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Abstract

The genus Chroogomphus has scarcely been studied in Mexico, with only one species reported in the country despite its great
biocultural importance in native cultures. In this study, two new species of Chroogomphus are presented based on genetic
and morphological characterization. The phylogenetic analysis with DNA sequences from nrITS region confirmed that C.
conacytiensis sp. nov. and C. flavovinaceus sp. nov. are included in independent clades separated from other species within
the subgenus Chroogomphus. Both species have great biocultural importance in the Tlahuica-Pjickakjoo native culture from
Central Mexico as edible taxa, and are associated with Pinus pseudostrobus in Quercus-Pinus and in Pinus hartwegii forests.
Descriptions and photographs of the newly described species are presented.

Keywords: edible wild fungi, ectomycorrhizal fungi, Neotropical forests

Introduction

The order Boletales E.-J. Gilbert, is divided into six suborders Boletineae, Paxillineae, Sclerodermatineae, Suillineae,
Tapinellineae, Coniophorineae. The Suillineae suborder includes three families Suillaceae, Rhizopogonaceae and
Gomphidiaceae Maire ex Jiilich, and they are mainly associated with trees of the Pinaceae family (Miller, 1964; Binder
& Hibbett, 2006). The family Gomphidiaceae includes two genera: Gomphidius Fr. and Chroogomphus proposed by
Miller (1964). Chroogomphus is divided into three subgenera: Chroogomphus, Floccigomphus and Siccigomphus
(Scambler et al. 2018). Chroogomphus is characterized by pale orange, brown, yellow, ochraceous basidiomata
with decurrent, yellow, pale orange to ochraceous lamellae, ochraceous pileal trama, moist to viscid pileipellis and a
mycelium at the base of the stipe consisting of amyloid hyphae (Miller 1964; Miller & Aime, 2001); subfusiform to
ellipsoid basidiospores, pleuro- and cheilocystidia subfusiform to subclavate with encrustations (Miller, 1964; Li et al.
2009; Scambler et al. 2018) and some species with secotioid basidiomata, such as Chroogomphus albipes (Zeller) Yan
C. Li & Zhu L. Yang (Miller, 2003).

Chroogomphus has a forest importance since it forms ectomycorrhizal associations mainly with Pinus (Miller,
1964); pharmaceutical importance due to its antioxidant potential, hypoglycemic, hypolipidemic, antidiabetic and
antitumor properties (Zhang et al. 2017; Zhang et al. 2020), and economic importance due to its edibility, currently 11
edible species have been reported mainly in China, Japan and USA (Pérez-Moreno et al. 2021). In Mexico, the genus
has great biocultural importance due to its edibility in different states such as Oaxaca (Garibay-Orijel & Ruan-Soto,
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2014), Tlaxcala (Montoya-Esquivel ef al. 2001) and State of Mexico (Perez-Moreno et al. 2010). However, only C.
Jjamaicensis (Murrill) O.K. Mill. has been reported. In this work, we describe two new edible species of Chroogomphus,
called by the Tlahuica-pjiekakjoo culture from Central Mexico, as “Nchjo t'umendye” or “grandfather mushrooms”.
These species are characterized by yellow, brown to greyish, small to medium-size basidiomata and are distributed in
mixed coniferous forests, Quercus-Pinus forests and Pinus forests, and form ectomycorrhizal association with Pinus
pseudostrobus and P. hartwegii .

Material and methods

Sampling and morphological characterization

The collection of the studied specimens was made during the rainy season from June to September in the years 2021
and 2022 in different areas the Transverse Neovolcanic Mexican Axis in the states of Mexico and Tlaxcala, in mixed
conifer forest (4bies religiosa and Pinus pseudostrobus), Pinus-Quercus mixed forest, and Quercus-Pinus forest, in
Central Mexico. Additional samplings were conducted in Oaxaca in Pinus hartwegii forests in the Mixe culture region.
Morphological characters were described according to Miller (1964). Chemical reactions were characterized using KOH.
Photographs of basidiomata were taken in sifu, as well as data on the botanical composition of the sites. The colors for
the taxonomic descriptions were based on Kornerup & Wanscher (1978). Microscopic characters were measured with
an optical microscope (Carl Zeiss GmbH 37081, Germany); 30-50 basidiospores, basidia, pleurocystidia, pileipellis
and stipitipellis were measured. For basidiospores, the Q index (length/width) was calculated. The specimens were
deposited in the National Herbarium of Mexico of the Institute of Biology of the National Autonomous University of
Mexico (MEXU-HO).

DNA Extraction, PCR amplification, and sequencing

Genomic DNA was obtained with CTAB (Martinez-Gonzélez et al. 2017) from 2—-3 mg of dry tissue. DN A quantification
was performed with Nanodrop (Thermo, USA). Two molecular markers were used, the Internal Transcribed Spacer
(ITS) region was amplified with the primer ITS5-1TS4 (White et al. 1990) and the ribosomal large subunit (LSU) region
was amplified with the primer LROR and LR5 (Vilgalys & Hester, 1990). The PCR reaction contained the following:
enzyme buffer 1 x, Taq DNA polymerase, 0.8 mM deoxynucleoside triphosphates (0.2 mM each), 100 ng DNA, 20
pmol of each primer, and 2 units of GoTaq DNA (Promega, USA), with a final volume of 15 pL. The PCR products
were verified by agarose gel electrophoresis run for 1 h at 95 V cm-3 in 1.5% agarose and 1 x TAE buffer (Tris Acetate-
EDTA). The products were then dyed with GelRed (Biotium, USA) and viewed in a transilluminator (Infinity 3000
Vilber, Loumat, Germany). Finally, the products were purified using the ExoSap Kit (Affymetrix, USA) according
to the manufacturer’s instructions and were prepared for the sequencing reaction using the BigDye Terminator Cycle
Sequencing Kit v. 3.1 (Applied BioSystems). Sequencing was carried out in a genetic analyzer (Sanger sequencing)
by Macrogen Inc. (Seoul, Korea). The sequences were analyzed, edited, and assembled using BioEdit v. 1.0.5 (Hall,
1999) to create consensus sequences. The consensus sequences were compared with those in the GenBank database of
the National Center for Biotechnology Information (NCBI) using the BLASTN 2.2.19 tool (Zhang et al. 2000).

Alignments and phylogenetic analyses

To make the phylogenetic analysis, sequences of previous work were considered including Miller & Aime (2001),
Miller et al. (2002), Parrent & Vilgalys (2007), Li et al. (2009), Kim et al. (2015), Scambler et al. (2018), Cervini et al.
(2020), Kiran et al. (2020), and GenBank (Table 1). The generated sequences were edited and assembled in the program
GENEIOUS PRIME V.2012.2.1(Biomatters Ltd), later they were aligned and the phylogenetic analysis was done in
the same program. The matrix was composed of 56 taxa (668 characters) and Gomphidius glutinosus was used as
outgroup (Schaeff.) Fr. (AF205647, AY077472). The best-fit evolutionary model was estimated with IMODELTEST 2
(Darriba et al., 2012). Sequences were subjected to Maximum Likelihood (ML) analysis with 1000 bootstrap replicates
under the GTR+GAMMA+ I model while Bayesian posterior probability phylogeny was performed using MrBayes
algorithm (Ronquist et al. 2012) using two separate Monte Carlo four chains starting from random trees for 10 million
generations each (final standard deviation + 0.146), trees were sampled every 100 generations. The first 25% of
samples were discarded as burn-in, under the GTR+ invgamma model. Trees were visualized and optimized in FigTree
v. 1.4.4 (Rambaut 2014), and they were edited in Adobe Illustrator vCS4 (Adobe Systems, Inc., San Jose, CA).
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TABLE 1. Taxa used in phylogenetic analysis.

Taxon Voucher Locality ITS References
Chroogomphus cf. albipes p038i USA EU697239  GenBank

C. asiaticus AH009862 Eastern Siberia AHO009862  Miller et al., 2002

C. asiaticus AHO009861 Eastern Siberia AHO009861  Miller et al., 2002

C britannicus H:6001678 Finland MG457842  Scambler et al., 2018
C. britannicus H:6025417 Finland MG457846  Scambler et al., 2018
C. britannicus H:6045578 Finland MG457847  Scambler et al., 2018
C. confusus HKAS49658 China EF423621 Lietal., 2009

C. confusus HKAS50537 China EF423622  Lietal., 2009

C. confusus HKAS50407 China EF423623 Liet al., 2009

C. filiformis KUN-HKAS 52934 China EU706323  Lietal., 2009

C. filiformis KUN-HKAS 52935 China EU706324  Lietal., 2009

C. filiformis KUN-HKAS 52933 China EU706326  Lietal., 2009

C. fulmineus K(M):190394 France NR 164264 Scambler et al., 2018
C. fulmineus LIP:0401321 France MG457864  Scambler et al., 2018
C. fulmineus TUR-A 208102 Italy MT328640 GenBamk

C. flavovinaceus MEXU-HO- 30429 holotype Mexico OP580493  In this study

C. flavovinaceus GO-2009-366 Mexico KC152079  GenBank

C. helveticus HKASS55293 Czech Republic FJ652070 Liet al., 2009

C. helveticus AF205642 USA AF205642  Miller and Aime 2001
C. jamaicensis AF205660 USA AF205660  Miller and Aime 2001
C. jamaicensis AF205658 USA AF205658  Miller and Aime 2001
C. leptocystis PK5361 Canada FJ157000 Genbank

C. mediterraneus K:200317 United Kingdom: Scotland MG457837  Scambler et al., 2018
C. mediterraneus FR2015401 Greece MG457868  Scambler et al., 2018
C. mediterraneus JLS 2887 Spain LT219432 Scambler et al., 2018
C. conacytiensis MEXU-HO- 30426 Mexico OP580490  In this study

C. conacytiensis MEXU-HO- 30427 Mexico OP580491  In this study

C. conacytiensis MEXU-HO-30431 holotype = Mexico OP580489  In this study

C. conacytiensis MEXU-HO- 30452 Mexico OP580492  In this study

C. ochraceus 4S2.23.F04 USA EF619654  Parrent and Vilgalys 2007
C. ochraceus K(M):46653 Canada MG457840  Scambler et al., 2018
C. orientirutilus KUN-HKAS 51180 China EU706327 Lietal., 2009

C. orientirutilus KUN-HKAS 52671 China EU706328  Lietal., 2009

C. pakistanicus LAH35889 Pakistan MK509771  Kiran et al., 2020

C. pakistanicus LAH35890 Pakistan MK509772  Kiran et al., 2020

C. purpurascens HKAS 54925 China FJ481128 Liet al., 2009

C. purpurascens HMJAU 4634 Russia EU706333  Lietal., 2009

C. purpurascens HMJAU 3489 Russia EU706330  Lietal., 2009

C. pseudovinicolor iNAT:66848908 USA MW646782 GenBank

C. roseolus KUN-HKAS 52901 China EU706329  Lietal., 2009

C. roseolus HKAS102283 China MH827599  Lietal., 2009

C. rutilus KA13-1203 South Korea KR673676  Kimetal., 2015

C. rutilus K(M):82320 United Kingdom MG457849  Scambler et al., 2018
C. rutilus K(M):175891 Greece MG457853  Scambler et al., 2018
C. sibiricus AHO009856 Russia AHO009856  Miller and Aime 2001
Chroogomphus sp. 46653 Canada MG457840  Scambler et al., 2018
Chroogomphus subfulmineus  LIP:0401318 Cyprus MG457866  Scambler et al., 2018
Chroogomphus subfulmineus MCVE-30293 Italy MN960416  Cervini et al., 2020
Chroogomphus subfulmineus ~ HBIL-Fungi 2639 Spain MT712258  GenBank
Chroogomphus tomentosus AF205648 USA AF205648  Miller and Aime 2001
Chroogomphus tomentosus AF205668 USA AF205668  Miller and Aime 2001
Chroogomphus tomentosus UBC F19668 Canada HM240518 GenBank
Chroogomphus vinicolor AF205645 USA AF205645  Miller and Aime 2001
Chroogomphus vinicolor DQ533974 USA DQ533974  GenBank
Gomphidius glutinosus AF205647 USA AF205647  Miller et al., 2002
Gomphidius glutinosus OKM27567 USA AYO077472  Miller et al., 2002
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Results

Phylogenetic analyses

In this work, five nrITS region sequences of Chroogomphus were generated and uploaded to GenBank. Our nrITS-
based phylogenetic analysis showed that the genus Chroogomphus was resolved as monophyletic with full (ML=100,
BI=1) support having as outgroup Gomphidius glutinosus (Figure 1). The analysis showed that our sequences
belonged to 2 new species. The first one, hereinafter named C. conacytiensis belonged to the section Vinicolores
cluster in the subclade American species, having as sister species C. jamaicensis, C. vinicolor (Peck) O.K. Mill. and
C. pseudovinicolor O.K. Mill. The second one, hereinafter named C. flavovinaceus was located in the cluster of the
subgenus Chroogomphus, section Filiformis, and was found in a terminal clade along with C. ochraceus (Kauffman)

O.K. Mill. and C. britannicus A.Z.M. Khan & Hora.
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FIGURE 1. The best-scoring Bl tree of the genus Chroogomphus, reconstructed from the nrITS dataset as outgroup Gomphidius glutinosus.
Posterior probabilities (> 0.90) and ML bootstraps (> 70%) are indicated above or in front of the branch leading to each node. Newly

described species are in boldface.
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Taxonomy

Chroogomphus conacytiensis Ayala-Vasquez, Pérez-Moreno, Ramirez-Carbajal & Gonzalez-Martinez, sp. nov. (Fig.
2)
Mycobank no. 845567, GenBank: OP580489 (ITS).

Diagnosis:—Basidiomata small to medium, pileus surface furfuraceous to velvety, brown, brown-yellowish, brown-
olivaceus, grey to greyish, sterile margin, when touch reddish-brown to vinaceous. Basidiospores 13—16(—19) x 67
(-8) um, Q=2.2, (n=34), ellipsoid, golden yellow to yellowish-yellow on KOH.

Type:—MEXICO, STATE OF MEXICO: Ocuilan Municipaly, Lomas de Teocaltzingo Town, mixed Quercus-
Pinus forests, 462878N; 2102619W, 2989 m, 9 September 2021, Martinez-Reyes M., Ayala-Vasquez O, Pérez-Moreno
J. (MEXU-HO 30431, holotype).

Description:—Pileus 23-35 mm diameter, broadly convex somewhat umbonate when young, hemispherical
towards at maturity, pale yellowish-brown (5§D8-5ES), brownish-orange (5C3-5D3), grey (30D1-30E1), greyish-
brown (5D3), brownish-grey (6D2—6F2) to dark brown (6FS8), when touch reddish-brown (8D6-8E6) to vinaceous,
humid surface, viscid when wet, smooth, shining when dry, margin enrolled when young, margin with curtain remnants
at mature. Hymenophore Lamellae, subdecurrent, distant, orange-greyish (5B4—5B5) to light-brown (6D4-6E4), when
touch reddish-brown (8D6—8E6) to vinaceous, lamellae 7-10 mm width, slightly serrate, irregular lamellulae common,
attenuate. Context pileus 8—10mm thick, light orange (5A4), pale orange (5A5) to salmon, basal context of the stipe
orange (5A6), immutable to court. Stipe 23— 70 x 6— 14 mm, cylindrical, orange-yellow (4AS8), orange (5A4), pale-
orange (5A3-5A4), when cut it becomes greyish-vinaceous (12E7) to deep vinaceous (12F8), sometimes slightly
attenuate downwards, fibrillose surface with ring ephemeral remains very close to the apex whiting to pale pink
(12A4). Chemical reaction when applying KOH, all basidiomata turn vinaceous.

FIGURE 2. Chroogomphus conacytiensis (MEXU-HO 30431, holotype, MEXU-HO- 30452 paratype). A. General view of basidiomata.
B. Basidioma. C. Stipe surface and partial velum. D. Basidiospores. E. Basidium and cystidium. F. Basidia. G. Lamellar trama. H-I. Two
different cystidia forms. J-L Pileipellis. Scale bars: 10 mm (A—C); 10um (D, E, F, H, [, K, L); 100 um (G,); 25 um (J).
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Basidiospores (13-)17-18—20(-23) x 5-6 (-7) pm, (L=17.89, W=6.1,Q =2.5-2.7 (-2.9), N = 65), cylindrical
to elliptical, fusiform, smooth, brown-yellowish, thick-walled. Basidia (35—) 37-55—64 (-70) x (7-) 10—14 (—15) pm,
clavate, hyaline to pale brown in KOH, brown-chocolate, in Melzer’s reagent, with long sterigmata (5-) 7-8x 2-3
pm. Cystidia (100-) 120-150 (-=150) x (15-) (12—-)17-21(-22) pum, fusoid-capitate, subclavate to subfusiform, thick-
walled (<3), hyaline to brown in KOH, brown-yellowish in Melzer’s reagent. Lamellar trama made up of hyphae 4—6
pum in width, cylindrical, hyaline to brownish in KOH. Pileipellis formed by ixotrichoderm, with terminal cells (14-)
25-45-60 (-70) x (8-) 10-15-20 (-30) um, clavate, fusiform, to ventricose-fusoid, brown- vinaceous, to chocolate
pigment but soon dissolved in KOH, with gelatinous wall that disappears with Melzer’s reagent, amyloid. Stipitipellis
composed of light amyloid, vertical hyphae (4-)5—12 um in diameter, thick walled (<2). With clamp connections.

Etymology:—The name is in honor of the Mexican Council of Science and Technology (or CONACYT for
its abbreviation in Spanish) which is the public institution responsible for promoting the advancement of scientific
research, innovation and technological development, including that of food security and mycocultural heritage, of the
country during the last half-century.

Habitat, habit, and distribution:—Solitary to scattered growing under mixed forest to Quercus-Pinus forests,
forming ectomycorrhizal associations with Pinus pseudostrobus and P. hartwegii, during July to September at altitudes
between 2900 to 3000 m. Only known currently from Central and Southwestern Mexico.

Specimens examined:— MEXICO, STATE OF MEXICO: Ocuilan Municipaly, Lomas de Teocaltzingo Town,
mixed forest, 4664720N; 2111033W, 3390 masl, 9 September 2021, Mycoredes (MEXU-HO 30426 paratype);
OAXACA: Santa Maria Tlahuitoltepec Municipaly, Bridge to Zempoaltepetl Town, Pinus hartwegii forest, 462878N;
2102619W, 3450 masl, 15 July 2022, Ayala-Vésquez O, Martinez-Gonzalez CR., Martinez-Reyes M., (MEXU-HO-
30452); STATE OF TLAXCALA: Nanacamilpa Municipaly, San Felipe Hidalgo Town, El Astillero, 2900 masl, 15
September 2021, Martinez-Reyes M., Ayala-Vasquez O, (MEXU 30451).

Chroogomphus flavovinaceus Ayala-Vasquez, Martinez-Reyes, Pérez-Moreno, sp. nov. (Fig. 3)
Mycobank no. 845566, GenBank: OP580493 (ITS).

Diagnosis:—Small basidiomata, yellow citrus, pale orange, when touching vinaceous, basidiospores (14—)15—16—
17(=19) x 6.0-7.5 um, ellipsoid to fusoid, pleurocystidia with very pronounced granular incrustation.

Type:—MEXICO, STATE OF MEXICO: Ocuilan Municipality, Lomas de Teocaltzingo Town, Quercus-Pinus
forests, 462878N; 2102619W, 2989 m,15 July 2021, Ayala-Vasquez O, Martinez-Reyes M., Pérez-Moreno J. (MEXU-
HO 30429, holotype).

Description:—Pileus 25-45 mm, broadly convex, convex when young, convex-plane at mature, yellow citrus
(4A6—4A8), pale orange (5A3-5A4), when touching turn vinaceous (12F8), smooth surface, margin decurvate.
Lamellae subdecurrent, medium-spaced, yellow (4A4—4A5) to greyish-yellow (4AC), Smm thick. Context 8mm thick,
pale yellow (4A3) when cut context stipe base yellowish-olivaceous (2D8). Stipe 18-31 x 7-14 mm, cylindrical,
slightly tapering toward the base, yellow citrus (4A7), pale orange (5A2), when touching turn vinaceous (12D8). Basal
mycelium pale yellow, when touching turn olivaceous (2D6). Taste and odor not distinctive.

Basidiospores (14-)15-17(-19) x 6.0-7.5 um, (L =13.25, W =6.0, Q = (2-)2.2 -2.4 (-2.6), N = 48), ellipsoid to
fusoid, pale-brown to brown, smooth, with suprahilar depression, thick-walled. Basidia (31-) 40—45 (50) x (8-) 9-11
(~13) pum, clavate, hyaline in KOH, 4-sterigmata. Pleurocystidia (86—)94—110-123(-130) x (12-)15-16-18(-20) um,
fusoid, brown-chocolate in KOH, with crystal encrustations embedded in the wall, pale-yellow in Melzer’s reagent.
Lamellar trama composed of inamyloid hyphae 46 um, hyaline to brown-vinaceous in KOH, hyaline to pale-yellow
in Melzer’s reagent. Pileipellis formed by ixotrichoderm with terminal hyphae (17-) 30-58 (68) x (7-) 10-13-15
(=17) pm, cylindrical, subfusoid, with gelatinize wall, hyaline to brown in KOH, pale yellow to brown-vinaceous in
Melzer’s reagent. Stipitipellis formed by vertically intertwined hyphae (6—)8—11 pm, cylindrical, sterile. With clamp
connections.

Etymology:—From latin “flavus” by the basidiomata color, “vinaceus” by the color change when touching the
basidioma.

Habitat, habit, and distribution:—Solitary, forming ectomycorrhizal association with Pinus leiophylla in
Quercus-Pinus forests, currently only know from the States of Mexico and Michoacan, Mexico.
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FIGURE 3. Chroogomphus flavovinaceus (MEXU-HO 30429, holotype). A. Context of basidiomata. B. Basidioma. C. Change in
coloration of the basidiomata when touched. D. Basidiospores. E. Cystidia. F. Basidia. G. Cystidia showing encrustations. H. pileipellis.
L. terminal cells of the pileipellis. Scale bars: 10 mm (A—C); 10um (D, F, G, I); 25 pm (E, H).

Discussion

Chroogomphus species have been described mainly from Asia and Europe. In America, most of the species have
been described only from USA. In this work, two species are described for Mexico. Both species belong to subgenus
Chroogomphus which is characterized by having narrow pileipellis hyphae embedded in a gelatinous layer.
Chroogomphus flavovinaceus belongs to the section Filiformis and is characterized by yellow to orange basidiomata,
when touched it turns vinaceous, basidiospores (14-)15-16—17(—19) x 6.0-7.5 um, ellipsoid to fusoid, pleurocystidia
with very pronounced granular crystalline incrustation; it is phylogenetically close to C. ochraceus and C. britannicus
forming a well-supported clade (1BI/94ML); Chroogomphus flavovinaceus differs by the characters described above,
while C. ochraceus has yellowish orange, brown deep chrome to light vinaceous basidiomata and it is distributed in
USA and Canada. Chroogomphus britannicus differs by the size of its longest basidiospores (17.0—)18.0-23.5(-26.5) x
(6.0-)6.5-8 (—9) um and its distribution in the United Kingdom growing in Pinus sylvestris plantations; Chroogomphus
Sflavovinaceus is putatively associated with Pinus leiophylla which is native to Central-Eastern Mexico. So far, the species
has only been found in the Quercus-Pinus forests of San Juan Atzingo, Mexico and Tangancicuaro, Patambam, Michoacan
based on sequence data KC152079, under the misidentified name “Chroogomphus jamaicensis”. Chroogomphus
conacytiensis belongs to the section Vinicolores, which is phylogenetically close to C. vinicolor, C. pseudovinicolor
and C. jamaicensis, but C. conacytensis differs from these species by its colors brown, brown-yellowish, brown-
olivaceous, grey to greyish, and its putative association with Pinus hartwegii and P. pseudostrobus. The diagnostic
differences of these related species are shown in table 2. C. conacytiensis was previously named based only on
morphological characters with the provisional name “C. jamaicensis” by Ayala-Vasquez (2021). However, a detailed
morphoanatomical, molecular and phylogenetic analysis conducted in the present research indicate that Mexican
studied material belongs to a new species.
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TABLE 2. Comparative characteristics of the species closely related to Chroogomphus conacytiensis and Chroogomphus

flavovinaceus.
Taxa Pileus Stipe Basidiospores Cystidia Host -Country
Pleurocystidia (86—
Pileus 25-45 mm, Basidiospores )94-110-123(-130)

C. flavovinaceus

C. ochraceus

C. conacytensis

C. jamaicensis

C. vinicolor

C. pseudovinicolor

yellow citrus, pale
orange to salmon,
when touching turn
vinaceous.

Pileus 15-35 mm,
yellowish orange to
ochraceous, deep
chrome, zinc orange,
light vinaceous.

Pileus 23-35

mm, pale orange-
brown, greyish-
yellow brown, pale
olivaceous to brown-
olivaceous, when
touch vinaceous.

Pileus 25-50 (-98)
mm, dark brown
to pale or bright
vinaceous.

Pileus 10-120 mm,
orange-red, dingy
orange-ochraceous, to
dark yellow-brown.

Pileus 60-120

mm, pale orange-
ochraceous to red in
margin.

Stipe 18-31 x 7-14
mm, cylindrical

Stipe 30-60%
4-8(-10) mm wide,
tapered downward.

Stipe 23— 70 x 6— 14
mm, cylindrical,
orange, pale orange,
light pink when cut it
becomes vinaceous-
violet, sometimes
slightly attenuate
downwards,

Stipe 40-100 x 4-15
mm wide, tapering
toward the base

Stipe 50-100x 6-60
mm wide narrowing
townward, pale
ochraceous, orange-
buff to vinaceous red

Stipe 60-90%20— 40
mm, tapering down to
a blunt base.

(14-)15-17(-19) x
6.0-7.5 um, ellipsoid
to fusoid, pale-brown
to brown.

Basidiospores
14-20 X 4.5-7
pum, subfusiform in
profile, elliptical in
face view

Basidiospores (13—
)17-18-20(-23) x 5—
6 (=7) um, cylindrical
to elliptical, fusiform,
inamyloid.

Spores 17-20 x 4.5-6
wm, subfusiform in
profile, elliptical in
face view.

Spores 17-23

X 4.5-7.5 pm,
elliptical in face
view, subfusiform in
profile.

15— 20%5-7.5 pm,
narrowly elliptical
in face view,
subfusiform in
profile.

x (12-)15-18(-20)
um, subfusoid to
cilindrycal, with
crystal encrustations
embedded in the wall.

Cystidia 81-160 X
12-20 pm, narrowly
clavate to cylindric,
thin-walled, rusty
brown incrustations.

Cystidia (100-)
120-150 (-150)
x(15-) (12-)17-
21(-22) um fusoid-
capitate, subclavate to
subfusiform.

Cystidia 110-165
x10-25 pm, fusiform
to narrowly

clavate, thick-walled

Cystidia 112-164 x
13-19.5 pum, fusoid-
ventricose, clavate to
narrowly fusiform,
thick-walled.

Cystidia 88-200
X (13-)16-20 pm,
fusiform to cylindric.

Pinus patula
Mexico

P. monticola,
P, strobus.
North America

Pinus hartwegii,
P. pseudostrobus
Mexico

Unknown
Jamaica

Pinus radiata, P. taeda,
P. banksiana, P. contorta,

P. monticola, P. murrayana,
P. resinosa, P. rigida, and

P, virginiana.
USA

Pinus ponderosa
USA

So far, the genus Chroogomphus has 11 edible species worldwide (Li et al. 2021). However, in this work two
more edible species are added giving a total of 13 known edible species of the genus so far. The new species described
in the present contribution are accurately distinguished and consumed by the Tlahuica-Pjiekakjoo culture, who
inhabits in Central Mexico, and they have biocultural importance as food for this ethnic group. They are called in their
native language with the prefix “Nchjo” (meaning mushroom) and the suffix “t’'umendye” (which is a diminutive of
grandfather). The genus Chroogomphus have also medical importance due to its bioactive chemical components. Zhang
et al. (2017) found that some Chroogomphus species have medicinal properties, helping to cleanse the lung, relieve
sore throat, detoxification and hemostasis. Therefore, more studies are needed to evaluate the medicinal properties of
the two new Mexican species.
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