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Abstract

Two Japanese black deer truffles, Elaphomyces miyabeanus and E. nopporensis, were described from Hokkaido
in 1929 by Dr. Sanshi Imai. Since then, there have been no reliable, formal records of either species. Both species
were collected from the same locality on the same day, and are morphologically similar to each other. We
successfully located authentic specimens including syntypes of each species, which had been scattered and lost,
and we critically examined their morphology. We also collected fresh ascomata of E. miyabeanus / E. nopporensis
from the type locality and central Honshu. Based on examination of the rediscovered authentic specimens and
the fresh ascomata along with the original descriptions by Dr. Sanshi Imai, we concluded that E. nopporensis was
small, dried, old ascomata of E. miyabeanus and should be synonymized into the latter species. Phylogenetic
analyses based on the internal transcribed spacer region of the nuclear ribosomal DNA placed E. miyabeanus
within sect. Ceratogaster subsect. Sclerodermei along with E. anthracinus. The resultant tree also showed that E.
miyabeanus was conspecific with Elaphomyces sp. collected in Norway, suggesting that the species is broadly

distributed across northern Eurasia.

G
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Introduction

The deer truffle genus, Elaphomyces T. Nees (Elaphomycetaceae,
Eurotiales, Ascomycota) is one of the largest genera composed of
truffle-like fungi. Currently, Elaphomyces comprises approximately
170 infrageneric taxa (according to the MycoBank database,
searched on 3 January, 2022) both from the Northern and Southern
Hemispheres. Elaphomyces spp. are ectomycorrhizal, which is
exceptional in the Eurotiales, and some Elaphomyces spp. are also
known as hosts of the fungicolous Tolypocladium spp.

In Japan, Elaphomyces has attracted attention by mycologists
since very early in the taxonomic history of Japanese truffle-like
fungi, mainly as hosts of mycoparasitic fungi (e.g., Kawamura, 1914;
Kobayasi, 1960; Lloyd, 1916; Umemura, 1923; Yasuda, 1919). It
was Dr. Sanshi Imai (1900-1976) who revealed a potentially high
diversity of Japanese Elaphomyces spp. for the first time, describing
five new species as well as the widely distributed E. granulatus Fr.
and E. variegatus Vittad. (Imai, 1929, 1934, 1938, 1939). Of these,
E. miyabeanus S. Imai (Japanese name: Kuro-tsuchidango) and E.
nopporensis S. Imai (Japanese name: Kokuro-tsuchidango) are the
first two black deer truffles described from Japan (Imai, 1929). Both
species were collected several times from “Nopporo Forest” (i.e.,
Nopporo Forest Park as it is known today), Hokkaido Prefecture,
on the same day. Some of those specimens were parasitized by
Tolypocladium jezoense (S. Imai) Quandt, Kepler & Spatafora.
Morphologically, both species appear similar but E. miyabeanus can
be distinguished from E. nopporensis by having larger ascomata, a
peridium with partial pyramidal warts and slightly larger ascospores
(Imai, 1929). It should also be noted that only mature or old ascomata
of E. nopporensis were collected by S. Imai.

Since the original description, there have been no reliable, formal
records of either species although similar black truffles have been
sporadically recorded as hosts of 7 jezoense from Honshu (Shimizu,
1997). Also, it was not clear whether the type specimens of either
species were extant. To clarify the true diversity of Japanese black
Elaphomyces spp., we first need to know the taxonomic entity and

phylogeny of the species based on the current systematic framework

Accepted: 21 March 2022
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of Elaphomyces. We therefore tried to locate authentic specimens of
E. miyabeanus and E. nopporensis in several Japanese herbaria and
made field surveys throughout Japan to locate fresh specimens of
both species. As a result, we successfully located several herbarium
specimens of E. miyabeanus and E. nopporensis collected by S. Imai
and taxonomically re-evaluated the two species. Furthermore, we
obtained fresh materials of E. miyabeanus from several localities and
examined its phylogenetic position based on the internal transcribed

spacer (ITS) region of the nuclear ribosomal DNA (nrDNA).

Materials and methods

Taxon sampling and morphological observation

Authentic herbarium specimens of E. miyabeanus and E.
nopporensis collected by S. Imai were investigated in Hokkaido
University Museum (SAPA), National Museum of Nature and
Science, Japan (TNS) and Tottori Mycological Institute (TMI). The
specimens were photographed and were subjected to microscopic
observation.

Field surveys were conducted in various types of forests in
Hokkaido and Honshu. Fresh ascomata were collected using a
garden rake and were photographed in the field. After morphological
observation, the collected ascomata were air-dried for 2 days at 48°C
or freeze-dried and then stored in sterile plastic bags. The specimens
are deposited in Kanagawa Prefectural Museum of Natural History,
Japan (KPM).

For light microscopy, hand-cut sections of dried specimens were
presoaked in 70% ethanol and 3% KOH. After briefly rinsing out those
sections with distilled water, they were mounted in lacto-glycerol. A
MT5310L microscope (Meiji Techno Co., Ltd., Saitama, Japan) was
used for the observation. Photomicrographs were captured using a
WRAYMER NOA-2000 camera (WRAYMER Inc., Osaka, Japan).
Measurement under the microscope was performed with MicroStudio
software (WRAYMER Inc.). Measurement of spores includes outer
ornamentation and an outermost layer if any. Scanning electron
microscopy (SEM) was performed with a HITACHI TM-4000Plus
Tabletop Microscope (Hitachi High-Technologies, Tokyo, Japan).

©The Japanese Association for Truffle Science (JATS), 2022
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Small fragments of a dried gleba and spore mass were set on a sample

stage with a double-sided carbon tape and were observed at 15 kV.

DNA extraction, PCR ampilification and sequencing

DNA was extracted from peridial tissue of a fresh E.
miyabeanus specimen (KPM-NC 29301) and dried, syntypes of E.
miyabeanus deposited in TMI using the protocol of Izumitsu et al.
(2012). PCR amplification of the ITS of nrDNA followed Orihara
et al. (2012) with the exception of reducing the elongation time
before the final elongation step to 60S. The primer pair used was
ITS1F (Gardes & Bruns, 1993) / ITS4 (White et al., 1990). PCR
amplification from the syntypes was not successful. Amplified
PCR product was purified with IllustraTM ExoProStarTM
(Cytiva, Tokyo, Japan) based on the manufacturer’s instructions.

Sequencing steps of Orihara et al. (2012) were followed.

Phylogenetic analyses

For the ITS dataset, we retrieved nucleotide sequences that
covered all the taxa of sect. Ceratogaster shown in Paz et al. (2017)
from the International Nucleotide Sequence Database (INSD).
We also included sequences of unidentified Elaphomyces spp. and
environmental sequences from ectomycorrhizal (ECM) roots hit
by the BLAST search in the NCBI website (https://blast.ncbi.nlm.
nih.gov/Blast.cgi). ITS sequences used for the phylogenetic analyses
are listed in Table 1. Species in sect. Ascoscleroderma were selected
for outgroups. The dataset was aligned with the online version of
MAFFT version 7 (Katoh & Standley, 2013) under default settings
(i.e., the alignment algorithm is automatically selected from FFT-
NS-1, FFT-NS-2, FFT-NS-i or L-INS-i). Subsequently, the sites with
obvious alignment errors were manually adjusted in SeaView version
4 (Gouy et al., 2010). We referred to the results of the Gblocks option
(Castresana, 2000) in SeaView to exclude ambiguously aligned sites
for the following analyses.

Maximum likelihood (ML) analyses were performed with RAXML
8.2.10 (Stamatakis, 2014) and the online version of PhyML 3.0
(Guindon et al., 2010). In the RAXML analysis, the best substitution
model for the whole dataset was estimated by the Akaike Information
Criterion (AIC) under jModelTest2 (Darriba et al., 2012; Guindon &
Gascuel, 2003). The ITS dataset was partitioned into partial 18S-5.8S-
partial 28S and ITS1-ITS2 so that different a-shape parameters,
GTR rates, and empirical base frequencies could be assigned to each
partition. RAXML analysis was conducted under the GTR+G model
with rapid bootstrap replicates set to 1000. PhyML analysis was
implemented under default settings with the GTR+G model, which

was automatically estimated as a best-fit model based on the SMS

algorithm (Lefort et al., 2017). For calculating branch supports in this
analysis, the SH-like approximate likelihood-ratio test (SH-aLRT;
Anisimova & Gascuel, 2006) was conducted instead of bootstrapping.

Bayesian analyses were conducted with MrBayes 3.2 (Ronquist
& Huelsenbeck 2003). The ITS dataset was partitioned in the same
pattern as in RAXML analysis, and the resultant two partitions were
independently subjected to a substitution-model estimation using
jModelTest2 under AIC. The K80+I+G was selected as the best-
fit model for the partial 18S-5.8S-partial 28S, and GTR+G was
for the ITS1-ITS2 partition. Bayesian posterior probabilities (PPs)
were estimated by the Metropolis-coupled Markov chain Monte
Carlo method (Geyer, 1991). The two parallel runs were conducted
with one cold and seven heated chains each for 3M generations.
Temperature parameter of the seven heated chains in both runs was
set to 0.20 (as a default). Trees were saved to a file every 1000th
generation. We determined that the two runs reached convergence
when the average standard deviation of split frequencies (ASDSF)
was continuously lower than 0.01. The ASDSF was monitored
every 5000 generations. Trees obtained before reaching convergence
were discarded as the burn-in, and the remaining trees were used to
calculate a 50% majority consensus topology and to determine PP

values for individual branches.

Results

Investigation of old Elaphomyces specimens in the mycological
herbaria

In November 2017, three of the authors (i.e., T. Orihara, M.A.
Castellano and K. Hosaka) intensively searched old, unsorted
specimens of truffle-like fungi deposited in SAPA, and we found
one E. miyabeanus specimen parasitized by Tolypocladium jezoense
(= Cordyceps jezoensis S. Imai) and one E. nopporensis specimen,
both of which were collected and identified by S. Imai (Fig. 1A-C).
The former was one of the syntypes of 7. jezoense and the earliest
record of both E. miyabeanus and T. jezoensis known today. The
latter was one of the syntypes of E. nopporensis. The first author
subsequently searched old specimens collected by S. Imai in TMI in
November 2018, and found several additional specimens identified as
E. miyabeanus and E. nopporensis including syntypes of both species
(Fig. 1D-I). All of these dried specimens in SAPA and TMI were
preserved in good condition. We could not find any specimens of E.

miyabeanus and E. nopporensis in TNS.

Field sampling of fresh ascomata
We conducted field samplings several times in the type locality of

E. miyabeanus and E. nopporensis (i.e., the Nopporo Forest Park,

© The Japanese Association for Truffle Science (JATS), 2022
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Table 1. INSD (GenBank) accession numbers of the ITS sequences used for the phylogenetic analyses (UECM: uncultured ectomycorrhizal roots)

x® 1. DFRFEMBATICALZ TS $EEIEEFRFID INSD (GenBank) &3 &S

Taxa Locality Voucher no. Reference ITS acc. no.
E. aculeatus SPAIN, Asturias IC 27111115 (Herb. pers.  Paz et al. (2017) KX238821
A. Paz)
E. aculeatus SPAIN, Asturias IC 10041103 (Herb. pers.  Pazetal. (2017) KX238844
A. Paz)
E. anthracinus NORWAY, Vestland Co., Stord 0O-F-22176 Unpubl. data by Larsson, E. and KR029773
Molia, A.
E. anthracinus NORWAY, Vestland Co., Stord 0-F-22177 Unpubl. data by Larsson, E. and KR029774
Molia, A.
E. anthracinus SPAIN, Cantabria LIP-0001144 (lectotype) Pazetal. (2017) KX238803
E. anthracinus SPAIN, Cantabria Herb. pers. A. Paz Paz et al. (2017) KX238804
E. anthracinus SPAIN, Cantabria Herb. pers. A. Paz Paz et al. (2017) KX238813
E. anthracinus f. talosporus ~ SPAIN, Asturias LIP-0001145 (holotype) Paz et al. (2017) KX238805
E. foetidus SPAIN, Caceres LIP-0001138 (epitype) Paz et al. (2017) KX238797
E. leonis SPAIN, Cantabria IC 14111101 (Herb. pers. ~ Pazetal. (2017) KX238814
A. Paz)
E. leucosporus SPAIN, Cantabria IC 24051203 (Herb. pers.  Pazet al. (2017) KX238816
A. Paz)
E. leveillei SPAIN, Asturias LIP-0001148 (epitype) Paz et al. (2017) KX238856
E. maculatus SPAIN, Cantabria LIP-0001149 Paz et al. (2017) KX238799
E. morettii var. echinatus NORWAY, Vest-Agder IC 27091306 (Herb. pers.  Paz et al. (2017) KX238854
A. Paz)
E. persoonii SPAIN, Cantabria IC 18031201 (Herb. pers.  Pazetal. (2017) KX238828
A. Paz)
E. septatus SPAIN, Cantabria IC 10041107 (Herb. pers.  Pazetal. (2017) KX238807
A. Paz)
E. spirosporus SPAIN, Caceres LIP-0001152 (holotype) Paz et al. (2017) KX238796
E. virgatosporus SPAIN, Asturias IC 26051213 (Herb. pers.  Pazetal. (2017) KX238811
A. Paz)
E. iuppitercellus CAMEROON, East Province M3 (from an ECM root tip) Castellano et al. (2016) KT694140
E. miyabeanus JAPAN, Yamanashi Pref., KPM-NC 29301 This study OM286885
Narusawa Village
Elaphomyces sp. MEXICO, Mexico State, GO-2009-040 Unpubl. data by Garibay Orijel, R.  KJ594995
Temascaltepec and Pina Paez, C.
Elaphomyces sp. MEXICO, Mexico State, GO-2009-028 Unpubl. data by Garibay-Orijel, R.  KJ594996
San Simon de Guerrero and Pina Paez, C.
Elaphomyces sp. ROMANIA, ECM of Quercus robur LM 2779 Suz et al. (2014) KM576390
Elaphomyces sp. USA FLAS_AC727 Unpubl. data by Corrales, A. etal. MH496798
Elaphomyces sp. PANAMA AC-2017a Unpubl. data by Corrales, A. etal.  KY825739
Elaphomyces sp. USA, FL FLAS-F-60353 Unpubl. data by Richter, B. et al. MF074844
Elaphomyces sp. USA, FL FLAS-F-61848 Unpubl. data by Kaminsky, B. et al. MH399885
Elaphomyces sp. (sp. 6) NORWAY, Viken, Ullensaker 0O-F-22082 Unpubl. data by Larsson, E. and KR029769
Molia, A.
Elaphomyces sp. (sp. 6) NORWAY, Oslo fylke, Oslo O-F-245336 Unpubl. data by Larsson, E. and KR029770
Molia, A.
Elaphomyces sp. (sp. 6) NORWAY, Viken, Ringerike O-F-245524 Unpubl. data by Larsson, E. and KR029771
Molia, A.
UECM of Quercus crispula ~ JAPAN M0400 Unpubl. data by Ishida T. A.et al. KC791026
UECM of Quercus kelloggii  USA, CA, Riverside County, JR9 Unpubl. data by Taniguchi et al. KC791026

James Reserve

Hokkaido Pref.). On 1 October 2018, one of the authors (M. Ohmae)
collected a single overmature ascoma that was morphologically
identical to E. nopporensis (Fig. 2A): the ascoma had a rough, black
peridium that became papery due to dehydration and over-maturity,
and a shrunken blackish gleba. Subsequently, additional old ascomata
were collected at a different site in the type locality on 22 Sep. 2019.
Trials of ITS sequencing from both specimens failed.

We also collected ascomata that were morphologically identical

to E. miyabeanus from a subboreal coniferous forest in Yamanashi
Prefecture, central Honshu (Fig. 2D—H). ITS sequence was
successfully obtained from this specimen (KPM-NC 29301; Table 1)
and subjected to the following phylogenetic analyses. Additionally,
we collected black Elaphomyces ascomata that appeared very similar
to E. miyabeanus from Ehime Prefecture, Shikoku (KPM-NC 29304),
but this specimen was different from E. miyabeanus in the ascospore

morphology (Fig. 21; see “Notes” below for more details).

6
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Fig. 1. Authentic specimens of E. miyabeanus and E. nopporensis recorded in Imai (1929) and rediscovered from SAPA and TMI herbaria. A-C: SAPA specimens
of E. miyabeanus parasitized by Tolypocladium jezoense (upper of A and B; syntype of T. jezoense [Imai, 1929]) and E. nopporensis (lower of A and C; isosyntype
of E. nopporensis). D-I: TMI specimens Newly designated lectotype of E. miyabeanus (D [middle], E, G; TMI 37400) and one of the syntypes of E. nopporensis (F, H,
I; TMI 37401). Both of the specimens were collected by Dr. S. Imai on 4 July 1926. G: Ascospores of E. miyabeanus. H: Ascospores of E. nopporensis. Note that the
outer warty spore walls and the inner cores are separated in most ascospores. I: SEM photomicrograph of partially angular ascospore (right) of E. nopporensis
and remnants of spore walls (arrows). Bars: E-F = 1 cm; G-H =20 um; [ =10 um.

1. Imai (1929) [ZF I+ BRREICAL LN =YD YFH 2T E miyabeanus KUY RYFH 2T E nopporensis 122 (LiEE KA 1EYEE [SAPA] &
FUBAREDI U 2—BEHITRT [TM] FFEL). A-C SAPA FRIEED TV /\F XS4 Tolypocladium jezoense |ZZ S 1= E miyabeanus #274 (A E£EB
B LU B ; RIEKIL Tolypocladium jezoense D3 A FIZHBE) E & E nopporensis 1A (A FEBE KT C ; RZARIT E nopporensis DT AV 534
TITHLY). D-LFHICLYMIATIRE SNz TMI FTE D E. miyabeanus 124 (D[R] ,E G TMI37400) #& U E nopporensis 34 THEAR (FH,|;
TMI37401). WEFh35H=FIETICkY 1926 F£ 7 A 4 B¥RE. G: Elaphomyces miyabeanus FZER8F. H: Elaphomyces nopporensis FZERAF. %<D
EFIZHELT, EULFIKERICEON BTN EE, ZOREIBOIRFHLELSBELTULS. | Elaphomyces nopporensis D—ER AR >T-FEIF (B
) BIUVFIHEDEKE (K O SEM E.
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Fig. 2. A-C: Elaphomyces nopporensis (= small, old, dried ascoma of E. miyabeanus) newly collected from the type locality (KPM-NC 25100). A: Ascoma. B-

C: Ascospores; in most ascospores the outer exosporium was shrunken and separated from the inner dark brown core (arrows). D-H: Newly collected E.
miyabeanus specimens (KPM-NC 29301). D: Ascomata. E: Peridiopellis. F: Inner peridial tissue. G: Ascospores. H. Ascospores in various developmental stages
under SEM. Immature ascospores are covered with an evanescent, plate-like, warty layer (arrow). I: SEM photomicrograph of an ascospores of E. anthracinus

collected from Japan (KPM-NC 29304). Arrows indicate evanescent, outermost veil-like materials. Bars: A, D=1 cm; B-C, E-G =20 pm, H-I =10 um.

2. A-C: 3A TEM (FIRBZMAE) TRAENERIN =070 YF & 2T E nopporensis (E. miyabeanus DEZIEL =/ D EE) FZA (KPM-NC 25100). A:
FER BCFENRF FLAEOFERFTHFNENEL. NBOEBEOBFHORENHLTNIIENEREINDS (K. D-H: K5
TIBWNTH IR ESN-IOYF S T E miyabeanus 12X (KPM-NC 29301; ILFLE B EERAE). D: FEE. ERIBRE. FREEED
Bk GFENTF HBAURBEBOFERTOSEMER. RAGBFIVEFREZEOHIELEORFRNABICEDONS (K. 1 AXRE
E.anthracinus FZERAF D SEM E{§ (KPM-NC 29304 ; ZIRRILFRIARALETE). KENFHEREORFRIMNELZRT.
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Phylogenetic analyses

The ITS dataset was composed of 607 aligned nucleotide positions
and contained 32 sequences in total, including newly generated
sequence of E. miyabeanus specimen (KPM-NC 29301; GenBank
accession no.: OM286885). In the RAXML analysis, the final ML
optimization of log likelihood (InL) was -3510.721128. In the PhyML
analysis, the final InL was -3570.619692. In the Bayesian inference,
the two parallel runs reached convergence after ca. 1.9M generations.
Accordingly, we discarded the first 1900 trees in each run, and the

remaining 1101 trees in each run were summarized to approximate

Bayesian PPs. The total arithmetic and harmonic mean of estimated
marginal InL for runs were -3456.18 and -3490.43, respectively.

The resulting overall ML and Bayesian topologies were identical
although statistic support of some branches varied considerably
among the three methods (i.e., MLBS/SH-aLRT/PP). We therefore
show only the RAXML tree (Fig. 3). The tree mostly recovered overall
relationships within Elaphomyces sect. Ceratogaster shown by Paz et
al. (2017) with some minor exceptions (e.g., the relationships among
E. aculeatus Vittad., E. virgatosporus Hollos and E. anthracinus

Vittad. clades). The E. miyabeanus specimen from Yamanashi Pref.,

KX238805 E. anthracinus f. talosporus SPAIN*

62/0.00/0.91

KX238804 E. anthracinus SPAIN

KX238803 E. anthracinus SPAIN*
KR029774 E. anthracinus NORWAY
KX238813 E. anthracinus SPAIN
KR029773 E. anthracinus NORWAY

78/1.00/0.90

55/1.00/0.78

KJ594995 Elaphomyces sp. MEXICO

100/1.00/1.00
KJ594996 Elaphomyces sp. MEXICO

Subsect. Sclerodermei 100/1.00/1.00

\

71/1.00/0.88

92/1.00/0.60

95/1.00/1.00

62/1.00/093 g9g/1,00/1.00

KX238799 E. maculatus SPAIN

KX238807 E. septatus SPAIN
92/1.00/1.00

KX238796 E. spirosporus SPAIN*
-/1.00/0.52

KX238814 E. leonis SPAIN

0

3{1.00/1.00

61/1.00/p.94

82/1.00/0.99 KX238856 E. leveillei SPAIN*

KR029769 Elaphomyces sp. NORWAY
KR029770 Elaphomyces sp. NORWAY
oM286885 E. miyabeanus JAPAN

KC791026 UECM of Quercus kelloggii USA, CA
KR029771 Elaphomyces sp. NORWAY

Elaphomyces
miyabeanus

KX238811 E. virgatosporus SPAIN

100/1.00/1.001 KX238821 E. aculeatus SPAIN
KX238844 E. aculeatus SPAIN
9711.00/1.00 [ KM576390 Elaphomyces sp. ECM of Quercus robur ROMANIA

AB218094 UECM of Quercus crispula M0400 JAPAN
KX238816 E. leucosporus SPAIN

KX238854 E. morettii var. echinatus NORWAY

— MH496798 Elaphomyces sp. USA
100/1.0011.00 L—— KT694140 E. iuppitercellus CAMEROON

100/1.00/1.00

78/0.98/0.84 [ MH399885 Elaphomyces sp. USA, FL
69/1.00/0.91 [ MF074844 Elaphomyces sp. USA, FL
KX238828 E. persoonii SPAIN

Sect.

86/1.00/1.00
Ascoscleroderma

0.1 substitutions / site

KY825739 Elaphomyces sp. PANAMA
KX238797 E. foetidus SPAIN*

Fig. 3. RAXML Maximum likelihood (ML) tree of Elaphomyces sect. Ceratogaster based on the nuclear rDNA ITS dataset.

Sequence of E. miyabeanus specimen (OM286885) was generated for this study. Values of RAXML rapid bootstrapping

(MLBS), the SH-aLRT test by PhyML and Bayesian PPs are designated above or below branches or at nodes (MLBS/

SH-aLRT/PP). The GenBank accession numbers are shown followed by taxon names as registered in GenBank.

Sequences from holotype, lectotype or epitype specimens are indicated as asterisks (¥). Species of Elaphomyces sect.

Ascoscleroderma are selected as outgroups. UECM: uncultured ectomycorrhizal root.

B 3. #% DNA ITS $Ei D T—2ty &I, RAXML [ZkDVYFH U TE Ceratogaster EiDTR AR, HOVF
&> E miyabeanus 2R NS T=(ZB 5N 1=EEF] (OM286885) #=. RAXML BT —hRARSv % (MLBS),
PhyML 2% SH #IEE UL ELLARTE (SH-alRT test), HBIUNAXBEREE (PP) DEEENIEIZRYT (MLBS/
SH-aLRT/PP). ARETDIMKEIZHLT B, YFH U OE Ascoscleroderma EilIZEENSFEE S E ALV, UECM:

uncultured ectomycorrhizal root.

© The Japanese Association for Truffle Science (JATS), 2022



Orihara et al.: Elaphomyces miyabeanus taxonomy and phylogeny

Truffology - Volume 5, Issue 1, 2022

Japan was placed within sect. Ceratogaster subsect. Sclerodermei
(Vittad.) Bellanger & P.-A. Moreau and was shown to be closely
related to European E. anthracinus, Elaphomyces sp. from Mexico
and an environmental ECM sample from the USA. The ITS1-5.8S-
ITS2 nucleotide identities between E. miyabeanus and E. anthracinus
were 95.46% (589 bp / 617 bp; query coverage: 100%). Elaphomyces
miyabeanus formed a species-level clade with unidentified
Elaphomyces sp. sequences from Norway (i.e., “Elaphomyces sp.
6” according to the taxon-name label by Larsson E. & Molia A.)
although the support by Bayesian PP was unexpectedly low (i.e.,
PP = 0.60). The ITS1-5.8S-ITS2 nucleotide identities between E.
miyabeanus and one of “Elaphomyces sp. 6” were 98.54% (608 bp /
617 bp; query coverage: 100%).

Taxonomy

Taxonomic relationship between E. miyabeanus and E. nopporensis

Imai (1929) noted that he repeatedly collected E. miyabeanus and
E. nopporensis on the same days in the same locality (“Nopporo
Forest”). However, the number of E. nopporensis specimens were
relatively small, and no young ascomata of the species were found
(Imai, 1929). The peridium of the species is papery, which is a typical
character of dried, old ascomata of black deer truffles, and the surface
of both species are more or less rough although in E. miyabeanus
large pyramidal warts partially remain on the apical or rarely on the
basal part (Imai, 1929). According to Imai (1929), the ascospores of
E. nopporensis are smaller than those of E. miyabeanus but their sizes
overlap within the range of those of E. miyabeanus (i.e., 15-17.5 pm
in E. nopporensis vs. 15-22 um in E. miyabeanus).

Our observation of the rediscovered syntypes of both the species
confirmed that the descriptions by Imai (1929) were mostly accurate,
except for the ascospore size of E. nopporensis. In some ascomata
the ascospores were shrunken and the exosporium and outermost
ornamentation were often collapsed or separated from the inner core.
As a result, many of the remaining ascospores were smaller in size
than those of the E. miyabeanus specimens, but in well-preserved
ascomata of E. nopporensis the ascospore size was larger than the
original description and close to that of E. miyabeanus (i.e., 15.2-21.9
um; n=30).

As noted above, the newly collected ascomata from the type
locality (KPM-NC 25100, 27903) represented typical macroscopic
features of E. nopporensis. Similar to the E. nopporensis syntypes, in
most ascospores the outermost spore wall was shrunken and separated
from the inner spore core (Fig. 2B—C). In other cases, ascospores
looked heavily depressed or somewhat angular, or only the outermost

layer remained (Figs. IH-I, 2B).

Based on these observations, we conclude that E. nopporensis is
a small, dried, old, overmature ascoma of E. miyabeanus and should
be synonymized into the latter species. The characteristic large warts
on the surface of E. miyabeanus ascomata apparently fall off on
old ascomata (= E. nopporensis) or are absent on smaller ascomata.
We herein designate lectotype of E. miyabeanus from the syntype
specimens preserved in TMI. The lectotype specimen (TMI 37400),
which was collected on 4 July 1926 by S. Imai, consists of many
ascomata of various developmental stages and is morphologically
one of the most well-preserved syntype specimens. Although we
successfully obtained an ITS sequence from the specimen collected
from central Honshu (KPM-NC 29301), we will not designate
epitype of E. miyabeanus until fresh ascomata in good condition with
its nucleotide sequences including the barcoding region are obtained

near the type locality.

Elaphomyces miyabeanus S. Imai, Transactions of the Sapporo
Natural History Society 11: 35 (1930).
[MycoBank ID: 271439]
= Elaphomyces nopporensis S. Imai, Transactions of the Sapporo
Natural History Society 11: 36 (1930).
[MycoBank ID: 272439].

Figs. 1, 2A-H.
Lectotype (designated here!): JAPAN, Hokkaido Pref., Ishikari
Prov., Nopporo Forest (the present Nopporo Forest Park), 4 Jul. 1926,
S. Imai, TMI 37400 [MycoBank Typification ID: 10006470].
Description: Ascomata solitary or gregarious, 3-30 mm in
diam., rigid, hard, globose to subglobose, often with a slight
apical projection and irregular depression, surface black, almost
smooth to the naked eye but more or less rough under loupe or
stereomicroscope, often with pyramidal-obtuse warts around the
apical projection and basal depression. Mycelia on the surface of
ascomata inconspicuous. Outer peridium thin, up to 0.4 mm thick,
black, rigid, fragile, separable from inner peridium. Inner peridium
up to 2 mm thick, off-white to pale brown with a reddish tinge,
more or less firm, rubbery, evanescent when dry and overmature.
Gleba filled with a black spore mass with white sterile veins running
more or less radially. The outermost part of gleba appears as a pale
reddish brown hyphal layer. Spore mass more or less firm when
immature, becoming powdery at maturity. Odor not distinct.

Outer peridium and warts of thick-walled (0.7-3 um), filamentous
or palisade-like, dark brown hyphae 2.5-5.5 pm broad and firmly
adherent to one another, running in several directions. Inner peridium
of whitish to pale brown, filamentous hyphae 2.5-10 pm broad,
running perpendicularly in two directions, walls 0.6-1.5 pm thick.
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Glebal hyphae of densely interwoven, evanescent, partially inflated,
dark brown, thin-walled (<1.1 pm) filamentous hyphae 3—10 pm
broad, with inflated, clavulate, terminal cells. Asci not seen, but Imai
(1929) described them as 8-spored. Ascospores 15.2-25.5 um in
diam. including ornamentation (average size in lectotype: 21.8 um;
standard deviation: 1.57 [n = 50]), globose, composed of multiple
wall layers: outermost walls 0.8-2 pm thick, dark brown, surface
finely reticulate under SEM, densely covered with blunt to acute spines
0.6-2.5(-3) um long partially adhered to each other to form a minute,
incomplete reticulum, often collapsed or separated from the inner
wall in old, overly dried specimens; in young ascospores the spiny
ornamentation is completely or partially covered with evanescent,
plate-like, warty layer; inner walls 4-5 pm thick, apparently
composed of 4-5 layers, but sometimes not distinct especially in old,
overmature specimens, dark to medium brown.

Habitat, distribution and season: mostly hypogeous but occasionally
sub-epigeous under various ectomycorrhizal tree species such as
Quercus spp. and Abies veitchii; Japan and Norway, but potentially
broadly distributed across northern Eurasia; summer to winter.
Japanese name: Kuro-tsuchidango (“kuro” = black, “tsuchidango”
= deer truffle in Japanese).

Other specimens examined: JAPAN, Hokkaido Pref., Ishikari
Prov., Nopporo Forest (the present Nopporo Forest Park), parasitized
by T jezoense, 8 Oct. 1923, S. Imai, deposited in SAPA; ibid, 15 Nov.
1925, 8. Imai, TMI 37402; ibid, 4 Jul. 1926, S. Imai, a syntype of E.
nopporensis, TMI 37401 (duplicate in SAPA); ibid, parasitized by
T jezoense, 7 Oct. 1927, S. Imai, a syntype of E. nopporensis, TMI
37403; ibid, 21 Oct. 1928, S. Imai, TMI 37404; ibid, parasitized by
T jezoense, 17 Oct. 1929, S. Imai, TMI 37405; ibid, 30 Oct. 1938, S.
Imai, TMI 37406; Ebetsu-shi, Nishi-nopporo, Nopporo Forest Park,
under Quercus crispula, 1 Oct. 2018, M. Ohmae, KPM-NC 25100;
Sapporo-shi Atsubetsu-ku, Atsubetu-cho-konopporo, Nopporo Forest
Park, near Hokkaido Museum and the Centennial Memorial Tower,
under Q. crispula, 22 Sep. 2019, S. Hatakeyama, KPM-NC 27903,
Yamanashi Pref., Narusawa Village, northeastern slope of Mt. Fuji,
under Abies veitchii, alt. ca. 2100 m, 19 Sep. 2021, Y. Kaneko, KPM-
NC 29301.

Notes: We also collected several black ascomata that appeared quite
similar to E. miyabeanus from Ehime Prefecture (Kitauwa-gun
Kihoku-cho, Narukawa Gorge, under Castanopsis cuspidata and
Quercus spp., 13 Dec. 2021, T Teramoto, T. Orihara & K. Yamamoto,
KPM-NC 29304). The ascomata were 10-22 mm in diam., and the
surface was almost smooth to the naked eye and lacked large warts.
Ascospores were almost the same in size as E. miyabeanus ascospores

(i.e., 18.5-23.1 um; average 20.5 um [n = 25]), but SEM observation

revealed that the ascospores had a nearly complete reticulum fully or
partially covered with an evanescent vail-like material (Fig. 2I). Those
characters match well with the description of the E. anthracinus
by Castellano et al. (2017). We therefore tentatively identify the
specimen KPM-NC 29304 as E. anthracinus.

Discussion

Taxonomy of black Elaphomyces species, which mostly belong
to sect. Ascoscleroderma (Clémencet) Bellanger & P.-A. Moreau,
Ceratogaster and Malacodermei (Vittad.) Tul. & C. Tul., have long
been neglected in Japan since Kobayasi (1960) despite the recent
remarkable progress on global biodiversity of Elaphomyces (e.g.,
Castellano et al., 2011, 2012a, b, ¢, 2016, 2018, 2021; Paz et al., 2017).
However, Hatakeyama & Orihara (2020) reported E. asahimontanus
Kobayasi, currently endemic to Japan, for the first time since
Kobayasi (1960), and gave detailed morphology and ecology of the
species. In this study, we focused on two historically forgotten black
deer truffles, E. miyabeanus and E. nopporensis, and concluded that
they were identical species. It should be noted that both species had
not been collected for more than 80 years. Most known Japanese
Elaphomyces spp. were described more than a half century ago, and
require critical reassessment and modern descriptions to incorporate
them into the current framework of Elaphomyces systematics.
This study is an important step to understand the diversity of black
Elaphomyces species in East Asia.

Both E. miyabeanus and E. nopporensis were originally described
by Imai (1929). They were, therefore, published on the same date
and have equal taxonomic priority (cf. Article 11.5 of the current
version of the International Code of Nomenclature for algae, fungi,
and plants [Shenzhen Code, 2018]; https://www.iapt-taxon.org/
nomen/pages/main/art_11.html). We adopt the name E. miyabeanus
for the combined species because E. nopporensis is only represented
by an overly dried, old ascomata and does not represent its typical
morphology. As a result, E. miyabeanus will be treated as having
a priority over E. nopporensis according to Article 11.5 of the
Shenzhen Code.

Elaphomyces miyaeanus shares many morphological characteristics
with E. anthracinus such as an almost smooth black peridial surface,
blackish spore mass, medium-sized ascospores (20-24 um) with low
ornamentation (Castellano et al., 2018). However, E. miyabeanus
differs from the latter species in the peridium being partially covered
with large, pyramidal warts and the ascospore ornamentation forming
an incomplete reticulation or more or less isolated spines. In addition,
the young ascospores of E. miyabeanus are covered with a plate-

like, warty layer (Fig. 2H). Our ITS phylogeny also supported that
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these two species were closely related but genetically distinct (Fig. 3).
Kobayasi (1960) and Japanese Society of Cordyceps Research (2014)
recorded E. anthracinus from Japan, but they did not provide a detailed
morphological description. We collected ascomata morphologically
identical to E. anthracinus from Ehime Prefecture, Japan, and
confirmed that E. anthracinus and E. miyabeanus are morphologically
distinguishable (Fig. 2I).

Paz et al. (2017) proposed E. anthracinus f. talosporus A. Paz
& Lavoise for the E. anthracinus specimens that have globose-
polyhedral ascospores, but no particular genetic divergence was
found between the two forms. As noted above, the ascospores of
dried, old ascomata of E. miyabeanus in poor condition tend to
become somewhat angular-polyhedral or shrunk. We consider that
this tendency is not related to genetic divergence, but could be caused
by several environmental and/or biological factors. For example, such
shrinkage may be caused by the parasitism by 7. jezoence because
the glebal hyphae of E. nopporensis are often intermingled with alien,
off-white hyphae (Fig. 1F). It is quite possible that morphology of E.
anthracinus ascospores are also heavily influenced by environmental
and/or biological factors. Critical observation of the ascospores of E.
anthracinus f. talosporus in relation to ascomata conditions will be
necessary to clarify the cause of the spore deformation.

The ITS phylogeny indicates that E. miyabeanus is potentially
conspecific with Elaphomyces sp. from Norway (Fig. 3). Paz et al.
(2017) previously reported that those Norwegian specimens were
genetically divergent from E. anthracinus s.str.. However, they
tentatively retained them within E. anthracinus (as “E. anthracinus
f. talosporus” presumably based on the morphology of the shrunken,
irregular-shaped ascospores) because they could not ascertain any
distinct species-level morphological difference. Additional Japanese
records of E. miyabeanus are from both deciduous broad-leaved
and coniferous forests in subboreal regions. These results suggest
that E. miyabeanus may be widespread in northern Eurasia, and is
possibly misidentified as more widely known E. anthracinus. This
is an interesting example that clarifying the entities of historically
overlooked truffle-like fungi in Asia can sharpen our understanding of
the distribution and systematics of another taxon in a different region

of the world.
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Abstract

The genus Tolypocladium (Ophiocordycipitaceae) includes species that are parasitic on the truffle-like ascomycete
Elaphomyces. In addition to the 16 known species of mycoparasitic Tolypocladium from Japan, at least 19
undescribed species have been recorded from there. One of these species, called in Japan as “Shiroashi-hime-
hanayasuri-take”, is a parasite of the Elaphomyces sect. Ceratogaster, and has been collected from Hokkaido Pref.,,
Japan. We found a new locality for this species in Miyagi Pref., and conducted morphological observations,
isolation, and molecular phylogenetic analyses of the specimens from Japan. The part-spore shape of this species
was different from that of T. jezoense, a macromorphologically similar species and the phylogenies strongly
indicated that “Shiroashi-hime-hanayasuri-take” is an independent species. Accordingly, this undescribed species

is herein proposed as a new species, T. bacillisporum.

25
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MNEEUT DTV NFT VYRV LTI FORMNERLGY . RFEFMITHIETHI MBI FENT, LEDHER
IZEKDE, AFEEHIE Tolypocladium bacillisporum &L TERELT-=.
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Introduction

The family Ophiocordycipitaceae (Hypocreales) described by Sung
et al. (2007), includes not only numerous arthropod pathogens but
also mycoparasites of the truffle-like ectomycorrhizal ascomycete
Elaphomyces (Elaphomycetaceae, Eurotiales). Those mycoparasites
were formerly known as Elaphocordyceps spp., but the genus was
recently synonymized into Tolypocladium (Quandt et al., 2014).
Besides mycoparasites of Elaphomyces, Tolypocladium also includes
insect pathogens, soil inhabitants, and endophytes (Gazis et al., 2014;
Quandt et al., 2014). Since Nikoh & Fukatsu (2000) suggested that
the common ancestor of extant cicada pathogenic and mycoparasitic
Tolypocladium spp. was likely to be a cicada pathogenic fungus, inter-
kingdom host jumping within the genus has been receiving increased
attention (Quandt et al., 2016, 2018).

So far, there are 24 described species of Tolypocladium parasitizing
Elaphomyces (Index Fungorum [http://www.indexfungorum.org/],
accessed on 10 Feb. 2022), and at least 16 known species have been
reported from Japan (Kobayasi & Shimizu, 1960; Shimizu, 1997).
Furthermore, Shimizu (1997) and Japanese Society of Cordyceps
Research (2014) suggested that 19 taxonomically unsettled species
were present in Japan. One of these Tolypocladium species with the
Japanese name “Shiroashi-hime-hanayasuri-take” (from the Japanese
shiroashi = whitish stipe, hime = small, and hanayasuri-take = T.
ophioglossoides (J.F. Gmel.) C.A. Quandt, Kepler & Spatafora;
hereafter referred to as “Shiroashi”) was illustrated in a book (Japanese
Society of Cordyceps Research, 2014). This species is parasitic on
a species of sect. Ceratogaster, which was tentatively identified as
Elaphomyces cf. anthracinus Vittad., and known only from Hokkaido
Pref., Japan (Japanese Society of Cordyceps Research, 2014), but was
recently also found in Miyagi Pref., Japan by the second author. Here,
we critically examined the morphology and phylogenetic position
of this species from Hokkaido Pref. and Miyagi Pref., and provide a

taxonomic treatment.

Materials and methods
Morphological observations

Morphological observations were conducted based on fresh and freeze-
dried specimens of “Shiroashi” following the methods of Yamamoto
et al. (2020). Hand-cut sections of ascomata and ascospores discharged
from perithecia were mounted in lactoglycerol and observed under a
light microscope (BX40; Olympus, Tokyo, Japan). All measurements
were made using PhotoRuler version 1.1.3 (http://inocybe.info/). After
observation and isolation, fresh specimens were freeze-dried and
oven-dried at 60°C. The specimens were deposited in the herbarium

of Tochigi Prefectural Museum (TPM) and the National Museum of

Nature and Science, Tokyo (TNS) in Japan under TPM-M-9859, 9860,
9861 and TNS-F-82223, respectively.

Isolation and observation of mycelial growth

Ascospores discharged from mature perithecia onto potato dextrose
agar (PDA; Nissui, Tokyo, Japan) were used to obtain cultures
(Uchiyama, 1999). Plates were incubated at 20°C in the dark until
germination. Germinated ascospores were transferred to another
plate. The established isolates, C23 from TPM-M-9859, C53 from
TPM-M-9860 and 202009-1 from TPM-M-9861, were deposited in
the Medical Mycology Research Center, Chiba University (Chiba,
Japan) under accession numbers [IFM 67757 (for C23), [FM 67758
(C53), and IFM 67759 (202009-1). Mycelial growth on PDA was

measured based on Yamamoto et al. (2020).

DNA sequencing and phylogenetic analyses

DNA was extracted from cultured mycelia on PDA, as described
by Izumitsu et al. (2012), or CTAB method (Ishida et al., 1999).
PCR was performed using KOD FX Neo (Toyobo, Osaka, Japan) as
described by Yamamoto et al. (2021) or using KOD FX (Toyobo) in a
total volume of 25 pL containing 5 uL dANTPs (0.4 mM each), 0.75 uL
of each primer (0.3 uM each), 12.5 pL 2x PCR buffer for KOD FX
(Toyobo), 0.5 uL. 1.0 U pL™ KOD FX, 1.5 uL template DNA, and 4 pL
sterile distilled water. For C23 and C53, amplification of (1) the small
subunit (18S)-internal transcribed spacer (ITS)-large subunit (28S) of
nuclear rDNA operon and (2) the translation elongation factor 1-alpha
(tefl) was performed using the primer pairs NS1 (White et al., 1990)
and LR5 (Vilgalys & Hester, 1990), and 983F and 2218R (Rehner &
Buckley, 2005), respectively. For 202009-1, amplification of (3) the
ITS was performed using ITSS and ITS4 (White et al., 1990). The
PCR conditions were as follows: (1) 94°C for 2 min and 40 cycles of
98°C for 10 s, 51°C for 30 s, and 68°C for 3.5 min; (2) 94°C for 2 min,
10 cycles of 98°C for 10 s, 60°C for 30 s, and 68°C for 1 min 45 s,
followed by 30 cycles of 98°C for 10 s, 55°C for 30 s, and 68°C for
1 min 45 s; (3) 94°C for 5 min and 10 cycles of 98°C for 10 s, 55°C for
30 s (0.5°C decrease per cycle), and 68°C for 1 min, followed by 25
cycles of 98°C for 10 s, 50°C for 30 s, and 68°C for 1 min. The PCR
products were purified using Illustra™ ExoProStar™ (GE Healthcare,
Amersham, UK) or Applied Biosystems™ ExoSAP-IT™ (Thermo
Fisher Scientific, Waltham, MA, USA) and sent to Macrogen Japan
(Tokyo, Japan) or FASMAC (Kanagawa, Japan) for sequencing, using
the same primers for PCR [except for NS1, NS5, NS6, ITS3, ITS4,
ITS1 (White et al., 1990), and LRS for (1)]. The resulting bidirectional
sequences were edited using 4Peaks 1.8 (http://nucleobytes.com/4peaks)
and assembled using MEGA 11 (Tamura et al., 2021). Newly generated
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sequences were deposited in the DNA Data Bank of Japan (http:/www.
ddbj.nig.ac.jp) under LC684522-L.C684526.

For phylogenetic analyses of the combined dataset of 18S, ITS,
28S and tefl, all Tolypocladium species parasitic on Elaphomyces
for which sequences were available, i.e. 7. capitatum (Holmsk.) C.A.
Quandt, Kepler & Spatafora, 7. cucullae Y.P. Xiao & T.C. Wen, T.
flavonigrum Noisrip., Tasan., Khons. & Luangsa-ard, 7. fractum
(Mains) C.A. Quandt, Kepler & Spatafora, 7. guangdongense (T.H.
Li, Q.Y. Lin & B. Song) V. Papp, T inusitaticapitatum FM. Yu, Q.
Zhao & K.D. Hyde, T. japonicum (Lloyd) C.A. Quandt, Kepler &
Spatafora, T jezoense (S. Imai) C.A. Quandt, Kepler & Spatafora, 7.
ophioglossoides, and T. valliforme (Mains) C.A. Quandt, Kepler &
Spatafora, were retrieved from the International Nucleotide Sequence
Databases and included. We also included several insect pathogenic
Tolypocladium spp., i.e. T dujiaolongae Y.P. Cao & C.R. Li, T
Sfumosum Ruszk.-Mich., J. Pawlowska & Wrzosek, T. inegoense
(Kobayasi) C.A. Quandt, Kepler & Spatafora, and 7. paradoxum
(Kobayasi) C.A. Quandt, Kepler & Spatafora, which were suggested
to be close to “Shiroashi” based on the results of National Center for
Biotechnology Information nucleotide BLAST search (https:/blast.
ncbi.nlm.nih.gov/Blast.cgi) and an endophytic species, 7. amazonense
Gazis, Skaltsas & P. Chaverri, which is distantly related to the above-
mentioned species parasitic on Elaphomyces and insects (Gazis et al.,
2014). Purpureocillium lilacinum (Thom) Luangsa-ard, Houbraken,
Hywel-Jones & Samson (Ophiocordycipitaceae) was selected as an
outgroup. The sequences were aligned according to Yamamoto et
al. (2020). Topological conflicts with significant support among the
four trees (18S, 933 bp; ITS, 522 bp; 28S, 859 bp; tef1, 1,006 bp)
were checked directly by topological comparison of the preliminary
maximum likelihood (ML) trees. Next, the four datasets were
combined into a single 3,320 bp dataset and deposited in TreeBASE
(accession URL: http://purl.org/phylo/treebase/phylows/study/
TB2:S29449). ML analysis of the combined dataset was conducted
based on Yamamoto et al. (2020) using raxmIGUI 2.0 (Edler et
al., 2020) under a general time reversible model of nucleotide
substitution, with a discrete gamma distribution (+G) and invariant
sites (+1), as selected by MEGA 11. A maximum parsimony (MP)

analysis was conducted based on Yamamoto et al. (2020).

Results and Discussion

The stromata of “Shiroashi” (Fig. 1A-B) were characterized by
the aboveground clavate part, which was olive-colored at maturity
and yellowish-green when young (Fig. 1C), and underground
white rhizomorphs. This species was often found near broad-

leaved trees (Fig. 1D), e.g. Quercus and Carpinus known to form

ectomycorrhizal associations with Elaphomyces (Paz et al. 2017). The
host was Elaphomyces cf. anthracinus (Fig. 1E). The perithecia were
vertically immersed in the fertile head (Fig. 1F-G). Mycoparasitic
Tolypocladium spp., such as T. guangdongense (Lin et al., 2008),
T. japonicum, T. jezoense, T. ophioglossoides, T. tenuisporum
(Mains) C.A. Quandt, Kepler & Spatafora, and Elaphocordyceps
Xjezoensoides (Kobayasi) Hirok. Sato, S. Ban, Masuya & Hosoya
are characterized by the clavate stromata (Mains 1957; Kobayasi
& Shimizu, 1960). Among them, only 7. jezoense parasitizes
species of sect. Ceratogaster including E. anthracinus (Kobayasi
& Shimizu, 1960), and 7. jezoense is macromorphologically very
similar to “Shiroashi.” However, the latter formed smaller perithecia
(700720 x 200-250 um in 7. jezoense vs. 480-590 x 195-235
um in “Shiroashi”’) (Kobayasi & Shimizu, 1960; Fig. 1H), shorter
and narrower asci (450-500 x 13—19 pum vs. 220-370 % 8—12 pm)
(Kobayasi & Shimizu, 1960; Fig. 11-J), and ascospores with a large
number of septa (15 vs. 31 or 63) (Japanese Society of Cordyceps
Research, 2014; Fig. 1K). Furthermore, there was almost no overlap
between the length of the part-spore of “Shiroashi” (3.5-12.3 pm;
Fig. 1L-M) and those in all of the above-mentioned species (=10
um long) except T ophioglossoides and T. tenuisporum. These two
species clearly differ from “Shiroashi” in the length of their perithecia
(=600 pm) (Mains 1957; Kobayasi & Shimizu, 1960). The ascospores
of “Shiroashi” germinated on PDA within 1 week and formed white
colonies within a month (Fig. IN-O).

18S-ITS-28S rDNA operon (3,395 bp and 2,853 bp) and zef7 (952
bp and 979 bp) sequences were obtained from the isolates C23 and
C53, respectively. An ITS sequence (498 bp) was obtained from
the isolates 202009-1. Sequences of each locus were identical except
for the ITS region: a single nucleotide deletion was present in 202009-
1. The BLAST search showed that ITS sequences from Japanese
specimens were most similar to sequences of Tolypocladium spp., but
the homology was less than 96%. Fig. 2 shows the ML phylogeny of
the combined rDNA and fef] dataset (In L = —8869.48349). The MP
statistics were as follows: tree length = 806, consistency index = 0.65,
retention index = 0.697, and composite index = 0.453. The sequences
from isolates of “Shiroashi” and the three abovementioned clavate,
mycoparasitic species of Tolypocladium formed a well-supported
clade (bootstrap support: 94/79). “Shiroashi” is a unique species in
this clade because it has much smaller part-spores than the other
closely related species.

Morphological comparisons and phylogenetic analyses strongly
indicated that “Shiroashi” is an undescribed species. Here, we
propose a new name, 7. bacillisporum for “Shiroashi” and provide its

taxonomic description.

© The Japanese Association for Truffle Science (JATS), 2022

17



Yamamoto et al.: Tolypocladium bacillisporum, a new parasite of Elaphomyces

Truffology - Volume 5, Issue 1, 2022

Fig. 1. Tolypocladium bacillisporum collected in Hokkaido Pref. (A, C-G: TPM-M-9860) and Miyagi Pref. (B, H-M: TPM-M-9861), and ex-type culture C23 (N,

0). (A-B) Ascomata. (C) Young stromata in natural habitat. (D) Habitat. Arrow indicates the position of ascomata. (E) Host ascoma showing surface (left)

and gleba (right). (F) Fertile head. (G) Longitudinal section of fertile head. (H) Perithecia. (1) Asci. (J) Apical cap of two asci. (K) Ascospore with 63 septa. (L)

Tips of two ascospores. (M) Part-spores. (N-O) Upper (N) and reverse (O) sides of colonies on PDA after 30 d. Bars: A-B, E =1 cm; F-G =2 mm; H = 200 pm; |,

K=100 pm; J, L-M =10 pm; N-O =2 cm.

Taxonomy
Tolypocladium bacillisporum Koh. Yamam., Sugawa & K. Takeda,
Sp. nov.
[MycoBank ID: MB 843120]

Fig. 1.
Diagnosis: This species is most similar to 7. jezoense. The stroma

is macromorphologically similar, and the hosts, Elaphomyces

anthracinus and its relatives, are common between the species. But
the part-spores are much smaller than the latter.

Etymology: From the Latin bacilli = bacillus and sporum = spore,
referring to the bacilliform part-spore of this species.

Type: JAPAN, Hokkaido Pref., Tohma-cho, Kaimei-ni-ku, ca. 220 m
above sea level, on ascomata of E. cf. anthracinus hypogeous under

a secondary forest dominated by Quercus dentata Thunb., 20 Sep.
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Fig. 2. Maximum likelihood (ML) phylogenetic tree of the combined dataset of 18S, ITS, 28S, and tef1 sequences of Tolypocladium spp.

parasitic on Elaphomyces (black circle) and their relatives on insects (open rhombus). Purpureocillium lilacinum was used as an outgroup.

GenBank accession numbers for 18S, ITS, 28S, and tef1 are shown in parentheses from left to right. Bootstrap (BS) values (1,000 replicates)
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PL = Poland; TH =Thailand; US = USA.T = type specimen; ET = ex-type culture.

2010, K. Yamamoto (holotype, TPM-M-9859; isotype, TNS-F-82223;
ex-type culture C23 [IFM 67757)).

Gene sequences from ex-type culture: LC684522 (18S), LC684522
(ITS), LC684522 (28S), LC684525 (tef1).

Description: Stromata arise from 1-3 hosts, often solitary, sometimes
caespitose; epigeous part clavate, not branched, 30-65 mm long;
underground part rhizomorphic, 875 mm long. Fertile head
yellowish-green when young, turning olive-green as it matures,

ellipsoidal to oblong, 5-16 mm long, 3-4.5 mm wide; inside yellow,

solid; ostioles up to 15 per 1 mm’. Stipe grayish-white with greenish
or yellowish tinge, cylindrical, surface smooth, narrower than fertile
head, 1.8-2.7 mm wide; striae sometimes present at the border of
the head. Rhizomorphic part white, partially yellowish, frequently
branched, fragile, up to 1 mm wide. Perithecia ovoid, vertically
immersed, ostiole protuberant, 480-590 x 195-235 pum (mean 528.1
x 218.1 um, n = 6); wall 12-17 pm thick, composed of 6-7 layers of
textura angularis, cells up to 18 um wide. Asci hyaline, cylindrical,

8-spored, 220-370 x 8-12 um (mean 326.4 x 9.16 um, n = 21); apical
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cap prominent, 2.5-4 pm high, 5-6 um wide (mean 3.28 x 5.1 pum,
n = 18). Ascospores hyaline, filiform, slightly acute at both ends,
270-355 um long (mean 313.7 um, n = 20); septa often 63, rarely 31,
fragmenting into part-spores; part-spores cylindrical, bacilliform, 3.5—
12.3 x 1.5-2.5 pm (mean £ SD: 5.6 £ 1.63 x 1.93 £ 0.16 um, n = 50).
Colonies on PDA growing 11-13 mm within 30 d at 25°C in the dark;
white, surface floccose with aerial hyphae; reverse white to pale yellow.
Distribution, habitat, and fruiting season: On hypogeous ascoma
of Elaphomyces sect. Ceratogaster in broadleaved tree-dominated
forests in the temperate zone of Honshu or subarctic zone of
Hokkaido Pref., Japan. Found in autumn.

Other specimens examined: JAPAN, Hokkaido Pref., Tohma-
cho, same locality as holotype specimen, on hypogeous ascomata
of E. cf. anthracinus, 11 Sep. 2011, K. Yamamoto (TPM-M-9860;
living culture, C53 [IFM 67758]). Miyagi Pref., Sendai-shi, Taihaku-ku,
Kagitori, ca. 136 m above sea level, on hypogeous ascomata of
E. cf. anthracinus under a Carpinus standing by a stream in mixed
forest dominated by Abies firma Siebold & Zucc., 27 Sep. 2020,
G. Sugawa (TPM-M-9861; living culture, 202009-1 [IFM 67759)).
Note: Ascoma of TPM-M-9860 and microstructures of TPM-M-9859
are illustrated as “Shiroashi-hime-hanayasuri-take” in the page 259 of

Japanese Society of Cordyceps Research (2014).
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Scleroderma capeverdeanum, a subhypogeous fungus new to Japan,
collected from the Eucalyptus plantation in Ibaraki Prefecture
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Abstract

A subhypogeous sclerodermataceous fungus was collected in the Eucalyptus plantation of Ibaraki Prefecture,
central Japan. Based on morphological observations and phylogenetic analyses using nuclear ribosomal DNA
sequences, the present fungus was identified as Scleroderma capeverdeanum, belonging to Sclerodermataceae
(Boletales). Scleroderma capeverdeanum is new to Japan and characterized by small-sized (4-10 mm in diam.),
sessile basidiomata, yellowish to yellowish brown exoperidium with brownish, areolate to verrucose scales, and
echinulate basidiospores. Japanese specimens of S. capeverdearnum are probably associated with introduced E.

globulus, and therefore they are most likely exotic species introduced from Australia.
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Introduction

The genus Scleroderma Pers. is currently classified in the order
Boletales based on molecular phylogenetic analyses (Binder &
Bresinsky, 2002; Binder & Hibbett, 2006; Watling, 2006). Previously,
ca. 40 species of the genus were recognized from tropical, subtropical
to temperate regions of the world (Baseia et al., 2016; Guzman, 1970,
Guzman et al., 2013; Nouhra et al., 2012; Ortiz-Rivero et al., 2021;
Zhang et al., 2013, 2020). In Japan, fifteen species of Scleroderma
were hitherto recorded (Kasuya et al., 2002; Kasuya & Guzman,
2007; Yoshimi, 2002). The genus forms epigeous, subhypogeus
or hypogeous basidiomata (Beaton & Weste, 1982; Giachini et al.,
2000; Guzman, 1970; Guzman et al., 2013; Nouhra et al., 2012),
and many species have been confirmed as ectomycorrhizal with a
wide range of host plants such as Pinaceae, Fagaceae, Salicaceae and
Myrtaceae (Mrak et al., 2017; Nouhra et al., 2012). Japanese species
of Scleroderma were usually observed under betulaceous, fagaceous
or pinaceous trees (Kasuya et al., 2002; Kasuya & Guzman, 2007,
Yoshimi, 2002).

Some species of Eucalyptus (Myrtaceae) were introduced from
Australia to Japan early in the 20th century to meet the country’s
demand for pulpwood (Shibata & Yoshikawa, 1956). Recently, to
supply the demand for gardening, greening, and feeds of Koala which
are kept at zoos, several plantations of Eucalyptus spp. are maintained
in Japan (Inuma et al., 2015; Komaki et al., 2000). Eucalyptus is an
ectomycorrhizal tree genus and several species of Scleroderma have
been known as its ectomycorrhizal symbionts (Bashir & Khalid,
2015; Beaton & Weste, 1982; Giachini et al., 2000; Rose et al.,
1981). However, only two species, i.e., S. cepa Pers. and S. flavidum
Ellis & Everh. have previously been recorded in exotic Eucalyptus

plantations in Japan (Yoshimi, 2002). During the course of our recent

deposited on the ground.

studies of macrofungal diversity at the Eucalyptus plantation in
Ishioka of Ibaraki Prefecture, central Honshu, Japan, three specimens
of a subhypogeous sclerodermataceous fungus were collected. Based
on morphological observations and phylogenetic analyses using
nuclear ribosomal DNA sequences, the present fungus was identified
as Scleroderma capeverdeanum M.P. Martin, M. Duefias & Telleria.
This species was originally described from Cape Verde, Macaronesia,
off the coast of northwestern Africa (Crous et al., 2016) and it is
known only from the type locality. Our morphological observations
and phylogenetic analyses of the Japanese specimens revealed that
it is the second distributional record of S. capeverdeanum in the
world. Moreover, our study demonstrates that S. capeverdeanum
is presumably associated with Eucalyptus spp. In this paper,
morphological, phylogenetic and ecological characteristics of

Japanese specimens of S. capeverdeanum are discussed.

Materials and methods

Sample collecting and morphological observations

Fresh subhypogeous basidiomata were collected among plant
debris and rich soil in the exotic Eucalyptus plantation dominated
by E. globulus Labill. at Otsuka, Ishioka, Ibaraki Prefecture (Fig. 1)
during October to December, 2020. Specimens were photographed
and observed macroscopically. Fresh basidiomata of specimens
were dried using a food dehydrator (Snackmaster Express FD-60;
Nesco/American Harvest, Milwaukee, W1, USA) under 46 °C for
46 hours. For light microscopy, hand-cut sections of both fresh and
dried specimens were mounted in water, 3% KOH or 70% ethanol
reagent. Dimensions of basidiospores were measured from water-
mounted sections. More than 50 randomly selected basidiospores

were measured under a light microscope at 1000x magnification. All

s

Fig. 1. Habitat in the locality of Scleroderma capeverdeanum. A: Eucalyptus globulus trees. B: Numerous fallen leaves and old bark of E. globulus are densely
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measurements were performed with Photoruler 1.1.3 (http://inocybe.
info/_userdata/ruler/PhotoRuler.html). In addition, the surface features
of basidiospores were observed by scanning electron microscopy
(SEM). For SEM, a small portion from glebal tissue 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 5 kV. Three specimens examined
in this study were deposited at mycological herbaria of Tbaraki Nature
Museum (INM) and National Museum of Nature and Science (TNS)

in Japan.

DNA preparation, PCR and sequencing

DNA extraction, PCR and DNA sequencing were carried out
according to the methods introduced by Kasuya et al. (2012). First,
small fragments of glebal tissue from freshly collected samples
were soaked in DMSO buffer (Seutin et al., 1991) with the
addition of 100 mM Tris-HCI (pH 8.0) and 0.1 M sodium sulfite
(Na,SO,) at 4 °C, following the procedures of Hosaka (2009),
Hosaka & Castellano (2008), and Hosaka et al. (2010). DNA of
the above specimens was extracted from the tissue fragments
stored in DMSO buffer. DNA extractions used the modified
CTAB extraction followed by glass milk purification methods as
summarized by Hosaka (2009) and Hosaka & Castellano (2008).
DNA sequence data were obtained from the nuclear ribosomal
ITS region and a part of LSU. For amplifying the ITS region, the
primer combination of ITS5 and ITS4 (White et al., 1990) was
used. For amplifying the LSU, the combination of LROR and LR5
(Vilgalys & Hester, 1990) was used. PCR were carried out using
20 pl reaction volume, each containing 1 pl genomic DNA, 1 pul
dNTP (4 mM), 1 pl each primer (8 pM), 0.5 units Taq polymerase
(Takara Bio Inc., Tokyo, Japan), 2 pl MgCl, (25 mM), and 2 pl
bovine serum albumin (BSA). Cycling parameters for ITS region
and LSU followed Kasuya et al. (2012). PCR products were
electrophoresed in 1% agarose gels stained with ethidium bromide
and visualized under UV light. When amplification bands were
confirmed, PCR products were then purified using the ExoSap-IT
(Millipore, Molsheim, France) and directly sequenced using the
Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems,
Norwalk, CT, USA), following the manufacturer’s instructions.
A total of two newly generated sequences from this study were

deposited in GenBank (Table 1).

Phylogenetic analyses

Newly generated ITS and LSU sequences from the Japanese

specimen were used for the phylogenetic analyses. Additionally,
42 ITS and 26 LSU sequences of sclerodermataceous fungi were
retrieved from the NCBI GenBank databases (https://www.ncbi.nlm.
nih.gov/) and included in the analyses (Table 1). DNA sequences were
initially aligned using MUSCLE v.3.6 (Edgar, 2004a, b), followed by
manual alignment in the data editor of BioEdit ver. 7.0.1 (Hall, 1999).
A total of 36 ITS and 89 LSU nucleotide positions were respectively
excluded from the analyses because of the presence of ambiguously
aligned regions. Phylogenetic analyses were performed independently
for ITS and LSU sequences under maximum parsimony (MP) and
maximum likelihood (ML) criteria. MP analyses were conducted
under the equally weighted parsimony criterion using PAUP version
4.0b10 (Swofford, 2002). The analyses were performed using the
heuristic search option with tree-bisection-reconnection (TBR)
and MULTREES option, and 1000 replicates of random addition
sequence were conducted. Support for the individual nodes was
tested by means of bootstrap analysis (Felsenstein, 1985) under the
equally weighted parsimony criterion. A bootstrap analysis was based
on 10,000 bootstrap replicates using the heuristic search option with
TBR and MULTREES options with ten random additional sequences.
ML analyses were performed using MEGA X (Kumar et al., 2018)
after testing the best models. According to the lowest BIC (Bayesian
Information Criterion) scores, Kimura 2-parameter (Kimura, 1980)
with gamma distributed rate heterogenetic and a proportion of
invariant sites (K2+G+I) and Tamura-Nei (Tamura & Nei, 1993) with
gamma distributed rate heterogenetic and a proportion of invariant
sites (TN93+G+I) were chosen as the optimal substitution models
for the analyses of the ITS and LSU datasets, respectively. Initial
trees for the heuristic search were obtained automatically by applying
Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood (MCL)
approach, and then selecting the topology with superior log likelihood
value. For the ML analyses, clade robustness was assessed using
a bootstrap analysis with 1000 replicates. Sequences of Pisolithus
arhizus (Scop.) Rauschert were selected for outgroups, which were
strongly supported as the sister of the major clade containing the
genus Scleroderma (Baseia et al., 2016; Binder & Hibbett, 2006;
Hosaka, 2009; Phosri et al., 2009).

Results

Morphological observations

Japanese specimens were morphologically identical to S.
capeverdeanum in their sessile, small-sized basidiomata (Fig. 2A—
B), yellowish to yellowish brown exoperidium covered by brownish,

areolate to verrucose scales (Fig. 2B—C), and globose, densely

© The Japanese Association for Truffle Science (JATS), 2022
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Table 1. Specimen identification, voucher specimen and/or isolate numbers, origin and GenBank accession numbers for ITS and LSU sequences used for

the present phylogenetic analyses

Species names Herbarium voucher; isolate Origin GenBank accession no. References
ITS LSU
Pisolithus arhizus Wat.139161; 92fbisPISOLI Italy FR748132 n/a Phosri et al. (2012)
P. arhizus 588; n/a n/a n/a AF336262 Binder & Bresinsky (2002)
Scleroderma areolatum n/a; O3C_4 USA: New York JX030282 n/a n/a
S. areolatum n/a; Scl_1-1-QmIH USA: New York JX030288 n/a n/a
S. areolatum AWW211; n/a USA n/a EU718149  Wilson et al. (2011)
S. aurantium n/a; 8 5 China: Sichuan HM237174 n/a n/a
S. aurantium HB#E02; HBS2 Pakistan KF802172 n/a Bashir & Khalid (2015)
S. bermudense BZ3961; n/a Belize n/a DQ644137  Louzan et al. (2007)
S. bermudense n/a; BA 06.04.22 Guadeloupe FR682092 n/a Sene et al. (2015)
S. bovista MG061001_01; n/a Germany: Thuringia JQ669943 n/a Gube & Dorfelt (2012)
S. bovista n/a Japan AB099901  n/a Kanchanaprayudh et al. (2003)
S. bovista Nara_ScB84e3; n/a Japan: Shizuoka, Gotenba AB211267 n/a Nara (2006)
S. bovista TNS-F-82197 (= Kasuya B251); n/a Japan: Yamanashi, Narusawa OL764485 OL752409 Present study
S. bovista TNS-F-82195 (= Kasuya B236); n/a Japan: Nagano, Nagano OL764484 OL752408 Present study
S. bovista TNS-F-82200 (= Kasuya B804): n/a Japan: Toyama, Toyama OL764487 OL752412  Present study
S. bovista K80S09; n/a New Zealand GQ267487 nla Walbert et al. (2010)
S. bovista Trappe26575; n/a USA EU819517  EU718178  Wilson et al. (2011)
S. bovista n/a; O1Q 1 USA: New York JX030277 n/a n/a
S. bovista W#1149; n/a n/a n/a AF336264 Binder & Bresinsky (2002)
S. capeverdeanum TNS-F-82205 (= Kasuya B4288); n/a Japan: Ibaraki, Ishioka OL764491 OL752414  Present study
S. capeverdeanum MA-Fungi 87406%; n/a Cape Verde: Santiago Island KU747111  KU747110  Crous et al. (2016)
S. cepa JMP0081; n/a USA EU819439  n/a Hosaka (2009)
S. cepa 184; n/a n/a n/a AF336265 Binder & Bresinsky (2002)
S. citrinum n/a; ecmSC2 Czech JX679368 n/a n/a
S. citrinum AWW212; n/a USA n/a EU718151 Wilson et al. (2011)
S. columnare CUB Microbiology KHS3; n/a Thailand: Chachoengsao AB459512  n/a Disyatat et al. (2016)
S. columnare MS43; n/a n/a n/a AF336273 Binder & Bresinsky (2002)
S. dictyospora MSS55; n/a n/a n/a AF336267 Binder & Bresinsky (2002)
S. dunensis UFRN-Fungus 2551; n/a Brazil KU747116  n/a Crous et al. (2016)
S. dunensis UFRN-Fungus 2553; n/a Brazil KU747118  n/a Crous et al. (2016)
S. dunensis UFRN-Fungus 2206; n/a Brazil KU747121 n/a Crous et al. (2016)
S. echinatum MS34; n/a n/a n/a AF336268 Binder & Bresinsky (2002)
S. laeve ZLR46; n/a China MW553325 MWS553729  Huang et al. (2021)
S. laeve TNS-F-82199 (= Kasuya B803); n/a Japan: Ishikawa, Komatsu n/a OL752411  Present study
S. laeve MCA242; n/a USA EU718117  n/a Wilson et al. (2011)
S. laeve 0SC27936; n/a USA EU718120  n/a Wilson et al. (2011)
S. laeve 27936; n/a n/a n/a DQ683003  Louzan et al. (2007)
S. meridionale AWW?218; n/a USA EU718121 EU718152  Wilson et al. (2011)
S. michiganense E00278311; MICSCL2 USA:Wisconsin, Sheboygan FM213347 n/a Phosri et al. (2009)
S. michiganense n/a; Scl_3-1-2L USA: New York JX030206 n/a n/a
S. polyrhizum n/a; 11_3 China: Sichuan HM237173  n/a n/a
S. polyrhizum n/a; Scl_1-1-4Nc USA: North Carolina JX030195 n/a n/a
S. polyrhizum 594; n/a USA n/a DQ683000  Louzan et al. (2007)
S. radicans PDD103563; n/a New Zealand n/a KP191692 n/a
S. radicans PDD103558; n/a New Zealand n/a KP191693 n/a
S. septentrionale J. Nitare (12.9.1986); SEPSCL2 Sweden: Norrbotten FM213336 n/a Phosri et al. (2009)
S. septentrionale A.D. Parker (2.10.1997); SEPSCL3 ~ USA: Wisconsin, Lone Rock FM213338 n/a Phosri et al. (2009)
S. sinnamariense SINSCL_8; n/a Thailand: Pranomprai, Roi Et FM213363  n/a Phosri et al. (2009)
S. sinnamariense NAST-FB11; CMUS53-210-2 Thailand HQ687222  n/a Siri-in et al. (2014)
S. sinnamariense MS46; n/a n/a n/a AF336270 Binder & Bresinsky (2002)
S. verrucosum SV-5602; n/a Burkina Faso FJ840461 n/a Sanon et al. (2009)
S. verrucosum BCC-MPM2605; n/a Spain: Catalonia AJ629886 n/a Phosri et al. (2007)
S. verrucosum 5;n/a n/a n/a AF336271 Binder & Bresinsky (2002)
S. xanthochroum AWW311; n/a Malaysia EU718126  EU718154  Wilson et al. (2011)
S. yunnanense KUN-HKAS 79633A; Ji0O0O1A China: Yunnan JQ639040 n/a Zhang et al. (2013)
S. yunnanense KUN-HKAS 79633B; Ji001B China: Yunnan JQ639041 n/a Zhang et al. (2013)
S. yunnanense KUN-HKAS 79633C; Ji001C China: Yunnan JQ639042 n/a Zhang et al. (2013)
Scleroderma sp. TNS-F-82198 (= Kasuya B714); n/a Japan: Ishikawa, Komatsu OL764486 OL752410  Present study
Scleroderma sp. MEL2295738A; n/a Australia n/a EU718181 Wilson et al. (2011)
Uncultured ectomycorrhizal fungus  n/a; L5001 Sclerod Cam Euc02 Cameroon FR731681 n/a Tedersoo et al. (2011)

*Holotype of Scleroderma capeverdeanum.

"n/a" means information not available. Sequences newly generated in the present study were shown in bold.

echinulate basidiospores (Fig. 2D-E). However, subhypogeous
habit of Japanese specimens is different from the type specimen of
S. capeverdeanum, which was described as epigeous (Crous et al.,

2016). A detailed description and illustrations of the salient features

of Japanese specimens are given below.

Phylogenetic analyses

The ITS dataset was consisted by 42 ingroup and 1 outgroup taxa.

It had an aligned length of 865 characters including gaps, of which
36 characters were constant, 509 variable and phylogenetically
uninformative, and 320 phylogenetically informative. The MP

analysis of the ITS dataset yielded 10,000 most parsimonious

trees, of which 149 trees were found in the first step of the heuristic

search. Consistency index (CI), retention index (RI) and rescaled

consistency index (RC) of the most parsimonious trees are 0.4487,

0.7205, 0.3233, respectively. The highest log likelihood of the
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Fig. 2. Morphological features of Scleroderma capeverdeanum. A: Basidiomata in the natural habitat (INM-2-217835). B: Surface of mature basidioma (INM-

2-217835). C: Vertical sections of mature basidiomata showing exoperidium and gleba (TNS-F-82205). D: Basidiospores (TNS-F-82205). E: Scanning electron

microscopy image of basidiospores (TNS-F-82205). Bars: A-B=1cm; C=5mm; D= 10 ym; E=5 pm.

resulting ML tree of the ITS dataset is -2446.64. A discrete Gamma
distribution was used to model evolutionary rate differences among
sites [S categories (+G, parameter = 0.5939)]. The rate variation
model allowed for some sites to be evolutionarily invariable [(+]),
41.58% sites]. The MP and ML analyses resulted in trees that were
identical in topology. Hence, only the MP tree of the ITS dataset
is shown in Fig. 3. By MP and ML, ITS sequences generated from
Japanese and Cape Verdean samples of S. capeverdeanum were
placed within a strongly supported clade (MP BS = 100%, ML BS
=99%; Fig. 3) and were distinct from those of the other members of
Scleroderma.

The LSU dataset was consisted by 26 ingroup and 1 outgroup
taxa. It had an aligned length of 1006 characters including
gaps, of which 89 characters were constant, 836 variable and

phylogenetically uninformative, and 81 phylogenetically

informative. The MP analysis of the LSU dataset yielded 10,000
most parsimonious trees, of which 36 trees were found in the first
step of the heuristic search. CI, RI and RC of the most parsimonious
trees are 0.3631, 0.5807, 0.2108, respectively. The highest log
likelihood of the resulting ML tree of the LSU dataset is -2656.84.
A discrete Gamma distribution was used to model evolutionary rate
differences among sites [5 categories (+G, parameter = 0.4036)].
The rate variation model allowed for some sites to be evolutionarily
invariable [(+]), 63.46% sites]. The MP and ML analyses resulted
in trees that were identical in topology. Hence, only the MP tree
of the LSU dataset is shown in Fig. 4. By MP and ML, LSU
sequences generated from Japanese and Cape Verdean samples of S.
capeverdeanum were placed within a strongly supported clade (MP
BS =96%, ML BS = 100%; Fig. 4) and were distinct from those of

the other members of Scleroderma.
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Fig. 3. Phylogenetic tree generated from maximum parsimony (MP) analysis based on the nuclear ribosomal ITS region of

selected sclerodermataceous species. Bootstrap support values (BS) of MP and maximum likelihood (ML) greater than 50% are

shown for each node (MP/ML), and BS less than 50% are indicated by an asterisk (¥).
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Fig. 4. Phylogenetic tree generated from maximum parsimony (MP) analysis based on the nuclear ribosomal LSU of selected

sclerodermataceous species. Bootstrap support values (BS) of MP and maximum likelihood (ML) greater than 50% are shown for
each node (MP/ML), and BS less than 50% are indicated by an asterisk (¥).
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Taxonomy
Scleroderma capeverdeanum M.P. Martin, M. Dueiias & Telleria,
in Crous et al., Persoonia 36: 413 (2016)

Fig. 2.
Description: Basidiomata (Fig. 2A-B) subhypogeous, globose,
depressed globose to subglobose, small-sized, 4-10 mm broad,
sessile, arising from whitish mycelial strands attached to plant debris
and soil. Peridium ca. 0.5-1 mm thick, two-layered. Exoperidium
(Fig. 2B—C) very thin, yellow to yellowish brown, covered by brown
to dark brown, areolate to verrucose scales. Endoperidium papery,
firm but brittle when dry, whitish. Apical part of peridium irregularly
dehiscent and opening lacerate pore when mature. Gleba (Fig. 2C)
compact when young, becoming powdery when mature, grayish.
Basidiospores (Fig. 2D-E) globose, 8.5-11 um in diam. including
surface ornamentation, dark brown in 3% KOH, dark reddish brown in
70% ethanol reagent; surface densely echinulate composed of hyaline
spines up to 1.5 um long. Under SEM, spines of basidiospore surface
irregularly covered with scaly to tabular materials (Fig. 2E). Basidia
not observed. Rudimentary hyphae interwoven, septate, thin-walled,
4-8 pm broad, hyaline in 3% KOH and 70% ethanol reagent; surface
sparsely covered with amorphous, hyaline gelatinous materials.
Habitat: Subhypogeous, usually solitary or small groups among plant
debris and rich soil under Eucalyptus globulus trees (Fig. 1). Fruiting
in the Japanese localities occurs in autumn to winter (October to
December).
Specimens examined: JAPAN, Ibaraki Prefecture, Ishioka,
Otsuka (alt. approx. 140 m asl.), October 12, 2020, coll. T.
Kasuya, INM-2-217835; same place, October 12, 2020, coll. T.
Kasuya, TNS-F-82205, GenBank accession no.: OL764491 (ITS),
OL752414 (LSU); same place, December 21, 2020, coll. T. Kasuya,
INM-2-217836.
Known distribution: Cape Verde (Crous et al., 2016) and Japan (new
record).

(TN

Japanese name: Yiikari-ki-hime-nise-shoro ( ari” = Eucalyptus;
“ki-hime” = yellowish, small-sized; “nise-shoro” = the Japanese name

of Sclerodermay).

Discussion

As outlined above, studied Japanese specimens were morphologically
almost identical to the original description of S. capeverdeanum (Crous
et al., 2016). However, basidiomata of Japanese materials were
subhypogeous while the type specimen of the present species was
described as epigeous (Crous et al., 2016). Numerous fallen leaves
and old bark of E. globulus are densely deposited on the ground

in the locality of Japanese specimens (Fig. 1B) and basidiomata

of S. capeverdeanum were observed among these litter and rich
soil, as subhypogeous nature. Although the detailed environmental
information on the type locality of S. capeverdeanum was not shown
by Crous et al. (2016), subhypogeous or epigeous nature of its
basidiomata presumably depend on their habitat. The present species
is morphologically similar to S. flavidum in its subhypogeous, sessile
basidiomata with yellowish surface of peridium and echinulate
basidiospores (Yoshimi, 2002). However, S. flavidum is clearly
distinguishable from S. capeverdeanum by its larger basidiomata
(3-5 cm in diam.; Yoshimi, 2002) and larger basidiospores (12—16
um broad including surface ornamentation; Coccia et al., 1990).
Another species having yellowish basidiomata, S. sinnamariense
Mont. is also distinguished from S. capeverdeanum by its substipitate
basidiomata and subreticulate basidiospores (Guzman, 1970; Guzméan
& Ovrebo, 2000). Although basidiospores of S. cepa are echinulate
and it forms sometimes yellowish basidiomata, it is distinct from S.
capeverdeanum because it has larger basidiomata (up to 4 cm broad;
Guzman, 1970), and thicker peridium (up to 3 mm; Coccia et al.,
1990). Brownish scales on peridium appear in mature basidiomata
of S. capeverdeanum. Although S. verrucosum (Bull.) Pers. also has
similar verrucose scales on the peridium (Sims et al., 1995), it has
larger basidiomata (up to 4 cm broad; Coccia et al., 1990; Guzman,
1970) and larger basidiospores (11-15 um in diam. including surface
ornamentation; Yoshimi, 2002) than S. capeverdeanum.

Results of our phylogenetic analyses (Figs. 3, 4) show the
monophyly of the present species, as indicated by Crous et al. (2016).
Crous et al. (2016) reported that the holotype of S. capeverdeanum
was collected under Furcraea foetida (L.) Haw. (Asparagaceae)
and Lantana camara L. (Verbenaceae), and no relationships with
Eucalyptus were shown in their original description. However,
the ITS sequence of S. capeverdeanum from the root sample of E.
grandis W. Hill in Cameroon (GenBank FR731681; Tedersoo et
al., 2011) was identical with that of fruit body data (Fig. 3). In Cape
Verde, there are exotic Eucalyptus plantations in wide range of islands
in addition to introduced F. foetida and L. camara communities
(Frahm et al., 1996). While it is unclear whether the mycorrhizal host
of the present species is restricted to Eucalyptus, S. capeverdeanum
presumably prefers the habitat dominated by eucalypt trees. Their
potential association with F. foetida and L. camara, however, warrants
further studies.

Based on the present ITS phylogeny (Fig. 3), S. capeverdeanum
clusters with two sequences of root sample collected from E.
grandis in China (GenBank HM237173 and HM237174), as S.
polyrhizum (J.F. Gmel.) Pers. and S. aurantium (L.) Pers., and one

sequence from Pakistan as S. aurantium (GenBank KF802172;
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Bashir & Khalid, 2015), as a sister group. Moreover, phylogenetic
tree of the LSU dataset (Fig. 4) shows that three sequences from
Australia (GenBank EU718181; Wilson et al., 2011) as Scleroderma
sp., and New Zealand (GenBank KP191692 and KP191693) as
S. radicans Lloyd, are sister to S. capeverdeanum. Australian
specimen housed at MEL (2295738A) is the voucher of EU718181,
and it was collected on soil (grass nearby) under a rosaceous plant,
Prunus cerasifera Ehrh. var. atropurpurea H. Jaeger. Although
relationships between the above Australian specimen and any
myrtaceous plants is not shown, KP191692 and KP191693 were
obtained from two specimens (103558 and 103563 housed at PDD,
respectively) identified as S. radicans, and both were collected
from under Leptospermum (Myrtaceae) trees. These facts suggest
that the S. capeverdeanum and its phylogenetically related taxa
presumably have some type of preference to myrtaceous plants for
their habitat. Although further studies on the ecological nature of S.
capeverdeanum and its relatives are needed to clarify the relationship
between them and their associated plants, we treat S. capeverdeanum
as an introduced fungal species to Japan from outside because
any native species of Eucalyptus, Leptospermum, Furcraea and
Lantana are not known in the country. While it is unknown whether
the origin of S. capeverdeanum is Cape Verde or not, this species
was probably introduced to Japan from Australia with E. globulus.
Further investigations of Scleroderma in worldwide eucalypt
forests will demonstrate the origin and geographic distribution of S.

capeverdeanum.
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First report of a hypogeous basidiomycete, Hymenogaster citrinus
(Agaricales, Hymenogastraceae) from Japan

KAETSRZ " LA #1815 °, KR8 2 th °

Muneyuki Ohmae", Kohei Yamamoto®, Akira Hashimoto®, Moriya Ohkuma®

"SI, T 321-0222 HF KR TERE AR E A BTERERHAT 7-3
Hokken Co. Ltd., 7-3 Ekihigashimachi, Mibu-machi, Shimotsuga-gun, Tochigi 321-0222, Japan

2WEARIR ST EYIAE , T 320-0865 #f A R &R = v BEHRT 2-2

Tochigi Prefectural Museum, 2-2 Mutsumi-cho, Utsunomiya-shi, Tochigi, 320-0865, Japan
*ENERREEANBIE AR/ A4 — AL 2— A HBIRE, T 3050074 KB D<IEMH

=EHE 311

Microbe Division / Japan Collection of Microorganisms RIKEN BioResource Research Center, 3-1-1 Koyadai, Tsukuba-

shi, Ibaraki, 305-0074, Japan

* F & (Corresponding author)
E-mail: trick.dontokoi.fungi@gmail.com

25

WARDEREDAAEHICE TH M TERREICENT, AEREDELETIMECEB LTI, PTROBTEL
UNROBNEBREFVIEA/ARATILVBDFEREZREL -, BEEESIUKYHRY—L DNA @ internal transcribed
spacer $EEIZE AWV =9 FRIRBITDOEER. KE% Hymenogaster citrinus (F18 : LT YT A5 [FM]) ERELT=.
AEOENICETEHREIFTHS,

Abstract

During our field survey of hypogeous fungi, we found yellowish basidiomata of Hymenogaster species in Tochigi
Prefecture, central Honshu, Japan. They occurred on calcareous soil under Quercus serrata and Carpinus sp. in
a limestone area. Based on the morphological observation and molecular phylogenetic analysis using internal

transcribed spacer of nuclear ribosomal DNA, we identified the basidiomata as Hymenogaster citrinus. This is the

first record of the species from Japan.

Article Info: Submitted: 10 February 2022 Accepted: 19 March 2022  Published: 31 March 2022

i

EATTAT IV IE Hymenogaster Vittad. |3H T AE B 072555 J80E
ThY, W EADOY I T7Y45 & Hebeloma (Fr.) P. Kumm., EX
LW %7 J& Alnicola Kithner, Psathyloma Soop, J.A. Cooper &
Dima 35 J OVl A4 D Wakefieldia macrospora (Hawker) Hawker
EEBIINATETFHEA AT AR (AFHEM) ITET5

(Kaounas et al., 2011; Soop et al., 2016) , AJ@ITALFER (F3—my
2% [Montecchi & Sarasini, 2000 ; Soehner, 1962], 4t >k [Dodge &
Zeller, 1934 ; Smith, 1966 ; Trappe etal.,2009]. 77 [Liu, 1998 ;
ER AR, 1986]) AHUMIAL, TR VR o3y
FER TR, YRR E OBIARLIMVERRIL A2 Lo
(Csizmér et al., 2021 ; Stielow et al., 2011 ; Tedersoo et al., 2010 ;
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Trappe et al.,, 2009), AJ& XL DA & 7+, Index Fungorum
(http://www.indexfungorum.org/. 2021 4= 12 A 4 HE'E) 28
VT 186 s HERE (T, ZRFsL OV 2SFEESH TV, L
ML, RBIZEORITY /=2 BT EITMNA (Stielow et al,,
2011) . ZNBOSEREOIZIZ, BUETIINTZTH, A7 FH,
TG H, EAT IR LR, N HICEENLSESE
IRIBITIMASII AL Z <G END  (Smithetal, 2018).,

HARIZBWTEA T AT IVIRIL, ~AYT X7 H. arenarius
Tul. & C. Tul. (Dodge & Zeller, 1937 ; Hennings, 1903 [H.
suzukianus Henn. ELC 1 ; /MR, 1938 ; &/ - AIE, 1986) .
a7 X H tener Berk. (& .. 2008 ; & R+ & (L,
1986) . VLA 2/ H pacificus Kobayasi (Kobayasi, 1937 ;
IR, 1938 R 1971, 2008), A A /vavnXrERY H
fusisporus (Massee & Rodway) G. Cunn. ( & R, 1973, 1993,
2008) 33 TN H. ozeensis Kobayasi (/NAK, 1979) @ 5 i A3
FLERESH TS (A, 2010), 20955 A AKPE H. fusisporus
1, & RKIZEY A Hysterangium stoloniferum Tul. & C. Tul.
ELTHE®%R (R, 1973). H fusisporus LT RIESIL (&
.. 1993). X5IZ Hys. affine Massee & Rodway & 4 [F € X
NTEY (FRIE,, 2002), FAPEE>THRV, Ll
ARRIIT VU ANIZEREOMBEBFIEL . FIBRIETROHUR
BRI ELDRE DD (FR. 1973). A HAT /L
BT, EATIUFy LB O—flEHESND, Fo, H.
ozeensis DI/ (8-11 x 34 ym) . FIHT, Fil
SIS HEL RSN TNDIEND VIV, 1979), AT /%
AT )V I8 Melanogaster S D N2 RO # T AR BN
Bo o THUE, HBEOLA/HATIVREL TRDOLND HA
FEANJREEIL, H arenarius, H. pacificus, H. tener ® 3 FEEHEE
SD, TIBITZ, #Ex RKiFH (2016) 1IA BRI EFE 3
FEZWE L (Hymenogaster spp. 1-3), ZD95%., Hymenoagster
sp. 1 IZDWTIL H. niveus Vittad. & [FIFED ATREMEZRIZL TV
Do DM EENT 3B IO 2 RiFH (2016) OARJE
REERL, WTNLBLERERE 20 pm L FOHEFla124
ERAN

EES CRHT - 1) (TR BN A PR 530 il ks
FOM T AR REZ FEM T, AL DDA T AT
NVRHEERELT, TIHAZRBEMEIBLE IV T, KREIX
BT RIT- OB HBELR 20 um ZHBX TWZEnD, AR
KRG THAZLIIA R ThH Tz, T TR REN# 22
BROG TRH T A Lo . ANEA B AR ERE 1.
citrinus Vittad. LFELI=DT, ZZIZHET D,

MHREIUVFE
Hrf 27 FRB L O O HIREAZ BARE B I HAL T,
BN THER LTI RE, K OKIEK) . 5% KER

LAY LKEEHE (5% KOH) HHWNIFZ7E7UEr—L (K
7Ua—L o LR = 1:1:1 (W) TEAL, 7707 7a~<—h
XL R RE LT BAREE (BX50, AV /RAL HUR)
TR, ok, HBREARLVBIE T 2BRT. 70% =%/ —
VTR, 5% KOH (2 5 23 LA LIRNEL . Mk iz s
TARITBIER LT, MR XBAREE O 0 AT BRI 72—
IRL7247 (D5100, == HA0) TR L, PhotoRuler ver. 1.1
(http:/www.inocybe.info/) % FAVTHAREFHRILTZ, 1
FORBELEREDHIIT Q TRz, AREAITR ML
CIREELIRE, 7T R CORE LR ATV, HIARIRSL
HEE (TPM) J8 KO RS2 A Ao &2 - HIER &S (KPM)
DEFFEAE R LT,

DNA (37 L /3###k LY, Tzumitsu et al. (2012) O FIEIZHEW
Lz, AREDOUARY—2 DNA O internal transcribed spacer
(ITS) M (ITS1-5.8S-ITS2) (F, V9G (de Hoog & Gerrits van
den Ende, 1998) /LRS (Vilgalys & Hester 1990) D77 A~—<
T, PCRICEVIEIEL7Z, PCRIZIZ, 2 x Buffer for KOD
FX Neo 12.5 uL (BR¥FEHG, A, 2 mM dNTPs 5 uL, %7
F4~— (20pM) 1 pnL, #ffizk 3 uL, 0.5 pL KOD FX Neo
(CRPERG) . 857 DNA 2 uL DFF 25 pL 2EA L, UG EL
7o BOSHEIEY—~ %427 — (GeneAmp PCR System 9700,
Applied Biosystems, ~ % F=—t>> TAUH) ZHW, K
DY AT VG T PCR 2 FITLIZ—94°C 24y M (1 A2
V) 5 98°C 10 B &k, 55C 308 7=—Ur7, 68°C 14>
i G5 ¥A271) ;68C 7ok 1¥A7L), Hok
PCR ##)13 FastGene Gel/PCR Extraction kit (H ARKY =7 17
A H) RV, SEICIEORERL, KSR 7Z DNA 1
BigDye Terminator v3.1 Cycle Sequencing Kit (ThermoFisher, 7+
Uohr, AFVR) 2, PCR EFRILT T4~ —HBLOWNHET
FA~—D ITS2.I1TS3 (White etal., 1990) ZHNTHAZ/L—
4 Ak FEREt% ., SeqStudio (ThermoFisher) (Z&VDH> A ——
Ty REAT 0T, BHITHE A FIX NCBI (National Center
for Biotechnology Information) (2 &kL7- (T 7By asFrE
OM438164) ,

FI A FEAS AR 0O # FE: B 4111 NCBI BLAST #:5%  (https://blast.
(= ik 3 U (Altschul et al., 1990)
INSD (International Nucleotide Sequence Databases) (2 %% f% <
AR R IR Y] (FAFEME=95%) 22 BIfsL
7o ZHUBHICHNZ, Stielow etal. (2011) (ZXHF —my /3G
Hymenogaster J& T D 73 FAFHIBETIZ B W TR S v 7o i &
AN EZEBGEIL, 73R o7 —2 ey helie (F
1)o T —%%vhI MAFFT ver. 7490 (Katoh & Standley, 2013 ;
https://mafft.cbrc jp/alignment/server) ¢ L-INS-i 7/LTVX AIZL
DHYNFTNT TAR N FATH, SeaView ver. 4 (Galtier et al.,
1996) ZHWTTFE TIEIELT, H#Eiy7eT —42vh (669 bp)

ncbi.nlm.nih.gov/Blast.cgi)
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R 1. S FRFMRTICAVIEEES] (AR TEIGLIZESIIEZRFTRLE)

Table 1. Sequences used for phylogenetic analysis (sequence obtained in this study is indicated in bold)

. Putative host listed in GenBank Accession
Species Country L. . Reference
the original literature number
Hymenogaster bulliardii Germany Quercus sp. GU479273 Stielow et al. 2011
Hymenogaster bulliardii Hungary Quercus cerris GU479361 Stielow et al. 2011
Hymenogaster citrinus Hungary Tilia tomentosa MW354971 Csizmar et al. 2021
Hymenogaster citrinus Hungary Quercus robur GU479313 Stielow et al. 2011
Hymenogaster citrinus Hungary Tilia tomentosa MW354969 Csizmar et al. 2021
Hymenogaster citrinus Hungary Quercus robur, Populus alba GU479296 Stielow et al. 2011
Hymenogaster citrinus Hungary Corylus avellana GU479329 Stielow et al. 2011
Hymenogaster citrinus Hungary Quercus robur GU479347 Stielow et al. 2011
Hymenogaster citrinus Hungary Quercus robur GU479337 Stielow et al. 2011
Hymenogaster citrinus Hungary Carpinus betulus GU479317 Stielow et al. 2011
Hymenogaster citrinus Germany Tilia sp. GU479270 Stielow et al. 2011
Hymenogaster citrinus Germany Quercus sp. GU479284 Stielow et al. 2011
Hymenogaster citrinus Germany Fagus sylvatica GU479280 Stielow et al. 2011
Hymenogaster citrinus Germany Carpinus betulus GU479285 Stielow et al. 2011
Hymenogaster citrinus Germany Carpinus betulus GU479248 Stielow et al. 2011
Hymenogaster citrinus Germany Carpinus betulus GU479279 Stielow et al. 2011
Hymenogaster citrinus Germany Carpinus betulus GU479247 Stielow et al. 2011
Hymenogaster citrinus United Kingdom - EU784360 Brock et al. 2009
Hymenogaster citrinus Germany Quercus sp. GU479283 Stielow et al. 2011
Hymenogaster citrinus Hungary - GU479360 Stielow et al. 2011
Hymenogaster citrinus Japan Quercus serrata, Carpinus sp. OM438164 This study
Hymenogaster griseus Hungary Carpinus betulus, Quercus robur, GU479358 Stielow et al. 2011
Quercus cerris
Hymenogaster griseus Hungary Carpinus betulus, Quercus cerris GU479336 Stielow et al. 2011
Hymenogaster intermedius Hungary Tilia platyphyllos, Carpinus betulus, GU479300 Stielow et al. 2011
Quercus petraea, Corylus avellana
Hymenogaster luteus var. luteus Hungary Carpinus betulus GU479302 Stielow et al. 2011
Hymenogaster luteus var. subfuscus Hungary Carpinus betulus, Fagus sylvatica, GU479334 Stielow et al. 2011
Quercus petraea, Tilia platyphyllos
Hymenogaster megasporus Hungary Pinus sylvestris GU479352 Stielow et al. 2011
Hymenogaster olivaceus Spain - AF325642 Peinter et al. 2001
Hymenogaster pruinatus Hungary Quercus pubescens GU479308 Stielow et al. 2011
Hymenogaster raphanodorus USA Quercus douglasi, Pinus sabiniana, AY 945302 Smith et al. 2005
Arctostaphylos spp.
Hymenogaster rehsteineri Hungary Carpinus betulus, Ulmus glabra GU479305 Stielow et al. 2011
Hymenogaster rehsteineri Hungary Picea abies GU479363 Stielow et al. 2011
Hymenogaster sp. Poland - JX559775 unpublished
Hymenogaster sp. USA - MZ919198 unpublished
Hymenogaster sp. USA - FJ789604 Gladish et al. 2010
Hymenogaster subalpinus USA - AF325640 Peinter et al. 2001
Hymenogaster thwaitesii Germany Sambucus nigra GU479265 Stielow et al. 2011
"Environmental sample as mycosymbiont ~ Czech Republic Epipactis helleborine GU327479 Tesitelova et al. 2012
of Epipactis helleborine"
"Environmental sample as mycosymbiont ~ Germany Cephalanthera damasonium AY 634136 Bidartondo et al. 2004
of Cephalanthera damasonium"
"Environmental sample from soil" Ttaly Quercus pubescens JF926963 Belfiori et al. 2011
"Environmental sample from soil" Italy Quercus pubescens JF926964 Belfiori et al. 2011
"Environmental sample from soil" France - FN397318 Napoli et al. 2010

% raxmIGUI 1.5 (Silvestro & Michalak, 2012) % =& £k
IZED 0 TR IR U Tz, 7 — Xy ML ITSI, 5.8S,

TimELT

ITS2 @ 3 FEIRIC Ay EIL, HAEE BT T LI2IE GTRFGAMMA

T NVE MW, SNEEIZIX H intermedius Stielow, Bratek &
Hensel 333" H. rehsteineri Bucholtz Z V>, 1,000 [B]D~7—RA
oo 7 ENT (ML rapid bootstrap) (LD KFZDEHEME (MLBS)
FEHL, SO RHuMEHE FigTree v.1.4.3 (Rambaut, 2016)

TFoRL., Affinity Designer (Serif Europe, /> 74> 7 I, AFVYA)

HAZERA (K1) 1 3EAEHOLNE, REROTWITE
R o8 KA (B2 20 pm BL L) T, #Bfa, LR,
WIERIRFZD R OA—F A M FF oA a2t eEn g
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1. BB Hymenogaster citrinus (MO1219).

C-EBLUF, [X5%KOH, F, &S5+ )t0—/LTHA. A-B: FEIK. C: K. D: FEES
FUEEWR. E:BFF REFREF. X&—)L/N\—: A-B=5mm;C-D =50 pm; E-F =20 um.

Fig. 1. Japanese Hymenogaster citrinus (MO1219). C-E and F, were mounted with 5% KOH. F, was mounted with lacto-glycerol. A-B. Basidiomata; C. Peridium;

D. Hymenophore and tramal plate; E. Basidia with two sterigmata. Basidia were mostly collapsed possibly due to autolysis; F. Basidiospores. Scale bars: A-B =

5 mm; C-D =50 pm; E-F =20 pm.

LTz, AT Sticlow et al. (2011) A3y FIEIC ISV
T-fRTE EBIZEEGT LT H. citrinus DFFBESLS—E LTz, A/
HAT IV @ BEEERDET D CTHL 2R R T D LAV
HiU (Hawker, 1954) . HAPEREAIZIBVVTH B CRlAE) R K
LHEES DM FRENZIETETOR TR TROLNZ, &
D=, HTZROFARRPKRESOBIEIIRETH -7, 2 f8

FHETHLZLITMERSN (K 1E), AMAEIZ2 [T
HBHZ L1, Dodge & Zeller (1934), Hawker (1954). Soehner
(1962), Pegleretal. (1993) 722XV~ HL TS,

3 RN ORER, A ARPEREAIL Stielow etal. (2011)
W& H. citrinus EUCRIESNIAEREZLHE Lo, HEHAUIC
s sz —Richasinse (42 ; MLBS = 86%) .
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99

96

92

Hymenogaster megasporus Hungary (GU479352)

Hymenogaster griseus Hungary (GU479336)

Hymenogaster thwaitesii Germany (GU479265)

Hymenogaster griseus Hungary (GU479358)

Hymenogaster citrinus Germany (GU479280)
Hymenogaster citrinus Germany (GU479284)
91| | — Environmental sample as mycosymbiont of Cephalanthera damasonium Germany (AY634136)
— Hymenogaster citrinus Hungary (GU479347)
Hymenogaster citrinus Germany (GU479270)
78 Environmental sample from soil Italy (JF926964)
H Environmental sample from soil Italy (JF926963)
I Hymenogaster citrinus Hungary (GU479329)

| _| Hymenogaster citrinus Hungary (MW354969)
Hymenogaster citrinus Hungary (GU479313)

64 "I_ Hymenogaster citrinus Hungary (GU479317)
66| = Hymenogaster citrinus Hungary (GU479337)
86 Hymenogaster sp. USA (MZ919198)

‘| Environmental sample from Soil France (FN397318)
Hymenogaster citrinus Hungary (MW354971)

71"

Hymenogaster citrinus Hungary (GU479296)
Hymenogaster sp. Poland (JX559775)
Environmental sample as mycosymbiont of Epipactis helleborine Czech Republic (GU327479)

- Hymenogaster citrinus Tochigi, Japan (OM438164)
Hymenogaster citrinus Germany (GU479285)

Hymenogaster olivaceus Spain (AF325642)
Hymenogaster citrinus Germany (GU479279)
Hymenogaster citrinus Germany (GU479247)

Hymenogaster citrinus Germany (GU479248)
Hymenogaster citrinus Germany (GU479283)
Hymenogaster citrinus Hungary (GU479360)
Hymenogaster citrinus United Kingdom (EU784360)

77 Hymenogaster pruinatus Hungary (GU479308)
Wenogaster bulliardii Hungary (GU479361)
Hymenogaster bulliardii Germany (GU479273)

100 Hymenogaster luteus var. luteus Hungary (GU479302)
Hymenogaster luteus var. subfuscus Hungary (GU479334)
ol Hymenogaster raphanodorus USA (AY945302)

67 Hymenogaster sp. USA (FJ789604)
Hymenogaster subalpinus USA (AF325640)
Hymenogaster rehsteineri Hungary (GU479363)

Hymenogaster intermedius Hungary (GU479300)

Hymenogaster rehsteineri Hungary (GU479305)

0.02

Hymenogaster
citrinus

2. Hymenogaster citrinus 35 S TNEAZIED ITS tEIEZ ALV-RAZE RGBS (RATRAE -2241.924131). /—FICRAEICLST RISV TE
(250%) %KL= SEEMEOELK (280%) [FAMRTRLE.

Fig. 2. Maximum likelihood (ML) phylogeny of Hymenogaster citrinus and its allied taxa based on internal transcribed spacer (ITS) region of nuclear ribosomal

DNA. The tree with highest log likelihood (-2241.924131) is shown. ML Bootstrap values = 50% are shown in nodes. Thickened branches indicate strong ML

bootstrap support ( = 80%).

F7-.

H AR FEREARIL N AV —PE H citrinus (GU479296.

HIRLE T D,

MW354971) 728 LIEEITEVHHRIE (299.4%) 2Lz, &
JL—RIF T =y EFERIEARIZ IO RS, —5BI2iE
TAVHFEREA (MZ919198) . THEFHSROBRERLY] (JF926963.
JF926964. FN397318) BXUN FURHMEMOEMREEL THE
SINTFRS (AY634136 , GU327479) HEFIL T,

LI ORI 7RI B O+ R AT IC I 5% AR
PEREAR% H. citrinus LRIE LT, ANBEIX, H citrinus 0O H AR

AT AT IVIBIXFE —FENICB T HEAR MO RER7
ERPRE, INBER, BRBAZRSEICEBNTELO
wama AT LFEREIC, 2DV /= LB EDERER ST
% (Montecchi & Sarasini, 2000 ; Soehner, 1962 ; Stielow et
al., 2011), Hymenogaster citrinus & 5] 7+ T 1% 72 <, Stielow et
al. (2011) IIARDY /=L, HHNNTL/=LEEEDNLOTL
L T H. bucholtzii Sochner, H. olivaceus Vittad.. H. tomentellus
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R. Hesse, H. sulcatus R. Hesse #2517 T3, 13K, H. citrinus
DHIRAIRRERFFEEL T, LD EALFTODLIENZRT
DAL, BEOREX H olivaceus LL T, LIZUIXRBIEITET
(Montecchi & Sarasini, 2000 ; Pegler et al., 1993), L74>L. Stielow
etal. (2011) (353 FIEHRICIESWTMENTICIY, H. olivaceus %
H. citrinus \ &8, SMNZOEPIEIGITE LBHIZOWT, J4
BRI HIROFIRIS LOF ER DR LR OE DR a 2%
T2, Stielow etal. (2011) (IATRE G K HE A3 TR A
LI BBV TIMNE R A DL TRY, B AREREARD
ERRI A PR B BRI T28, ZOWEEE SR T2
fifLieolz, SHIZ, Stilow etal. (2011) [IREARZE FLfEH A
SNOATEDFHEEL T, AWl F-OA—F A ERT TD,
BWNTRERDPORPRENET HHDOETIRAHY, HEOIET
FARNOZEHRY R # OIE DR 52 T DO TR
MEHEEL TD, HFIITOA—F AMNIOWTE, A—TF A
UM TRAMEE (perisporium) AR SHELF-Ri 1A H T HAFELEA
DERZIVCTEY, MAHZRNE B L OUIROA—F A5
HENR RN RONDEL NS, 728, HAREEAT GG
HWODINEITMZ, REENHY, HfaiElbtk, WIFR
DA —FANEHLTEY, MRBRRHED H. citrinus TéhoT,

Hymenogaster citrinus (FsYEFEM A ZV 7 ; Vittadini, 1831) |35 —
2% (Montecchi & Sarasini, 2000; Soehner, 1962) . bk (Dodge
& Zeller, 1934) . 77 (Liu, 1998 ; Liu & Tao, 1988 ; AHF4E)
AT o0, S—my \LSNGDOER, S IIRER Th
Do BA/ AT VIBEE B A TROBEIT RS D1 FAEREO
— D ThD, oL, H citrinus IXFHE2 M B L O 7
TEATDHIHEDLLT . INETHRED R STIENL, K
FEIT HARICRWTIIMEREHEESND, HARPEREAITA)K
AOGAMMIAER LIz T7, VT B TR ESITEY,
ABEITARE HEA T RN D, I—Ry IR NTAR
FRITSES FAFHO LA LIATH0, AR OEY LA
A VDM 72 H citrinus 1347 KB THECRITIRES
T 5  (Hawker, 1954 ; Montecchi & Sarasini, 2000 ; Pegler et al.,
1993 ; Stielow etal. 2011), 7 PKAAZF A &I DI ERA L
THRINCTL, SMVEREREOBIANAE 54 K5 Higko
TRAE, ThBEIATDAMEREIR E &R 5 L THETHS,

Hymenogaster citrinus Vittad., Monogr. Tuberac. (Milano): 21
(1831) [MycoBank ID: MB217699]

L.
POBRAOHHE - 7K (X 1A-B) 1T 5-15 x 5-11 mm, FEERIE
DORERG, LEITHDINTED LTI, SRR BAIZRIR
720 WHETEMILE A RS, SR A DR T, IR
1 B DR L OMHEIR DL LT E R 03D, 71N (K

1B) [IMSENDITFRA, HOMICREEAIEAL, E
WNEZHTOI=T=FA, SEOREAR D/ NRE T 5, B
BoaWEDbD,

FAMERAEE AN (K IO IIVE B L OWNE D 2 8, HDU I,
WiEZKE 1 BIZLOR SIS, AME RS 19.1-41.2 um,
1IN EADOE R SEHET D, WEITES 38.9-65.7 um,
R D00 I s oI KO RS, MR 3.9-30.9
X 4.5-16.8 pm, BEIMEEALREBETOCERE (] 1 um),
R (X 1D) 1308 32.1-60.3 pm, WPAEERELIZHE RIS
THERREH, HRITIE 2.9-54 pm, MEG, jEEE, A1 7-203
24.9-40.5 x 10.5-14.1 pm, ZABRE 7T A2BIE XM FE,
WEEA, BBl aIcEad s, M (XI1E)
E2 faPE, RCEIEE AR (autolysis) 23RKIEHEE SIS
THRFITELVNETEBRD O T A RITARGH, 87
e (1% 1F) 1% (18.7-) 26.3-35 (<39.3) x (8.1-) 10.2-14.9 um (°F-
PEHEYERZ : 307 £4.0 x 12.1 £ 1.5 um ; A—F A PBLO
<HBIZUIRZERZET) . Q=20-3.1 CE¥IHE 2.6), HHtEE)
DREAFHER, EXILEUM, ST U UITELERRIZZE L,
I RCBITLRERE (BE3-7um) MR, I
TREIFRFAC T, REA B CRBEAIZRLDR, WISk,
IHNRDA—F AN T DR TIME B DD, A COR
[ SN N /NS o/

ME Ve TS RN, TN citrinus 13V EBEE
BRL, HAPEREARDINE D A1 0D ZEICH KT 2,

% I—rws% (f5 : Stielow et al,, 2011 ; Vittadini, 1831), At
K (Zeller & Dodge, 1938) . H[E (Liu, 1998 ; Liu & Tao, 1988)
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2020 FFEF LN 2021 AFITHF NN TERES NI M FAEE D
H, BEEOPREELIIRE L EAREZHRETS (X 1-10,
#£ 1), EARDHIG, Redeckera sp. 13T EERKFHEF FHMDOK
FEFHKIZ, A7V AT )V @O —FEILE LR AR
WIS ORISR KRR RS, AAFFaynbat zxiavn
ik, MER)INBSIAEMOR - BRSO PTREE RIS
B LTz, ZOMOBEARITNTBITARSLEYEE (TPM)
BRI B I S TN D,

2. Redeckera sp. A%r—JL : 1cm.

B

ARG AT DD, KRAR2E, PR EERK, KT
SRR, Mix RBEERR, PRUCEERERER, ILARHTEERIZIE,
FEAR D[R ESCE A E W2 & < DT BURE N T2 EELHFLH
L EFEd, SEBIUBEICOWTIE, HAE K, 46
LK, WBHAAK, PAERTFR, MR, =4 X
WCRERBMFHIA0EL T, Z2ICEs =L ET,

3. Sclerogaster sp. A’7—JL : 5 mm.
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6. IHRL A0 (a: FEIAEER b: FEIAME).

| : ‘-"\"'415\_ sy
R7—IL : Tcm.

10. Hysterangium sp. R7—)JL : 1cm.

7. Aroramyces sp. R7—JL : 1cm.
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Z K1) Ak (Specimen list)

2020 FH KU 2021 FITKRFE LVZ DEFEE TIRESN - TER
Truffles and truffle-like fungi collected in 2020 and 2021 in Osaka Prefecture

and the adjacent areas

# fCH

Norito Mori

TR EAIRBEEPR, T 631-8505 TRIES BT 3327-204
Department of Environmental Management, Faculty of Agriculture, Kindai University, 3327-204 Nakamachi,

Nara-shi, Nara 631-8505, Japan
E-mail: barobaroba2012@gmail.com

Article Info:  Submitted: 21 January 2022

Published: 31 March 2022

2020 FI LTV 2021 FAZFEE DRI « 78R - TR
LUIH FAREIZOWTHRE T2 (1D, BELAERTT
AT 50-60°C CELMRAAT 5T, — S OFEAIIAZS) 1| BT
AR - HIERIEAEIURE (KPM-NC) 38 X OVKBR TNz
B RIS (OSA-MY) (ZUUBS L TUVVD, FEAEBR
BROBREDOTD, —HORMIIRELTTZ L~ DD,
EF TV AN LR OMIZH KN O — D U T

34 . 2 e L e R
1. ZSAYFH T Eaphomyces muricatus (BEIALR
A’ Tolypocladium sp. HNEF4) .

2. Hymenogaster sp.

N AER B A TREL TODS, ZRBIFRIEHE T E Tho,

HiEE

HEGR K EATHAIRICIR, TIAYTF LIRS R
(MSF8) DOFAMET RNV, TR REH
FEEDORPEILARITIZ, VAR=Z<Z (MSF34) D%
R A TR AN 2T, RGP L TS,

! TR T S

V
4. Rossbeevera sp. R4—)L:1cm.
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Ed 9TASIN £ H 0T [ 0T =y 20T L —g MWL P EEY Ll (MY E Liadsay “yo DIUDIADIQ
i STASIN  HfgE H € [ 0l =k 120T A= Aol BFEN HY RN PN ds p.12a2aqssoy
7 VIS HEDYKE H LT H 6+ 120C A =g A EAgLL WEN Y RO RIS ds paodsagssoy
(o CTISIN R H ¥ H 6 = 120C A= Aol BFEN HY AN PN ds noasagssoy
Foer ] TTASIN Hf g H 0T H 6 = 120C d—g0 AL HEN O HY [IEN ) PPNV ds paadagssoy
Wz ITISIN - KEDIKE H ¥T | Ly 120C HEM o (e EY  WEY LB AL vouoddiu viaqnjoid
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5. RN AIA4 Turmadlineapersicina. A*7—JL :1cm.

4

5

E

6. Octaviania subg. Parcaea sp.

AYZR-

F KBRFSLVZOEREOHT EEE

9PASIN H 1€ | Tl =y 120C chifp ‘L Rk Lgske ds pjnssmy
SYASIN HI€ HTly 10t HENEW ‘L —g0 Lz 2gl£) RS LRI LA “42fijjpunjos 1a1sv301joH
PrASIN H 1€ H Tl 9y 120T =g gl £) I QEE LA G2 2y ds papduvg “Bqus DluplavIQ
SN H T€ H Tl =y 10T d—gq dBaL £ B (BE) B—QEALLUL LA “ds .apsvSoududyy
THASIN  KFDIYE H LT H Ty 120C d—ga MYerg e s gy (BE) B—QEALLL LA “ds .apsvSoududyy
HEME H 81 [ Ty 120C d—g0 LHig—= (&%) ds wmiSuvupdy

LEISIN  HEPIKE H 0L [ T1 =y 120C =g ‘L rrcs (PE) B— 0¥ Lsr¥a “ds .topsvSououdyy
SEASW ¥ H b i Tl 120C L=z Lig—= &%) ds wnmiSuvupdpy
PEASIN  HfBERE H 9T | 1T =y 130T d—£0 LHrccon N A4 pupoisad voulpULINL
CEASIN W% H 61 H 11l 120C d—ga ‘LEiub£)s (BE) B Q¥ LKL A2 “ds tapspSoududry
TEASIN  HTHEE H v H 1T =l 120C d—ga ‘Lagcs (LB} FAZN TG “ds paaasaqssoy
TEASIN % H S B 114y 120C A —ga e L2 B A LR DUNIPA0ISILT D12422GSSOY
0LASIN  HfPH¥E  H € [ 11 =y 120C A —ga e (BH) B—QELLL LA “ds apspSoududyy
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Iyt A (Essay)

OOFYFRUIENHEENEERE

Encounter with Elaphomyces appalachiensis and its observation

0SO sugiru

=EREN
Tsu-shi, Mie, Japan

E-mail: toolate@s7.coreserver.jp

Article Info:  Submitted: 6 March 2022

Published: 31 March 2022

1. IXL®HIZ

AFEIZAD THES7201F 2021 £ 1 H 10 B, 20 BIZE)
BHIIEDT 4 — VR ~[alpolz, FRISFENGET 15 43138 Dt
Fr72D720, BT YRV FT I )T R0y a nsFF4
VIRE TINARL L IRB T EE ST B LA E
FOSIRAE T DMk 7R BREE IR 3o TN, A RIF -7
HEBFEOM TAREENOEE LT A4 R EENLZEL
THRAETHOT FTESZTIULEVHZ TMHOLLITITHEZ
D] EWVHYLLED DD,

DT 4= NRIFARHTI2E DT T RHURYERZ LR E LT
HEAMRT, FEBICY TV ARFORIOFREDIEADIRL S,
FELITRERL Uy — gk LA E DSFAE T D7 ElidEE
DEMFSAVTIY, HAED TREAHA— LT BRI RS
TED, I ANBIRZNRICHY, FIERHEL TOERICR
e B — IR, LIEBER T L TEVELZENILD
%o ZORNIFEACTHEANE MDD TFIRO/NS/2 B 1S AN
KR&72ET MRz—Ehnnd—] LS VRNRLIED IR X 7 kF
IR ICH T LTz, ZOWPNTEHIHA R A LI
A-TEY, EICay b m/LOIFNEL TNDHDTHE
PEZ B DT DI IAAD T %25 TNDDTIEN, HeDNIHD
FiEbDIH72,

2. R DR

UGS TR 2 IZA4 BB EONFYRUZ T OYE B R0
%o ZOBFTTIIIRZBEDOTIAVFH Ak fg e H4 M E R
DEEIEEL, MICb TP RUZ T LRI AT H XA
VEURZTR0, IV UEDELRNL [FRZ R 2| LI
IEN TN E RN T D, ek, TIAYFH AT

DB HGH N E T eI e I ICEE L L TVD,  RIZEA
MST-DILFEIZFn4 DM Elaphomyces citrinus IT#%FE (X] 1) ,
YIayF L AGIR T, Bom O R ARITED T
DD EKHEMD, FRMFBICHAWVRERBEHL WD
B, EOTEARLIETHBUZRDITHIENTED,

1. Elaphpmyces citrinus i8N FRIALEE. FRUVERE
BUOAROMEICEEDNELNHS.

ZZETIHZO7 =N RBEH ORI T, W oL OZRER
72ole, LnL., E. citvinus JT3AEAHED tH U7 JE O HIENIZF A
T D RABNI2WE SR DA S TWNDBI LR, B
INIHE DEIAMAINTZE BT, b 7B TlidZa i
IR TOAZLIZERES DY, F-FROBIEL B
EZ L E. citrinus WTFEE O E O WERIZZHLIZRZT-0T
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o THBHIEIZ, T HEamanlE N iEI 0 H TRz,

ENCTHRMN R I T AR Z X AanoTz, i
MRWHEER ORI T A | LW B DD B 53 O AR I D
7ele, IO THENE DN R TV DRI TIL 2 &b
EZTD, R CRSTERIZL - EVELTHA NS, I
B ORPRR A TODFAD TIIAp0 270 T, RUITHED
LIZRE T I —F AT TEHS —DICYIH, THEAL—X
WCHBAY, 5l &R UIBN A DIR F DB A ZITiLT,
CITIIRKIND T AR LiEE &z, L TE- D
IZLTEBRAZ S LBV T AL L S ADER ORI FIVE,
FONNIIREBEORT - - -, Py Lemys
Zo TN T AR o7 (K2),

2. REBABWSASVIBDERICEEN-HMTEE. BFOE
AeEVILYAYFEUIIERET N —TTHH LN RSN S.

3.20FYFA 3 (Elaphomyces appalachiensis Linder )

VT IO L SD o T, AREBPMATLNSTER D) T
ZOEBETIIEAYL STz, RO TRIXILO T
Aw—h7HEROHL [0k« « VL vRYFH TR
DER->TALIEATL LR . « « 274797 ~%5REB-5Th
%2 (202141 A 10 H 13:30 JF3C~~) | & Twitter [ZEHE5A
AT, TDHEBL TEEDH T RENS Tau®eYFX 3T
TP | OV TANEE N YL, ATV TFH AR
BROM T AR THAZLTM > TN, FELFFEAR A~
LIVTWDXHRIZa e Y F X A% E. apparachiensis E[RITEL
7oy (EEH - HH, 2003) <BWT, FOMITH>TWTH
AT BT 54 RE HOIY v F U REr DfE £ &
LCAHTRREIRNENTNEIBN, B2 ENb7e<,
TIPSR T4 DBEEIND [HEIZEENTHDEDNR? | &
HBUAAL W=D TERITENT 2T,

B AR A S R— I ANVTREB Y, Bl OR AR T2
TEDIZRDICT 4 — VR ERIZUT, REL%, BN TR
(B8 T 5, A==V HBHEAICES “olth)lo7o 7 FE K
EEACHILCTHEEL, BWEER T A~ /e, =
WZEOARFEDRFEANS N VBRI CE T,

T ERIIRKEZNTYH 1.5 em 1ZE T, LR0ENTEE., T
FIRIIBARD T AT 7~ R R A D R ITEDILTEY,
ZOHEARIT T FEEEFAICIRAY, RRICHIRIZER U RS
ROBNIR%, SHIZZOEARITELDIITARYRY LRI
TIENTE, INRFL D HRRDO TIERWMERDbID,
IV F L ADIIEE DINIIHFEE T TATy
JEDEARINOEHENBITEATT D, WEIZES | mm (38T
Wi K B 7203, B T2b D13 B A LI T-L[RITIK
FREEHFNTNLIENZ, JBAFEinbyyrvayFs
CADMELLWKEFBE T, ZNIEFIC T FEEREBOERD
BORESNEELS (K3), Ryb EIZABSH TOWOATREIC
B35 2012 F=Dim L (Castellano et al., 2012) DFEHEHNA L
L, Affzan®eyFH T TINEHELZ,

Fo. ZOT 4= URIEFOBENL IR0, REEE
E. citrinus ITRFFEEBEEL TRAETDHIENZWNIDIZEDNLD
(K 4), FEBE FHOWERETA T I ODEADSONIED

4. Elaphpmyces citrinus B8 L0V FH T DE RO
ETOHT

52
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JOITHIEN BN OO DR TR EL BIZLTWD, 7272, h
IR AEREENILEAL TODO THEIZILFEL TWHBIEF b Fh
TRUNDS o o e

4. BEMIRBIREER

RO T OB T BEMEI S BN B o7 DT H 4 Thk
POIHELT=DTEN | OB DOBIERE RITMESNDZ L L7225,
fia OB EBLLE B IRIZR T, R o X E WL E
REEENTITHER TETZ, L, RELICEEAREL
TWNTZRZ LD, REICTHE H 12325072 (X5)

5. AREVFHUIDRTFOBEMKREE. H53T ORNMEER
HhNRZS.

SO TIE (B OFERRE I ZEC57e01E) . AFEDR
ALl REE T WERIRZGE ) (TN EHY, FasC
FOET BB EE THZ O TR TED, HLNITH
DOHIDOFEREBED, HIFERON 2 ZHUL TTZENLUSAD
RS —BLFETND - - -,

ZITMBIRE LT 2 2 T BEEO T 5545 o8k
DHLTHZ, Rl 7Rmici B Er i ofe .o s
Hafw, RAHOBEOWELK LT, ZOETIIATTFHOA
NRUPVANTHLFFERD [ ALY 7—RIETYefa L THHE
BRI DHERMMEENBIRLOT V) LOFRIRMENH o728,
FLTEHDLI T O G B W22 TH eI 2 12l
NFELTENTET,

FERRBEHE THEH | Tl TAaZ) #of-,

FT. REMEN LT WISNCay b 7 —TYE LT 1
Y75 @ (Hydnobolites sp.) D% R THD (K 6),
ENEEERLIZLOT, ARV MEFOFINIEDER
HOD, ZOBOIFITERTE TRIENZMHE B IROBEREZFF-D D
R8T, 0o WIIICHR A TR E AN CThDHE,
IERIECHE ERRES A, AT OB AT Z T2 L T D
DWGIHD, TAUIFERL LM B AR5 Rz T w)7e i
R FDT=DIHMLTIY, FROAFTAND LRIRTEE 53735,

6. O YIA45BE (Hydnobolitessp.) DAAFEASAR.

WIT, FREICHIBIGRE AN 20 YT 2 IO 14 7T
KB (K 7), EEOBEFIELTRIFELRIL, AxRsLMEHE
RICRZTODDIXRICTER, A% RHEN - DEN -7
MFICRA TS, S RICESOM» R TEL -
TND) EVIHZEiThD, ZL TR B> TWDEDIE,
BRI AR R A TSR RIRZE L2 E b D, EEATARNC
L7cb DMK 7 HETHD,

7. AOEYFEUIDOBRFEASAE.

SHIT, PFRICHZ TW W@, Ay 7 —il3ET
Yo Lz 7 (M8) #RT, ZOMHE MR Ciiiadf
HTHDHEEADRZ T OREICH KT, BT DR E
DINTHEDMITIHZTITD, BEUTHIFINLO IO ITZER Bl
%, [Minecraft] &£V )7 — 2% ZFEHO T THILE, HIFE D1
L NRA ) BARA—TTHEGDRLTVERS, EBRICHEE RN
BUINAGFTE R Chbe, MRELEZEBIZDLT #D
23, ATV FH IO BTSN DB A Sy EIE 2 TV
Do ZOTENLHLARFEDHE HIZHZ T e DIFBRRTE 57D
LG TAZLMTE, TNESHICE WV THHLES—E
I DE, MR Qb OB FRSCOE T IEMEE SO
Folz, BFUIRDENCAR Y NRICRNZEWRIEIE 572 D72
LI HDZENTE, ROV BEAMBIEZR 25T,
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8. ALYF—RETLALL-IODEYFSIUIDOHEF. REODEH
DHEHIZF>TREAMNEERIZEHARIZERZS.

5. 8HYIC

A lElaaey FH A OREREEN H 37T TEIZLT
P BN LUz, U T4 ol oK EiEED
B THRITEEODRBHSTZOTIIRVDY EVIHZE, FEiL,
T IR D M 720 3D, HFBMB TIZESIL THE
TUAMBEI I IEREICE mGEE DN TEe, Z2OTH
SORIZHEERD HICLRANHLOZLEARL, bz T
(B~ THDD] ZEDRUISEIRIRLIZ,

Fi2. 2021 SRR EHICZO T4 — AR EF R, anE®Y T
B AN B IR ISR AL QR OVINEIER LT T2,
P NBIE RUITIZE S/ 7278, a4 72 et
FTUVRNZELHEDT, 2022 AFELBIERZMk LIS,

RRTZD, FEFIIFX72x% /abipol=0THAEL TH
7= (K9, ZRUIBEMEBIBEICTIRIZE- TR E D

E/alahm/zes appafachiensis \Linder

9. aREYFAUIRAED THKR (F>a0%) ] &

WENET—7, TOM, FHOVNIZLANITETS
CRONDRROE R, 7—FOMIII Y~ Z 2RI T O+5%
i, EFPa— MBS RO E R B SIAENTOR
DIREL TS, FAOEIT 53R —25— (http:/toolate.
s7.coreserver,jp/personification/) |ZFEAM72ER ENENINLTND
DT, BZFFZTHIEIIR TR 5E30 Th A,

HiEE

AEOaneYFH L TTONTIE, TOERL, MTFEEZED
Br b Twitter 238 U THZ TN/ ENTEELE, U2k
R EF A EFTHMENRERL TR, HTA o Z—Fvhe
ZOHEEM, TIIEDBHR. RO 2 DFESZE
HMOSNIZEAMNLET, HHVRE, R, ASI2HVned
TEWELE,

51 ATk

Castellano M.A., Guerrero G.G., Jiménez J.G., Trappe J.M. (2012)
Elaphomyces appalachiensis and E. verruculosus sp. nov. (Ascomycota
Eurotiales, Elaphomycetaceae) from eastern North America. Revista
Mexicana de Micologia 35: 17-22.

SR - HBETR (2003) IY AL RA S OFE, aneyF
BUADELNTONT, A BE E 23:27-28.
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F D ithE KR ELE (Other articles)

EHHBN - YIEEAFTHESANTTT (BENFTTITHE) 12£5
NERFRELIVABLVER L IVADEER

Introduction to "Consumption of the ectomycorrhizal fungi Rhizopogon
roseolus and R. luteolus by Chamaesyrphus japonicus (Diptera: Syrphidae)"

fEH &L
Hidehito Okada

P RPEPIAMZR T 657-8501 EERMATHR/ARSH 1-1
Department of Biology, Faculty of Science, Kobe University, 1-1 Rokkodai, Nada-ku, Kobe, Hyogo 657-8501, Japan.

E-mail: hidefungi@gmail.com

Article Info:  Submitted: 17 March 2022

Published: 31 March 2022

HFAEREIE, R T O RE I REE S TND, £ DT
D, BCR RUCIHE RN ER A THHEE XS
NWTET, LNLARND, EOIORBIYCRE R T AR %
BET DN OWTIH AN, AT EH LDV
71 Rhizopogon roseolus (Corda) Th. Fr., Svensk, 1909 &4 =
712 R. luteolus Fr. & Nordholm, 1817 D 2 D av @& EH D
Y~ eXF T H N T T Chamaesyrphus japonicus Shiraki,
1956 OF Rz FLLIZHTJE (Okada et al., 2021) LIFEFLIZHES
TR EAARIT T D0

N AEREIZOWTHEBRZFF B IR0 201355 1 BAE D
2otz Jux EEEMAYEO LR E/ERIZEBRRHY,
BIDERFPNFMEIFET — v 2 RL VLA, HITFIC
R ZTER N A Z B KA T eV T A D %F
R ERRITHE N B TS ENE T TE T, it/ A
WA RO TIFREA TN E B R 72825, MO T«
ELTERIRTE D avn @2 HicdEor, Fa ke~ T
HHE. AARED ayaRORF AT 5EEEo7- 5%
IFeWboO, T AVAO aya@ITE S (Clethrionomys
californicus, Glaucomys sabrinus 72E") a1 B #KFT 5
ZENFBILTU T (Fogel & Trappe, 1978 ; Maser & Maser,
1988), L7z3oC, AARDVavrgbRIFROEIMICI DT
WA TRSNIZ, MAT, FFEEITITFT /2712l DY)
MLFERSNDO T, /NI R E LD R BREE AR LM
HETR B2 E LM RO F b H DD TRNINESE
Al FoTO BT DHATLF DD, FFRZERIL T,
avnBAERET LB RO IR, BARRIZT,

BN &7 40—V Rinbiavalg (avadhriay
gD 2 ) L, N—IF=2T A N2y =D T
BoEMBEEL, LR BEARINL-, 47, fite
(FpRlZF /a2 fH) AIUELTLAEASETRELTHY, EEE,
Cordyla JEDF /2 \THPRINTEZ (K1),

1. 378 Rhizopogon roseolus D FEAXMNSFE LT Cordyla BD
F/aNTE RS —)L : Tmm.

ZOBE, BEERL W TR (FREONEITEEIHIE
LTWe) ZEEBAMBETHRL TV eelAh, FEENET
PDBENTODIDIC R AT, JSBETDL, FEKNERIC
PN DESTHoTz, FREEVIVITHIRLTHIEIA,
HSNIF /3D L) L TR DRICH A Sh ha %
RUTZ (K 2A), Mo+ RAEGEL THERZ D EFRO
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2. A: X IREAFHESR/\FTT Chamaesyrphus japonicus DH R
B: YREEAFHEZANFTTIDHHRDELLE. ERLIBEFICLY
BRIcRZ%. AY—IL : A=1mm;B=2mm.

MW B Sh BRI STz, S REfFRIL THLZAHL
BIIRBEORAICIVBRIIR->TEY, BEEEaLTWAD
ERbrotz (K2B), 22T, Shof - HaAHELLTO%F
HERFARD1-0I1Z, O LENEMERELIZEZARM
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