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ORARYFEAIDBRICEITEHT-LERmEixk . 3oR547
EFFOFHBEEELT

Taiga Kasuya', Ei Kawahara®, Kentaro Hosaka®

FES KA R K fRIR KRR

' Department of Biology, Keio University, 4-1-1 Hiyoshi, Kohoku-ku, Yokohama-shi, Kanagawa 223-8521, Japan
BESDRFEYMSELE, T 223-8521 B EEETBLRBE 411

2 Department of Pathology, Fukui General Hospital, 58-16-1 Egami-cho, Fukui, Fukui 910-8561, Japan
T 910-8561 faF R 1EFH I _LET 58-16-1

* Department of Botany, National Museum of Nature and Science, 4-1-1 Amakubo, Tsukuba-shi, Ibaraki 305-0005, Japan
ES R A EMEREMIZRES, T 305-0005 RIKEDIETHRAR 4-1-1

* Corresponding author (EZE#H)
E-mail: tkasuya@keio.jp

Abstract

An Elaphomyces species parasitized by Tolypocladium sp. was observed in Itako, Ibaraki Prefecture, central Japan.
Based on morphological observations and molecular identification using nuclear ribosomal DNA sequences of
both Elaphomyces and Tolypocladium spp., the present fungus and its parasite were identified as Elaphomyces
fuscus and Tolypocladium japonicum, respectively. We report E. fuscus as a first record outside the type locality and

a new host of T. japonicum.
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Introduction

Among ca. 20 known species of the genus Elaphomyces T. Nees
(Eurotiales, Elaphomycetaceae) in Japan, E. fuscus M. Shirakawa
and E. marmoratus M. Shirakawa have been described recently
as new taxa (Hatakeyama & Orihara, 2022; Shirakawa & Tanaka,
2020). These two species were described based on specimens
collected in secondary mixed forests of Ome, Tokyo, and known

only from the type locality (Shirakawa & Tanaka, 2020). In 2022,

Accepted: 10 January 2024

Published: 31 May 2024

a mushroom foray organized by Ibaraki Nature Museum was held
in Suigo Prefectural Forest Park, Itako, Ibaraki Prefecture, central
Japan. During the foray, several collections of Tolypocladium sp.
(Hypocreales, Ophiocordycipitaceae) parasitized to fruiting bodies
of Elaphomyces sp. were obtained by its participants (Fig. 1A, B).
Simultaneously ascomata of Elaphomyces sp. without stromata of
Tolypocladium sp. were also collected at the same locality (Fig. 1C).

Based on morphological observations and molecular identification
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Fig. 1. Fruiting bodies of Tolypocladium japonicum and Elaphomyces fuscus. A: Stromata of T. japonicum in the natural habitat (INM-2-229315). B: Stromata of T.

Jjaponicum arising from fruiting bodies of E. fuscus. (INM-2-229315). C: Immature ascomata of E. fuscus (INM-2-229316).

using nuclear ribosomal DNA sequences of both Elaphomyces
and Tolypocladium spp. specimens, they were identified as E.
fuscus and Tolypocladium japonicum (Lloyd) C.A. Quandt, Kepler
& Spatafora, respectively. Our morphological observations and
molecular identification of both specimens revealed that it is the first
distributional record of E. fuscus outside the type locality and is a new

host fungus of 7. japonicum.

Materials and methods

Sample collecting and morphological observations

Fresh samples were collected in secondary mixed forests
dominated by Quercus serrata Murray and Pinus densiflora Siebold
& Zucc. of Suigo Prefectural Forest Park, Itako, Ibaraki Prefecture
in July 2022. Fresh materials were photographed and observed
macroscopically and then they were air-dried using a food dehydrator
(Snackmaster Express FD-60; Nesco/American Harvest, Milwaukee,
WI, USA) under 46 °C for 46 hours. Dried specimens examined
in this study were deposited at the mycological herbaria of Ibaraki
Nature Museum (INM) and National Museum of Nature and Science
(TNS) in Japan.

For light microscopy, dried fungal tissues were revived with water

and fixed with neutral buffered 10% formalin. The fixed tissues

were dehydrated, replaced with xylene, and then embedded with
paraffin. Deparaffinized thin sections (6 pm thick) were stained
with hematoxylin and eosin (Feldman & Wolfe, 2014), a routine
staining method for formalin-fixed paraffin-embedded (FFPE)
tissue sections (Bass et al., 2014; Van den Tweel et al., 2010).
Measurements of various lengths were done on photomicrographs of
the FFPE fungal sections and analyzed with a free image analyzing
application, Image J (Abramoff et al., 2004; Schneider et al., 2012).
Measurements of sizes of ascospores of Elaphomyces specimens,
which were much larger that the width of fungal tissue sections, were
done on photomicrographs of ascospores smeared on a 3% KOH-
mounted glass slide. In addition, the surface features of ascospores
of the Elaphomyces specimen were observed by scanning electron
microscopy (SEM). For SEM, a small portion from spore mass was
put onto double-sided adhesive tape on a specimen holder and coated
with platinum-palladium using a JFC-1600 Ion Sputter Coater (JEOL,
Tokyo, Japan). Specimen was examined with a JSM-6480LV SEM
(JEOL, Tokyo, Japan) operating at 10 kV.

DNA preparation, PCR and sequencing
DNA extraction, PCR and DNA sequencing of specimens

examined in the present study were carried out according to the
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methods introduced by Kasuya et al. (2012, 2022). DNA was
extracted from inner peridium and/or gleba of Elaphomyces sp.,
and fertile parts of Tolypocladium specimens. DNA sequence data
were obtained from the nuclear ribosomal internal spacer region
(ITS) and a part of the large subunit gene (LSU). For amplifying
the ITS region, the primer combination of ITSS and ITS4 (White
et al., 1990) was used. For amplifying the LSU, the combination
of LROR and LRS5 (Vilgalys & Hester, 1990) was used. PCR
and sequencing were carried out following the same methods

previously described in Kasuya et al. (2012, 2022).

Molecular identification

Newly generated ITS and LSU sequences from Japanese
specimens were used for DNA barcoding to identify each species.
The obtained raw sequences were assembled using ATGC version
6.0.1 (GENETYX Corporation, Tokyo, Japan). Assembled sequences
were analyzed using the GenBank (https://www.ncbi.nlm.nih.gov/
genbank/) Basic Local Alignment Search Tool (BLAST) search
(blastn) to confirm their phylogenetic affinities. Default settings

of blastn option were used for the analyses. A total of four newly

generated and assembled sequences from this study were deposited
to the International Nucleotide Sequence Databases (INSD; accession

nos.: 0Q991235-0Q991238).

Results
Morphological observations

One to four stromata of Tolypocladium sp. emerged directly
from underground ascomata of Elaphomyces sp. (Fig. 1A, B), they
were clavate, unbranched, with a slightly compressed apex, 5-20
mm long, 5-7 mm broad at fertile parts which were tan-colored
to blackish brown, on a cylindrical stipe, surface roughened by
ostioles, solid in the center but holes possibly eaten by fly larvae
were observed (Figs. 1A and 2A, B). Stipes were 25-65 mm long,
2-5 mm broad, cylindrical, sometimes bifurcate, white, cream or
pale yellow to pale gray, lacking the rhizomorphous structure on
the basal part (Figs. 1B and 2A). Perithecia were wholly or partially
immersed, ovoid to ellipsoid, 400450 x130-180 wm, with papillate
ostioles. Ascospores were hyaline, long cylindrical, disarticulated
into part-spores within asci; part spores were cylindrical, 10-20 x

3.0-3.4 um (Fig. 2C). In addition to the stipe of Tolypocladium sp.

Fig. 2. Morphological features of Elaphomyces fuscus with mature stromata of Tolypocladium japonicum (INM-2-229315). A: The ascoma of E. fuscus with

stromata of T. japonicum after formalin-fixation. B-I: Whole structures of ascomata of E. fuscus with stromata of T. japonicum showing by the formalin-fixed and

paraffin-embedded (FFPE) thin (6 um thick) sections stained with hematoxylin and eosin. B: Layers of perithecia just beneath the surface of the fertile parts of

T. japonicum (large arrows), ectomycorrhizal root tips (small arrows) and the inner structures of E. fuscus are clearly visible. Asterisks show holes possible eaten

by fly larvae in the stroma of T. japonicum. C: Segmentalized and articulated ascospores of T. japonicum. D: A stipe of mature stroma of T. japonicum growing

out of the surface of E. fuscus (asterisk), with another two buds (arrows) of possible T. japonicum in its vicinity. E: Peridium and surface warts of the ascoma of E.

fuscus. F: The vertical section of ectomycorrhizal roots covering the ascoma of E. fuscus. Penetrations of the Hartig net beyond the epidermis to enclose several

layers of cortical cells are frequently observed (arrows). G: A large-sized ascospore. H: A small-sized ascospore. I: An ascus containing five ascospores or more.

Spores do not show ornamentation. Bars: A=1cm; C, F-: 10 um; D, E=1 mm.
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another two buds of possible this fungus were visible in the FFPE
thin sections (Fig. 2D).

Underground ascomata of Elaphomyces sp. parasitized by
Tolypocladium sp. were 20-25 x 22-25 mm, globose, subglobose to
oval, rigid and covered with soil, earthy crust and ectomycorrhizal
roots (Figs. 1B and 2A, B). Warts of ascomata surfaces were
conical, dark yellow, partly with pale purplish tinge, the peridium
was white in the outer layer and brown in the inner layer, not
marbled, and the inside of the peridium was packed with powdery,
dark brown to blackish gleba (Figs. 1B and 2A, B). Warts were
microscopically dark yellow, 334 + 81.0 um high, which were
covered with thin (80—150 pm) layer of hyaline hyphae, were on
the peridium (Fig. 2E). The peridium was composed of compactly
woven hyalinous hyphae, outer layer was consisted by hyaline
hyphae, and inner layer was made up of brown hyphae. The
membranous septae radiated from the center and connected to
the peridium (Fig. 2B, D). Inside of the peridium was packed
with numerous dark brown to blackish ascospores and sparsely
distributed hyalinous hyphae which presumably originated from
parasitized Tolypocladium (Fig. 2B, D and E). Ascospores were
globose to subglobose, and the mean of the quotient was 1.08 £ 0.06
um. The dispersion of spore lengths (mean = 24 um, median = 26
um) was high, (15-) 20-28 (-33) pum (Fig. 3, box-whisker plots of
INM-2-229315) with ornamentation, and the distribution pattern
did not show Gaussian but they were biphasic (Fig. 3, scatter plots
of INM-2-229315) with larger and smaller ones. Surfaces of large-
sized ascospores were reticulate, 1.5-3.0 um high, dark reddish
brown under the microscope, and apices of each reticulation were
conical, capitulate or obtuse head and irregularly shaped, broadly
base to costate with labyrinthine pattern (Fig. 2G). Surfaces of
small-sized ascospores were also dark reddish brown under the
microscope, and reticulate with conical, capitulate or obtuse tips and
with polygonal to labyrinthine bases, 1.5-2.5 pm high (Fig. 2H). A
few, 1215 pm in lengths of asci were observed with not reticulated
ascospores (Fig. 2I).

There were numerous ectomycorrhizal roots (Figs. 1B and 2B, F)
both around the Elaphomyces ascomata and the base of the stipe of
Tolypocladium sp., even around the buds of possible this fungus (Fig.
2B, D). Ectomycorrhizal root tips were directly connected to the
hyphae in the both Elaphomyces and Tolypocladium fruiting bodies.
The vertical section of a mycorrhizal tip covering the ascoma of E.
Suscus (Fig. 2F) clearly shows penetrations of the Hartig net beyond
the epidermis to enclose several layers of cortical cells and it
suggests the typical ectomycorrhizal structure of gymnosperm trees
(Smith & Read, 2008).
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Fig. 3. Scattered plots and box-whisker plots showing the distribution or
dispersion of spore lengths of E. fuscus with (INM-2-229315, n = 87) and
without (INM-2-229316, n = 107) mature stromata of T. japonicum. Scatter
plots show biphasic patterns of the distribution. Box and whisker plots show
the high dispersion and the difference of medians. An asterisk (*) indicates the
significant difference (p = 0.0000039) using Mann-Whitney U test.

Underground Elaphomyces ascomata without stromata of
Tolypocladium sp. were 8-23 x 8-18 mm, globose, subglobose to
oval, rigid and covered with soil, earthy crust and ectomycorrhizal
roots (Figs. 1C and 4A). Warts of ascomata surfaces were conical,
dark yellow, partly with pale purplish tinge, the peridium was
white with partly purplish tinge in the outer layer, and brown, not
marbled in the inner layer; the inside of the peridium was packed
with gleba which are compact and white to brown when immature,
but becoming powdery and black-brown at maturity (Figs. 1C and
4A). Ascomata have short protrusions on the top, which turned
out to be the possible buds of Tolypocladium stromata by the thin
FFPE sections, although not sequenced (Fig. 4B). Ascospores were
globose to subglobose, and the mean of the quotient was 1.12 £ 0.14
um. The dispersion of spore lengths (mean = 20 um, median = 18
um) was (11-) 17-23 (-31) pm (Fig. 3, box-whisker plots of INM-
2-229316) with ornamentation, and the distribution pattern showed
biphasic (Fig. 3, scatter plots of INM-2-229316 and Fig. 4C). Both
the mean and the median of ascospores of Elaphomyces sp. without

mature Tolypocladium stromata were significantly smaller than

4
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Fig. 4. Morphological features of Elaphomyces fuscus without mature stromata of Tolypocladium japonicum (INM-2-229316). A: The ascoma of E. fuscus after

formalin fixation. B-D: Microscopic features of E. fuscus showing by the FFPE thin section stained with hematoxylin and eosin. B: The bud of possibly T. japonicum

(asterisk) growing out of E. fuscus and breaking through the warts. The structure is also visible macroscopically as a short protrusion on the top of E. fuscus

(asterisk in A). C: Unstained spores directly smeared on the glass slide showing the biphasic pattern of the spore sizes. D: A large-sized ascospore. E: A small-sized

ascospore. F: Scanning electron microscopy image of a small-sized ascospore. Bars: A =1 cm; B =500 um; C-E: 10 um; F =2 ym.).

those with mature stromata of 7olypocladium sp. Further, numbers
of large-sized ascospores were much more and numbers of small-
sized spores were much less than those in Elaphomyces sp. with
mature Tolypocladium stromata. Surfaces of large-sized ascospores
were reticulate, dark reddish brown under the microscope, and
apices of each reticulation were conical, capitulate or obtuse head
and irregularly shaped, broadly base to costate with labyrinthine
pattern (Fig. 4D). Surfaces of small-sized ascospores were also dark
reddish brown under the microscope, and reticulate with conical,
capitulate or obtuse tips and with polygonal to labyrinthine bases
(Fig. 4E, F). Only a few asci were observed with non-reticulate

ascospores.

Molecular identification

The BLAST search indicated that sequences of the present
Tolypocladium specimen (ITS: 0Q991237, 565 bp; LSU:
0Q991235, 895 bp) share highest similarities with T. japonicum
(Tables 1 and 2). The top two hits of ITS BLAST search were all
T. japonicum (98.56 to 99.29% similarities), and next hits were

T. guangdongense (T.H. Li, Q.Y. Lin & B. Song) V. Papp (INSD
accession nos. MT386337-MT386340) from China at all of 93.18%
similarity (Table 1). The top two hits of LSU BLAST search
(99.77 to 100.00%) were also T. japonicum (INSD accession nos.
ABO027366 and DQ518761; Table 2).

The BLAST search indicated that the ITS sequence of the
present Elaphomyces specimen (0Q991238, 680 bp) shares highest
similarities with E. fuscus (Table 3). The top three hits of ITS
BLAST search were all E. fuscus (99.63 to 99.84% similarities)
including the sequence from the holotype (Table 3), and the next
hit was “Uncultured Elaphomyces YM56” (INSD accession no.
LC175083) from Iwate, Japan at 97.40% similarity. No LSU
sequences from E. fuscus are currently available from INSD. The
top six hits of BLAST search (all of 99.78%) of LSU sequence
(0Q991236, 911 bp) of the present Elaphomyces specimen were E.
asperulus Vittad. (INSD accession nos. KR029753-KR029755 and
KR064762) from Denmark, Italy and Sweden (Molia et al., 2020),
and E. roseoviolaceus A. Molia & E. Larss. (INSD accession nos.

KR029750 and KR029751) from Norway (Molia et al., 2020).

© The Japanese Association for Truffle Science (JATS), 2024
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Table 1. Similarities of the ITS sequence (0Q991237, 565 bp) of the present Tolypocladium specimen (INM-2-229315) resulted by BLAST search

INSD accession no.  Taxon names Origin _ Sequence similarities Sequence lengths (bp)
AB027366 Tolypocladium japonicum Japan  99.29% 1690

KT873533 T. japonicum Taiwan 98.56% 601

MT386340 T. guangdongense China  93.18% 597

MT386339 T. guangdongense China  93.18% 572

MT386338 T. guangdongense China  93.18% 614

MT386337 T. guangdongense China  93.18% 597

Table 2. Similarities of the ITS sequence (0Q991237, 565 bp) of the present Tolypocladium specimen (INM-2-229315) resulted by BLAST search

INSD accession no.  Taxon names  Origin Sequence similarities Sequence lengths (bp)
AB027366 T. japonicum  Japan 100.00% 1690

DQ518761 T. japonicum unknown 99.77% 886

OP207731 T. capitatum China 97.43% 901

AB027364 T. capitatum Japan 97.43% 1653

OP207735 T. paradoxum  Japan 97.43% 900

Table 3. Similarities of the ITS sequence (0Q991237, 565 bp) of the present Tolypocladium specimen (INM-2-229315) resulted by BLAST search

INSD accession no.  Taxon names Origin _ Sequence similarities
LC500967* Elaphomyces fuscus Japan 99.84%
LC500968 "uncultured Elaphomyces " (mycorrhizal root tips of E. fuscus ) Japan 99.82%
LC523911 E. fuscus Japan 99.63%
LC175083 "uncultured Elaphomyces YM56" Japan 97.40%
KX238833 E. asperulus Spain 95.90%
KR029750 E. roseoviolaceus Norway 95.59%
KR029751 E. roseoviolaceus Norway 95.59%
KX165346 E. asperulus Norway 95.26%

*Sequence from the holotype of E. fuscus .

Discussion

Morphological features of Tolypocladium specimens examined in
the present study such as clavate stromata on a cylindrical stipe, and
lacking of the rhizomorphous structure on the basal part of stromata
are well agreement in the previous descriptions of 7. japonicum (Imai,
1935; Ke & Ju, 2015; Kobayasi & Shimizu, 1960). Microscopic
features of perithecia and ascospores are also almost identical to
descriptions of T. japonicum (Ke & Ju, 2015; Kobayasi & Shimizu,
1960). Moreover, ITS and LSU sequences newly generated in the
present study show high similarities with those of 7. japonicum from
Japan and Taiwan (Tables 1 and 2). We therefore recognized the

Tolypocladium specimens examined as T. japonicum as below.

Tolypocladium japonicum (Lloyd) C.A. Quandt, Kepler &
Spatafora, IMA Fungus 5: 126 (2014).

Figs 1 and 2.
Specimens examined: JAPAN, Ibaraki Prefecture, Itako, Shimasu,
Suigo Prefectural Forest Park, (approx. 35°58°52”48N, 140°32°22”32E,
alt. approx. 24 m asl.), July 3, 2022, coll. Y. Otaki, INM-2-229315
[INSD accession no.: 0Q991237 (ITS), 0Q991235 (LSU)]; same
locality, July 3, 2022, coll. T. Kasuya, Kasuya B4723 (TNS).

Habitat: On ascomata of Elaphomyces spp.

Known distribution: Japan (Imai, 1935; Kobayasi & Shimizu,
1960), China (Liang et al., 2003), Taiwan (Ke & Ju, 2015) and
Austria (Kobayasi & Shimizu, 1960; Mains, 1957).

Japanese name: Tanpotake-modoki (Imai, 1935).

Morphologically, ascomata of Elaphomyces with mature stromata of 7.
Jjaponicum and without them were very similar. These Elaphomyces
specimens share morphological similarities with E. fuscus in the
following features: (1) dark yellow warts of ascomata, (2) whitish
outer layer of the peridium, (3) dark brown to blackish powdery
gleba, and (4) reticulate, dark reddish brown ascospores under the
microscope. Aforementioned characteristics are main diagnostic
features of E. fuscus and the present Elaphomyces specimens were
morphologically almost identical to the original description of E.
fuscus (Shirakawa & Tanaka, 2020). In addition, the ITS sequence
newly generated in the present study shows high similarity (99.84%)
with those of from the holotype of E. fuscus (Table 3). We therefore
recognized the specimens examined with or without stromata of 7.

Jjaponicum as E. fuscus as below.

6
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Elaphomyces fuscus M. Shirakawa, Mycoscience 61: 319 (2020).
Figs 1,2 and 4.
Specimens examined: JAPAN, Ibaraki Prefecture, Itako,
Shimasu, Suigo Prefectural Forest Park, (approx. 35°58°52”48N,
140°32°22732E, alt. approx. 24 m asl.), July 3, 2022, coll. T.
Kasuya, INM-2-229316 [INSD accession no.: 0Q991238 (ITS),
0Q991236 (LSU)]; same locality, July 3, 2022, coll. Y. Otaki,
Kasuya B4724 (TNS).
Habitat: Hypogeous, growing in clusters 3—10 cm underground
under Quercus serrata and Pinus densiflora trees.
Known distribution: Japan (Tokyo: Shirakawa & Tanaka, 2020;
Ibaraki: new record).
Japanese name: Gomatama-tsuchidango (Shirakawa & Tanaka,
2020).
Notes: Reticulate ascospores of E. fitscus are main distinguishable
features from E. granulatus Fr., and also the present species differs
from E. japonicus Lloyd in its reticulate ascospores and yellowish
warts of ascomata (Shirakawa & Tanaka, 2020). Similarities of
ITS and LSU sequences of E. fuscus and E. asperulus are high
(ITS: 95.26 to 95.90%; LSU: 99.78%), and also, both species are
morphologically similar, but the peridium of the former is not
homogeneously purplish hue such as the latter species (Paz et al.,
2017; Shirakawa & Tanaka, 2020). Ascospores of E. asperulus
show confluent warty ornamentation while those of E. fuscus
are labyrinthine, irregular meshes (Paz et al., 2017; Shirakawa
& Tanaka, 2020). Although ITS and LSU sequences of E.
roseoviolaceus also shows high similarity (ITS: 95.59%; LSU:
99.78%) with those of E. fuscus, morphological features of both
species are quite different. Elaphomyces roseoviolaceus has spiny
verrucose ascospores and dark pink to violaceous peridium (Molia
et al., 2020).

Elaphomyces fuscus was previously known only from the type
locality. We revealed that the first distributional record of E. fisscus
outside the type locality by morphological observations and
molecular identification of the present Elaphomyces specimens. As
above mentioned, the vertical section of a mycorrhizal tip covering
the ascoma of E. fuscus (Fig. 2F) shows the typical ectomycorrhizal
structure of gymnosperms. Because the present Elaphomyces
specimens were collected underneath Q. serrata and P. densiflora
trees, we treat this is a portion of P. densiflora roots. Previously
ectomycorrhizal association of Q. serrata with E. fuscus was
reported only (Shirakawa & Tanaka, 2020), therefore we here add P.
densiflora as a novel host plant of E. fuscus. Additionally, we report
E. fuscus as a new host fungus of 7. japonicum. Although ascomata

of E. fuscus with mature stromata of 7. japonicum and without them
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FF ¥ EAIU I ava Tuber iryudaense H. Sasaki, A. Kinosh.,
M. Nakajima, Orihara & Nara {Z 2021 FEIZE N DHAEEL T
RSN 27 (BAavvavn/g) O—fToIN, 5
A TRATHIT, 2000 LERELRE, BIEETHA T HEHTH
HHENENAFETHAEBOY A -« B HRPLORIMESH
TW% (Kinoshita et al., 2021; #TJ, 2023), FTFIZHIRERLH
SNTZFEIZOWVWTIEL Yy RYURND R R R LS8 60 H
DA (B BRIEE B RRE R A A Wil D TR e =
2020) . EOFADMENG, BFERCERE % Tl i&;of_%oyzﬂﬂﬂ
A ZE IR Ly RUARO TER ) IC@EESHTOD (H
Il 2022), AR, RHEAITIE, Frieraviavn
T. tomentosum H. Sasaki, A. Kinosh. & Nara 72 EH12, A=
v avaEN O “Macrosporum Clade” 125 £415 (Kinoshita
etal, 2021), JERBAOICIZ, AEARE, TFERFmITHEIR, <
FTAREHO~FBEDORNENIET DR, FEAIC
BOT R | RSN KR TH D,

TR, EHRLITHAT ERICK 2 EFTH OEREL T,
i WO L O E IS W TATEO FE AL MR LIZO T, &
EREARDOBIETGRE LB IR E T D,

Tuber iryudaense H. Sasaki, A. Kinosh., M. Nakajima, Orihara &
Nara, Mycologia 113 (3): 657 (2021) [MB#836063]

1.
B T v Iy avnm
PARRFOHRFE - T ZEAU BRI IEAS 5-18 mm A H TR

Published: 31 December 2024

T~ A, T DI NS T~ B ADE RN
eI B DT BIR~~y MROBANER R T D, 7L
IS FEOIEERAAHANCEA - 2L, 1325
TECDEFEH, BB, IR ORI R R B~
%%%ééziﬁé T D RELDTD, IR — TRk
AT M2 TED, ITRBWIEEE TR,
TR ERBOSE L : SR IT 150-300 um, fiF 2.5-8 pm, JEEE
1 pm) DOSRARFERE ITERR LI BR0 . RiEr<IEsE
B, NERIEEE A, BAMNESRITRIR, FERITRKEAA .
BHEUC Y RIS, IBEE, R STAS G~
¥, 18 3.5-6 um, 7L NOREBHIT, BRI SRIIC
NEEUTEEEDE R D720 BERIT0E 3.5-9 pm,  FFEI3HHER
~JEKEMIE, 108-145 X 83-118 um. ¥ 122.8 X 99.4 um,
0=10-15n=15), 1 Jati, HAf, BEOFES 55-16.5 um,
T IREFEM T, 78.5-99.9 X 53.4-649 um, %) 889 X
59.7um, Q =13-17 (n=15; F—FANEGET), WIDEL,
PR IR RS (RIS W B RO —F A F3FsE
L A—F A DO EEE 3.3-8 um, H8 B ORI RS-0 3-5 i,
ERBATAN : i VLT B OO [EI T VAR DE B BRI AR 7 P T
2023 4£5 H 28 H, A@EFEtgE (Original No. 2023-76) . KPM
NC 30212,30213;[F14,2023 4 6 A 17 H A& FH44E (Original
No. 2023-76Re) . KPM-NC 30214 ; [d] /=, 2023 47 H 22 H,
DTS « PR ETERSEE,. KPM-NC 30215 ; ] ROt a0 E i
G, IR, 202347 A 22 B, IR EERE. KPMNC

30216 ; FRSS)IIR/ N AR, 202247 A9 H, x4 K
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I VR 2 %
3 % =k SRR it Cagri s EAN K

AN E

1. ¥FvtEA4392300 Tuber iryudaense (FRERFEZOETE ; KPM-NC 30216). BEMIRER (L RERZIRIERE 3%

KOH /KA R TRILEELT=#.. SV ERN—)LTHALERES

EFERF. RT—J)L: A=Tcm ; B-D=50pm.

Lfz. A: FEK B: RANEDER. C: 4 KEmE. D: FE

Fig. 1. Tuber iryudaense collected from Izunokuni-shi, Shizuoka Prefecture (KPM-NC 30216). For microscopy, freeze-dried tissues were

presoaked with 3% potassium hydrate solution and mounted with lacto-glycerol. A: Ascomata. B: External filamentous hyphae. C:

Peridial layer. D: One-spored asci and ascospores.. Bars: A = 1 cm; B-D = 50 um.

FEMFEREE. KPM-NC 29448 ; [Al/E, 202447 H 7 H., #hix K
FEHEERSE, KPM-NC 30706.

R PO OETTHEPEDUFIEAR DI REBIR DR R, #A47
FEHLCH 2/ N T A HEED FEARDIZRERLHL (Kinoshita et
al, 2021) EHA FEEEIIEE, S ERERN T D%
IE7e & CHREN DI, UL, ZNBEBIE TR IKDOKEX
SRS, BIEFIEICLDIED XA MHES KT
13, BT IREZ T U6 &9 5Z OO T RE R EF 0 X P i oD £
AEBIFF LT,

T, S FIRIEDTZOIZEE (DNA ITS Sk D> — 47
VT ER T oTe, DNA fHIE Tzumitsu et al. (2012) O F{EIZ
FEOWTERL, D% ITS fHilD PCR 21277z, 774
~—_T 2L ITSIF (Gardes & Bruns, 1993) * ITS4 (White et al.,
1990) Z V>, LA TFi413 Orihara et al. (2012, 2016) (ZHE-
72o 1F5IUZ ITS EiE GenBank i L CEBEX L AF Ry —
AT =B R AN GR UT, (FEOETTPEDIA (KPM-NC
30216) HEHAL7Z ITS Bd 5l (GenBank acc. No. PQ803797)
L/ TN E B EDOFEA (KPM-NC 25676) O ITS Al 5]
(GenBank acc. No. LC570847; #TJi, 2023) ZHcHgL7ofbs, i
F13 100% OFEFEEE 7R LT (667 bp/667 bp) .  LA_EDFERMNG,
FHEHOETFEDEARIL, HREFIH R FNLF T 1
Gy avna T iryudaense THHEFEmmfTONT, 7k, A7

PERIO /N TR B CHFTFERLR LA . RS CIlrGEY
WZHAEDRERSIUBT TRY (JTJR, 2023). AFFFETHHI
\ZHA T FER CEREESNVIAE AR % —ER AL 7=,

AFEOXATERORAREEL, AX VAT TVRd Vil
DME ET2IRIERIMACHS  (Kinoshita et al., 2021; FJE, 2023),
—7F7 . AEHTACARFEO A RSN IF EOE T OFEM
DERBHEI XX 2 ThME 5T DR BELBEBR Ch o7z, 0
ZEIND, ARREITT A - IS TR BB O T LD IR
SEMRILATHE CTHLZ LM HERESND, BRI R D
BRI TR, ENTHLELOM FA RIS B L UELT
FAZIDE RIS T AR OERZE 2SI TODHHE
WO—2>THDHN, BHIROLINT T iryudaense DFEA DB
AZDIXTAVT 2 fEFTH THY, AR ER L HIErL Tlune
Bbinsd, LhrL, RETHOLMNI -850z, A7
BOZEEIAREEIRE O T 5B 2 bN5Z 8D, EERIC
ERVIEBIZ AL TODIEb B2 HND, 4k, KVIREICH
TN 2 7EOBERIMToNHIET, ARO AT DFERENH]S
MTIRAZENHIFEND,

HiEE

ARFFEIISIATEIEN A ARZATIRR S B (FFJCiiE®
1 22K06381) DBhkE =T i,
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1. HYFTIT7ED—E Gautieria sp. (TPM-M-10277). 5. *AXYFH BT Rossbeevera griseovelutina
Rr—JL:1em.

(TPM-M-10295). R%—)L:1cm.

2. RTI7/RARSED—FE Stephanospora sp. 6. ORI ayo4s4s (TPM-M-10298). R4~ —JL:1cm.
(TPM-M-10279). R4 —JL :1cm.

g

¥ e

T : & 1 : :
3. RAFF3770 Lactarius spinosporus (TPM-M-10282) . 7. 7ASIAERED—FE Aroramyces sp. (TPM-M-10315).
Rr—)L:1cm.

R—)L:1cm.

4. F7ILR/INED—FE Alpova sp. (TPM-M-10291). 8. Ryt A379< a0 Tuber japonicum (TPM-M-10320).
R—IL:1cm. Rr—JL:1cm.
16

© The Japanese Association for Truffle Science (JATS), 2024



Online publication; available at: https://jats-truffles.org/truffology/ Truffology 7 (1): 17-19 (2024)

FEARI) Ak (Specimen list)

BAMTARARRE SBEELVE 6 Bt FEAESRERT
REShT-HhTEE
Truffle-like fungi collected in the 5th and 6th JATS Foray

WREE" ERKERE’

Takamichi Orihara", Hiromi Sasaki

"HE)IRIEROE - HEKEWEE, T 2500031 #5)IE/NAFRTA LR 499
Kanagawa Prefectural Museum of Natural History, 499 Iryuda, Odawara-shi, Kanagawa 250-0031, Japan

PHRIRBERT

Fujisawa-shi, Kanagawa, Japan

* F 2 (Corresponding author)
E-mail: t_orihara@nh.kanagawa-museum.jp

Article Info: Submitted: 4 December 2024  Published: 31 December 2024

% 1) U2 5 BRORTS /0N (L T S L OV 2= ) 1| W P 2 AR T 12 T 2022 4F
10 H 22 AICBAfESIZEE 5 Bt FARBISZS, RbNCH
HREETBIOEZER=VEFNICT2023 4510 A 21-23 H
(ZBIMES V25 6 (Rl FAE BRIV TS T
ERERETD (R 1 20 K1-6), FEARZOF LR
VST A A O B - UK IR (KPM) (ZIURES LT,

HiEE

RBEREATIC DT> T, BIEHORET TRORNEICSL
RIpDT I 12 TENT/INURT A O JERRR, 1 A SR AR BT
T —DOEARTE PRSI O RBOFRE, PRS0
BRIZEBALHAL BT ET,
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SEIITAEE  CI96TONTINGY  EXEDM(UE ML - BT H T H 0T dy 220t B TR Y T O 3 ) LEARYEEAY (orensonbos) “ds pynssiy
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1. 2 <24 > 34 Russula sp. (sequestrate) (KPM-NC 29611). 4. 9 7R D T T Pseudotulostoma japonicum (KPM-NC 30340).
Bar : 1cm. Bar : 2cm.

5. YYLYAYFH L TE &TEE O — & Elaphomyces mutabilis
species complex (KPM-NC 30344). Bar : 2cm.

3. ¥AYI R (IRE) Hymenogaster teners.|. 6. 1wk ADED—I& Entoloma sp. (sequestrate)
(KPM-NC 29617). Bar : 1cm. (KPM-NC 30348). Bar : 1cm.
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MXABIT AR DR ML FiEREENEEREREDERF
MEZEHIRIT S5 MU IIHFEMMTERN M YD
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Introduction to "Habitat fragmentation strongly restricts gene flow

in endangered ectomycorrhizal fungal populations: Evidence from
Rhizopogon togasawarius, specific to Pseudotsuga japonica, across

the entire distribution range"

FAIER B 5
Hiroshi Abe

RRKPREGHRERIREIEAERL, T 277-8563 FTERMMHANEE 515
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A B D WA TE R IR BN D S, BARATRECITB
AR A B U CRARII ZARME D LA 5| i 27 (Frankham et
al, 2010), L7nL, FRMARER CHEEREEIZHIIEERE
(AR, BERE) ([2BWT, AR SBHE A BRI Z M
\C 52 BT RSN T oTe, ABFFE T, Hapk
FEARRIARNT YD LR A A DM T AR N T DT e
T Rhizopogon togasawarius Mujic, K. Hosaka & Spatafora (/=
vafliavng) OREHBEEETE7 77— (DL
DHES) ZHALZ, TORER, W bIZI>TERHIKROER
T DFRSEIRE AL, MY T T aym ORIk DMK
FLTWBZERIENNT/e o7 (Abe etal., 2024), A K G4
TIE, TOBIRZHEI T35,

B DSy Wi T AR~ D EHE RGO — > Th
b, BUR T IREOHIRIZ LD BARH S LR AR D
&5 &4 (Fahrig, 2003), FHIITBIRBLICID A ERS,
PEBE T OREHEG VP ET LT &SN DT,
TEEOHEISEAAR TS, IR % H5 (Charlesworth &
Willis, 2009),  ZH5 L7 BHID 53 WHE ORI Z L OB T
WFZESIVTEZDS, HERAM GRS DI TIIRKHIFERS
NCugoiz,

FHEORENBNLTOLHE B O—DIT, ARG
T2 ODFEMIRIIATT —H DR RDZET DD, FZFE IUCN Ly

Published: 31 December 2024

RUANDMBIRSEIE S 7Y —Tld, #M28 24919 FE, Bhppn
16,900 FRVARSILCTODDIZRL, FfEITDT ) 226 FRIGEE
72v> (IUCN, 2023), LinL, Z<OpH ke AR THE
BREENERTZL T, R OREEBRA T 5283 TE
7R, RRIT, MR B IR A D B S M O AR A BESR
ICBWTEZETHY, BIARDKERIICA AR THS (Smith
& Read, 2008), @, 1 FEHOBIAIZZ L OEARE LA
D0, LR O FEAEE R CIIRFE D BEARE I TKAF T 22 LM%
545 (Glassman et al., 2016; Peay et al., 2009), Z V50D DA
U (Y I NV =g st Y N TR ANy SR VAN -2 g A E S AT | =

MRdD, MY UTvavn (K1) 13, BABEAOMHERE

N\ =) W o e -

1. EFZMIRELI-MTHY 5230 Rhizopogon togasawarius
(ZERANE).

\ ! -
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SR DU TR RANCIAE T DRARE THD  (Mujic et
al,, 2014), ZOIARIRIL, f5 FELEREOM IR DS
BAELTLR, 3000 HAELL EIZhz> TV Td  (Mujic
etal, 2019), 20 HEACHHTLARE, A ARD HRMITRF KRR LE
BRI AM BT AW -3 720, IRFEFICHDT-DAF e/
XN LHRICER RS, ZORER, MY TZO5AR T LIR]
DFEERNHKIBITIADL, FAFL CODARITRFE ORI
#2000 ARDFL72>TD (TUCN, 2023; Tamaki et al., 2018).,
MY UZarald BRGA: T TN UZE LA L2
72, ZOAIEAE FRIARD AR ES 1S (Okada et
al,, 2022), £oT, MY TTLavndELL Wi bIS- AR
AR E RSN AR R TR, ez
1B OB IEZTIE T LN TR THD, Fio, M
YU T W KA LI O AR T Eh 2335 L < HilBR
I, BRI R B DR R THRIFRPME FLTNDHIEN
WESNTCND (Tamaki et al., 2018), S aV/BOIIXEA
MBI L THIATS MBS, SO B I BENRIIH DY NS
HEERERE D52 8% 50 < 51T 5 (Grubisha et al., 2007), L7=723~>
T, MY ITTara~OgBITSHICkERDETHEEIND,

ZIC, RGBT AR AR TR LT, MY
BT avafE iR G, O U IO B LN BI5 T
FENEHIRL COD0, @MY TTayaE N TRV EE
HIZERMEL B OIEBUASEL S D7y, @R ORI E
DME FEME—FKL TNDD, D 3 DOIRGRAIRFEL T,

Aot E oo 34 (I XBLE : KW, = /2SN, KX:
OM) EWIED 2 HEM (ZHEJI:YS, W) :NK) EXEIT
WEEATo7z (K2), ZNECTHEIREOENERFENIETIT
FIZFEEPEHSNTET, LinL, MY T Zvayad+
FAROFE BHNT 2 BILHRN 2D BFERTIEAy (Mujic et al,
2014; 1K, 2019), 22T, MV UFERIBOZ I TA77—%
ARBIMAIETEHRL, BICEBREGHRIEDHTE (Murata et
al,, 2017) ZEHAL-, 5 SOEMNSIT Y TTL a7 as ke
L7-HiAR% 391 RERINEEL ., 20 BB 7FED SSR ~—H—Ci#
BARZERELT, B OBR T HZ R 236 (EKCHE M E
BT AT 5T,

ZORER, EHERTERVEE ML (Fe=0255) BEH
AL, 8 km LN CUVRWEERI THA BZRBn 3l (Fyr
=0.075) MRS (£ 1), STRUCTURE fi##r Tld, MY
PG ay [R5 SDIFTAZ—ITHII, 1FEAE D
DB A HE A OB A R U (K2), BLEORERIL,
YD 7 ar B OBIE TR BI A LAHIRSL )5
CRIRT, MY UT T arno A R L O 2k AR
IZEoTHEEN TN, Tl o Bafil B i ns
NOOHBEREREL B Z ST, R FIRB D HIRS =& 2
SIS, ALKTIE, /NSZRMEEE (K95 km) RLENORZEELT

=

1.00 ”’-|1|-|*—-r-~*|’v—- e W
050
025
0.00
NK YS KW SN

oM

S=)

d0d

uoibey

Shikoku Island Kii Peninsula

(b)

35.0°N

34.5°N

Alitude(m)
1500
1000

£ 34.0°N

500

Latitude

“o

33.5°N

33.0°N

T13%E 134°E 135°E

Longitude
2. MIYISavO0EFEGEEE (Abe et al. (2024) M EEFEER
TER#R). STRUCTURE bar plot (a) &ZDMERNM (b) Z27RY. A
TIODHAXEHUTLE, BN LEGFREBICEIGEERENICE
BRYZAR—ERT. KW JIIXERE, NKFE/JII, OM: KX, SN: =/4,
Ys: ZHIl.

136°E 137°E

R 1. MY I52370%HO For (Abeetal, 2024 &Y5IF)
Population KW SN OM YS NK

Kw -

SN 0.152%* -

OM 0.191* 0.163* -

YS 0.188* 0.200* 0.176* -

NK 0.177* 0.198* 0.171* 0.075* —

*AHERF g i (P <0.05) . Population® #5234
BIETHNIzaynBOEHM T, BOBERME (Fg=
0.054-0.258) EZN TS (Grubisha et al,, 2007), — 77,
BT T2 0T AXAVA7 F B TiE, $E km BEAL T T
HIBEMEITR/NE (Fg=0.00-0.15) (2&EF5 (Rivera et
al, 2014), ZIHOFERIE, EEHO 5 W LRS- BN
B 25507803, HITAREOTBRRENIEEZRL TN,

DIYABC-RF (Collin et al.,, 2021) (25T €77 (—fpr ¢
I BETRBIOHIRAS, ALOt:EE W EOR T 6000
AT, PUEN ORI R T3 1500 HAHT DA
TWHZEDRSNTZ, B EATEERND, BRI IUEE
FeOtE B ORI IA AL T I2, #ok iz
(LR HAT A~ N T2 Z e EIHN TS (00, 2016), 2D,
YU Z L ayad il OB, BAOK IR D&
A% (K9 19,000 4011) (ZxHG T2 REMED ®D, ZOBE .
G B L E ORI IEE, W& D3R E 725724 76,000 4

22

© The Japanese Association for Truffle Science (JATS), 2024



FIER : MAY D53V 0DREERGRF

Truffology - Volume 7, Issue 1, 2024

R 2. MY IS5 a3y 0N EFERIEIE (2Standard error)  (Abe etal, 2024 &Y3| /)

Population Ae Ho Hg Ar Fig
KW 1.74 (£0.13) 0.324 (£0.043)  0.364 (£0.046) 2.94 (£0.29) 0.120 (£0.045)*
SN 2.31 (£0.27) 0.395 (£0.062)  0.437 (£0.063) 3.99 (+0.49) 0.106 (£0.041)*
OM 2.21 (£0.19) 0.428 (£0.057)  0.460 (£0.056) 3.10 (+0.26) 0.098 (+£0.057)
YS 2.37 (£0.19) 0.476 (£0.041)  0.524 (+£0.041) 3.76 (+0.28) 0.106 (£0.034)*
NK 2.52 (£0.31) 0.444 (£0.061)  0.464 (£0.065) 4.00 (+0.50) 0.049 (£0.018)*
Total 2.17 (£0.10) 0.400 (£0.024)  0.438 (+0.024) 5.27 (£0.55) -

Ae: ARG TR, An TV v 7 U v FRA, Fig R Ho: ~T 0 A ORI
. Hg~T 0 HEAOMSE. * AERFE (P <0.05) . Population®FRiLIIALE M.

BNZAELZEEZLND, Lo T, ERHOSWHLIZ A &R
TR EORGELE TR T AW A~ N TH|&
HoshizEEzx o5,

MY UTavadDBRNSEEER, thosaryald (Bl va
o, Hy = 0.438-0.612, H; = 0.611-0.696 ; F[EES (2018)) <%
FETHHNMPITUT (Hy=0.500-0.683, H; = 0.559-0.628; Abe et al.
(2024)) FVHALFL Wz (5 2), 72 DIYABC-RF f#ti TR
IO HIRHRED PRISIV RG5O 3 £HITIE, UED 2
EFAIBIEZEEMEME -T2 (£ 2), ZNLOFERIL, £
[ B2 SR R R OB ZARME ORI A & F | X e 232 &
BIRLCWD, Fi2, MV UTTauaff oA NERYA R1T,
MR SSNBL UL (Ne=9.0-580) TR TFL W=, A
A YA IR AG R SRR DR 2RI LT Y A X T,
RAEBF CEER/NNTA—=H2THS (Frankham et al., 2010) ,
— AT, Ne>50 (1 HARBHIZDD 1% OB ETE) NN
MR O [ Z B2 L XD (Franklin, 1980) . MAYT
T avaTiE 5 £ 4 E£FT, COfEE TESTW, A
FREC (Fs=0.049-0.120) b, 4 K HITHE ChoT/zd, it
REBPREIND (£2), EBE MY UIaryal KA
DTV ITHRCIHIFFEIHAEL TESHT (Murata et al,, 2013), F
FEIRLFTHD (Mujic et al, 2014; 75, 2019), Zrid, bk
THETTAT 7= W@ IEL, 2D FRETERL TS R,
vinicolor X° R. vesiculosus L13x PRI THD (Molina et al., 1999),

MIYUZ avab U7 OEREE#E (SSR v——
6 G T HETRRNT) ZHIRLT-EZ A, WH D Fy EICHER
RN BVEM O RFM B RICBIEEZ R L (K3), 2
&Y, WEP BRSO AT L > TE/2Z &)
RSz, —H T, BENSBIENT T ZavaThieh
HEITL Q= ZOEBO 1 D2, EEFREIAY =X LD E
WRBHBHEZZOLND, MV UTEETEIERIT, EhERKE
IR, REEBECHOT- DB T IRENZATY, 72& XX, Pinus
sylvestris DAL DF) 43% 1% 30 km UL L2 (Robledo-
Arnuncio & Gil, 2005), FERE, HIBRAIBEEEIZ JVEAE T IREN A
RSV CWA DT a3kt RIc, MU Tl
KRR O I 3T\ R TR BIZE B Tlhedyo7c (Abe
etal., 2024),

PLEXD, BV IZLavadifiil Ar i3 g EA B O 5y B

(a

MiY952300 MIYO35

KW

SN
100

oM

YS
100

NK

0.20

o
>

°
R

NIBD523000 Fst

w1 R? = 0.390*

0.02 0.03 0.04 0.05 0.06 0.07

MIHDS0 Fst
B 3. Y3 a0ns&sUMYISKREDERIESZE (Neighbor-
Joining method) H#fi#f (a) & FST DLLE: (b) (Abeetal, 2024 KUEF
HEBTES). RRHDORFIEIT—IRNSYTEETRY. * P<0.05,
KW: JIIREIE, NK:F/)I, OM: KX, SN:=/4, YS:Z=HIII.

{LIZE S TR EDT LRSI, AL, BN ERRTHE
BRI L2030, ZRETRBISh CEE e G e
MAEMDOREDOLENEZTRI T DD THD, SHIT, Abe et
al. (2024) TIE PREITINT 7o BARRY MR (PREHEALORRIE,
A BIRN B L OSMR R, USRI RE) ZRRL T0D,
PR, YOUREZIRESC, BT, EREEREKEL
THEDEMED AANE AL TAERBRE XX DHEERIFIET
0D, ZDI=D, BHADHIEN MO LRI KD L3
HTHY, REOVEMEImO TEV, —H T, EEICEBITS
IR 22 OFRLRARAIFROTE L, BURTITIZLA LT
ATV, FRICATR DS R T E01S, R A 3 i 5=
KRETER S DRI L TR A7 38K, DRl G
ThD, RifFEEomTIZ, M FERZEDEEORE~D
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RIDBIRDY, KL DT #x LEGICHEER B A ED B
HT L&D,

HiEE

AWFFEI, Abe et al. (2024) Habitat fragmentation strongly restricts
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Evidence from Rhizopogon togasawarius, specific to Pseudotsuga
Japonica, across the entire distribution range. Molecular Ecology 33:
el7533. LLTHRRSNIZ, AROWEILHID, HFEHTHY
W7 ARG B LU CE I TR 2B EL R R —
FHHERIRIEH P L L ET, T, HEHETSSR v—h—
DFFFEEMY LT Gan Lu K, WFET P A BEHITH W
TEUNTAT A BRI EERLA L B S, &bl o
Vo W IINTZIEO TR BB B, i R+, 5
IRIERI L SR LI OB R R L E T, ARSI,
JSPS BHJF#E (15H02449, 18H03955, 23H00340) O Bifk% 5%
JTHEMShEL,

51 AT

PIERELSE « YRR « BLHREC < ARARSRSE (2018) o052
ZEMA — /BT D SSR v —H—& W AMERERE L av R
ORYCHEERRT. A FREE 100: 8-14.
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