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Abstract:

Background and Aims: The genus Pisolithus is characterized by its angiocarpic basidiomes, which have a pulverulent gleba composed of peridioles,
apical maturation, and echinulated basidiospores. In Mexico, two closely related species have been cited based exclusively on morphology: Pisolithus
tinctorius and P. arhizus, associated with Pinus, Quercus, Carya and Eucalyptus. However, it has been pointed out that none of those species form
associations with eucalyptus, and P. arhizus is distributed just in Eurasia based on ITS sequences. This study aims to contribute to the taxonomy and
phylogeny of the genus Pisolithus in Mexico by characterizing Pisolithus specimens from temperate and arid zones, based on morphology and ITS
barcode sequences of fungarium specimens, as well as soil metabarcoding sequences.

Methods: Thirty-two specimens from the MEXU herbarium were characterized macro- and microscopically by light and scanning electron microscopy.
Specialized literature was used for morphological identification. DNA was extracted with a CTAB 3% protocol. The ITS region was amplified with the
ITS5 and ITS4 primer pairs. Phylogenetic analyses included 21 newly generated sequences, metagenomic soil sequences and sequences deposited in
NCBI, and were performed using maximum likelihood and Bayesian Inference methods.

Key results: We confirmed the presence of P. tinctorius associated with Pinus, Quercus, and Carya illinoinensis. Pisolithus albus, a new record for
Mexico, is distinguished by its association with Eucalyptus sp., a whitish exoperidium, ochraceous gleba, and echinulate basidiospores with short,
isolated spines up to 1 um high. Phylogenetic analysis supports the identity of the Mexican collections.

Conclusions: Among the Mexican samples analyzed, two well-defined species of Pisolithus were taxonomically identified, P. albus and P. tinctorius.
Based on the material considered in this work, we did not find any that corresponded to P. arhizus.

Key words: barcoding, Basidiomycota, fungi from drylands, mycorrhizae.

Resumen:

Antecedentes y Objetivos: El género Pisolithus se caracteriza por sus basidiomas angiocarpicos, que presentan una gleba pulverulenta compuesta
por peridiolos, maduracién apical y basidiosporas equinuladas. En México, se han citado dos especies estrechamente relacionadas con base exclu-
sivamente en su morfologia: Pisolithus tinctorius y P. arhizus, asociadas con Pinus, Quercus, Carya and Eucalyptus. Sin embargo; se ha sefialado que
ninguna de estas especies se asocia con el eucalipto y P. arhizus se distribuye solo en Eurasia, con base en secuencias ITS. Este estudio busca contribuir
a la taxonomia y filogenia del género Pisolithus en México mediante la caracterizacion de especimenes de Pisolithus de zonas templadas y aridas,
con base en la morfologia y las secuencias de codigo de barras ITS de especimenes de fungarios, asi como secuencias de metabarcoding del suelo.
Métodos: Se caracterizaron macro y microscépicamente 32 especimenes del herbario MEXU mediante microscopia éptica y electrénica de barrido.
Se utilizd literatura especializada para la identificacion morfoldgica. EI ADN se extrajo con un protocolo CTAB al 3%. La regidn ITS se amplificé con los
pares de cebadores ITS5 e ITS4. Los analisis filogenéticos incluyeron 21 secuencias recién generadas, secuencias metagendmicas del suelo y secuen-
cias depositadas en el NCBI, y se realizaron mediante métodos de maxima verosimilitud e inferencia bayesiana.

Resultados clave: Se confirma la presencia de P. tinctorius asociada con Pinus, Quercus y Carya illinoinensis. Pisolithus albus, un nuevo registro para
México, se distingue por su asociacidon con Eucalyptus sp., un exoperidio blanquecino, gleba ocricea y basidiosporas equinadas con espinas cortas y
aisladas de hasta 1 um de altura. El analisis filogenético respalda la identidad de las colecciones mexicanas.

Conclusiones: Entre las muestras mexicanas analizadas, se identificaron taxondmicamente dos especies bien definidas de Pisolithus, P. albus y P.
tinctorius. Con base en el material considerado en este trabajo, no se encontré ninguna que correspondiera a P. arhizus.

Palabras clave: Basidiomycota, cddigo de barras, hongos de zonas secas, micorrizas.
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Introduction

The species included in the genus Pisolithus Alb. & Schwein.
(Boletales: Sclerodermataceae) present globose, reniform,
or pyriform basidiomes characterized by a peridium with
irregular dehiscence and an alveolar gleba conformed by
peridioles, which become pulverulent at maturity, with
globose, echinulate basidiospores (Burgess et al., 1995).
The genus is widely distributed in temperate and tropical
regions, forming ectomycorrhizal associations with a wide
range of woody plants, highlighting species from the fa-
milies Pinaceae, Myrtaceae, Fagaceae, Dipterocarpaceae,
and Cistaceae (Marx, 1977).

In Mexico, two species of Pisolithus have been ci-
ted: P. arhizus (Scop.) Rauschert. and P. tinctorius (Mont.)
E. Fisch. The first was reported from the states of Sono-
ra (Esqueda et al., 1990, 1998, 2000; Moreno et al., 2010;
Hernandez-Navarro et al., 2015), Chihuahua (Moreno et
al., 2010), Hidalgo (Bautista-Hernandez et al., 2018) and
Jalisco (Rodriguez Alcantar et al., 2019), while the second
was reported from the states of Aguascalientes (Pardavé,
1991), Chihuahua, Querétaro, Guerrero, Coahuila (Guzman
and Herrera, 1969; 1973), Mexico City (Herrera, 1964), Oa-
xaca (Welden and Guzman, 1978), Veracruz (Welden and
Guzman, 1978), Hidalgo (Frutis and Guzman, 1983), Baja
California (Ayala and Guzman, 1984), Michoacan (Diaz-Ba-
rriga et al., 1988), Chiapas (Herrera et al., 1989), Durango
(Herrera et al., 1989), Morelos (Herrera et al., 1989), So-
nora (Pérez-Silva et al., 1994), Mexico State (Nava Mora
and Valenzuela Garza, 1997; Zarco, 1986), Nayarit, Tabasco
(Garcia-Rodriguez et al., 2006), Nuevo Ledn (Urista et al.,
1985; Garza Ocanfas et al., 2023), Tamaulipas (Garza Oca-
fias et al., 2023), and Zacatecas (Herrera, 1964). However,
in all records, the determination of the species was based
exclusively on the morphological characteristics of the ba-
sidiome, considering the validity status of the species ci-
ted at the time. For this reason, both names have been
indiscriminately cited worldwide (Chambers and Cairney,
1999).

The description of new species of the genus and
its delimitation has been carried out using ITS barcode
sequences (Martin et al., 2002, 2013; Reddy et al., 2005;
Phosri et al., 2012; Rusevska et al., 2015; Lebel et al., 2018;
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Abel-Aziz and Bakhit, 2023; Crous et al., 2024). Moreover,
based on ITS sequences, it has been reported that P. arhizus
is primarily distributed in Eurasia and has been introduced
to South Africa (Phosri et al., 2012; Rusevka et al., 2015;
Lebel et al., 2018), while P. tinctorius s.s. is distributed
in Europe, Canada, Kenya, Nicaragua, and the USA (Diez
et al., 2001; Martin et al., 2002; Lebel et al., 2018). Most
records of Pisolithus from Mexico correspond to Pinus-
Quercus associations (Calonge et al., 2004), with a few re-
cords from Pecan Orchards (Carya illinoinensis (Wangenh.)
K. Koch) (Saenz-Hidalgo et al., 2023) and Eucalyptus L'Her.
(Garcia Rodriguez et al., 2006). However, neither P. arhizus
nor P. tinctorius are associated with Eucalyptus, leading to
the need to confirm the Mexican specimens already cited
under the name “P. arhizus”.

Our objective was to morphologically and molecu-
larly characterize Pisolithus species based on collections
from temperate and arid zones of Mexico preserved in the
fungal collections of the herbarium MEXU. In addition, soil
metabarcoding sequences were mined to integrate addi-
tional information that will contribute to the taxonomy
and phylogeny of Pisolithus in Mexico.

Materials and Methods

Fungal material and morphological characteriza-
tion
Thirty-two collections labeled as Pisolithus and preserved
in MEXU (Appendix 1) were examined. The habitat, po-
tential host, and collection date mentioned in the text are
based on field notes or data annotated on the herbarium
labels, and a distribution map (Fig. 1) was created using the
ggplot2 package in R (Wickham and Chang, 2008). The spe-
cimens were photographed, measured, and characterized
following the suggestions by Cifuentes et al. (1986).
Portions of the gleba were mounted in 10% KOH and
observed under an OLYMPUS IX81 optical microscope (Tokyo,
Japan). A portion of the gleba was metalized and visualized
under Scanning Electron Microscopy (SEM) in a HITACHI SU
1510 microscope (Hitachi, Japan) in the Laboratorio de Mi-
croscopia y Fotografia de la Biodiversidad, of the Laboratorio
Nacional de la Biodiversidad (LaNaBio), Instituto de Biologia,
Universidad Nacional Auténoma de México (IBUNAM).
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Figure 1: Distribution map of the studied material of Pisolithus Alb. & Scwein from Mexico.

DNA extraction, PCR amplification, and sequen-
cing

Genomic DNA was isolated from a small portion of the basi-
diome of 32 species (Appendix 1), placed in a 2 ml tube with
a sterilized Tungsten sphere, frozen in liquid nitrogen, and
ground with a Tissuelyser Lt (QIAGEN, Hilden, Germany).
After adding 500 pl of CTAB and 2 pl of B-mercaptoethanol
per sample, the tubes were incubated in an Eppendorf
ThermoMixer C (Hamburg, Germany) at 45 °C for 30 minu-
tes at 300 rpm. Next, 500 pl of SEVAG (chloroform: isoamyl
alcohol; 24:1) was added and incubated in the Thermo Fis-
her Scientific Clinical Rotator (Massachusetts, USA) for 30
minutes at 85 rpm.

The mixture was centrifuged at 13,000 x g for 10
minutes in an Eppendorf centrifuge 5424R (Hamburg,
Germany). The supernatant was transferred to a 1.5 ml
tube, and 500 pl of isopropanol was added. The mixture
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was gently mixed and stored at -20 °C for one hour.
Subsequently, the mixture was centrifuged for 10 minutes
at 12,000 x g, and the supernatant was discarded. The pe-
Ilet was washed with 70% EtOH at -20 °C, vacuum-dried for
five minutes, and resuspended in 50 pul of ultrapure water.
The sample was quantified using a NanoDrop 2000 instru-
ment (Thermofisher Scientific, Waltham, Massachusetts,
USA), and its integrity was visually verified on a 1% agarose
gel stained with RedGel™.

The ITS5 and ITS4 primer pairs were used to amplify
the complete ITS1-5.85-ITS2 region (Schoch et al., 2012)
using the PCR Mix (5’BIO, Mexico). The PCR amplicons were
visualized on a 1% agarose gel stained with RedGel™. The
successful amplicons underwent treatment with ExoSAP-
IT™ according to the manufacturer's instructions. Clean
PCR reactions were sequenced at both ends in the Labo-
ratorio de Secuenciacién Gendmica of LaNaBio-IBUNAM.




Phylogenetic analysis

Twenty new sequences of Pisolithus, and one of
Scleroderma albidum Pat. & Trab. were generated (Appen-
dix 1). The ITS rDNA dataset consisted of 127 sequences
and 824 positions, of which 150 were conserved, and 614
variable, 211 were singletons, and 401 were informative.
For the metabarcoding soil sequences, the search was
conducted in the Global Soil Mycobiome Consortium data-
base (Tedersoo et al., 2021) using the awk command to re-
trieve all rows annotated as Pisolithus in the genus column
(column 10). Only two OTU sequences were recovered:
2904dd2b5e2b1bd4c81f5402c904a0e93246127e  (SOIL
2904 from Nuevo Ledn (24°43'48.0"N 100°06'36.0''W))
and  44b8a06bdbalc02587989f9e3302edb4a542d7ael
(SOIL44b8 from Coahuila (25°21'00.0"'N, 101°01'48.0"'W)).

The remaining sequences were downloaded from
the NCBI database (NCBI, 2024) (Appendix 2); 99 belon-
ged to different species of Pisolithus, four to Scleroderma
Pers., and one to Astraeus hygrometricus (Pers.) Morgan
as outgroups (Anderson et al., 1998, 2001; Gomes et al.,
2000; Diez et al., 2001; Malajczuk y Dunstan, 2002; Martin
et al., 2002, 2013; Kanchanaprayudh et al., 2003; Thomas
et al., 2003; Reddy et al., 2005; Palmer et al., 2008; Phosri
et al., 2009, 2012, 2013; Jourand et al., 2010; Kasuya et al.,
2008; Hitchcock et al., 2011; Wilson et al., 2011; Montag-
ner et al., 2015; Crous et al., 2016, 2024; Lebel et al., 2018;
Abdel-Aziz and Bakhit, 2023; Patel y Rajput, 2023).

The newly generated sequences were manually cu-
rated by inspecting their chromatograms in Geneious Pri-
me v. 2025.0.3 (Geneious Prime, 2025). Sequences were
aligned using the online version of MAFFT v. 7 (Katoh et
al., 2019). The alignments were reviewed in MESQUITE v.
3.81 (Maddison and Maddison, 2023), followed by minor
manual adjustments to ensure character homology among
the taxa. Phylogenetic inferences were estimated using the
Maximum Likelihood Method in W-IQ-TREE (Trifinopoulos
et al., 2016), and ModelFinder (Kalyaanamoorthy et al.,
2017) was used to select the best substitution model. Ba-
yesian inference analysis was conducted using MrBayes v.
3.2.6 x 64 (Huelsenbeck and Ronquist, 2001).

The information block for the matrix included two si-
multaneous runs, four Monte Carlo chains, a temperature
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set at 0.2, and a sampling of 10 million generations (stan-
dard deviation <0.1) with trees sampled every 1000 gene-
rations. The two simultaneous Bayesian runs continued
until convergence parameters were met, and the standard
deviation fell below 0.0001 after 10 million generations.
The final tree was edited using FigTree v. 1.4.4 (Rambaut,
2018).

Results

The 32 collections studied and preserved under Pisolithus
come from 23 municipalities of 12 states of the Mexican
Republic (Fig. 1, Appendix 1). After examining the collec-
tions, we determined that the specimens correspond to
two well-defined species: Pisolithus albus (Cooke & Mas-
see) Priest, a new record for Mexico, associated with Eu-
calyptus in the semiarid zones of Northwest Mexico, and
P. tinctorius associated with Pinus spp., Quercus spp.,
and Carya illinoinensis, with a broader distribution in our
country.

We successfully amplified and sequenced the ITS
region of 21 Pisolithus collections, and the data of Teder-
soo et al. (2021) resulted in two consensus sequences of
P. tinctorius from Coahuila and Nuevo Ledn. One collec-
tion (MEXU 11889) deposited under the name “P. arhizus”
was analyzed using both molecular and morphological
methods. After our examination, we concluded that this
collection corresponds to Scleroderma albidum.

The result of Posterior Probability (PP) from Bayesian
inference and bootstrap from maximum likelihood (BS) ge-
nerated trees with similar topologies; the topology of the
Bayesian analysis is shown (Fig. 2). The genus Pisolithus
recovered as monophyletic (PP/BS=0.70/92). It presents
three distinct lineages: the first comprises seven species
(PP/BS=0.74/90): P. arhizus, P. capsulifer (Sowerby) Wat-
ling, Phosri & M.P. Martin, P. calongei M.P. Martin, Phos-
ri & Watling, P. hypogaeus S.R. Thomas, Dell & Trappe, P.
marmoratus (Berk.) E. Fisch, P. orientalis Watling, Phosri &
M.P. Martin and P. tinctorius. Most sequences generated in
this work grouped with P. tinctorius with high support (PP/
BS=0.99/100) and are associated with Pinus spp., Quercus
spp., and Carya illinoinensis. The second lineage includes
five species (PP/BS=0.97/95): P. albus, P. croceorrhizus P.




Quercus, MEXU-31650

[ MEXU-4569
;, MEXU-4566
AF374712 Pisolithus tinctorius France- Pinus sp., H237
ho1
jotii, MARX270 (HT)
i  MH177Hel
ifer, eho:

PQ380526 Pisolithus tinctorius Veracruz; Mexico- Quercus, MEXU-7876

Pa3sos16 MEXU-17901
Hidalgo; , MEXU-13790
, MEXU-12005

Pa3sos22 sonora; MEXU-31676

P. tinctorius

'AF374633 Pisolithus tinctorius Nicaragua- Pinus caribaea, NICS238

EU718114 Pisolithus tinctorius USA, AWW213

MEXU-11637
MEXU-21768

MEXU-12463

0.97/95|

, MEXU-21301
, MEXU-23820

0.96/100 | ¥ e

rango; Mexico, MEXU-4570

[, MEXU-22336

TMSN)

~AB099845 Pisolithus orientalis Thailand- Pinus kesiya, PCVAZ

P orientalis

0.59/ - Ara74731 Pt - EucayptusspFinus s, HE13

iya, BBH-28597 (HT)

’”“""|P arhizus
|P. capsulifer

: | P. calongei

AF228641

1/100 | sesreses

0.74/90

1/100 P. marmoratus

AF374640 MUsEsA

1/99 Wales- o7

o « IP. hypogaeus

FI874739 pisol

snyjijosid

AF228654 Pisol
AF;

P albus

Eucalyptus sp., CAO2
AF37462 lyptus sp., COI024
AF228656 Pisolithus albus Spain- Eucalyptus sp., ast05

AF228655 Pisolithus albus Morocco- Eucalyptus sp., mar02

AF270782 P

AF374690 Pisolithus albus Senegal- Eucalyptus sp., COI-022

KY689599 Pisolithus albus New Zealand- Kunzea sp., PDD77428

oo [f 21620887 12
&

Iyptus rupestris, MDB-F3610
Eucalyptus sp., CS02

carpus Australia- Eucalyptus sp., CSHA111
icalyptus dunni, UFCS132

=" | P. microcarpus

0.80/98|

SRR B R e | P, croceorrhizus
K :::ggg Prsuh:rhuxxhrmmrux B St e PRI I P. t herma e US

0.71/92) S ———

i |P tympanobaculus

L MUSB-6

0 99/100 FR748119 Pisolithus abitus Thailand- Shorea roxburghii, BBH28595_24PISOLI 3

T ——— IP. madagascariensis

ﬁ_,—l&‘ |P aureosericeus
099/38L_1/100 ymmmememimsnrzar® | P aurantioscabrosus

AFa15227

a albidum Hidalgo; Mexico, MEXU-11889
ibidum Brazil, SMDB-14.508

el indicus|Seleroderma | OUTGROUPS

cepa USA, IMPOOS1

o'ussmozm Astraeus hygrometricus France, Mi1558 I A St raeus
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Bayesian Posterior Probabilities (PP=0-1), and Bootstrap Values (BS=0-100) for Maximum Likelihood. The scale bar represents the expected number
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Leonard & McMull.-Fish., P. microcarpus (Cooke & Mas-
see) G. Cunn., P. thermaeus T. Lebel, Pennycook & Beever,
and P. tympanobaculus T. Lebel & M.D. Barrett. Three se-
quences generated in this study grouped with P. albus (PP/
BS=0.99/95), a new record for Mexico. Two species form
an unresolved polytomy: P. abditus Kanch., Sihan., Hogetsu
& Watling, and P. madagascariensis Rivas-Ferreiro, Dentin-
ger, Suz & A.M. Ainsw. The third lineage (PP/BS=0.99/94)
is composed of P. aureosericeus M.P. Martin, Kaewgraj.,
Phosri & Watling, and P. aurantioscabrosus Watling. The P.
indicus sequence was grouped within the Scleroderma ge-
nus (PP/BS=0.6/100).

Taxonomy

Basidiomycota

Agaricomycetes

Boletales

Sclerodermataceae

Pisolithus albus (Cooke & Massee) Priest, in Lebel, Penny-
cook and Barrett, Phytotaxa 348(3): 167. 2018. Fig. 3.

= Polysaccum album Cooke and Massee, Grevillea 20
(no.94): 36. 1891.

TYPE: AUSTRALIA. Queensland, Dundoo, on the
ground, undated, Martin 916 (holotype K!).

Basidiome epigeous or semi-epigeous, 45-110 mm
wide x 65-190 mm tall x 30-120 mm diameter, subglobose,
ovoid to pyriform, with a robust and rooted base; peridium
thin, smooth, cracking into irregular segments from top to
bottom at maturity, whitish when young, cream or beige
when mature; gleba conformed into peridioles 2-5 mm
diameter, subglobose to ovoid, cream-colored when young
and turning ochre to olivaceous when mature; basidiospo-
res 7-11 um, globose, echinulate, bright yellowish, in SEM
isolated straight to slightly curved spines up to 1 um high;
basidia not observed.
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Habit: on soil, associated with Eucalyptus spp.

Distribution: Africa: Egypt (Abdel-Aziz and Bakhit,
2023), Morocco (Eddine Bakkali Yakhlef et al., 2009), Se-
negal (Duponnois and Ba, 1999), Tunisia (Jaouani et al.,
2015). America: Mexico (this study), USA (Phosri et al.,
2012). Eurasia: India (Singla et al., 2004), Italy (Gargano
et al., 2018), Malaysia (Martin et al., 2002), Spain (Diez et
al., 2001), Thailand (Kanchanaprayudh et al., 2003). Ocea-
nia: Australia (Lebel et al., 2018), New Caledonia (Hosaka,
2009), New Zealand (Moyersoen et al., 2003).

Studied material: MEXICO. Baja California, mu-
nicipio Ensenada, 31°52'12.9"N, 116°39'59.0"W, under
Eucalyptus sp., 25.1.2019, E. Herndndez-Navarro 774
(MEXU 31677). Sonora, municipio Caborca, 30°47'46"N,
112°27'56"W, under Eucalyptus sp., 18.IV.2019, R. Gutie-
rrez and A. Gutierrez s.n. (MEXU 31773). Municipio Her-
mosillo, 29°04'53"N, 110°58'07"'W, under Eucalyptus sp.,
06.1X.1995, M. Esqueda s.n. (MEXU 31772).

Notes: Pisolithus albus is recognized by its white
exoperidium, olivaceous gleba, and basidiospores 7-11 um
diameter with isolated, low, straight spines. The P. albus
specimens in this study were always collected under Eu-
calyptus sp.; however, this species is also associated with
Acacias.l. and Kunzea Benth. (Abdel-Aziz and Bakhit, 2023).
This is the first record of P. albus from Mexico. Mexican
specimens, mainly from Caborca, Sonora, are stouter (up
to 19 x 11 cm diameter) than reported in the holotype (5-6
cm diameter) (Cooke, 1891). However, materials from Italy
are 3-20 cm diameter (Gargano et al., 2018), while those
from Tunisia are 3-12 cm diameter (Jaouani et al., 2015),
and those from Egypt are 4.5-15 x 6-18 cm diameter (Ab-
del-Aziz and Bakhit, 2023). Additionally, in the holotype,
basidiospores are 9-10 um diameter, while our materials
are 7-11 um diameter; however, it matches with Egyptian
materials (7-11 um diameter), while Tunisians are 9-12 um
diameter; Italians 8.75-10.25 um diameter (Jaouani et al.,
2015; Gargano et al., 2018; Abdel-Aziz and Bakhit, 2023).

Young specimens of P albus may recall P
croceorrhizus, as both species are commonly associated

with Eucalyptus trees. However, P. croceorrhizus has a




Figure 3: Pisolithus albus (Cooke & Massee) Priest. A. specimen in its habitat (MEXU 31677); B. peridioles (MEXU 31677); C-D. herbarium specimens
(MEXU 31772); E. basidiospores in light microscopy (MEXU 31772); F--G. basidiospores in SEM (MEXU 31677).
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distribution practically restricted to Australia (Southeast
Queensland) and New Caledonia. Moreover, P. albus pre-
sents larger basidiospores (7-12 um diameter) with irregu-
lar pyramidal spines. In contrast, P. croceorrhizus presents
smaller basidiospores (5.3-6.9 um diameter) densely cove-
red with pyramidal spines connected basally in a low reti-
culum (Leonard et al., 2013).

Pisolithus tinctorius (Mont.) E. Fisch., in Engler and Prantl,
Nat. Pflanzenfam., Teil | (Leipzig) 1: 338 (1900). Fig. 4.

=Polysaccum tinctorium Mont., in Webb and Berthe-
lot, Hist. nat. lles Canar. (Paris) 3(2): 87. 1840.

=Lycoperdodes canariense Kuntze, Revis. gen. pl.
(Leipzig) 2: 859. 1891.

TYPE: SPAIN. Canary Islands, without precise loca-
tion, at the roots of Cistus, s.f., coll. Despréaux s.n. (holo-
type: not located).

Basidiomes epigeous, globose, claviform to irregu-
larly shaped, subglobose, ovoid or pyriform, 35-90 mm
wide x 55-150 mm high x 30-120 mm diameter, with a
robust or sometimes sessile base; peridium thin, papery,
smooth, and brittle, yellowish-whitish when young, brown
when mature; dehiscense through irregular cracks; gle-
ba reddish-brown to dark brown, structured in peridioles
that become powdery with maturity; peridioles 2-5 mm,
subglobose, ovoid or irregular and somewhat angular,
creamy when young and becoming yellowish when matu-
re, smaller and more compact towards the stipe; basidios-
pores 8.5-12 um, globose, strongly echinulate, dark ochre;
in SEM spines primarily straight, coalescent, some slightly
curved towards the apex; basidia not observed.

Habit: on soil, associated with Pinus-Quercus and
Carya illinoinensis.

Distribution: Africa: Kenya (Martin et al., 1998),
South Africa (Martin et al., 2002). America: USA (Gomes et
al., 2000; Martin et al., 2002; Phosri et al., 2012), Mexico
(Herrera, 1964; this study), Nicaragua (Martin et al., 2002).
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Eurasia: France (Gomes et al., 2000), Philippines (Anderson
et al., 2001), Portugal (Martin et al., 2002), Spain (Diez et
al., 2001; Phosri et al., 2012).

Studied material: MEXICO. Chihuahua, municipio Cd.
Cuauhtémoc, km 67 Chihuahua - Ciudad Cuauhtémoc road,
28°26'57.8"N, 106°52'10.1"W, under Quercus, 25.1X.1978,
E. Pérez-Silva y R. Herndndez s.n. (MEXU 12463). Ciudad
de México, alcaldia Cuajimalpa de Morelos, Desierto de
los Leones, 2900 m, 19°17'51.4"N, 99°18'56.0"'W, under
Pinus sp., 02.VII.1950, T. Herrera s.n. (MEXU 1409). Coahui-
la, municipio Saltillo, 25°26'56.3"N, 100°57'44.4"W, un-
der Carya illinoinensis, 10V111.1982, T. Herrera s.n. (MEXU
17901). Municipio Torredn km 22 Torredn - Matamoros
road, 25°32'18.9"N, 103°14'13.3"W, agricultural land,
12.VIII.1982, T. Herrera s.n. (MEXU 17902). Durango, mu-
nicipio Tepehuanes, Sierra de la Candela, 25°30'10.6"N,
105°36'56.9"W, 17.1X.1960, F. Sdnchez s.n. (MEXU 4570).
Estado de México, municipio Temascaltepec, 1100 m,
19°02'37.1"N, 100°13'30.2"W, in Pinus-Quercus forest,
12.1.1978, R. Herndndez s.n. (MEXU 12005). Guerrero, muni-
cipio Chilpancingo de los Bravo, Rincén Viejo, 17°14'40.5"N,
98°40'30.2"W, in Pinus-Quercus forest, 13.V1.1963, H. Kruse
s.n. (MEXU 4569); 17°17'28.8"N, 99°28'46.0"W, in Pinus-
Quercus forest, 21.VI.1963, H. Kruse s.n. (MEXU 4566). Hi-
dalgo, municipio Cardonal, 45 km east of Ixmiquilpan, 2000
m, 20°38'53.4"N, 98°57'52.5"'W, 02.X.1980, R. Herndndez
y D. Rodriguez s.n. (MEXU 16021). Municipio Metztitlan,
20°40'30''N,98°45'09"W, in Pinus-Quercusforest,11.X.2023,
E. Hernandez-Navarro 720 (MEXU 31650). Municipio San-
tiago Tulantepec de Lugo Guerrero, 2370 m, 20°03'35.5"N,
98°26'07.3"W, in Pinus-Quercus forest, 03.VII.1979, R. Her-
ndndez s.n. (MEXU 13200). Municipio Zimapdan, La Maja-
da, 20°49'08.6"N, 99°15'33.6"W, in Pinus-Quercus forest,
06.X.1979, R. Herndndez s.n. (MEXU 13790). Jalisco, mu-
nicipio Zapopan, Cafién de las Flores, km 25 Guadalajara
- Tequila road, 1500 m, 20°40'27.9"N, 103°23'37.1"W, in Pi-
nus-Quercus forest, 25.VIII.1977, R. Hernandez s.n. (MEXU
11637). Oaxaca, municipio Acatlan de Pérez Figueroa, 2100
m, 18°26'44.8"N, 96°25'18.0"W, in Pinus-Quercus forest,
23.IV.1976, E. Pérez-Silva et al. s.n. (MEXU 10485); La Car-
bonera, 19°02'37.1"N, 100°13'30.2"W, in Pinus-Quercus
forest, 23.VI.1976, E. Pérez-Silva et al. s.n. (MEXU 10996).




Figure 4: Pisolithus tinctorius (Mont.) E. Fisch. A. specimen in its habitat (MEXU 31650); B-C. herbarium specimens (MEXU 4569, MEXU 13790); D.
basidiospores in light microscopy (MEXU17902); E-F. basidiospores in SEM (MEXU-31650).
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Municipio San Juan Mixtepec, 8 km from la Cafiada El Agui-
la, 1900-2250 m, 17°16'09.6"N, 97°48'07.2"W, in Pinus-
Quercus forest, 03.X.1989, E. Pérez-Silva et al. s.n. (MEXU
22336); 17°18'20.5"N, 97°49'54.7"W, under Pinus-Quercus,
02.X.1988, J. Reyes-Santiago s.n. (MEXU 21301); Cerro del
Rio Azucena, 2000 m, 17°22'52.1"N, 97°51'20.9"'W, Pinus-
Quercus forest, 21.VI1.1989, J. Reyes Santiago s.n. (MEXU
21768). Municipio Tuxtepec, 18°04'20.3"N, 96°08'52.8"W,
under Pinus caribaea, 31.1.1974, R. Singer s.n. (MEXU
8969). Sonora, municipio Cananea, 30°59'23.6"N,
110°17'19.9"W, in Pinus-Quercus forest, 10.1X.1993, E.
Pérez-Silva y M. Esqueda s.n. (MEXU 23820); km 18 Santa
Rosa - Yécora road, 28°26'03.8"N, 109°10'34.3"W, under
Quercus sp., 05.VIII.1989, A. Aparicio s.n. (MEXU 22604).
Municipio Hermosillo, 28°52'48.8"N, 111°18'14.2"W, un-
der Carya illinoinensis, 03.X.2019, E. Herndndez-Navarro
746 (MEXU 31676). Municipio Yécora, Rincén de Gue-
rigo, 28°26'03.8"N, 109°10'34.3"W, under Quercus sp.,
26.VI1.1989, A. Aparicio s.n. (MEXU 22605); 28°23'41"N,
109°05'26"W), under Pinus sp., 10.1X.1995, M. Esqueda et
al. s.n. (MEXU 31778); 28°23'41"N, 109°05'26"W, Pinus-
Quercus forest, 13.1X.1996, M. Esqueda et al. s.n. (MEXU
31777). Veracruz, municipio Maltrata, Cumbres de Mal-
trata, a 1700 m, 18°50'21.2"N, 97°17'08.8"W, under Quer-
cus, 28VIII.1969, R. Hernandez y R. C. Trigos s.n. (MEXU
7877); Cumbres de Maltrata, a 1600 m, 18°50'21.2"N,
97°17'08.8"W, under Quercus, 28VIII.1969, R. Herndndez
y R. C. Trigos s.n. (MEXU 7876). Municipio Emiliano Zapa-
ta, 950 m, 19°20'29.3"N, 96°30'33.0"W, under Quercus,
10.VII.1974, R. Herndndez s.n. (MEXU 9575).

Notes: Pisolithus tinctorius could be confused with P
arhizus, which has the same spore size and is associated
with Pinus L. and Quercus L. plants. Rusevska et al. (2015)
mention that P. arhizus and P. tinctorius are so similar that
it is almost impossible to separate these species morpho-
logically. However, based on materials from Macedonia,
Rusevska et al. (2015) mention that P. tinctorius presents
a shorter pseudostipe (40-50 x 20-25 mm), a very thin ye-
llowish olivaceous peridium, and basidiospores with spines
on average of 1.6 um long, more or less isolated; while P.
arhizus presents a larger pseudostipe (€95 mm x (20-)25-
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40(-50) mm), pale ochre to brown black peridium, and the
spines of the basidiospores are smaller in average (1.2 um),
isolated but very compact, in parts forming small pyramids
(Rusevska et al., 2015). Nevertheless, molecular data sup-
port two distinct taxa restricted in distribution in the nor-
thern hemisphere: P. tinctorius s.s. is distributed in Europe
and North America, while P. arhizus occurs in Eurasia and
has been introduced in South Africa (Lebel et al., 2018).

The species P. tinctorius could also be confused with
P. marmoratus, as they share the size of their basidios-
pores and spines. However, the latter is associated with
Eucalyptus and is distributed in the southern hemisphere
(Martin et al., 2002). Additionally, P marmoratus presents
a peridium with black warts and black pseudostipes (Leo-
nard et al., 2013).

Discussion

We present the first formal taxonomic study of Pisolithus
in Mexico based on morphological and molecular data
of fungarium specimens. According to Index Fungorum
(2024), the genus currently includes 19 valid species.
However, some controversies persist regarding the correct
identification, nomenclature, and possible synonymy of
some species.

Since the description of Pisolithus, with P. arenarius
Alb. & Schwein. as the type species, Albertini and Schwei-
nitz (1805) denoted the lack of detailed information on
closely related species, then placed in Scleroderma such
as Scleroderma arhizum (Scop.) Pers. (=P. arhizus) and S.
tinctorium Pers. (=P. tinctorius), to which P. arenarius most
closely resembled. Although P. arenarius is a valid species,
it still requires more up-to-date information on its macro-
morphological variation, and specimens in various herbaria
have not been reexamined or sequenced for verification.

For a long time, P. arhizus was considered conspeci-
fic with P. tinctorius. Consequently, both species were cited
interchangeably worldwide (Chambers and Cairney, 1999).
Later, phylogenetic studies using ITS barcode sequences
confirmed them as distinct species: P. arhizus is primarily
distributed in Eurasia and introduced to South Africa, and
P. tinctorius s.s. is found in Europe and North America (Leo-
nard et al., 2013; Martin et al., 2013).




Numerous fungal collections and sequences in
public databases require updating (Lebel et al., 2018).
Pisolithus tinctorius originally was described under the
genus Polysaccum Mont., associated with Cistus L. from
the Canary Islands; however, global identification of the
species has primarily followed Coker and Couch (1928),
focusing on samples related to Pinus-Quercus forest, but
P. tinctorius (Pers.: Pers.) Coker & Couch turned out to be
an illegitimate name for a taxon nowadays recognized as
P. arhizus.

In the case of P. kisslingii E. Fisch., no barcode se-
guences or recent collections exist, while P. indicus Nata-
rajan & Senthil is represented by a single sequence in NCBI
(2024) which, in our analyses, grouped with Scleroderma.
This species was described from India as having grayish
gleba, a characteristic not reported in any other Pisolithus
species (Reddy et al., 2005). The combination of charac-
ters and the sequence analysis suggests that this could be
a Scleroderma species. Additionally, Reddy et al. (2005) did
not provide photographs of the peridioles, no sequences of
Scleroderma were included in the analysis, and the clade
containing P. indicus grouped with the rest of the Pisolithus
species with low support (BS= 36). Leonard et al. (2013) in-
cluded the P. indicus sequence, which was grouped with P.
aurantioscabrosus. Nonetheless, no Scleroderma sequen-
ces were included.

Lebel etal. (2018) included some LSU sequences of P.
albus, P. croceorrhizus, and P. indicus; the latter was placed
as a basal taxon, paraphyletic to P. aurantioscabrosus and
P. aureosericeus. Nevertheless, they did not include any
Scleroderma sequences in the analysis. On the other hand,
most published phylogenies present low support values in
the deepest branches of the genus, as only ITS sequences
have been analyzed, except for the one proposed by Lebel
et al. (2018), which included some LSU sequences. Hence,
other markers, such as EF1la or RPB1, are needed to resol-
ve these ambiguities within the genus.

In our studied materials, P. tinctorius was primarily
collected from Pinus-Quercus, except for two collections
found under Carya illinoinensis (MEXU 17901; 31676).
Both collections originate from arid zones transformed
into commercial pecan agricultural lands with abundant
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canopy, organic matter, fertilization, and irrigation, which
favor the development of P. tinctorius despite the high
temperatures of the zone. This aligns with reports that P.
tinctorius can be associated with C. jllinoinensis (Saenz-
Hidalgo et al., 2023). This is due to soil and plant inocula-
tion practices, as P. tinctorius has historically been used in
forestry to promote tree growth (Garcia-Rodriguez et al.
2006). As a result, it has been introduced globally (Lebel et
al., 2018). This adaptability explains its presence in diverse
environments, including acidic soils and areas with heavy
metal contamination (Lampky and Peterson, 1963; Sebas-
tiana et al., 2020).

Regarding P. albus, a new record for Mexico, the spe-
cimens from Sonora and Baja California, whose sequences
are similar to those from Senegal and Egypt, are also as-
sociated with Eucalyptus spp., a widely distributed intro-
duced genus (Abdel-Aziz and Bakhit, 2023). Hence, the
presence of other Pisolithus species in unexplored regions
of Mexico is possible. For example, Garcia-Rodriguez et al.
(2006) reported collections of P. tinctorius from Eucalyptus
plantations, but no barcode sequences were generated;
ergo, their specimens are likely to correspond with another
species, since P. tinctorius does not form associations with
Eucalyptus. These reports support the need for further
sampling across Mexico, primarily in underexplored arid
and semiarid zones where gasteroid fungi are more diver-
se and abundant, as well as areas with vegetal species that
match the known host of the genus.

Of the 32 collections reviewed, 21 were successfully
sequenced; however, DNA degradation posed challenges
due to specimen age, with collections ranging from 1 to 74
years old (average age: 45 years). Future collections should
prioritize conditions that preserve DNA integrity for mole-
cular analyses. This work underscores the need for con-
tinued research on Pisolithus to achieve comprehensive
species diversity in Mexico.

Conclusions

We confirm the presence of two species of Pisolithus wi-
dely distributed in Mexico. Pisolithus tinctorius is mainly
associated with Pinus-Quercus trees and Carya illinoinensis
trees. Until now, its presence has been molecularly




confirmed in the states of Chihuahua, Coahuila, Duran-
go, Guerrero, Hidalgo, Jalisco, the State of Mexico, Oaxa-
ca, Sonora, and Veracruz, while P. albus is associated with
Eucalyptus in semiarid zones of northwestern Mexico, in
Sonora and Baja California. Among the specimens studied
from Mexico and soil metabarcoding sequences, we had
no evidence of any that could be identified with P. arhizus.
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Appendix 1: List of specimens analyzed. Fungarium collection number, taxonomic ID of the collection according to the herbarium, NCBI (2024) accession, municipality/state, coordinates, date,
collector, and potential host. ***Indicates specimen with low quality DNA with no amplification.

Voucher Collection ID ITS Accession Locality Coordinates Collection Collectors Potential Host
Specimen Number Date
MEXU 31772 Pisolithus albus PQ380510 Hermosillo, Sonora 29°04'53"N, 06/09/1995 M. Esqueda Eucalyptus sp.
(Cooke & Massee) Priest 110°58'07"W
NCBI (2024) Pisolithus albus PQ380509 Caborca, Sonora 30°47'46"N, 18/04/2019 R. Gutierrez and A. Gutierrez Eucalyptus sp.
(Cooke & Massee) Priest 112°27'56"W
NCBI (2024) Pisolithus albus PQ380508 Ensenada, Baja Cali- 31°52'12.9"N, 25/01/2019 E. Hernandez-Navarro Eucalyptus sp.
(Cooke & Massee) Priest fornia 116°39'59.0"W
NCBI (2024) Pisolithus arhizus PQ380520 Cananea, Sonora 30°59'23.6"N, 10/09/1993 E. Pérez-Silva and M. Esqueda Pinus sp.
(Scop.) Rauschert 110°17'19.9"W
NCBI (2024) Pisolithus arhizus *A* Acatlan de Pérez 19°02'37.1"N, 23/06/1976 E. Pérez-Silva et al. Pinus-Quercus
(Scop.) Rauschert Figueroa, Oaxaca 100°13'30.2"W
MEXU 31777 Pisolithus tinctorius *Ak Yécora, Sonora 28°23'41"N, 13/09/1996 M. Esqueda et al. Pinus sp. o
(Mont.) E. Fisch 109°05'26"W 3
MEXU 31778 Pisolithus tinctorius *okk Yécora, Sonora 28°23'41"N, 10/09/1995 M. Esqueda et al. Pinus sp. g
(Mont.) E. Fisch 109°05'26"W =
MEXU 31676 Pisolithus tinctorius PQ380522 Hermosillo, Sonora 28°52'48.8"N, 03/10/2019 E. Hernandez-Navarro Carya illinoinensis N
(Mont.) E. Fisch 111°18'14.2"W (Wangenh.) K. Koch E
MEXU 22604 Pisolithus tinctorius kK Yécora, Sonora 28°26'03.8"N, 05/08/1989 A. Aparicio Navarro Quercus sp. §
(Mont.) E. Fisch 109°10'34.3"W §
N
MEXU 22605 Pisolithus tinctorius kK Yécora, Sonora 28°22'25.7"N, 26/07/1989 A. Aparicio Navarro Quercus sp. g
(Mont.) E. Fisch 108°54'36.7"W 2
MEXU 1409 Pisolithus tinctorius *Ex Cuajimalpa de More-  19°17'51.4"N, 02/07/1950 T. Herrera Pinus sp. -g
(Mont.) E. Fisch los, CDMX 99°18'56.0"W N
MEXU 10485 Pisolithus tinctorius *Ex Acatlan de Pérez 18°26'44.8"N, 23/04/1976 E. Pérez-Silva et al. Pinus-Quercus E’_
(Mont.) E. Fisch Figueroa, Oaxaca 96°25'18.0"W £
MEXU 22336 Pisolithus tinctorius PQ380519 San Juan Mixtepec, 17°16'09.6"N, 03/09/1989 E. Pérez-Silva et al. Pinus-Quercus "
(Mont.) E. Fisch Oaxaca 97°48'07.2"W )
(o]
MEXU 21301 Pisolithus tinctorius PQ380518 San Juan Mixtepec, 17°18'20.5"N, 02/10/1988 J. Reyes Santiago Pinus-Quercus o
(Mont.) E. Fisch Oaxaca 97°49'54.7"W E
MEXU 21768 Pisolithus tinctorius PQ380528 San Juan Mixtepec, 17°22'52.1"N, 21/07/1989 J. Reyes Santiago Pinus pringlei Shaw, ‘-:-
(Mont.) E. Fisch Oaxaca 97°51'20.9"W Pinus lawsonii o
Roezl ex Gordon g
& Glend, Quercus _3
magnoliifolia Née 3
MEXU 8969 Pisolithus tinctorius *kk Tuxtepec, Oaxaca 18°04'20.3"N, 31/01/1974 R. Singer Pinus caribaea E;;
(Mont.) E. Fisch 96°08'52.8"W Morelet §
MEXU 31650 Pisolithus tinctorius PQ380521 Metztitlan, Hidalgo 20°40'30"N, 11/10/2023 E. Hernandez-Navarro Pinus-Quercus 'g'
(Mont.) E. Fisch 98°45'09"W S
MEXU 13790 Pisolithus tinctorius PQ380514 Zimapan, Hidalgo 20°49'08.6"N, 06/09/1979 R. Hernandez Pinus-Quercus é
(Mont.) E. Fisch 99°15'33.6"W
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Appendix 1: Continuation.

Voucher

ITS Accession

Collection

Speci Collection ID Locality Coordinates Collectors Potential Host

pecimen Number Date

MEXU 16021 Pisolithus tinctorius PQ380515 Cardonal, Hidalgo 20°38'53.4"N, 02/10/1980 R. Hernandez and D. Rodriguez  _____
(Mont.) E. Fisch 98°57'52.5"W

MEXU 13200 Pisolithus tinctorius *Ax Santiago Tulantepec de 20°03'35.5"N, 03/07/1979 R. Hernandez Pinus-Quercus
(Mont.) E. Fisch Lugo Guerrero, Hidalgo 98°26'07.3"W

MEXU 9575 Pisolithus tinctorius HEx Emiliano Zapata, Ve- 19°20'29.3"N, 10/07/1974 R. Hernandez Quercus sp.
(Mont.) E. Fisch racruz 96°30'33.0"W

MEXU 7876 Pisolithus tinctorius PQ380526 Maltrata, Veracruz 18°50'21.2"N, 28/08/1969 R. Hernandez and R.C. Trigos Quercus sp.
(Mont.) E. Fisch 97°17'08.8"W

MEXU 7877 Pisolithus tinctorius *xk Maltrata, Veracruz 18°50'21.2"N, 14/10/1971 R. Hernandez and R.C. Trigos Quercus sp.
(Mont.) E. Fisch 97°17'08.8"W

MEXU 17902 Pisolithus tinctorius PQ380517 Torredn, Coahuila 25°32'18.9"N, 12/08/1982 T. Herrera
(Mont.) E. Fisch 103°14'13.3"W

MEXU 17901 Pisolithus tinctorius PQ380516 Saltillo, Coahuila 25°26'56.3"N, 10/08/1982 T. Herrera Carya illinoinensis
(Mont.) E. Fisch 100°57'44.4"W (Wangenh.) K. Koch

MEXU 12463 Pisolithus tinctorius PQ380513 Ciudad Cuauhtémoc,  28°26'57.8"N, 25/09/1978 E. Pérez-Silva and R. Hernandez Quercus sp.
(Mont.) E. Fisch Chihuahua 106°52'10.1"W

MEXU 12005 Pisolithus tinctorius PQ380512 Temascaltepec, Mexico 19°02'37.1"N, 12/01/1978 R. Hernandez Pinus-Quercus
(Mont.) E. Fisch State 100°13'30.2"W

MEXU 4570 Pisolithus tinctorius PQ380525 Tepehuanes, Durango  25°30'10.6"N, 17/09/1960 F.Sanchez
(Mont.) E. Fisch 105°36'56.9"W

MEXU 4566 Pisolithus tinctorius PQ380523 Chilpancingo de los 17°17'28.8"N, 21/06/1963 H. Kruse Pinus-Quercus
(Mont.) E. Fisch Bravo, Guerrero 99°28'46.0"W

MEXU 4569 Pisolithus tinctorius PQ380524 Chilpancingo de los 17°14'40.5"N, 13/06/1963 H. Kruse Pinus-Quercus
(Mont.) E. Fisch Bravo, Guerrero 98°40'30.2"'W

MEXU 11637 Pisolithus tinctorius PQ380527 Tequila, Jalisco 20°40'27.9"N, 25/08/1977 R. Hernandez Pinus-Quercus
(Mont.) E. Fisch 103°23'37.1"W

MEXU 11889 Scleroderma albidum Pat. & Trab. PQ380507 Mineral El Chico, Hi- 20°11'46"N 12/09/1976 Huacaja et al.

dalgo

98°43'38"W

Abies sp.
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Appendix 2: List of species, potential host, country of origin, and NCBI (2024) accession number of the downloaded sequences used in the phylogenetic analysis.

Taxa Accession Country Potential Reference

number of origin host
Astraeus hygrometricus (Pers.) Morgan (Neotype) HG000287 France - Phosri et al., 2013
Pisolithus abditus Kanch., Sihan., Hogetsu & AB099922 Thailand Dipterocarpus alatus Roxb. ex G. Don Kanchanaprayudh et al., 2003
Watling (Isotype)
Pisolithus abditus AB099920 Thailand Anthoshorea roxburghii (G. Don) P.S. Ashton & J.  Kanchanaprayudh et al., 2003
Kanch., Sihan., Hogetsu & Watling Heck.
Pisolithus abditus FR748119 Thailand Shorea sp. Phosri et al., 2012
Kanch., Sihan., Hogetsu & Watling
Pisolithus albus (Cooke & Massee) Priest AF374694 Senegal Eucalyptus camaldulensis Dehnh. Martin et al., 2002
Pisolithus albus (Cooke & Massee) Priest AB099918 Thailand Eucalyptus camaldulensis Dehnh. Kanchanaprayudh et al., 2003
Pisolithus albus (Cooke & Massee) Priest AF228655 Morocco Eucalyptus sp. Diez et al., 2001
Pisolithus albus (Cooke & Massee) Priest AF228656 Spain Eucalyptus sp. Diez et al., 2001
Pisolithus albus (Cooke & Massee) Priest AB099914 Thailand Eucalyptus camaldulensis Dehnh. Kanchanaprayudh et al., 2003
Pisolithus albus (Cooke & Massee) Priest AF228654 Morocco Eucalyptus sp. Diez et al., 2001
Pisolithus albus (Cooke & Massee) Priest AF270782 Australia Eucalyptus sp. Anderson et al., 2001
Pisolithus albus (Cooke & Massee) Priest AF374622 Senegal Eucalyptus sp. Martin et al., 2002
Pisolithus albus (Cooke & Massee) Priest FR748123 Thailand Eucalyptus camaldulensis Dehnh. Phosri et al., 2012
Pisolithus albus (Cooke & Massee) Priest AF374690 Senegal Eucalyptus sp. Martin et al., 2002
NCBI (2024) KY689599 New Zealand Kunzea sp. Lebel et al., 2018
NCBI (2024) KY689592 Australia Eucalyptus rupestris Brooker & Done Lebel et al., 2018
NCBI (2024) AJ629887 Thailand Eucalyptus camaldulensis Dehnh. Phosri et al., 2012
NCBI (2024) F1874751 Australia Eucalyptus sp. Hitchcock et al., 2011
NCBI (2024) AF374670 Australia Eucalyptus tereticornis Gaertn., Corymbia Martin et al., 2002

tessellaris (F. Muell.) K.D. Hill & L.A.S. Johnson

Pisolithus albus (Cooke & Massee) Priest MN295477 Pakistan - Phosri et al., 2012
Pisolithus albus (Cooke & Massee) Priest FJ874739 Australia - Hitchcock et al., 2011
Pisolithus albus (Cooke & Massee) Priest AM947069 New Caledonia Acacia sp. Jourand et al., 2010
Pisolithus albus (Cooke & Massee) Priest AM947117 New Caledonia Acacia spirorbis Labill. Jourand et al., 2010
Pisolithus albus (Cooke & Massee) Priest AM947099 New Caledonia ~  --—-- Jourand et al., 2010
Pisolithus albus (Cooke & Massee) Priest MF510372 Inda - Patel y Rajput, 2023
Pisolithus albus (Cooke & Massee) Priest 0K184610 Egypt Eucalyptus occidentalis Endl. Abdel-Aziz y Bakhit, 2023
Pisolithus albus (Cooke & Massee) Priest JQ365190 Thailand - Phosri et al., 2012
Pisolithus albus (Cooke & Massee) Priest AF374688 Senegal Eucalyptus sp. Martin et al., 2002
Pisolithus arhizus (Scop.) Rauschert FR748129 ftaly e Phosri et al., 2012
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Appendix 2: Continuation.

Accession

Country

Potential

Taxa number of origin host Reference

Pisolithus arhizus (Scop.) Rauschert AF228648 Spain Quercus helferiana A. DC./Quercus coccifera L. Diez et al., 2001

Pisolithus arhizus (Scop.) Rauschert FR748128 ftay e Poshri et al., 2012

Pisolithus arhizus (Scop.) Rauschert FM213365 Spain Pinus sp. Phosri et al., 2009

Pisolithus aurantioscabrosus Watling EU718112 Malasia Shorea sp. Phosri et al., 2012

Pisolithus arhizus (Scop.) Rauschert AF415227 Malasia Rubroshorea macroptera (Dyer) P.S. Ashton & J.  Martin et al., 2002
Heck.

Pisolithus arhizus (Scop.) Rauschert AF415226 Malasia Rubroshorea macroptera (Dyer) P.S. Ashton & J.  Martin et al., 2002
Heck.

Pisolithus aureosericeus M.P. Martin, Kaewgraj., KU351840 Thailand Hopea odorata Roxb. Crous et al., 2016

Phosri & Watling

Pisolithus aureosericeus M.P. Martin, Kaewgraj., KU351838 Thailand Hopea odorata Roxb. Crous et al., 2016

Phosri & Watling

Pisolithus aureosericeus M.P. Martin, Kaewgraj., KU351839 Thailand Hopea odorata Roxb. Crous et al., 2016

Phosri & Watling

Pisolithus aureosericeus M.P. Martin, Kaewgraj., KU351837 Thailand Hopea odorata Roxb. Crous et al., 2016

Phosri & Watling (Isotype)

Pisolithus calongei M.P. Martin, Phosri & Watling ~ FR748140 Spain Cistus sp. Phosri et al., 2012

Pisolithus calongei M.P. Martin, Phosri & Watling ~ AF228644 Spain Cistus ladanifer L. Diez et al., 2001

Pisolithus calongei M.P. Martin, Phosri & Watling ~ AF228642 Spain Cistus ladanifer L. Diez et al., 2001

Pisolithus calongei M.P. Martin, Phosri & Watling ~ AF228641 Spain Cistus ladanifer L. Diez et al., 2001

Pisolithus calongei M.P. Martin, Phosri & Watling  HE578141 Spain Cistus ladanifer L. Martin et al., 2013

(Holotype)

Pisolithus capsulifer (Sowerby) Watling, Phosri &  AF374629 Japan Pinus pumila (Pall.) Regel Martin et al., 2002

M.P. Martin

Pisolithus capsulifer (Sowerby) Watling, Phosri & FR748134 England - Phosri et al., 2012

M.P. Martin

Pisolithus capsulifer (Sowerby) Watling, Phosri & FR748135 England - Phosri et al., 2012

M.P. Martin (Epitype)

Pisolithus capsulifer (Sowerby) Watling, Phosri & FR748136 England - Phosri et al., 2012

M.P. Martin

Pisolithus croceorrhizus P. Leonard & McMull.-Fish. JX444161 Australia - Lebel et al., 2018

(Holotype)

Pisolithus croceorrhizus P. Leonard & McMull.-Fish. KY689612 Australia Acacia sp., Eucalyptus sp. Lebel et al., 2018

Pisolithus croceorrhizus P. Leonard & McMull.-Fish. KY689610 Australia Eucalyptus miniata A. Cunn. ex Schauer Lebel et al., 2018

Pisolithus hypogaeus S.R. Thomas, Dell & Trappe AY179747 Australia Eucalyptus sp. Thomas et al., 2003

(Holotype)

Pisolithus hypogaeus S.R. Thomas, Dell & Trappe AY179746 Australia Eucalyptus sp. Thomas et al., 2003

Pisolithus indicus Natarajan & Senthil (Holotype)  AY756113 India Vateria indica L. Reddy et al., 2005
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Appendix 2: Continuation.

Accession Country Potential
Taxa . Reference
number of origin host
Pisolithus madagascariensis Rivas-Ferreiro, OR704320 Madagascar = - Crous et al., 2024
Dentinger, Suz & A.M. Ainsw. (Isotype)
Pisolithus madagascariensis Rivas-Ferreiro, OR704319 Madagascar = - Crous et al., 2024
Dentinger, Suz & A.M. Ainsw. (Holotype)
Pisolithus marmoratus (Berk.) E. Fisch. KY689589 Australia Eucalyptus miniata A. Cunn. ex Schauer, E. Lebel et al., 2018
tetrodonta F. Muell.
Pisolithus marmoratus (Berk.) E. Fisch. AF440866 China Eucalyptus sp. Malajczuk y Dunstan, 2002
Pisolithus marmoratus (Berk.) E. Fisch. AF374719 Australia Corymbia calophylla (Lindl.) K.D. Hill & L.A.S. Martin et al., 2002
Johnson
Pisolithus marmoratus (Berk.) E. Fisch. AF374644 Australia Eucalyptus globulus Labill. Martin et al., 2002
Pisolithus marmoratus (Berk.) E. Fisch. AF003914 Kenya Eucalyptus camaldulensis Dehnh. Diez et al., 2001
Pisolithus marmoratus (Berk.) E. Fisch. AF004734 Wales Eucalyptus sp. Anderson et al., 1998
o
Pisolithus marmoratus (Berk.) E. Fisch. AF004733 Wales Eucalyptus sp. Anderson et al., 1998 o
N
_g Pisolithus marmoratus (Berk.) E. Fisch. HQ693099 Brazil Eucalyptus sp. Kasuya et al., 2008 g
* N
& y
= Pisolithus microcarpus (Cooke & Massee) G. Cunn. AF004735 Wales Eucalyptus sp. Anderson et al., 1998 8
c
= £
:é Pisolithus microcarpus (Cooke & Massee) G. Cunn. AF142991 Brazil Eucalyptus sp. Gomes et al., 2000 §
= o
§ Pisolithus microcarpus (Cooke & Massee) G. Cunn. AF228657 Morocco Eucalyptus sp. Diez et al., 2001 S
% Pisolithus microcarpus (Cooke & Massee) G. Cunn. AF374704 Brazil Eucalyptus dunni Maiden Martin et al., 2002 S
<
g Pisolithus microcarpus (Cooke & Massee) G. Cunn. AF270784 Wales Eucalyptus sp. Anderson et al., 2001 g
[=)] =
§>. Pisolithus microcarpus (Cooke & Massee) G. Cunn. AF374718 Australia Eucalyptus sp. Martin et al., 2002 §
[} )
] Pisolithus microcarpus (Cooke & Massee) G. Cunn. AF374674 Australia Eucalyptus sp. Martin et al., 2002 2
g Pisolithus orientalis Watling, Phosri & M.P. Martin ~ AB099919 Thailand Pinus kesiya Royle ex Gordon Martin et al., 2002 =
n
g Pisolithus orientalis Watling, Phosri & M.P. Martin ~ AF374711 China Eucalyptus sp./Pinus sp. Martin et al., 2002 S
X N
o Pisolithus orientalis Watling, Phosri & M.P. Martin  FR748149 Thailand Pinus kesiya Royle ex Gordon Phosri et al., 2012 =
) o
% Pisolithus orientalis Watling, Phosri & M.P. Martin ~ AF374679 China Eucalyptus sp. Martin et al., 2002 g
>
2 Pisolithus orientalis Watling, Phosri & M.P. Martin  AB099845 Thailand Pinus kesiya Royle ex Gordon Kanchanaprayudh et al., 2003 z
N ()
9 Pisolithus orientalis Watling, Phosri & M.P. Martin ~ AF374625 Thailand Pinus kesiya Royle ex Gordon Martin et al., 2002 g
c
d S
E Pisolithus orientalis Watling, Phosri & M.P. Martin  FR748148 Thailand Pinus kesiya Royle ex Gordon Phosri et al., 2012 E
£ (Holotype) g
°
= Pisolithus thermaeus T. Lebel, Pennycook & Beever KY689621 New Zealand Kunzea sp. Lebel et al., 2018 .g
i S
ﬁ Pisolithus thermaeus T. Lebel, Pennycook & Beever KY689625 New Zealand Kunzea sp. Lebel et al., 2018 g
g Pisolithus thermaeus T. Lebel, Pennycook & Beever KY689622 New Zealand Kunzea sp. Lebel et al., 2018 §
2 (Holotype) <
]
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Appendix 2: Continuation.
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Taxa Accession Coun_tr_y Potential Reference
number of origin host
Pisolithus tinctorius (Mont.) E. Fisch. AF003916 Kenya Pinus caribaea Morelet Diez et al., 2001
Pisolithus tinctorius (Mont.) E. Fisch. AF374712 France Pinus sp. Martin et al., 2002
Pisolithus tinctorius (Mont.) E. Fisch. AF374626 Portugal Pinus pinaster Aiton Martin et al., 2002
Pisolithus tinctorius (Mont.) E. Fisch. (Holotype) AF374632 USA Pinus elliottii Engelm. Martin et al., 2002
Pisolithus tinctorius (Mont.) E. Fisch. AF374630 Portugal Pinus pinaster Aiton/Quercus suber L. Martin et al., 2002
Pisolithus tinctorius (Mont.) E. Fisch. AF374634 USA Pinus sp. Martin et al., 2002
Pisolithus tinctorius (Mont.) E. Fisch. AF143234 France @ - Gomes et al., 2000
Pisolithus tinctorius (Mont.) E. Fisch. AF228645 Spain Quercus ilex L./Quercus coccifera L. Diez et al., 2001
Pisolithus tinctorius (Mont.) E. Fisch. AF374636 Portugal Pinus pinaster Aiton/Quercus suber L. Martin et al., 2002
Pisolithus tinctorius (Mont.) E. Fisch. AF374633 Nicaragua Pinus caribaea Morelet Martin et al., 2002
Pisolithus tinctorius (Mont.) E. Fisch. EU718114 usa Wilson et al., 2011
Pisolithus tinctorius (Mont.) E. Fisch. AF228646 Spain Quercus ilex L./Cistus ladanifer L. Diez et al., 2001
Pisolithus tinctorius (Mont.) E. Fisch. AF374707 France Pinus pinaster Aiton Martin et al., 2002
Pisolithus tinctorius (Mont.) E. Fisch. KC146359 usa Martin et al., 2002
Pisolithus tinctorius (Mont.) E. Fisch. AF228647 Kenya Pinus caribaea Morelet Diez et al., 2001
Pisolithus tympanobaculus T. Lebel & M.D. Barrett AF374648 Australia Eucalyptus sp. Martin et al., 2002
Pisolithus tympanobaculus T. Lebel & M.D. Barrett AF374658 Australia Eucalyptus sp. Martin et al., 2002
Pisolithus tympanobaculus T. Lebel & M.D. Barrett AF374646 Australia Eucalyptus sp. Martin et al., 2002
Pisolithus tympanobaculus T. Lebel & M.D. Barrett  KY689619 Australia Eucalyptus sp. Lebel et al., 2018
(Isotype)
Scleroderma albidum Pat. & Trab. KJ676525 Brazil - Montagner et al., 2015
Scleroderma cepa Pers. EU819439 USA Castanea dentata (Marshall) Borkh. Palmer et al., 2008
Scleroderma citrinum Pers. FM213344 usa e Phosri et al., 2009
Scleroderma citrinum Pers. FM213345 usa Phosri et al., 2009
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