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Abstract

Geopyxis is an ectomycorrhizal genus found in temperate forests. The members form yellow and orange to brown apothecia
that range from 3-25 mm in diameter. Its ascospores are smooth to finely verrucous. The specimen collected from Mount
Tlaloc, Texcoco, State of Mexico, was identified as Geopyxis carolinae sp. nov. This species typically forms sessile
apothecia, cupuliform to discoid, and its ascospores are the largest [17-23(25) x 10—12 um] within the genus. The species
was found growing on a burnt ground associated with Abies religiosa. Multi-gene phylogenetic analyses inferred from ITS
and LSU sequence data confirmed that Geopyxis carolinae is distinct from other Geopyxis spp. The new species is described,
illustrated, and compared with similar taxa based on molecular and morphological data.
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Introduction

Geopyxis (Pers.) Sacc., belongs to the family Tarzettaceae (Pezizales, Pezizomycetes) (Ekanayaka et al. 2018). The
genus was initially described as a subgenus of Peziza by Person (1822) and Fries (1822), and later it was recognized
as a genus (Saccardo 1889) and placed within the family Pyronemataceae (Lumbsch and Huhndorf 2010). However,
Ekanayaka et al. (2018) segregated the genera Geopyxis, Hydnocystis Tul. & C. Tul., Hypotarzetta Donadini,
Paurocotylis Berk., Stephensia and Tarzetta (Cooke) Lambotte, from Pyronemataceae, to establish Tarzettaceae family.
The taxa of Geopyxis are characterized by forming yellow and orange to brown cupuliform to discoid apothecia with
the size of 3-25 mm in diameter. Eight-spored asci and hyaline ellipsoid ascospores are inamyloid and smooth to
finely verrucous. This genus includes ectomycorrhizal fungi that grow and fructify in burned or disturbed soils (burnt
ground) in coniferous or montane forests (Saccardo 1889, Kimbrough and Gibson 1990, Vralstad ef al. 1998, Hansen
et al. 2013, Wang et al. 2016).

According to the Index Fungorum (2024), the genus Geopyxis comprises 29 species. Sevaral of Geopyxis taxa are
recorded from Mexico, viz. Geopyxis vulcanalis (Peck.) Sacc. was registered in the State of Mexico associated with
Abies religiosa (Kunth) Schltdl. & Cham (Chacon and Guzman 1985, Chio et al. 1988); G. majalis (Fr.) Sacc. was
found in the state of Durango associated with Cupressus arizonica Greene and Abies guatemalensis Rehder in the State
of Oaxaca (Raymundo et al. 2012, 2013). Recently, Madriz-Valdovinos et al. (2022) reported G. deceptiva X . H. Wang
& K. Hansen in the State of Sonora; however, no mycorrhizal association was recorded.

Mount Tlaloc is in the Municipality of Texcoco, north of the Sierra Nevada. This area belongs to the Iztaccihuatl-
Popocatepetl National Park, which is part of the physiographic region of the Neovolcanic Transversal Axis. Mount
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Tlaloc rises 4125 m a. s. L., and has a semi-cold climate (Sdnchez-Sanchez et al. 2021, Sanchez-Gonzalez and Lopez-
Mata 2003, Astudillo-Sanchez et al. 2017, Villanueva-Diaz et al. 2016). The dominant vegetation includes alpine plants
such as Quercus L., Pinus L., and Abies Mill., and mixed forest vegetation such as Abies religiosa, Alnus acuminata
Kunth, Cupressus lusitanica Mill., Juniperus monticola Martinez, Pinus hartwegii Lindl., P. leiophylla Schiede ex
Schitdl. & Cham., P. montezumae Lamb., P. pseudostrobus Brongn., Quercus glabrescens Benth., Q. laurina Bonpl.,
Q. microphylla Née, Q. rugosa Née, Salix lasiolepis Benth. and S. paradoxa Kunth (Sanchez-Gonzalez y Lopez-
Mata 2003, Villanueva-Diaz et al. 2016, Astudillo-Sanchez et al. 2017). However, this forest has been in constant
disturbance because of forest fires, dating back 15 years (Barrales-Brito et al. 2020).

The present study aims to describe a new species from Mount Tlaloc, Texcoco, State of Mexico. This study
provides detailed morphological descriptions of Geopyxis carolinae sp. nov., supported by a phylogenetic tree with all
available sequences of Geopyxis to infer the phylogenetic relationships of Geopyxis carolinae.

Material and methods
Collection and morphological examination

All the specimens were collected in the Municipality of Texcoco, State of Mexico, in the region located within the
Transverse Neovolcanic Axis, 19°24°43.82” N, 98°44°58.86” W, 3559 m a. s. ., from September to January. The
holotype was deposited in the mycological herbarium José Castillo Tovar of the Instituto Tecnoldgico of Ciudad
Victoria (ITCV). The paratype was deposited in the herbarium of the Escuela Nacional de Ciencias Biologicas of the
Instituto Politécnico Nacional (ENCB).

Macroscopic characteristics such as size, shape, colour, and host were described using fresh specimens. The
illustrated dictionary of mycology (Ulloa and Hanlin 2006) was used as a guide during the taxonomic revision, and
the colour determination was made using the colour chart of Kornerup and Wanscher (1978). Longitudinal sections
were made for the apothecia and later were rehydrated with an alcohol solution (70%) and water. The apothecia were
longitudinally sectioned. Sections were rehydrated with 70% alcohol, and 5% KOH and mounted on a glass slide with
water to observe possible dehiscent ornamentation in ascospores. Melzer reagent was used to observe asci amyloidity.
Further, the microscopic structures of exciples, paraphyses, asci, and ascospores were analyzed and characterized
using an optical microscope (OM) (Axiostar plus, Zeiss, Jena, Alemania). Images were taken with a Rebel T-1i camera
and a 100 mm macro lens (Canon, Tokyo, Japan). The species were differentiated following Wang et al. (2016).

A detailed morphological comparison of Geopyxis spp. distributed in America with Geopyxis carolinae sp. nov.
was carried out, and the data are provided in Table 3.

PCR amplification and sequencing

The DNA was extracted from fresh specimens (Table 1) using the CTAB method (Martinez-Gonzalez et al. 2017).
The DNA was quantified with a Nanodrop 2000c (Thermo Scientific™, Wilmington, USA). We prepared dilutions
from each sample at 20 ng/pl to amplify the two gene regions (Table 2): Internal transcribed spacer (ITS) and large
subunit (LSU) ribosomal DNA. The reaction mixtures (25 pL) contained 5 uL PCR buffer 5x (Promega, Madison, WI,
USA), 2.5 mM deoxynucleoside triphosphate (ANTP), 10 pmol/uL forward and reverse primers, 0.035U of Tag DNA
Polymerase (GoTaq® DNA, 5U; 0.08 U/uL; Promega, Madison, WI, USA), and 100 ng template DNA. The PCR
products were verified by agarose gel electrophoresis. The gels were run for 1 h at 95 V cm™ in 1.5% agarose and 1x
TAE buffer (Tris Acetate-EDTA). The gel was stained with GelRed (Biotium, USA) and the bands were visualized in
an Infinity 3000 transilluminator (Vilber Lourmat, Eberhardzell, Germany). The amplified products were purified with
the ExoSAP Purification kit (Affymetrix, USA), following the manufacturer’s instructions. They were quantified and
prepared for the sequence reaction using a BigDye Terminator v.3.1 (Applied Biosystems, USA). These products were
sequenced in both directions with an Applied Biosystem model 3730XL (Applied BioSystems, USA), at the Instituto
de Biologia of the Universidad Nacional Autonoma de México (UNAM). The sequences obtained were compared with
the original chromatograms to detect and correct possible reading errors. The sequences of both strands of each of the
genes were analyzed, edited, and assembled using BioEdit v. 7.0.5 (Hall 1999) to generate a consensus sequence which
was compared with those deposited in GenBank (2022) using the tool BLASTN v. 2.2.19 (Zhang et al. 2000).
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TABLE 1. Names, voucher numbers, and corresponding GenBank accession numbers of the sequences used in the
phylogenetic analyses. The information of the new species is in black bold.

Species name Voucher Number GenBank Accession
ITS LSU
Geopyxis aleurioides CF 57391 KU932480 KU932535
Geopyxis aleurioides TUR 078772 Type NR154090 NG060674
Geopyxis aleurioides TUR 075595 KU932481 KU932536
Geopyxis alpina CF 56936 KU932457 KU932516
Geopyxis alpina CF 57357 KU932455 KU932514
Geopyxis alpina CF 57094 KU932456 KU932515
Geopyxis carbonaria 1941 796989 -
Geopyxis carbonaria 1942 796990 -
Geopyxis carbonaria 2217 796988 -
Geopyxis carolinae Gonzalez-Sanchez 01 Type ITCV OL3851706 OL870613
Geopyxis deceptiva BAP 434 KU932471 -
Geopyxis deceptiva BAP 501 KU932472 -
Geopyxis deceptiva FLASMES 1393 MT156495 -
Geopyxis delectans KH 0448 KU932498 NG068772
Geopyxis delectans SF 274182 KU932504 KU932554
Geopyxis delectans KH 0456a KU932505 KU932555
Geopyxis korfii HMAS 97506 KU932482 KU932537
Geopyxis korfii HMAS 97508 KU932483 KU932538
Geopyxis majalis SF 276561 KU932477 KU932529
Geopyxis majalis SF 276573 KU932476 KU932528
Geopyxis majalis 2144 KU932475 KU932532
Geopyxis rehmii CF 56486 KU932464 KU932525
Geopyxis rehmii Rossbach 136a KU932465 KU932527
Geopyxis rehmii FLASMES 3254 MT156533 -
Geopyxis vulcanalis DED 6280 - DQ220350
Paurocotylis pila JAC 16321 OL653036 -
TABLE 2. Primers used in the amplification and sequencing of the DNA fragments in this study.
Loci/Segment Primer Sequence 5°-3° T(°C) Reference
ITS5 GGAAGTAAAAGTCGTAACAAGG 57 White et al. 1990
s ITS4 TCCTCCGCTTATTGATATGC 57 White et al. 1990
LSU LROR ACCCGCTGAACTTAAGC 54 White et al. 1990
LRS GGTCCGTGTTTCAAGAC 60 White et al. 1990

Phylogenetic analyses

To explore the phylogenetic relationships of the new species, an alignment was made based on the taxonomic sampling
employed by Wang et al. (2016). Each gene region was independently aligned using the online version of MAFFT v.7
(Katoh et al. 2002, 2017, Katoh and Standley 2013). Alignment was reviewed in PhyDE v. 10.0 (Miiller ef al. 2005),
followed by minor manual adjustments to ensure character homology between taxa (Wang et al. 2016). The matrices
were formed for ITS by 25 taxa (702 characters) and LSU by 18 taxa (910 characters). The aligned matrices were
concatenated into a single matrix (26 taxa, 1612 characters). Phylogenetic inferences were estimated with maximum
likelihood in RAXML v. 8.2.10 (Stamatakis, 2014) with a GTR + G model of nucleotide substitution. A 1000 rapid
bootstrap replicates were run with the GTRGAMMA model to assess branch support. For Bayesian posterior probability,
the best evolutionary model for alignment was sought using PartitionFinder (Frandsen et al. 2015, Lanfear et al. 2014,
2017). Phylogenetic analysis was performed using Mr Bayes v. 3.2.6 x 64 (Huelsenbeck and Ronquist 2001). The

GEOPYXIS CAROLINAE FROM MEXICO Phytotaxa 655 (3) © 2024 Magnolia Press « 223



information block for the matrix includes two simultaneous runs, four Montecarlo chains, temperature set to 0.2, and
sampling 10 million generations (standard deviation <0.1) with trees sampled every 1000 generations. The first 25%
of samples were discarded as burn-in, and stationarity was checked in Tracer v. 1 (Rambaut et al. 2014). Trees were
visualized and optimized in FigTree v. 1.4.4 (Rambaut 2014).

Results
Molecular phylogenetic analyses

The two simultaneous Bayesian runs continued until the convergence parameters were met, and the standard deviation
fell below 0.001 after 10 million generations. No significant changes in tree topology trace or cumulative split
frequencies of selected nodes were observed after about 0.25 million generations, which were discarded as 25% burn-
in.

The analysis of ITS and LSU produced a phylogenetic tree in which Geopyxis carolinae is found in a terminal
branch, with a subsequent 1 Bayesian Posterior Probability (PP) and 100% bootstrap proportion (BP) for Maximum

Likelihood (Figure 1).
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FIGURE 1. Maximum-likelihood phylogenetic tree based on combined ITS and nrLSU nucleotide sequences (Wang et al. 2016).
Bootstrap values (BP) > 90% from ML analysis and Bayesian posterior probabilities (BPP) > 0.90 are shown on the branches. The new
species Geopyxis carolinae is shown in black bold.

Taxonomy

Geopyxis carolinae Sanchez-Flores, Garcia-Jiménez, C. Martinez-Gonzalez, Ekanayaka & Raymundo sp. nov. (Figures
2-3)

Mycobank no. MB 842941

Etymology: dedicated to D. Carolina Gonzalez-Sanchez, who collected the species for the first time.
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10 mm

FIGURE 2. Geopyxis carolinae (Holotype: DCGONZALEZSANCHEZ-01-ITCV). A, B. Gregarious apothecia. C. Mature apothecia. D,
E. Young apothecia.

Type: MEXICO, State of Mexico, Texcoco Municipality, Canoas Altas, Mount Tlaloc, 19°24'43.82" N, 98°44'58.86"
W, 3559 m a. s. 1., 06 July 2020, D. C. Gonzalez-Sanchez 01 (holotype: ITCV! [DCGONZALEZSANCHEZ-01-
ITCV)).

Diagnosis: Geopyxis carolinae differs from the other species by having asci sizes of 260-310 x 12—14 (15) um
and the largest ascospores of 17-23 (25) x 10-12 um within the genus.

Description: Sexual morph: Ascomata apothecial. Apothecia 3—11 mm diameter [ = 7.2 mm, n= 24], cupuliform
when young to discoid at maturity stage, solitary to gregarious, sessile to subsessile, with a stipe up to 1. 5 mm high,
greyish orange (5B4) to melon (5A7), entire margin to slightly lobed, crenulate, dentate to serrate, cracking at maturity,
white colour at the beginning and becoming light brown (6D6) at maturity stage, the exterior of apothecium concolorous
smooth to finely pruinose, at base forming folds that unite with a stipe, smooth hymenium. Ectal exciple 65-125 pm
thick, consisting of cells 15-25 x 10—17 um, angular to subglobose in texture, subhyaline, thin wall 1-1. 5 um wide.
Medullary exciple 60—133 um thick, formed by hyphae 3—5 um, intricate texture, subhyaline. Subhymenium 25-50
pum thick. Hymenium 260-328 pm thick. Paraphyses 2-3 um diameter, filiform, hyaline, septate, sparsely branched.
Asci 260-310 x 12—14 (15) um [ = 284 x 12.8 um, n = 20], cylindrical, clavate, octospored, inamyloid. Ascospores
1723 (25) x 1012 pum [=19.9 x 11.1 um, n="74], Q = 1.5-2 (2.3), Qm = 1.7, elliptical to oblong-elliptical, hyaline,
smooth, multigutulate. Asexual morph: Unknown.

Distribution: Known from the type locality, State of Mexico, Mexico.
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FIGURE 3. Geopyxis carolinae (Holotype: DCGONZALEZSANCHEZ-01-ITCV). A. Longitudinal section of the apothecium. B. Ectal
excipulum. C. Paraphyses. D. Asci. E. Ascospores in 5% KOH.

Notes: Geopyxis carolinae is characterized by greyish orange to orange apothecia up to 11 mm in diameter,
cylindrical and inamyloid asci, and elliptical to oblong-elliptical, smooth ascospores of 17-23 (25) x 10-12 pm.
Phylogenetically, it is closely related to G. rehmii Turnau; however, it has verrucous and smaller ascospores 10-19
x 9—10 pm (Turnau 1985). Another related species is G. carbonaria (Alb. & Schwein) Sacc., which differs from G.
carolinae by its smaller ascospores 12—18 x 6.5-11 pm, like G. korfii W. Y. Zhuang 12—15 x 8-10 um. Conversely, the
ascospores of both species have a verrucous wall (Wang ef al. 2016, Zhuang and Liu 2006), but the ascospores of G.
carolinae are smooth (Table 3).

Additional specimens examined: MEXICO. State of Mexico, Municipality of Texcoco, Mount Tlaloc
19°24°43.82” N, 98°44°58.86” W, 3559 m a. s. 1., 14 November 2021, D.C. Gonzélez-Sanchez 02 (Paratype: ENCB),
M. Sanchez 2573 (ITCV), 2575 (ITCV), 2580 (ITCV), 2582 (ITCV), 2591 (ITCV), 2602 (ITCV), 2605 (ITCV), 2608
(ITCV), 2612 (ITCV), 2615 (ITCV), and 2620 (ITCV). Loc. cit., 16 January 2022, M. Sanchez 2687 (ITCV) and 2690
(ITCV). Loc. cit., 18 September 2020, M. Sanchez 2981 (ITCV). Loc. cit., 21 September 2022, M. Sanchez 2995
(ITCV). Loc. cit., 25 September 2022, M. Sanchez 3040 (ITCV) and 3049 (ITCV).
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Discussion

Geopyxis carolinae, described in the present study, is a species that presents the largest ascospores within the genus.
Phylogenetically close to G. rehmii but differentiated by the size of its ascospores ornamented (verrucose, size: 10—19
% 9-10 um), and by the diameter of its wider paraphyses (6—8 um) (Wang et al. 2016). The species G. majalis and G.
korfii are morphologically close but phylogenetically far because they are in different clades. Geopyxis majalis has
smooth sub-fusiform ascospores (13—18.5 x 7-10.5 um), with slightly wider paraphyses (2.5—4 um); G. korfii has
ornamented (verrucose), ellipsoid ascospores (12—15 x 8-10 ), and narrower paraphyses (1.5-2 pum) (Wang et
al. 2016).

The genus Geopyxis is little known in Mexico. Only a few species have been reported in the country. For example,
G. majalis has been described with ornamented rough (Raymundo et a/. 2012) and smooth ascospores (Wang et al.
2016). Their distribution reports include the States of Durango and Oaxaca growing in association with Cupressus
arizonica, Abies guatemalensis, and A. religiosa (Raymundo et al. 2012, 2013). Rifai (1968) synonymized Geopyxis
vulcanalis under G. carbonaria (Index Fungorum 2023). Geopyxis carbonaria was initially described in local studies
as a species with considerably large ascospores (14-16 (18) x 7-9 um), but data on its ornamentation is missing;
Chacéon y Guzman (1985), associated the distribution with coniferous forests in the South and East of the Estado de
México; Chio et al. (1988) reported its presence in the Pinus-Quercus forests of the entity but without providing a
specific locality. Recently, G. decpetiva was described with smooth ascospores growing in the soil of disturbed forest.
The information provided here contemplates a locality for G. carolinae, contributing to broadening knowledge of the
genus in the country. Due to the richness of coniferous forests in Mexico, it would be relevant to carry on future studies
of this genus.

Acknowledgments

The authors thank Pablo Alvarado for the technical support provided. Marcos Sanchez Flores thanks CONACyT for
the scholarship granted. Jestis Garcia Jiménez and Marcos Sanchez Flores thank the Tecnoldgico Nacional de México,
Instituto Tecnoldgico de Ciudad Victoria. Tania Raymundo thanks the Escuela Nacional de Ciencias Biologicas of
Instituto Politécnico Nacional Project SIP20240029. All authors thank CONACYyT for the support provided to carry
out this research.

References

Astudillo-Sanchez, C.C., Villanueva-Diaz, J., Endara-Agramont, A.R., Nava-Bernal, G.E. & Goémez-Albores, M.A. (2017) Influencia
climatica en el reclutamiento de Pinus hartwegii Lindl. del ecotono bosque-pastizal alpino en monte Tlaloc, México. Agrociencia
51:105-118.

Barrales-Brito, E., Paz-Pellat, F., Etchevers-Barra, J.D., Hidalgo-Moreno, C. & Velazquez-Rodriguez, A. (2020) Dinamica de carbono
en agregados del suelo con diferentes tipos de uso de suelo en el monte Tlaloc, Estado de México. Tierra Latinoamericana 38:
275-288.
https://doi.org/10.28940/terra.v38i2.680

Chacon, S. & Guzman, G. (1985) Ascomycetes poco conocidos en México, II. Discomycetes. Revista Mexicana de Micologia 1: 331—
334.

Chio, R.E., Frutis, I. & Guzman, G. (1988) Hongos del Estado de México, I. Especies citadas en la bibliografia, 1a. Parte. Ascomycetes,
Tremellales y Aphyllophorales. Revista Mexicana de Micologia 4: 97-113.

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

Frandsen, P.B., Calcott, B., Mayer, C. & Lanfear, R. (2015) Automatic selection of partitioning schemes for phylogenetic analyses using
iterative k-means clustering of site rates. BMC Evolutionary Biology 15 (1): 1-17.
https://doi.org/10.1186/s12862-015-0283-7

Fries, E.M. (1822) Systerna Mycologicum. 2. Lundae.

228 « Phytotaxa 655 (3) © 2024 Magnolia Press SANCHEZ-FLORES ET AL.



GenBank. (2022) National Center for Biotechnology Information. Available from: http://www.ncbi.nlm.nih.gov/genbak/ (accessed 31
December 2021)

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, Perry, B.A., Dranginis, A.W. & Pfister, D.H. (2013) A phylogeny of the highly diverse cup-fungus family Pyronemataceae
(Pezizomycetes, Ascomycota) clarifies relationships and evolution of selected life history traits. Molecular Phylogenetics and
Evolution 67: 311-335.
https://doi.org/10.1016/j.ympev.2013.01.014

Héhnel, F.X.R. von (1906) Mycologische Fragmente CVI-CXVII. Annales Mycologici 3: 548-560.

Huelsenbeck, J.P. & Ronquist, F. (2001) MRBAYES: Bayesian inference of phylogenetic trees. Bioinformatics 17 (8): 754— 755.
https://doi.org/10.1093/bioinformatics/17.8.754

Index Fungorum. (2022) An international project to index all formal names in the Fungi Kingdom. Available from: https://www.
indexfungorum.org/names/Names.asp (accessed 31 January 2024).

Katoh, K. & Standley, D.M. (2013) MAFFT Multiple Sequence Alignment Software version 7: improvements in performance and usability.
Molecular Biology and Evolution 30 (4): 772—780.
https://doi.org/10.1093/molbev/mst010

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

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

Kimbrough, J.W. & Gibson, J.L. (1990) Ultrastructural and cytological observations of apothecial tissues of Geopyxis carbonaria
(Pezizales, Ascomycetes). Canadian Journal of Botany 68: 243-257.
https://doi.org/10.1139/b90-034

Kornerup, A. & Wanscher, H. (1978) Methuen Handbook of Colour, 7th Edition. Eyre Metheun. London, UK. 227.

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

Lumbsch, H.T. & Huhndorf, S.M. (2010) Myconet Vol. 14 Part One. Outline Ascomycota—2009. Fieldiana Life and Earth Sciencies 1:
1-42.
https://doi.org/10.3158/1557.1

Madriz-Valdovinos, D., Raymundo, T., Gutiérrez, A., Sanchez Flores, M., Coronado, M.L. & Esqueda, M. (2022) Pezizales (Ascomycota)
asociados a bosque de pino-ecino en Yécora, Sonora, México. Acta Botanica Mexicana 129: ¢2083.
https://doi.org/10.21829/abm129.2022.2083

Martinez-Gonzalez, C.R., Ramirez-Mendoza, R., Jiménez- Ramirez, J., Gallegos-Vazquez, C. & Luna-Vega, 1. (2017) Improved method
for genomic DNA extraction for Opuntia Mill. (Cactaceae). Plant Methods 13: 1-10.
https://doi.org/10.1186/s13007-017-0234-y

Miiller, K., Quandt, D., Miiller, J. & Neinhuis, C. (2005) PhyDE®- Phylogenetic data editor. Program distributed by the authors, version
10.0. Available from: https://www.phyde.de (accessed December, 2021).

Persoon, C.H. (1822) Mycologia Europeae seu completa omnium fungorum in variis Europae regionibus detectorum enumeratio, methodo
naturali disposita 1. Erlangae.

Rambaut, A. (2014) FigTree version 1.4.2. Available at: https://tree.bio.ed.ac.uk/software/figtree/ (accessed 31 December 2021).

Rambaut, A., Suchard, M.A., Xie, D. & Drummond, A.J. (2014) Tracer version 1.6. Available from: https://beast.bio.ed.ac.uk/Tracer
(accessed 31 December 2021)

Raymundo, T., Aguirre-Acosta, E., Bautista-Hernandez, S., Contreras-Pacheco, M., Garma, P., Ledn-Avedano, H. & Valenzuela, R.
(2013) Catalogo de los Ascomycota en los bosques de Santa Martha Latuvi, Sierra Norte, Oaxaca, México. Boletin de la Sociedad
Micologica de Madrid 37: 13-29.

Raymundo, T., Bautista-Hernandez, S., Aguirre-Acosta, E., Aguilar, S. & Valenzuela, R. (2012) Nuevos registros de Pezizales
(Pezizomycetes, Ascomycota) en México. Boletin de la Sociedad Micologica de Madrid 36: 13-21.

Rifai, M.A. (1968) The Australasian Pezizales in the Herbarium of the Royal Botanic Gardens Kew. Amsterdam: N.V. Noord-Hollandsche
Uitgevers Maatschappij. 195 pp.

Saccardo, P.A. (1889) Discomyceteae et Phymatosphaeriaceae. Sylloge Fungorum 8: 1-1143.

Sanchez-Gonzalez, A. & Lopez-Mata, L. (2003) Clasificacion y ordenacion de la vegetacion del norte de la Sierra Nevada, a lo largo del

GEOPYXIS CAROLINAE FROM MEXICO Phytotaxa 655 (3) © 2024 Magnolia Press « 229


https://www.indexfungorum.org/names/Names.asp
https://www.indexfungorum.org/names/Names.asp

gradiente altitudinal. Anales del Instituto de Biologia. Serie Botdanica 74 (1): 47-71.

Sanchez-Sanchez, C., Paz-Pellat, F., Hernandez-de la Rosa, P., Velazquez-Rodriguez, A., Vibrans, H., Vargas-Hernandez, J., Valdez-
Hernandez, J.I. & Valdez-Lazalde, J.R. (2021) Riqueza de especies y tipos funcionales: su relacion en bosques de oyamel del Monte
Tlaloc, Estado de México. Madera y Bosques 27 (4): €2742427
https://doi.org/10.21829/myb.2021.2742427

Stamatakis, A. (2014) RAXML version 8: a tool for phylogenetic analysis and post-analysis of large phylogenies. Bioinformatics 30:
1312-1313.
https://doi.org/10.1093/bioinformatics/btu033

Turnau, K. (1984) Investigation on post-fire Discomycetes: Geopyxis rehmii sp. nov. and G. carbonaria (Alb. & Schw. ex Fr.) Sacc. Nova
Hedwigia 40: 157-170.

Ulloa, M. & Hanlin, R.T. (2006) Nuevo diccionario ilustrado de Micologia. APS Press. St. Paul, USA. 615 pp.

Villanueva-Diaz, J., Vazquez-Selem, L., Gomez-Guerrero, A., Cerano-Paredes, J., Aguirre-Gonzalez, N.A. & Franco-Ramos, O. (2016)
Potencial dendrocronolégico de Juniperus monticola Martinez en Monte Tlaloc. Revista Fitotecnia Mexicana 39 (2): 175-185.
https://doi.org/10.35196/frm.2016.2.175-185

Vralstad, T, Holst-Jensen, A. & Schumacher, T. (1998) The postfire discomycete Geopyxis carbonaria (Ascomycota) is a biotrophic root
associate with Norway spruce (Picea abies) in nature. Molecular Ecology 7: 609-616.
https://doi.org/10.1046/j.1365-294x.1998.00365.x

Wang, X.H., Huhtinen, S. & Hansen, K. (2016) Multilocus phylogenetic and coalescent-based methods reveal dilemma in generic limits,
cryptic species, and a prevalent intercontinental disjunct distribution in Geopyxis (Pyronemataceae s. 1., Pezizomycetes). Mycologia
108 (6): 1189-1215.
https://doi.org/10.3852/16-100

White, T.J., Bruns, T.D., Lee, S. & Taylor, J.W. (1990) Amplification and direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In: Innis, M.A., Gelfand, D.H., Sninsky, J. & White, T.J. (Eds.) PCR protocols: a guide to methods and applications.
Acamedic Press. San Diego, USA, pp. 315-322.
https://doi.org/10.1016/B978-0-12-372180-8.50042-1

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

Zhuang, W.Y. & Liu, H.Y. (2006) A new species of Geopyxis (Pezizales, Pyronemataceae) with ornamented ascospores from China. Nova
Hedwigia 83: 177-186.
https://doi.org/10.1127/0029-5035/2006/0083-0177

230 « Phytotaxa 655 (3) © 2024 Magnolia Press SANCHEZ-FLORES ET AL.



