez, L. Guzman-
Davalos, D. Haelewaters, H. Haituk, R. E Halling, S. C. He, G.
Heredia, M. Herndndez-Restrepo, T. Hosoya, S. D. Hoog, E.
Horak, C. L. Hou, J. Houbraken, Z. H. Htet, S. K. Huang, W.
J. Huang, V. G. Hurdeal, V. P. Hustad, C. A. Inacio, P. Janik,
R. G. U. Jayalal, S. C. Jayasiri, R. S. Jayawardena, R. Jeewon,
G. H. Jerbnimo, J. Jin, E. B. G. Jones, Y. Joshi, Z. Jurjevi¢, A.
Justo, M. Kakishima, M. Kaliyaperumal, G. P. Kang, J. C.
Kang, O. Karimi, S. C. Karunarathna, S. A. Karpov, K. Kezo, A.
N. Khalid, M. K. Khan, S. Khuna, S. Khyaju, M. Kirchmair, I.
Klawonn, N. Kraisitudomsook, M. Kukwa, N. D. Kularathnage,
S. Kumar, M. A. Lachance, C. Lado, K. P. D. Latha, H. B. Lee,
M. Leonardi, A. S. Lestari, C. Li, H. Li, J. Li, Q. Li, Y. Li, Y. C. Li,
Y. X. Li, C. F. Liao, J. L. R. Lima, J. M. S. Lima, N. B. Lima, L.
Lin, B. T. Linaldeddu, M. M. Linn, F. Liu, J. K. Liu, J. W. Liu, S.
Liu, S. L. Liu, X. F. Liu, X. Y. Liu, J. E. Longcore, T. Luangharn,
J. ). Luangsa-ard, L. Lu, Y. Z. Lu, H. T. Lumbsch, L. Luo, M.
Luo, Z. L. Luo, J. Ma, A. D. Madagammana, A. Madhushan,
H. Madrid, F. Magurno, D. Magyar, S. Mahadevakumar, E.
Malosso, J. M. Malysh, M. Mamarabadi, |. S. Manawasinghe,
R. G. Manfrino, P. Manimohan, N. Mao, A Mapook, P.
Marchese, D. S. Marasinghe, M. Mardones, Y. Marin-Felix,
H. Masigol, M. Mehrabi, M. Mehrabi-Koushki, A de Meiras-
Ottoni, R. F. R. Melo, R. L. Mendes-Alvarenga, S. Mendieta,
Q. F. Meng, A. Menkis, N. Menolli Jr, M. Miksik, S. L. Miller,
B. Moncada, J. M. Moncalvo, J. S. Monteiro, M. Monteiro, H.
M. Mora-Montes, E. L. Moroz, J. C. Moura, U. Muhammad, S.
Mukhopadhyay, G. L. Nagy, A. Najam ul Sehar, M. Najafiniya,
C. M. Nanayakkara, A. Naseer, E. C. R. Nascimento, S. S.
Nascimento, S. Neuhauser, M. A. Neves, A. R. Niazi, Y. Nie, R.
H. Nilsson, P. T. S. Nogueira, Y. K. Novozhilov, M. Noordeloos,
C. Norphaphoun, N. Nufez Otafio, R. P. O'Donnell, F. Oehl, J.
A. Oliveira, I. Oliveira Junior, N. V. L. Oliveira, P. H. F. Oliveira,
T. Orihara, M. Oset, K. L. Pang, V. Papp, L. S. Pathirana, U.



https://doi.org/10.1002/j.1537-2197.1994.tb15472.x
https://doi.org/10.1002/j.1537-2197.1994.tb15472.x

Garcia-Jiménez et al.: A new species of Wynnea from Mexico

Peintner, D. Pem, O. L. Pereira, J. Pérez-Moreno, S. Pérez-
Ortega, G. Péter, C. L. A. Pires-Zottarelli, M. Phonemany, S.
Phongeun, A. Posta, J. F. S. A. Prazeres, Y. Quan, C. A. Quandt,
M. B. Queiroz, R. Radek, K. Rahnama, K. N. A. Raj, K. C.
Rajeshkumar, Rajwar Soumyadeep, A. B. Ralaiveloarisoa, T.
Rd@mad, V. Ramirez-Cruz, G. Rambold, A. R. Rathnayaka, M.
Raza, G. C. Ren, A. C. Rinaldi, M. Rivas-Ferreiro, G. L. Robledo,
A. Ronikier, W. Rossi, K. Rusevska, M. Ryberg, A. Safi, F. Salimi,
C. A. Salvador-Montoya, B. Samant, N. P. Samaradiwakara, I.
Sanchez-Castro, M. Sandoval-Denis, A. L. C. M. A. Santiago,
A. C. D. S. Santos, L. A. dos Santos, V. V. Sarma, S. Sarwar,
A. Savchenko, K. Savchenko, R. K. Saxena, N. Schoutteten, L.
Selbmann, H. Sevéikova, A. Sharma, H. W. Shen, Y. M. Shen,
Y. X. Shu, H. F. Silva, A. G. S. Silva-Filho, V. S. H. Silva, D. R.
Simmons, R. Singh, E. B. Sir, M. Sohrabi, F. A. Souza, C. M.
Souza-Mota, V. Sriindrasutdhi, O. P. Sruthi, M. Stadler, J.
Stemler, S. L. Stephenson, M. P. Stoyneva-Gaertner, J. F. H.
Strassert, M. Stryjak-Bogacka, H. Su, Y. R. Sun, S. Svantesson,
P. Sysouphanthong, S. Takamtsu, T. H. Tan, K. Tanaka, C. Tang,
X. Tang, J. E. Taylor, P. W. J. Taylor, D. S. Tnnakoon, S. A. D.
Thakshila, K M. Thambugala, G. K. Thamodini, D. Thilanga, M.
Thines, P. V. Tiago, X. G. Tian, W. H. Tian, S. Tibpromma, Z.
Tkalcec, Y. S. Tokarev, M. Tomsovsky, G. Turruella, A. Tsurykau,
D. Udayanga, M. Ulukapi, W. A. Untereiner, M. Usman, B. A.
Uzunoy, S. Vadthanarat, R. Valenzuela, S. Van den Wyngaert,
N. Van Vooren, P. Velez, R. K. Verma, L. C. Vieira, W. A. S.
Vieira, J. M. Vinzelj, A. M. C. Tang, A. Walker, A. K. Walker,
Q. M. Wang, Y. Wang, X. Y. Wang, Z. Y. Wang, N. Wannathes,
F. Wartchow, G. Weerakoon, D. P. Wei, X. Wei, J. F. White, D.
S. A. Wijesundara, K. Wisitrassameewong, G. Worobiec, H.
X. Wu, N. Wy, Y. R. Xiong, B. Xu, J. P. Xu, R. Xu, R. F. Xu, R.
J. Xu, S. Yaday, L. S. Yakovchenko, H. D. Yang, X. Yang, Y. H.
Yang, Y. Yang, Y. Y. Yang, R. Yoshioka, H. Youssef Noha, F. M.
Yu, Z. F. Yu, L. L. Yuan, Q. Yuan, D. A. Zabin, J. C. Zamora, C. V.
Zapata, R. Zare, M. Zeng, X. Y. Zeng, J. F. Zhang, J. Y. Zhang,
S. Zhang, X. C. Zhang, C. L. Zhao, H. Zhao, Q. Zhao, H. Zhao,
H. J. Zhao, H. M. Zhou, X. Y. Zhu, 1. V. Zmitrovich, L. Zucconi
and E. Zvyagina. 2024. The 2024 outline of fungi and fungus-
like taxa. Mycosphere 15(1): 5146-6239. DOI: https://doi.
org/10.5943/mycosphere/15/1/25

Huelsenbeck, J. P. and F. Ronquist. 2001. MrBayes: Bayesian
inference of phylogeny. Bioinformatics 17(8): 754-755. DOI:
https://doi.org/10.1093/bioinformatics/17.8.754

Acta Botanica Mexicana 133: e2604 | 2026 | https://doi.org/10.21829/abm133.2026.2604

Katoh, K. and D. M. Standley. 2013. MAFFT multiple sequence
alignment software version 7:improvementsin performance
and usability. Molecular Biology and Evolution 30(4): 772-
780. DOI: https://doi.org/10.1093/molbev/mst010

Katoh, K., K. Misawa, K. Kuma and T. Miyata. 2002. MAFFT: a
novel method for rapid multiple sequence alignment based
on fast Fourier transform. Nucleic Acids Research 30(14):
3059-3066. DOI: https://doi.org/10.1093/nar/gkf436

Katoh, K., J. Rozewicki and K. D. Yamada. 2017. MAFFT online
service: multiple sequence alignment, interactive sequence
choice and visualization. Briefings in Bioinformatics 20(4):
1160-1166. DOI: https://doi.org/10.1093/bib/bbx108

Kirschner, R., L. Lin and Y. Yeh. 2023. Using BLAST in molecular
species identification of fungi 1: Practical guidelines. Nova
Hedwigia 116(1-2): 67-76. DOI: https://doi.org/10.1127/
nova_hedwigia/2023/0802

Kornerup, A. and J. H. Wanscher. 1978. Methuen Handbook of
Colour. 3rd ed. Methuen, London, UK. 252 pp.

Kuhar, F., F. Nouhra, D. H. Pfister and M. E. Smith. 2023.
Paedomorphosis and  evolution of  sequestrate
basidiomycetes. In: Pdggeler, S., T. James (eds.). Evolution
of fungi and fungal-like organisms. The Mycota. Vol. 14.
Springer. Cham, Germany. Pp. 295-314. DOI: https://doi.
org/10.1007/978-3-031-29199-9_13

Lanfear, R., B. Calcott, D. Kainer, C. Mayer and A. Stamatakis. 2014.
Selecting optimal partitioning schemes for phylogenomic
datasets. BMC Evolutionary Biology 14: 1-14. DOI: https://
doi.org/10.1186/1471-2148-14-82

Lanfear, R., P. B. Frandsen, A. M. Wright, T. Senfeld and B.
Calcott. 2016. PartitionFinder 2: New methods for selecting
partitioned models of evolution for molecular and
morphological phylogenetic analyses. Molecular Biology
and Evolution 34(3): 772-773. DOI: https://doi.org/10.1093/
molbev/msw260

Liu, B., J. Z. Cao and M. H. Liu. 1987. Two new species of the genus
Wynnea from China with a key to known species. Mycotaxon
30: 465-471. DOI: https://doi.org/10.5962/p.416522

Maddison, W. P. and D. R. Maddison. 2021. Mesquite: a modular
system for evolutionary analysis. Version 3.70. https://
www.mesquiteproject.org/ (consulted April, 2021).

Martinez-Gonzalez, C. R., R. Ramirez-Mendoza, J. Jiménez-
Ramirez, C. Gallegos-Vazquez and |. Luna-Vega. 2017.

Improved method for genomic DNA extraction for Opuntia



https://doi.org/10.5943/mycosphere/15/1/25
https://doi.org/10.5943/mycosphere/15/1/25
https://doi.org/10.1093/bioinformatics/17.8.754
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/nar/gkf436
https://doi.org/10.1093/bib/bbx108
https://doi.org/10.1127/nova_hedwigia/2023/0802
https://doi.org/10.1127/nova_hedwigia/2023/0802
https://doi.org/10.1007/978-3-031-29199-9_13
https://doi.org/10.1007/978-3-031-29199-9_13
https://doi.org/10.1186/1471-2148-14-82
https://doi.org/10.1186/1471-2148-14-82
https://doi.org/10.1093/molbev/msw260
https://doi.org/10.1093/molbev/msw260
https://doi.org/10.5962/p.416522

https://www.mesquiteproject.org/
https://www.mesquiteproject.org/

Garcia-Jiménez et al.: A new species of Wynnea from Mexico

Mill. (Cactaceae). Plant Methods 13: 82. DOI: https://doi.
org/10.1186/s13007-017-0234-y

Matheny, P. B., Z. Wang, M. Binder, J. M. Curtis, Y. W. Lim, R.
H. Nilsson, K. W. Hughes, V. Hofstetter, J. F. Ammirati,
C. L. Schoch, E. Langer, G. Langer, D. J. MclLaughlin, A. W.
Wilson, T. Frgslev, Z.-W. Ge, R. W. Kerrigan, J. C. Slot, Z. L.
Yang, T. J. Baroni, M. Fischer, K. Hosaka, K. Matsuura, M.
T. Seidl, J. Vauras and D. S. Hibbett. 2007. Contributions of
rpb2 and tefl to the phylogeny of mushrooms and allies
(Basidiomycota, Fungi). Molecular Phylogenetics and
Evolution 43(2): 430-451. DOI: https://doi.org/10.1016/].
ympev.2006.08.024

Medel, R., G. Guzman and S. Chacdn. 1995. New data on the
genus Wynnea in Mexico. Mycotaxon 55: 295-299. DOI:
https://doi.org/10.5962/p.415892

Montecchi, A. and M. Sarasini. 2000. Funghi Ipogei d’Europa.
Associazione Micologica Bresadola. Vicenza, Italy. 714 pp.

Mdller, K., D. Quandt, J. Miller and C. Neinhuis. 2005. PhyDE®-
Phylogenetic data editor. Program distributed by the
authors, ver. 10.0. https://www.phyde.de (consulted April,
2023).

MycoBank. 2025. MycoBank database. https://www.mycobank.
org (consulted June, 2025).

NCBI. 2026. National Center for Biotechnology Information
(NCBI). National Library of Medicine (US). https://www.
ncbi.nlm.nih.gov/ (consulted january, 2026)

Ortega-Lopez, |., R. Valenzuela, A. D. Gay-Gonzalez, M. B. N.
Lara-Chavez, E. O. Lopez-Villegas and T. Raymundo. 2019.
La familia Sarcoscyphaceae (Pezizales, Ascomycota) en
México. Acta Botanica Mexicana 126: e1430. DOI: https://
doi.org/10.21829/abm126.2019.1430

Pfister, D. H. 1979. A monograph of the genus Wynnea (Pezizales,
Sarcoscyphaceae). Mycologia 71(1): 144-159. DOI: https://
doi.org/10.1080/00275514.1979.12020994

Pfister, D. H., L. Quijada and K. F. LoBuglio. 2020. Geodina
(Pezizomycetes: Wynneaceae) has a single widespread
species in tropical America. Fungal

Evolution 5(1): 131-138. DOI: https://doi.org/10.3114/

fuse.2020.05.08

Pompa-Gonzalez, A. and J. Cifuentes. 1991. Estudio taxondmico

Systematics and

de los Pezizales de los estados de Guerrero, Hidalgo, Estado
de México y Michoacan. Revista Mexicana de Micologia 7:
87-112.

Acta Botanica Mexicana 133: e2604 | 2026 | https://doi.org/10.21829/abm133.2026.2604

Rambaut, A. 2014. FigTree version v1.4.2, a graphical viewer
of phylogenetic trees. Computer program distributed by

https://tree.bio.ed.ac.uk/software/figtree/
(consulted April, 2024).

Rambaut, A., M. A. Suchard, D. Xie and A. J. Drummond. 2014.

the author.

Tracer v1.6. https://beast.bio.ed.ac.uk/Tracer (consulted
April, 2024).

Smith, M. E. 2014. A new hypogeous Peziza species that forms
ectomycorrhizas with Quercus in California. North American
Fungi 9(4): 1-10.

Smith, M. E. and R. A. Healy. 2009. Otidea subterranea sp. nov.:
Otidea goes below ground. Mycological Research 113(8):
858-866. DOI: https://doi.org/10.1016/j.mycres.2009.04.006

Stamatakis, A. 2014. RAXML version 8: a tool for phylogenetic

and post-analysis of

30(9): 1312-1313.

org/10.1093/bioinformatics/btu033

analysis phylogenies.

https://doi.

large

Bioinformatics DOI:

Swoford, D. L. 2002. PAUP* Phylogenetic Analysis Using Parsimony
(and other Methods), Version 4.0b10. Sinauer Associates.
Sunderland, USA.

Tedersoo, L., T. W. May and M. E. Smith. 2010. Ectomycorrhizal
lifestyle in fungi: global diversity, distribution, and evolution
of phylogenetic lineages. Mycorrhiza 20: 217-263. DOI:
https://doi.org/10.1007/s00572-009-0274-x

Thaxter, R. 1905. A new American species of Wynnea. Botanical
Gazette 39(4): 241-247.

Thiers, H. D. 1984. The secotioid syndrome. Mycologia 76(1): 1-8.
DOI: https://doi.org/10.1080/00275514.1984.12023803

Trappe, J. M. 1979. The orders, families, and genera of hypogeous
Ascomycotina (truffles and their relatives). Mycotaxon 9(1):
297-340. DOI: https://doi.org/10.5962/p.417189

Trappe, J. M., R. Molina, D. L. Luoma, E. Cazares, D. Pilz, J. E.
Smith, M. A. Castellano, S. L. Miller and J. M. Trappe.
2009. Diversity, ecology, and conservation of truffle fungi
in forests of the Pacific Northwest. Forest Service General
Technical Reports. Portland, USA. 194 pp. DOI: https://doi.
org/10.2737/PNW-GTR-772

Ulloa, M. and R. T. Hanlin. 2006. Nuevo Diccionario llustrado de
Micologia. APS Press. St. Paul, USA. 615 pp.

Valenzuela, R., G. Guzman and J. Castillo. 1981. Descripciones de
especies de macromicetos poco conocidos en México, con
discusiones sobre su ecologia y distribucion. Boletin de la
Sociedad Mexicana de Micologia 15: 67-120.



https://doi.org/10.1186/s13007-017-0234-y
https://doi.org/10.1186/s13007-017-0234-y
https://doi.org/10.1016/j.ympev.2006.08.024
https://doi.org/10.1016/j.ympev.2006.08.024
https://doi.org/10.5962/p.415892
https://www.phyde.de
https://www.mycobank.org
https://www.mycobank.org
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://doi.org/10.21829/abm126.2019.1430
https://doi.org/10.21829/abm126.2019.1430
https://doi.org/10.1080/00275514.1979.12020994
https://doi.org/10.1080/00275514.1979.12020994
https://doi.org/10.3114/fuse.2020.05.08
https://doi.org/10.3114/fuse.2020.05.08
https://tree.bio.ed.ac.uk/software/figtree/
https://beast.bio.ed.ac.uk/Tracer
https://doi.org/10.1016/j.mycres.2009.04.006
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1007/s00572-009-0274-x
https://doi.org/10.1080/00275514.1984.12023803
https://doi.org/10.5962/p.417189
https://doi.org/10.2737/PNW-GTR-772

https://doi.org/10.2737/PNW-GTR-772


Garcia-Jiménez et al.: A new species of Wynnea from Mexico

Waraitch, K. S. 1976. New species of Aleuria and Wynnea from
India. Transactions of the British Mycological Society
67(3): 533-566. DOI: https://doi.org/10.1016/S0007-
1536(76)80192-1

White, T., T. Bruns, S. Lee and J. Taylor. 1990. Amplification
and direct sequencing of fungal ribosomal RNA genes for
phylogenies. In: Innis, M., D. Gelfand, J. Sninsky and T. White
(eds.). PCR Protocols: a guide to methods and applications.
Academic Press. San Diego, USA. Pp. 315-322.

Acta Botanica Mexicana 133: e2604 | 2026 | https://doi.org/10.21829/abm133.2026.2604

Xu, F., K. F. LoBuglio and D. H. Pfister. 2019. On the co-
occurrence of species of Wynnea (Ascomycota, Pezizales,
Sarcoscyphaceae)and Armillaria (Basidiomycota, Agaricales,
Physalacriaceae). Fungal Systematics and Evolution 4(1):
1-12. DOI: https://doi.org/10.3114/fuse.2019.04.01

Zhang, Z., S. Schwartz, L. Wagner and W. Miller. 2000. A
greedy algorithm for aligning DNA sequences. Journal of
Computational Biology 7(1-2): 203-214. DOI: https://doi.
org/10.1089/10665270050081478



https://doi.org/10.1016/S0007-1536(76)80192-1
https://doi.org/10.1016/S0007-1536(76)80192-1
https://doi.org/10.3114/fuse.2019.04.01
https://doi.org/10.1089/10665270050081478
https://doi.org/10.1089/10665270050081478

	Wynnea hypogaea (Wynneaceae, Pezizales), a new species from Mexico
	Introduction
	Material and Methods
	Collection and morphological examination
	Extraction, amplification, and sequencing of DNA
	Sequence assembly
	Phylogenetic methods

	Results
	Molecular phylogenetic analyses
	Taxonomy
	Ascomycota
	Pezizomycetes
	Pezizales
	Wynneaceae


	Discussion
	Author contributions
	Financing
	Acknowledgements
	Declaration of use of Artificial Intelligence
	Literature cited


