ISSN 2433-9725

Coso

Bulletin of the Japanese Association for Truffle Science

Volume 5, Issue 2, December 2022

Truffology
(AR TEERARETEH)

FE5&28 (20225 12 A)
YFR O REES



Contents
(Volume 5, Issue 2, December 2022)

Original peer-reviewed articles

Michael A. Castellano: Two new Elaphomyces species (Elaphomycetaceae, Eurotiales, Ascomycota)

from eastern USA (|n Engllsh) .......................................................................... 61

Reviews

Sota Hatakeyama, Takamichi Orihara: Taxonomic history of the genus Elaphomyces, with emphasis on

E. granulatus and E. muricatus (in Japanese with English abstract) «-«-cccoveveieeiiiiiiiiiiia., - 69

Observations

Mitsuru Moriguchi: Report of Tolypocladium (Ophiocordycipitaceae) parasitizing Elaphomyces in
Ryukyu Archipelago (IN JAapan@se) - «-ceveeneneii 77

Yoshizumi Hirayama: Long-term observation of albino fruitbodies of Tolypocladium

longisegmentum collected in Hyogo, Japan (in Japanese) ««--e-ceeerreemeeeeenaiiiiiiaiiiiiainn., - 81

Other articles

Masahide Yamato: Introduction to "Clonal spore populations in sporocarps of arbuscular mycorrhizal

fungi" (IN JAPANESE)  + v v et e 85




Online publication; available at: https://jats-truffles.org/truffology/

Truffology 5 (2): 61-67 (2022)

Original peer-reviewed article ([REH; EHRA)

Two new Elaphomyces species (Elaphomycetaceae, Eurotiales,

Ascomycota) from eastern USA
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Michael A. Castellano

US Department of Agriculture, Forest Service, Northern Research Station, 3200 Jefferson Way, Corvallis, OR 97331, USA

E-mail: mcastell33@hotmail.com

Abstract

The hypogeous, sequestrate Elaphomyces has a long taxonomic history in Europe and was formally described
by Nees von Esenbeck in 1820 from Europe. Until recently, names of European taxa were assigned to most
Elaphomyces specimens in North America due to lack of specialists working on this group and the difficulty of
using pre-modern species descriptions. The genus Elaphomyces from North America has received increased
attention for the last decade and this has led to numerous new Elaphomyces species being described from eastern
North America. Here are described two new species of Elaphomyces discovered in eastern USA, E. gouldhoytii that

has similarities to E. septatus and E. maculatus, and E. ramulospinus with similarities to E. muricatus.
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Introduction

The hypogeous, sequestrate genus Elaphomyces Nees
(Elaphomycetaceae, Eurotiales, Ascomycota) has received increased
attention over the last ten years with numerous new species added
and a number of previously described species revised with modern
descriptions (Castellano et al., 2011, 2012a, 2012b, 2012¢, 2016,
2018, 2021; Castellano & Stephens, 2017; Molia et al., 2020; Paz et
al., 2012, 2017; Shirakawa & Tanaka, 2020). Elaphomyces ascomata
usually have a thick, complex peridium often encased in mycelium,
roots, soil and debris, and a powdery gleba.

Prior to 2012, there were five Elaphomyces species described

Accepted: 8 September 2022
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from North America: E. verrucosus C.W. Dodge (Dodge, 1929),
E. appalachiensis Linder (Linder, 1939), E. viridiseptum Trappe &
Kimbr. (Trappe & Kimbrough, 1972), E. subviscidus (Zeller) Trappe
& Guzman (Trappe & Guzman, 1971), and E. spinoreticulatus Zhang
& Minter (Zhang & Minter, 1989). A number of other Elaphomyces
species with European names had been variously reported across
North America. Since 2012, 24 new Elaphomyces species have
been presented from North America by Castellano and colleagues
(Castellano et al., 2012b, 2018, 2021; Castellano & Stephens, 2017),
primarily from eastern USA.

The rich diversity of Elaphomyces species in the eastern portion of
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North America, east of the Mississippi River, is attributed to the high
diversity of Betulaceae, Pinaceae, and particularly Fagaceae species in
this region. In this paper, we extend our knowledge of Elaphomyces

species from eastern USA and report two new Elaphomyces species.

Materials and methods

Descriptions of macromorphological characters are based on
fresh material. Colors are described in general terms based on the
observations of the authors and collectors. Preserved specimens
were rehydrated and examined in 3% KOH, Melzer's reagent, or
cotton blue. Microscopic descriptions were based on 3% KOH
mounts unless specified. Spore dimensions (mean) are from 20
ascospores measured from the holotype collection, dimensions
include ornamentation. For scanning electron microscopy (SEM),
dried ascospores were mounted on aluminum pegs with double-sided
tape, coated with gold, and then observed with an AmRay 3300 FE
field emission scanning electron microscope (AmRay, Bedford, MA,
USA). Specimens are deposited in the following herbaria (Index
Herbariorum 2022 [http://sweetgum.nybg.org/science/ih/], accessed
on 25 Jan. 2022): Cornell University (CUP), University of Florida
(FLAS), Instituto Technolégico de Ciudad Victoria (ITCV), Oregon
State University (OSC), and University of Wyoming (RMS).

Results

During the course of examining thousands of Elaphomyces
collections during the last 15 years, I have come across numerous
undescribed Elaphomyces species based on significant quantitative
morphological differences. In addition, I have attempted to receive on
loan and study as many different previously described Elaphomyces
species as possible. This background work has enabled me to
compile a detailed record of macro- and micro-characters of nearly
all described Elaphomyces species from either type, authentic or type
locality material. The two new Elaphomyces species presented below

are a recent product of this work.

Taxonomy

Elaphomyces gouldhoytii Castellano, sp. nov.
[MycoBank ID: MB 843351]

Fig. 1.
Diagnosis: Elaphomyces gouldhoytii is distinguished from all
other species in North America by its black carbonaceous peridium
composed of tall warts and the unusually large spores.
Etymology: Named in honor of the late Professor Gould Jennings
Hoyt Jr. (1922-2012) of Paul Smith’s College, New York, forester

and outdoorsman extraordinaire that single-handedly instilled in me a

love for forestry and the natural world.

Type: USA, New York, Thompkins Co., Danby, Michigan Hollow,
1 Oct. 1980, J.M. Trappe & R. Korf (holotype OSC 40649; isotypes
CUP, ITCV).

Description: Ascomata subglobose to irregular, up to 15 mm tall,
32 mm broad, completely enveloped in a pale yellow-brown to dark
brown mycelium; mycelium not staining. Peridium 2-3 mm thick,
outer surface 200-250 pum thick, dark brown, minutely verrucose
to naked eye but actually of tall conical warts (200-250 pum tall,
150275 pum broad) embedded in the mycelium, subcutis 2-2.8 mm
thick, uniform, white, leathery, overlain by a thin covering of brown-
black to black hyphae to give the appearance of a black peridium and
obscuring the details of the warts. Gleba spore mass powdery, dark
brown, with white web-like hyphae. Odor fungoid. Taste not recorded.
Peridium two-layered: epicutis of septate, disorganized, compact, red-
brown to yellow-brown hyphae, 34 um broad, walls + 1 pum thick,
these hyphae grade into the subcutis by the lose of pigment; subcutis
of hyaline, septate, compact, elongate, interwoven, cells, up to 7 um
broad, walls 1-2 pum thick; outer hyphal layer is periclinal and of
parallel, short-segmented, septate, more or less uniform pale yellow-
brown hyphae, 2—4 um broad. Gleba of spores and hyaline, septate,
sinuous to curly smooth hyphae, 2-3 um broad, walls <0.5 pum thick.
Asci globose with a tapered attachment point, 35-45 pm broad,
hyaline, 6-spored, walls + 3 um thick when young, thinning as spores
mature, arising from knots of short, irregularly curved or contorted
clustered hyphae, up to 4 um broad. Spores ornamented, globose, 33—
37 pm (mean = 34.9 pm), immature spores abundant and 25-26 um
broad, also numerous dark pigmented small spores 20-25 um broad;
walls = 1 um thick, in KOH singly and in mass hyaline at first then
dark red-brown when mature, ornamentation a coarse labyrinth of
anastomosed rods with holes at the tops of the ridges (only apparent
with SEM), 2-3 um tall.

Distribution, habit, habitat and season: Known from
Massachusetts, New York, North Carolina, and West Virginia;
hypogeous; under Picea rubra, Pinus strobus, and Tsuga canadensis;
August to November.

Other specimens examined: USA, Massachusetts, Middlesex Co.,
3 miles east of Concord, 16 Nov. 1984, J. Trappe (OSC 149097).
New York, Essex Co., Newcomb, College of Environmental Science
Forest, Huntington Wildlife Forest, Sept. 1989, K.F. LoBuglio 102
(OSC 149095, OSC 149096). North Carolina, Mitchells Co., Pisgah
National Forest, Craver’s Gap, 30 Aug. 1995, S. Loeb & F. Tainter
(OSC 150046); Transylvania Co., Pisgah National Forest, Devil’s
Courthouse, 15 Aug. 1996, S. Loeb & F. Tainter 130 (OSC 150045).
West Virginia, Tucker Co., Blackwater State Park, 12 Oct. 2007,C.
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Fig. 1. Elaphomyces gouldhoytii. A: Ascoma showing peridium in section. B: Ascoma surface showing conical warts embedded in dark brown

mycelium. C: Cross-sectional view of the peridium showing the patches of mycelium filling the spaces between warts. D: Immature ascospores with in an
ascus. E: Ascospores in cross-sectional view showing the ornamentation of rods and ridges. F: Ascospores in surface view showing the density of rods and
ridges. G: SEM micrograph of ascospores showing the rods and ridges. H: SEM micrograph of an ascospore showing the fused rods that compose the ridges. A—

H: OSC 40649 (holotype). Scale bars: A=2.5mm,B=3mm,C=90um,D =10 ym,E,F =18 um,G=6 pm,H=9 pm.
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Stihler (OSC 149093).

Elaphomyces septatus collection studied: FRANCE, Larrau, St.
Joseph Forest, 18 May 1985, M. Gérnard & F. Lescourrent (OSC
149128).

Elaphomyces maculatus collection studied: FH in the Patouillard
herbarium (ex. herbarium O. Mattirolo) marked “Portion autotici C.
Vittadini”.

Note: Elaphomyces gouldhoytii is placed in Elaphomyces section
Ceratogaster, subsection Sclerodermei because of the lack of yellow,
greenish or purplish mycelial patches on the peridial surface (Paz et
al,, 2017).

The black carbonaceous peridium composed of tall warts and
the unusually large spores of E. gouldhoytii clearly separate it from
all other North American Elaphomyces species. The European
E. maculatus Vittad. (spores 3741 pm, mean = 39.1 pm) and E.
septatus Vittad. (spores 3035 pm, mean = 33.0 pm) have similarly-
sized large spores but both of the European species have a smooth,
black carbonaceous peridium versus the black tall warts of E.
gouldhoytii.

Castellano studied E. septatus collections from France and
Hungary, no authentic or type material of this species could be
located. Castellano data (on file at Forestry Sciences Laboratory,
Corvallis, Oregon, USA) from OSC 149128 is as follows: Peridial
surface black, appearing smooth to the naked eye, covered by dark
brown hyphae, spores globose, 30-35 pm, mean = 33.0 um including
ornamentation that appears finely granulate in patches under light
microscopy, in section appearing as short spines imbedded in an
uneven, lumpy matrix conveying a dark outline to the spore, SEM
reveals the spore ornamentation as spines or rods overlain with
amorphous, rounded, irregular plates, plate surface roughened.

Castellano studied an E. maculatus collection from Italy (FH in the
Patouillard herbarium (ex. herbarium O. Mattirolo) marked “Portion
autotici C. Vittadini”. Castellano data (on file at Forestry Sciences
Laboratory, Corvallis, Oregon, USA) on the FH collection in part is
as follows: Peridial surface black, nearly smooth, with tiny, widely
spaced, low papillae with floccose, green mycelium, spores globose,
(35-)37-41(-42) pm, mean = 39.1 pm including ornamentation that
appears in surface view as a finely wrinkled bumpy surface, in section
appearing bumpy under light microscopy, SEM reveals the spore
ornamentation as coarse spines, up to 2 pum tall (see Fig. 2g, h in

Castellano et al., 2021).

Elaphomyces ramulospinus Castellano, sp. nov.
[MycoBank ID: MB 843352]
Fig. 2.

Diagnosis: Elaphomyces ramulospinus is distinguished from all other
species in North America by its tall orange-brown peridial warts and
relatively small spores (2025 pm, mean = 25.0 um) that are clearly
smaller than other Elaphomyces in subsection Muricati that occur
in North America (E. americanus Castellano, E. holstii Castellano
& R.A. Healy, E. verrucosus C.W. Dodge, and E. wazhazhensis
Crabtree & Castellano). The spore ornamentation of tall, forked spines
anastomosed to form a fine punctuation to the spore surface is unique
in this subsection and clearly differentiate it from other Elaphomyces
species in Europe.

Etymology: “ramulospinus” ramul — forked, spinus — spines, in
reference to the forked spines of the spores.

Type: USA, Florida, Hillsborough Co., Tampa, University of
Southern Florida campus, 31 Aug. 1977, J.M. Trappe (holotype OSC
38881).

Description: Ascomata irregularly subglobose, up to 9 mm tall % 30
mm broad. Peridium + 2 mm thick, outer surface of orange-brown,
pyramidal (4-6 sided) warts, up to 400 um tall, up to 600 pm wide at
base, darker near the tips than at base, contiguous with each other at
base, warts not uniform over entire surface, warts are smaller on sides
and below, in cross-section the warts are mottled yellow and yellow-
brown, more evenly yellow near base, grading from pale white to
pale gray where inner marbled area begins; subcutis 1.4-1.6 mm
thick, outer portion of subcutis irregularly marbled, matrix somewhat
globose-shaped, 330400 pum broad, paler than inter-venation, veins
30-60 um broad, slightly but distinctly darker than matrix, inner
portion of subcutis distinctly darker overall but of similar structure,
darker inner portion 200225 pm in thickness. Gleba spore mass
powdery, dark brown to nearly black, with numerous off-white to
pale brown mycelial strands arising from an inner peridial wall, and
traversing the powdery spore mass. Odor not recorded. Taste not
recorded. Peridium two-layered: epicutis, 400-600 pm thick, of
golden brown-yellow compact, septate, disorganized, interwoven
hyphae, 4-5 pm broad, walls = 2 pum thick, distinctly and abruptly
different from interwoven hyphae, interwoven hyphae stacked
perpendicular, hyaline, straight, septate, 3—4 pum broad; subcutis
1.4-1.6 mm thick, of hyaline (somewhat brown near gleba), septate,
compact, interwoven hyphae, 3—5 pm broad, walls + 2 um thick.
Gleba of spores and hyaline, septate, smooth, curly and loosely
interwoven hyphae, 1-3 pum broad, walls + 1 pum thick. Asci hyaline,
walls 2 um thick, variably sized and shaped depending on spore
number within, 1-spored asci globose, 27-33 um broad, 2—spored
asci ovate, 28-31 pm broad, 3—spored asci irregular, 29-35 pm
broad, 4—spored asci subglobose, 32-37 um broad, all arising from
clustered knots of large, hyaline, short-segmented hyphae, walls + 1
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Fig. 2. Elaphomyces ramulospinus. A: Ascomata showing peridial surface of warts and peridium in section showing the powdery spore mass of the gleba.

B: Ascoma surface showing the tall pyramidal warts. C: Cross-sectional view of the peridium showing the marbled tissue of the inner peridium. D: Asci showing
single, double and four-spored asci. E: Ascospores in cross-sectional view showing the ornamentation of tall forked spines forming a continuous surface. F:
Ascospores in surface view showing the fine punctation of the spore surface. G: SEM micrograph of ascospores showing the fine spines that anastomosed to

form a fine punctate spore surface. H: SEM micrograph of an ascospore showing composition of the fused spines to form the punctate surface. A: T32037; B-H:

0SC 38881 (holotype). Scale bars: A= 15 mm, B, C=500 pm, D-F =20 um, G=6 um, H=7.5 um.
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um thick. Spores ornamented, globose, highly variable in size (20-25
(-27) pm, mean = 25.0 um) or (16-18 pum, these spores appear to
be immature or aborted), color brown to dark brown in KOH singly
and in mass, ornamentation 2—3 pm tall, ornamentation of tall, forked
interconnected spines, spore surface appears finely punctate under
light microscopy with a distinct dark inner wall.
Distribution, habit, habitat and season: Known from Florida and
Virginia; hypogeous; under Betula alleghaniensis, B. lenta, Quercus
hemisphaerica, Q. laurifolia, Q. prinus, Q. rubra, and Q. virginiana,
January, February, April, June through September, and November.
Other specimens examined: USA, Florida, Alachua Co., Newnans
Lake, just south of Windsor, Owens-Illinois County Park, 17 Sept.
1980, J. Trappe (OSC 46707); near Gainesville, 27 Aug. 1977, J.
Trappe (OSC 38946); southwest of Gainesville, Sugarfoot Hammock,
13 Jan. 1982, C. Larez (FLAS 54503); Marion Co., Ocala National
Forest, Fore Lake, 21 Aug. 1977, J. Trappe (OSC 38882); Polk
Co., Ronald Reagan Parkway, just west of Champions Gate Blvd.,
north side of road next to small pond, 25 Feb. 2012, M. Castellano
(OSC 150036); Sumter Co., 4 miles west of Wildwood, 4 Apr. 1947,
L.E. Arnold & E. West (FLAS 48170); Wakulla Co., Apalachicola
National Forest, Silver Lake Recreation Area, 3 Jan. 2007, D.
Mitchell (OSC 150037); Mississippi, Hancock Co., Steenis Space
Center, along upper Gainesville rd., 6 Aug. 2007, M.A. Castellano
T32037 (OSC); Virginia, Montgomery Co., near Blacksburg, Estes
farmland near City Golf course, 20 Nov. 1982, S. Miller 598 (RMS).
Note: Elaphomyces ramulospinus is placed in Elaphomyces section
Elaphomyces subsection Muricati because of the brown warty
peridial surface and the marbled inner peridium (Paz et al., 2017).
The brown, warty peridial surface and marbled inner peridium
of E. ramulospinus resembles all the other species in Elaphomyces
section Elaphomyces subsection Muricati except E. decipiens Vittad.
from Europe. The small spores (20-25 um, mean = 25.0 um) of
E. ramulospinus are clearly smaller than other Elaphomyces in
subsection Muricati that occur in North America (E. americanus, E.
holstii, E. verrucosus, and E. wazhazhensis). The spore ornamentation
of tall, forked spines anastomosed to form a fine punctuation to the
spore surface is unique in this subsection and clearly differentiate E.
ramulospinus from other Elaphomyces species in this subsection.
Some specimens were parasitized by Tolypocladium ophioglossoides

(J.E. Gmel.) C.A. Quandt, Kepler & Spatafora.
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Abstract

The genus Elaphomyces, described by T. Nees in 1820, is comprised of ectomycorrhizal, truffle-like ascomycetes.
The generic type species, E. granulatus, as well as E. muricatus, were described by Elias Magnus Fries in 1829, and
they are regarded as sanctioned names. These species, however, had been known long before the genus was
established and various scientific names were given by different authors. This review summarizes the taxonomic
history of the genus Elaphomyces with emphasis on E. granulatus and E. muricatus. We also briefly review the

taxonomic history of Elaphomyces in Japan including the two major species mentioned above.
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B =B TREERL FudasT SR, AR, AN
HXRFBEDLERRBRICERETER T 22N mESh T
% (Castellano et al., 2011, 2012a, b, 2016; Paz et al., 2017), AJ&
W D2 IXERTE ~ BLERTE O+ FRONEITEMR O 12l 1
WAL, #id, HOINTHEREICEHT2I0CREETD
(Castellano et al., 2021; Dodge, 1929; Vittadini, 1831), F7=, ¥
FITHE THRMETHY, laFare@h i st H 4 oE )&%
T2IRNZENG, BT D BDIZEAEZENOITENIIH> T
BHEEZHIVTWD (Castellano et al., 2017, 2018; Fogel & Trappe,
1978), AREO T REITFEHBASCT T, A/ Z2IFLHLE
T2 O FLIAIC L > TR A SINEY  (Castellano et
al., 2021; Cork & Kenagy, 1989; Elliott et al., 2019; Fogel & Trappe,
1978) , Ml FIFZDIDREREIZIS T, HOHNTREFITEE
EFonaz izl o TrEA~EIXILD (Castellano et al., 2017,
2018; Elliott et al., 2019; Fogel & Trappe, 1978), %7z, Cork &
Kenagy (1989) IZVADE{LE 2@ L 7= 3R O 7035 2E LT
— T, FA—OFERNOEE BB O 713 HEHF L7
Mol ZlZ WL, RBEORFIHFETLRMEL TEW
DI LB Z B 2D 5 rlRerE A R L 72,

VT AREE LT AERESTHNHZ LR L (Gillis,
1959; L'Obel, 1591), 4 O Elaphomyces H XV v iED 7
(elaphos) LH (myces) ZAHAGHOEIHOTHD, KBHEIC
FODLDLRMBEAEL T, BABEZTo THIEICZIEhED
TORIR D1 FARIZ 225 L DB OB TEY  (Gillis, 1959)
ZHAUZHET BN, WO OMIE CIIA R E D & <D
3, HONFESEROIEEL TSN TS (Bauhin, 1651;
Tulasne & Tulasne, 1841), F7=. Trappe & Guzman (1971) 35 -
U\ Trappe etal. (1979) IZ&5&, AT 2 Il Cid E. granulatus
Tk LT 5 YT A BB A Gran Mundo (A=A FEC TR
WS ) BT D) EWIOEHRCHGICHREL TR,
VFHEALEOE BB R (X R E T Tolypocladium capitatum
(Holmsk.) Quandt, Kepler & Spatafora %) <CfEZITEAEHZ £
Psilocybe muliercula Singer & A.H. Sm. &H1Z, WiAfAafE=IZ
HAVBITNLEN),

T, VFE o AREDOEA KB T DRI NSO
1T (Braeuer et al., 2018; Stanikunaite et al., 2009) . 7K J&
WP LAMEL IR R FRER LG THLAT LT LY
VB2 (methylarsonous acid) LN AF LTIV FF R
(trimethylarsine oxide) %A T HZENHE STz (Braeuer et

al., 2018), R 13MO THR FEMEEFFO 3 AERIL AT,
BENT=2 =T DI N R OMRVER ST NI AT LT L
> (trimethylarsine) EBAFRLTIHY, ZiUZL-oTEMETESI
L QWD ATREMEDM RS AL TS, (Bracuer et al,, 2018), 7z,
B ERIE DR AT LT VY RS A FERE RS
ZEIES T, ZORFBIATLN DB ZZIT TOD FTREMED D
DHDD  AJBEH DFEC BT DRI LE £ TV 72U (Braeuer
etal, 2018),

AKJg Elaphomyces 13 1820 A2 T. Nees 2355%3Z.L, Fries (1829)
DOIFFRIZE S TVRSGROH BB THS  (Fries, 1829; Molia et al.,
2020; Nees, 1820), Fries (1829) 1334 %] E. granulatus Fr. 13N E.
muricatus Fr. O 2 FEZFCHLIZAS, 1831 4EITITAZY T iz
(2 14 FEDSREHRESAL, D 10 44212 5 FEAN B INE 7z (Vittadini,
1831, 1842), F7=. Tulasne & Tulasne (1841, 1851) 33T Hesse
(1894), Hollés (1908) #IIUbETHEEDAFTEIZIIV D)
OFEABINEIL (Dodge, 1929; Paz et al., 2017), HAET—m/3
TREOBIVTWDIED KD FEHESAZ (Molia et al., 2020; Paz
etal, 2017), HEARAJICIZ, 1879 4EICHIK (Spegazzini, 1879) .
1892 4E{ZA—ARZUT (Cooke, 1892) . 1916 4E(ZH A (Lloyd,
1916). 1929 4F |2tk (Dodge, 1929), 1953 4E I/ 730
7 (Corner & Hawker, 1953), 1991 4|2 # [# (Zhang, 1991) .
2016 FE\Z77U4 (Castellano et al., 2016) T, Fex DENBERD.,
ZNENENOEBER @AM T, BIE, ABEIXRE R
KA RS A TORBEIZHIATDHIENFHIL TS (Castellano
etal.,, 2017, 2018; Molia et al., 2020) ,

BARERICETSMEICDOLNT

ARICKITI DY TFZ L AROYIREL, JIFHE— (1881-1946)
IZEoT 1914 AT QIFF, 1914), JIFNE 1914 4 H
o> [ H ARG 5 4 €] 123080 C, FHRRRICE->T
WAL BRE HTHDY LRI WE LT, AU
1EETHLYTF X A BOBRERE L7572 (IR, 1914 5 1L
A - IR, 2018), HARPEDIEARITIEAS WY F X TR/D
IHEEEIO7AFSEIL. 1916 £RIC Curtis Gates Lloyd (1859-1926)
WS THD T TOIL, ZHUZEY E. japonicus Lloyd (VT4
L) EEHEEH (Lloyd, 1916), Lloyd (1916) 23tk L7~ E.
Japonicus OFEAIIHEFTHKES (1862-1946) A3 B 1R THAE
L7zbDTHY, MATIEEIZ E. japonicus &~ FH Tl
V& CTEHRO KR AR EL TS (FEF, 1923),
ZO%, BARICEIT DY TFZ RO F 8L,
FITEH=F (1900-1976) B L OV/NRZELE (1907-1993)
WXV EBAE L7z (Imai, 1929, 1934, 1938, 1939; 4 F-, 1943;
Kobayasi, 1960), 4 1% E. granulatus (VF %> 3) BIOE.
variegatus Vittad. (7IAYFH ) O 2 flixk HARFEMEL T
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WAL (Imai, 1938,1939) . E. fiagilisporus S. Imai (#A&>>F
H2) ., E. miyabeanus S. Imai (/2% 3) | E. nikkoensis S.
Imai (=yayrayF4 =), E. nopporensis S. Imai (2725
KA) | E. subvariegatus S. Imai (=% Y FF ) O 5 fliz
FLEL7- (Imai, 1929, 1934, 1938, 1939), /MK E. anthracinus
Vittad., E. muricatus (7 F 27> F ¥ 23 ), E. reticulatus
Vittad. D 3 fliz B AR EMEE L CHAE L, E. asahimontanus
Kobayasi (7HeeAr7ayF % T) | E. neoasperulus Kobayasi,
E. shimizuensis Kobayasi, E. titibuensis Kobayasi @ 4 ffi % FQ
# L7z (Kobayasi, 1960), F7z, /MRS HOFLHE L E.
subvariegatus % E. variegatus D /=272 (Kobayasi, 1960).,
728, BUTE E. reticulatus 33X E. variegatus V% E. muricatus 0
—EHEESIUTERY (Pazetal, 2017), ZAUHOFI4 DBRITD
W — LI R, KRR TIR, E. muricatus DFI4: &
LT, FrEDOML (FHERDILL) (bt [TF7IVFH
YA E0h, JVIESHWSIL, TERERIZRREER L. 73X
VFEA)] DFERNEOLE R, BB LRI,

Kobayasi (1960) LARE - HEFL Ll Bicdoi=h, A AREY FH
BT T A B F IR I TR AT 2D A Th >
77 ZOREIZAT O TIL Trappe (1976), = H - HH
(2003) 72E Wb, KT, Trappe (1976) 13 H APERED PG
ZA1TV, E. japonicus 3N E. neoasperulus. E. shimizuensis % E.
granulatus D ) =N IUT TR S5, £/, Trappe (1976)
VX E. mutabilis Vittad. (VY LmyFH o) & w5 - HH
(2003) 1 E. appalachiensis Linder (am®YFZT) & HAK
MLl T LTS,

EFEICeBE, Bl - Pl (2020) (285 E. asahimontanus
DFFFE RSP, Shirakawa & Tanaka (2020) (255 E. marmoratus
M. Shirakawa (/NZ 7> F & > 3 ) . E. fsucus M. Shirakawa
(F~s~wYFHoa) OFe#, Orihara et al. (2022) IZL5 E.
miyabeanus 35O E. nopporensis D73 FHF R (Zhuck
Y E. nopporensis 1% E. miyabeanus D> ) =LESHVTZ) 70E, 0
SOOI FRRBFEN Tz, EhIT, 2016 FITHIKR
S THU AR BIEE | TiX E. citrinus Vittad. 33X OVE.
persoonii Vittad. 2381721 H AEREEL TGRS, 20ftlich
B ORFEEMeHShT (e KiFh, 2016), 205
2, A IZTIEHDHH OO AARIZBITHY FX TR0
ERFRLTWD, LinLRRG, 4 H/IMRIZ L > TR FIH)
I~ NGRS N DL IXFHRPRIEARAFR R EETH
V. SBREAINTLEHIANE o T LITE W,

Elaphomyces granulatus. E. muricatus O B 5 &L Y
b, BRASEOEEIZDONT

VT TRIZIBTHEDIBHNONE, KRB 1820 HIT
BALSND LRI, ¥~ RUZ 7 & Boletus 2\ NIAR=Y 27

J& Lycoperdon, =& avug Scleroderma, EAIV T av g
Tuber \Z& FNHEAEL TRMSIL, sE#iSC2 (Linng,
1753; Nees, 1816; Persoon, 1801; Valmont de Bomare, 1775), =
TR KBEOFTHEROASH T, O HFHIRE R OB
W E. granulatus (VF73) L E. muricatus (TIAYFH )
DOFFHR B LT DOIELIZONWT, EERLOZRY B
%o 7285, E. granulatus [IHVEZ WA A D MEHITHSH AT E.
muricatus 1352 WHIH 2~ — 7 WA AR U TR SIS
T (Molia et al., 2020),,

Elaphomyces granulatus DIESITIRS, ZDfeh b VEHFHYR
R 13 Matthias de L'Obel (1538-1616) (ZL2MfE (K1) T
% (Fries, 1829; L'Obel, 1591; Paz et al., 2017; Vittadini, 1831),
L'Obel (FAFfEA “Tubera cervina” &44D1F, d<NPHI AR
T A TEARDIERMBNTNDEFESTLTZ (L'Obel, 1591; Paz
etal,2017), ZAuUL, FERFBORFERRMHEL TSR
MIAT LN DO THD, LnLRRG, EFSHEE - #HE -
a4 BN T, ERXBRINIEHLRENDL P4 IT
1753 4 (Carl von Linné (215 Species Plantarum OHR) LA
(ZHRRENT-BDITIRONDTZ6 1591 FEITFEFR ST “Tubera
cervina” &V OA BRI A4 B TIIEO by (RFE Tk
INHDTT iR, AR TR F 4 LRI T
EIAM 7 TR,

Tubera. T. 311. Tom. 2.

9Lt

‘Nooy

Tubera Ceruina. T. 312, Tom.2.

‘IT SAWOL WAlaWILlS

L'Obel (1591) A SERH.
Fig. 1. “Tubera cervina”. Reprinted from L'Obel (1591).

1. “Tubera cervina”.
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MABRTEOVBONDFLH DS, E. granulatus %7179
Beh E Wb O 1 Species Plantarum (1753 45 HR) 1B W T
Carl von Linné (1707-1778) 7235e# L 7= Lycoperdon cervinum
L. T®»2 (Linné, 1753), 1797 41T L. cervinum % Christiaan
Hendrik Persoon (1761-1836) @ TF |2 X - T Hypogaeum
cervinum (L.) Pers. X #1727% (Persoon, 1797), #4 |Z Persoon
KN D FIZL - T Scleroderma cervinum Pers. (=t avn
J&) ~~ (Persoon, 1801), % % Christian Gottfried Daniel
Nees von Esenbeck (1776-1858) (Z &> T Tuber cervinum (L.)
Nees (AT avujg) ~EFTEMNHEA ELTZHDD  (Nees,
1816) . ¢ #&AIIZ Theodor Friedrich Ludwig Nees von Esenbeck
(1787-1837, T. Nees) (Lo TYF X L IJ&/ Elaphomyces L1
THSLSEDBITZ (Nees, 1820), ZORF, T. Nees [FJE &L T
@ Elaphomyces % SLLT=D I T, S. cervinum (T. Nees (35T
J& Elaphomyces % 3% NL 9 DRRIZ S, cervinum DB 7% 5| HLTC)
(B 727040 % G- 2 Te o 72728 1824 42| Diederich Franz
Leonhard Schlechtendal (1794-1866) 73 S. cervinum \Z %} L E.
cervinus (L.) Schltdl. £V \) ¥4 %52 7 (Schlechtendal, 1824)

LM L72A35, Elias Magnus Fries (1794-1878) % Linné (ZX&
5 L. cervinum 1% Elaphomyces & Scleroderma H3REIRILT=H DT
Y, FXUEESLE. cervinus 132 DL EO R 72 2T X
Niz4 w1 (nomen dubium) THdHEE %, 1829 42 “Tubera
cervina’ BE N L. cervinum. S. cervinum. T. cervinum 732518
EREFIEHSN R A A5 L, BELTENLE
E. granulatus U CaE# L7z (Fries, 1829; Gillis, 1959), Carroll
William Dodge (1895-1988) 72&" E. cervinus Z B JEHIIZER
HIFFREBFAELIZH DD (Dodge, 1929) . BUIE, 4 HK)
HEREENDDIEFER 4 O E. granulatus T2 (Gillis, 1959;
Molia et al., 2020), Dodge D& x12Lb&, Fries (XY FH =
BHEICESDLRRRRMIEK (T720b, BOBRRITAIZ
Lo THFEBERAELLETDHD) ., EhalbE240
Tdd E. cervinus (ZOFE/NITTT U RECY HERT “cervus”
IZHSNTND) ZERELZDOZEN) (Dodge, 1929; Gillis,
1959).

Elaphomyces muricatus V% E. granulatus & H~_5EEHHIRR
H<7RK BHETH R, AfEAE KB L 7o OB FRIZR Rl
I& Linné (1737) 1245 “Lycoperdon solidum” &L -COFLRTH
%, D%, Linné IX 1753 412 “Lycoperdon solidum” 73 &
I D4 %5 FIL T Lycoperdon tuber L. Z7E#L 7= (Linné,
1753), % 7z, Carl Ludwig Willdenow (1765-1812) 1% 1787
T Lycoperdon scabrum Willd. % 3%/ 72 U RR % £ > CTELHL
L (Willdenow, 1787) . [FIRHZARENOIEAEL TN T YRS
(Tolypocladium ophioglossoides (Ehrh. ex J.F. Gmel.) Quandt) %
Clavaria parasitica Willd. LU CrefiL7z (Fig. 2), OB ED
< L. tuber BE N L. scabrum 3RV 27 [@BBINLZ 8T

k.2 Beyel a nat. delin. J{.]ﬂap[ie ya

2. Elaphomyces muricatus D L2 +2 47 (Fig. 19). Willdenow (1787)
MOEREL.

Fig. 2. Lectotype of Elaphomyces muricatus (Fig. 19). Reprinted from
Willdenow (1787).

Mo72h3, Fries (1829) 23 “Lycoperdon solidum”, L. tuber, L.
scabrum 728 D P4 & B AL, E. muricatus U CRFLELTZZ
LT, BEADVDRAALELTHEETHRHASN TS,

T. Nees 33X O Fries (285 F 4 2 = J& O Rl 345 T
FT, BEOFLBREIMRLIZEL TH B SN+
ICHIR EBRS>TWEEIZE VR, BIfEICET Y F& o=
JE OB, SRR R 2BV H T 72 D13 Carlo Vittadini
(1800-1865) T2 (Molia et al., 2020; Tulasne & Tulasne, 1851)
Vittadini (1831, 1842) I1Z#7-12 19 DY F X A @ E &30 #
T HLEEBIT, FEERROMHEEL I FORESITEDNVTE
BERELZODITN—TFITH LT, £ D%, Vittadini 1T
LD A BT TR DO Dbk 2 7R BN O 3R A R S
L7272 (Dodge, 1929; Fontana, 1909; Fries, 1849; 4 -, 1943;
Kobayasi, 1960; Tulasne & Tulasne, 1851) . FFZ=IF ANbiviz
DI Dodge (1929) IZLD0HH T, ZAUFIRED DB LE 90 4F
HOMRIE LS EE ST DT LT e -7z,

UL, 2017 4RI 53 - R AT IS 3 S HT 7o 7 o3 D i
ZE&N (Pazetal, 2017), Vittadini X2 Dodge DFFHEIZH-S5<
WL ZR 3 FEN — &I, Paz et al. (2017) (XD FE T
& (subgenus) [T WVHALT, Hi (section) LL T DK
THEESN, AAREREDZPND RPN BEE R T D sect.
Elaphomyces, R EXH P BB TRIBE O ERER LT
% sect. Ceratogaster (Corda) Fr., 1 FEREmICH R R A2 HED
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sect. Malacodermei (Vittad.) Tul. & C. Tul., £ HEBED T
FRETERRL . ZL<DOGEIF DA —F A M BERE 29
% sect. Ascoscleroderma (Clémencet) Bellanger & P.-A. Moreau
D4 FICHmMS NI, 2B,
subsect. Muricati Bellanger & P.-A. Moreau,

sect. Elaphomyces (Z 13 subsect.
Elaphomyces.
subsect. Papillati Bellanger & P.-A. Moreau ¢ 3 #i i 23, sect.
Ceratogaster Z X subsect. Maculati Bellanger & P.-A. Moreau,
subsect. Sclerodermei (Vittad.) Bellanger & P.-A. Moreau @ 2 i

HINENENALTHILTND,

A D E. granulatus & & E. muricatus DKL
20T

Fries MRGEE T CTEATHIRE LM o712 E. granulatus
BEOE. muricatus 1\ZOWTIRLIRBZA T INFELRD-
7275, BT Molia et al. (2020) Ik~ TLZMAT DR ESN
72 E. granulatus DV NIA 7120, Fries D EFEHEHH 5 H
L7- Mougeot et al. (1812) (245 S. cervinum DFEA (No. 282)
DOHING, BAED E. granulatus OFEEIZITNT-FEIR)NRES
i, HEESNZ (Molia et al,, 2020), BUBRZE EEL T, Fries
232 B L 72 Mougeot et al. (1812) D% A IZ 1% E. hassiacus R.
Hesse 13U ET 2, SARWrmA IR~ A% 23 HHANE
TELTW=ZENZITHNS5 (Molia et al., 2020), Z4UIZ Fries
23 E. granulatus %5 LT-FERC, AR Brms E 495 E.
hassiacus 728 OFEL . Wi 23 B D E. granulatus % [X 3]
LCWeho/eZea EHT %7 (Molia et al, 2020) . B2
Fries I3 E. granulatus O JFFCHH CHME Wi 23 oD 58 Th
HZEAEHIREL T (Fries, 1829),

Elaphomyces muricatus 13 E. granulatus 1328720, V7 %
AT EPIEAR TR OMEES LTS (Molia et
al., 2020), ZAUiE, Fries 232 ML TZHEA D1 2 R #C
FLLCH 67 (Fries, 1829), H7z, Fries 2R LIZEADH
AN NOY A ROVNCYAV/ NS bt Y el Y g Wk - § QT
(Molia et al., 2020), L7 /AT ITHRESIZOIE, Willdenow,
(1787) \2&% Lycoperdon scabrum OXfift (1X]2) “C. Fries I%
E. muricatus DJFFEHCZOXIRAZ S AL T (Fries, 1829).
725, Molia et al. (2020) 1% E. granulatus 3358 E. muricatus D
LIMATHRIEITNA, B 2014 EITERAES VT BT LV VEAR
ETESATELUTHEREL, TNENTFEAEDEREEZZT T D,

& HK . E muricatus DV I RNEAT LU TN R ES
NI Z IR EIX 2V, L L3S, E. muricatus DLV 7k~
HATVHRES IV Willdenow (285 L. scabrum DXt FEER
WCRAE (K2), EIITTBIED E. muricatus DR SB IO
[FIRFICHRESNICmE XA THEA (Molia et al., 2020) &LITHS

IR DIERED T TR TD, ST I~ —7
JUARERDS FLGIZRNZ ED35, subsect. Elaphomyces \ZJ@ 3 2

2 It

THDHEBEALNDLDD, BRINGH AN RIZT T
HPRELZ2, LinL, D7 EQBUED E. muricatus VI WT
[~ —7 WG BT 0 M CREEfTIT D Tna T, 20
IR CHED TR LI R D13 T ThDH, ZDOIH7RBVEN
DAECT-FIREL T, FEDLINAT IR ET HBRICRIRE
B L7222 A REMEZRE N B ZBNDHL DD, eI ElX
T THD, WTHIZLA, E muricatus DV I NFATELT
Willdenow (1787) DIXRAMEESHTODIIRICIE, BEf23%
SNDIEAD,
SROVFIIREBEOHEIZONT
BRIZE <72, AR THON TWDY F X T /DI
FENTRHMEREETHY, Lk E. muricatus Z13CHETSH
S—my N TRMINHS £, ERP oIS, 4
AW RN E RIS TOD LT E W, Fe, BT
HARRAL KR L OHUT T R0 > T T — ey STREES
NFEFEOFLRHTENDHZENZL (Dodge, 1929; Kobayasi,
1960) . FFIZAEKITITE <D E. granulatus <° E. muricatus %
FLHET DI —my N TRMSNIFED L0 T HLE X
HIVTUWZ (Dodge, 1929) S DWFZEICED ., AkITiZa—
THATDEBIFEAEFTELRNZENRIA BN
&7po7z (Castellano et al., 2017, 2018, 2021), BU/ETIE, >
Z AR I E A 2R 2R A R D KBEA ST
T AFRIDIRNT LD D3> TE TS (Castellano et al., 2017,
2018, 2021; Paz etal., 2017),

HAREY T X I RE % oy F R FRICHRE LI %E

FNFEAEITONTE LT U4F Orihara et al. (2022) B &
TN Shirakawa & Tanaka (2020) (2L > TITHONTZD K ThH D,
Orihara et al. (2022) (FALHHE FEOIEAE FEIZ 1929 4R IR
AUz E. miyabeanus %, [EBEERLSN T — 2 R — R GRSHL
AR INEE SN TN T =—ITb 3 T HT L HHNIT
L. AAREI—mo N \IZBES> TR YT A BERFAET
HZEEL 1 RPN EA T Tz, BRER TIEEARET—y
NOYF LA {EDBERITIIAREI R R EL, I
granulatus, E. muricatus, E. anthracinus DX573 AARET—my
O FITGAATHESNTODHEICEHL TiE, 4% HARFES
I— 0y FEDIEARD Gy F R FHI AR AT LB D

ABRABEE DR TE a2 B e > T L TEEIS

72501k, B FEA TR L QO EET Tl ML
Batho THEOH., FEMR, WM. FATEEL, £
DOEDDEDDFEEZHBNITL TOLKZETIFRWEASI D,

oy ESEL

HEE
AWFREATICHIZY, BB CIREARPEL T LA
MU L, 2B ONCKATR 2 RICBILAL L £, E2,
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AR LTS KRBT S, Jfefa &L, &
RCTRILPL BIFES,

RO —EITE —EH T LRI ER T o=/
ROCKET OIFRBION, 8 FH TR HMNATEIEAN A AR
TR B FARATSE (C) (WFERREE 5 : 22K06381)
DBEZ T T,
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THY, 2010 4 3 A HANCIR G CHRAEZIT T2 ILAHTES A
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JF. Gmel.) Quandt, Kepler & Spatafora, 7207 <IZ L KRH
4 (Tolypocladium sp.) . 7~3aaEX R4 (Tolypocladium
sp). FTHRUYT~IaneX R (Tolypocladium sp.) .
TIX AL R (Tolypocladium sp.) . V= TARTLH
R4 (T. capitatum (Holmsk.) Quandt, Kepler & Spatafora (23T
TR ZfERR . EL TS (LA, 2011),

BRI EITHEZREEM

WK, FRERA B O CHEAL MEFA S A M E B OH
HEDRRENTEOE, EICEEREBLAREEVIRLN
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IR CA ME BOREETI LA kL &z, &
KOG, FHiEE 2 COBHEOF IR ETH 7=
T, WALBRERIZOWTE, RICEIEETA R BBk
ERFoTWAEREZED LT RHIALLIFEHRCEALZ LDV
RINOREEATOTET, (AHEEIZBELTL, Z2HFE, 4 1R
HEOFHEEZIToTCNDLH, BEAELREEIZOWTIERMRA
DIRFETHD), ARWTIE, ZNHOREOMAEEEA, B
HANSOWHAEL B HEIZOWT, ZRETHEVRELNDLIL
DIgH TR DR ARBA I TR L2205, bbbt
TRABOEALREEIZ DN THANLZ ST D,

SO U= I5IC, RS, Yoo v oA
U A% ERELZBERKICBBPNALOO, L HREHED
FEAETEHICZ L, SEEHID DN & N EFREiaA ML
ENTWAZEIIZ, KERICE>T R ELIZEZAB L,
A AT A A EORAGITIRON TNDLDTHD, T
FIVDFRTE B RAER LT 20 0537200, Yo/ ILDFR
DOHFCRAL RE FZ U T30 3 0 FTic &
T Z05H 120 (A EHER - BIEHEEZL) X T
21 A=V IZREN DL AR ThD, ORI
RIRVOERH T, FFOBRMKIIAF T VA %5 T IREER AR

TIEHDN, R IR OSFTTZ, ©5 108 (B :
FESEFT - PEEAIESENL) BRI 1 FO AL B E B,
RNERTZZ T E WO AERE ThD, 72120, ZO%ET
L. A TUATINA, BEEOKRNAXFTITTonlid b
DILHRIRY (T2 UK RSN Y) DIFARZMSY THY .,
FAE DS OA B B IR L7 oC0h, 755 1 03T (C:
EEEF - GIFEED) Bro v of T, fbEEL R
HEDFENZNHTTHY, /NS L7 ARk & P
IZHANRERORNAFT T UANRLND, 12720, 2O
15 A=V U H1EE O#FHBFEAGFTT, 2 DOEERTO G
THIEAR (AFFTUUA) M TRITEE L2720, 1
EAERHAEL BEENR LI leo TS, LT, ZokHk
RO AR CRWER TS OR AL RE R, BX
VDRABOE AL BEEIZOWTHEAT5, — Oz
T, FEEERRTERRLEZ (K1),

HIEDERA

2ayaR oL AURAT (T capitatum AHEFE)

Hrh Y F L AN RUVADMIOY, Jelioofs EfiTs
iR, —o2DOYFHEINE 1 ~ 5 RIEEDFEENDNHUD,
MRS PED T 7 L OFE RO EARIL S mm 25 1 em 1FE,
AARL M EEOSORHEZSACT T NVERD, Bz
LCWelEWe kG R, T8I 128 15 0 Z R 71 m2

1. FBENSROISLEELRERE. £hD, DavdRoia mRe4 (Tolypocladium capitatum 3E#gHE), XA)AY
KB4 (T longisegmentatum), 7IAOEZVRES (Tolypocladiumsp.), SR RBZ4 (T.intermedium f. michinokuense) ,
[REBRELELIIE (T. f. guangdongense), T7IZYFH I VYT A (Ophiocordycipitaceae sp.). K<z EDNDILDTH, &
NELDEZRBAF DY A XORAS TFEBEDYFLLTEE) ARLEOTVD. BIRTRAZION, ThETh O ZREF.
BRAELMAZTORT—ILA—IE, TREAFEAEZRBFICHIEL, ThZH 10mm & 10um 7R
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HIENHERINT, Fo, FHEIFO—HOEMIZHKT S
TRIEIEEV (31.0-38.6 um) DXL, BH— D IEHEER
ERNRID RIS DREE1T 20.0-34.8 um (F# 27.9 um) TH-
7= RERME), LI LIONC, AREITEEKE»SLH
HEINTWD, IMTTEREIZZ Y REr (T capitata) EXBIITE
TRVH, I ARE TN 16 O IR T A
KU, AR 15 8O I F1238 5, ZREriialE
BN HBIAIED, F-7 07  F—mu ) AERISH 7 35 (Yu
etal,2021) 723, VaUIRULALRAIL, ADOEZS, B
B, BERE, BAETOA, RSN TN, FZinbo
BRI DY 20 AR AR O AEININT L ESE (3
A~4R8) Thd, —J. BEKRETIH6 A TAIZILAIA
WERE 2 LTS (U, 2020), F2RBARTHE
TEEDOFHEERIES AN 10 HIZEEE 1000 A—~MUZEDY T D
RITINDE L RE & LTS (S TIRZ R 71Tk
WChD), Vayamys B Rmpres Rmarx, R
DENZF T, BAMLRIZLTHAES, B TIEC
S CHEBERIZ I A ABNDH, BAITITEE NG, #
AR B DELHIVUE, 1 EEROZBN T EST A
DAL D ST AELBD,

INFXRYAB4 (T ophioglossoides)

VFL L ABOFFHEDNOHBROAME O, H R OEF2
ITARROREAEL B E R, —fRIZHALNS TP RIZ I,
HFOHARERIIFREAEL D, HBEEOLOITAAT
D, RHSANTEDE, BERBEDOLOL FEORHETHL
LV, Fo, RESAOBREERERICEDE, 128 B2 ND
KR ORIOFENT 29 pm (O, 2015), REMIZHLN
BHRFATHY, F-AALANOTOTICHEET, I—oy 0k
Kichatid% (Yoetal, 2021), BABTOFRAEMI1 ~3 A
T, E T2 AICRAENRRLNS, MHEETIXA BLUC
R CEECE RO, TR, FAEZMER TETUVRLY,

XAYRURE4 (T. longisegmentatum (Ginns) Quandt, Kepler &
Spatafora)

EEPNCFHEEDRONDITD, F—ry/ WRIKITHET S
(Yuetal, 2021), AMRIT, EDHEO, HTH 1 A—MLIUT;
EEDFIMTHDD, ZOHATIZ, 2 HZAH, XRAVZRZ
T T EURE . N AVE T OFEAEBRRLND, 1oL
BN SN 2013 45 16 4 £ Tl L TR AN MRS
7eDh, FolK AbhipizoCTLlEoTn, XRAVH L RA LT
B RE TG DY T A RIGIEET D, HWIDA R L
IR THDD, ZOY AT TRODST2bOE T 5
LA L RG T DIESHFEFB TR EL, BT 7 mm (X
ET, =V ZRE T DIFIOREIT 45 mm FETH-7, £

7o, BT ORESIFHONIC R Ao TEY, RASAOKREET —
AL, = BRI 9 O RIS E T A
SO "R D RS1E 19.3-27.7 um, NI RO
F&13289-41.0 um THHDIZH L, XAVZ L RE71T 64 (HD
TITITHRL, FORSITEAT 49 um Th-o7- LA,
2014), BAGITBWTOREMIT 4 H,

IV AR2RA4 (T intermedium f. intermedium (S. Imai) Quandt,
Kepler & Spatafora)

AMEALBEIO, BAR., MEEPOEMESNTND, 1t
INDIET AVADLOWREDR DD (Yuetal, 2021), H#EEIZH
FDIEAIRDL, BROVERRORHHRIT LELO@Y THD, BAE
TOIRAINL 4 H,

S AU RA4 (T intermedium f. michinokuense (Kobayasi &
Shimizu) Quandt, Kepler & Spatafora)

K\ HEAFIREAOME ThbhoaneyF2
= (I OIHFA) ORETD, FEES LEoRHEIC
AP o N S0RE AL RERTHY, REEDOLDITR
SA321-31 mm, FEFEFBOEREL 2.5-3.5 mm Th-o7z, EEH
WZHDIVAA, RS TIE B MR ToA, 1 AITEEE R
RO (B HR CIIAUN DR AL hZ BA R
Ty, RESADOHEET —2I2k5E, 88-104 TR
T5 AT OVEOESIT40um (O, 2009), BAET
XA DEZAKFE

FRIA[EFRRURET (Tolypocladium sp.)

FERETHO TR0, ZOfMARHD, I~
VIRBI FOITREVD, IFHOEAEL RE B DL N D
FEE, MRS PED T RIRDREIE 2941 mm, FEEHOELE
133336 mm, RAIAOREEIZELDE, “RIBF1E 64-103
S, 2OESIT 2458 um, ) 3.5 um Th-o7-
(FH, 2014), FANIEZED 11-13 mm OV Ly T2
SO, HHRE TIE C HUR TOH D)o TNDN, FE4E
L N E A Ot 3/ UNIE 2~ § T RO V/ASSY Rt SV OV g W = S SV k@ 1)
DIV TAEL DD, MRREICHT LR AEMIT2 A, BAS
ISES SN

I 3 R E #8 Ll 3 (T. cf. guangdongense (TH. Li, QY. Lin &B.
Song) V. Papp)

BEOYFZ A RBNOIET D, T FEEIT OO
Z DL MEE TR, SR BRI EEOEMRICESE
FLEIEN, Yu DORBUCENTH, R EO LS T
%5 (Yuetal,2021), 72721, ThEFELEDNLLOMR, M
RSS2 8 B AR DA M HHIFEIT R D3> T,
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RS EOLOIT, RHASAOBEHRERICEDE, 16 8D IR
T2 ZL, 11.4-189 um, ¥ 13.8 um Th-o7o (K H,
2013), ZKHRUR a)%éiﬂ%%%ﬁﬁf B, FEEBHHEICAD
NOWEAELRHEFTHAD, WHETIES ARA, CHiRT
1212 — T2 RohoT=,

FRIYFHIAYT R4 (Ophiocordycipitaceae sp.)
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TGRS DS, BAR TIIRR,

YESRTIIAURRT (Tolypocladium sp.)
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TTIAURRY (T valvatistipitatum (Kobayasi) Quandt, Kepler
& Spatafora)
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IR EE L > T0D, BFR 8 ) BAED @ (B 1000 A—
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sp.) 7REDRFLHFDOFE LSO TODN, iR BIUE
IBDBITNT LI RS TR0,

HEHYIC
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ERE2E04% (Observation)

EERATHRESN XA ZUR27OBBFEE (FILE/) D

FEAKT DO REARHTS

Long-term observation of albino fruitbodies of Tolypocladium
longisegmentum collected in Hyogo, Japan

T EE

Yoshizumi Hirayama

FERIERT
Himeji-shi, Hyogo, Japan

E-mail: hirayama-y@sound.ocn.ne.jp

Article Info: Submitted: 12 October 2022

[XC®IZ

HHIL1993 4 4 AIC, TRRARFEHOAS VA, 2P AHKIC
BT XAV Z 7157 (Tolypocladium longisegmentatum (Ginns)
Quandt, Kepler & Spatafora) O HETFEIK (7)) ZILjE
BN THID TEEEL 72D THRE T D, XAVFRE7 O A e
EIE (TAE)) TR, vrXR 2R e (TR LRtd,

8 A i3 B B AR T B oD T 1 SR LAV & 3 2 v
(e, TH EEAEEDRBERNNESNINT ZRO B TH D,
FEAEMITILIER EIRORR T, 2AF VA, aPAITEIDEOKIE
U2, JAPHMORKDBEED, FNENDEII~LIZTN
TOHIE LIRS TRY, FRNITIE 2 DO/NSTgit e T DETE
T Flo, INFERBARNICITIE S BT 4 7R B RO KA
B &P DD HMFESFS (ARNDOENIRED) 23ED, A
HESFBNELA LS DL RSBV DR LU TSI,
Fyo TR HIEROEATHREIHHES TN,

i

LaXAVZ LRGSR SR AERBREE DI B4 A BIE
FTCORBELLT, FEIRICHE T2,

1989 £

SRXANZ L IRET (RIR) D3R HA-E de I i WL R T A
. ERELAREESREN OFR 1.4 ha 25 L RO BB R 4 e
BicfeEsh, B8N U 7Ly MERRSE,

Published: 31 December 2022

1993 £

3 H 8 H, 2D/ 7Ly NCrlELAFESF DAY AR D
FIEEY), FRETCOZOZREBILELFM LT, MiEFE
HDHA~D TREFEHAANDERALWEERELS, BAMEN
LETHD IR T, FHROFIIZAMEF 272> TALNE N
W (gAY 3MED. ZOEFHONRKIT R TE THE
b TWT, FENSDENTELAT DN FITRA/ T
Ly MZFIHiESN T2y, TEIC THIER ) SR -
Too FBEIZEST, ZORRIC EERFEL SR ERRNIC S %
B EIHID TORERTZ ST,

4 A1 B, MADOBHIEGEIZH LR HTHID T XA
2GS () ITHE, RIRFTHRN 5 23 CREAEL Uiz
KAV RE Y | KD G EAR->T2 (K1), Zhs 2 fl
DEEARIT Y BT~ D T2,

1. 2ARAMEUREr (R) () EXAEURET (£).
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4 A 18 H. AN 20PTH DFAME RAFT, Xz
KA (R) OAERREEARE L,

6 H 4 B, #A Bl cEE I eiliSh e, TEEE R FAEY
SFHE O HEBIR ~ XA 2R (IR) OREARZ FFRELT,

1995 £

6 H10 H~7H 9 A, WEREFED ILhFRE) CF
REEENER RSN,

FREETICED, mlE L SF ESE OB T, AN
AR 5B L LI AR TE IO A DS LT, ZHUS LY,
FRARDZ i FE DV D UK F LRS-,

1996 £

4250, vuxRE Ry () EIREL. EARZRE
BEAE A~ DT,

AREETC LD e L L 3 C AIEbLE R<T 57

DI/ NEWELOTE EEROBIARDMEERES L, [LTEE~DWEH
EIMELNT, BROEARLIETREESIL, BRARPIZLLATLD
HIHAL, BaELS BL<Apolody, —B e MK T L,

1998 £

3H 21 B, 22 FTHORAMIZ T aXAZ R L ())
L, EALGEAL M E FEEAS O ILE RERA~F
FELT. (M 2), ZOBEIRIC A mERENERIEE] ©
BT FRIcE /7a o ishiz,

2. 1998 FE(ZHELFE-IOXA)EURES (R).

1999 £

3 H 18 H . 3vaXEL R () AR L 8 AA LT,

429 H, EBREEMERL,

FREEHICED DRSOV O] FHET, Mo IAHR D
ERELHRF v TR, ML T4 AR T AL Ty R
EEDRRS N, Fo, RNERT oD INiESIL, BT
HEDBLE 7REDRRST-, FIRFZ BRI N Oy
ABHG RSV, JOADWRIZZ R SToh3, RN D22 L E
JO—BEHR L,

2001 £

3H3A~3A31 A, EREFEO TEOZoRNEFEE)
TYRXANZRE () OEARERSIL, RRICHITS
NSRBI  (1X3),

XA 5 R T
DHEIAT
(N 2% FE)
Cordyceps canadensis
WNEVD Y F- 5 TS
AL, Lo S
o~ enlc e ) E
T ) ) SRRl
 EEmE L, B
A5z © 4 U= 7 EiE
L@z g, @
H&y A4 7T, &F
THID TORLFRIE &
wbhTwEd,

3. ERHEFED FOOFREEE] 7 (MAMREE]L F0
COFREBERE] HER. p. 10, EERASEE 2001 ££]) 1CI88 GEREE
EDFAIZSTERH). R FIUEE.

2003 £

3A2H,. 3290, 41 120, YaRAVZRET (R)
ERi LTz,

4718 H, vaxRXREy ()K) % 2 5FTH DR
ICiRELE (X 4),

4 520 B, BAFEREZERILT,

4 H25 B, BEARLEEEZYEOS « AARETES
FEIERA~FFRELT-

BORR

2005 £~ 2008 £
4 B HOHESBEMA MoK~ L2 b oT, ¥
A7 BLINDZER ALY, FIIL TRV,
IS ORAIIMER IR e, LinL, R84 151K
4:5( IO LTNE, HER WL H 5T,
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4. 2003 FEITEELI=-2OXAEUREY (R).

ZDORINIHIRE B> TOZ B OEAENEIIL TRV, 52T
THAEL TN XRY S IR DIEAEN 2 FTE7R0, D%
ALK LT,

2009 £
3 A28 A, XAVHUREFITFEAEL QR B XA Z R
2 () IXHEEx otz

2010 S LARE

K CTAMELI O/ EWTE EEAGR LA HL, FA4
BT CHLRIRHMA LW TEhTLEST, RILE, FF0
ERIAEST- B S T A—MUVEROFES TS, a7
DFEHEIEL TLEST,

pli3

P I DI AEGATO RO EL . RAVZ L RA Al
LoD, ATLTHRNYRXTF XU 2%, o TEDRHIC
FEAELTQUTZEERD Roiad7iasTz,

Bhylz

MRIZ, bolBRICBILATLLRIE RSNV O]
FEAATHZLIITER SR DAY, SRR AN ER Bk R 4 s
IHRELTZOThHIUE, BRES M SRR Il E L
HoLH A=V DM BIOTERFENEICT HREE o7
EEZ B,
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FDHhE R EEE (Other articles)

A TN\ AF 1 S—ERERFROI/O—FIILRRFEH

Introduction to "Clonal spore populations in sporocarps of

arbuscular mycorrhizal fungi"

K BFH

Masahide Yamato

TFEXRFHEFE, T 263852 FEETFEMMERIREHR 1-33
Faculty of Education, Chiba University, 1-33, Yayoi-cho, Inage-ku, Chiba 263-8522, Japan

E-mail: myamato@chiba-u.jp
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T— A% 2T —ER (AM) & Rhizophagus irregularis (Blaszk.,
Waubet, Renker & Buscot) C. Walker & A. Schiiller, Diversispora
epigaea (B.A. Daniels & Trappe) C. Walker & A. SchiiBler ™ Jid
FRBIE— U R R TS TV D Z &% Yamato et al.
(2022) THLANZLIZDT, AR LFFITTHIT T2,

7 HE (Mucoromycota) , 7 EAAHE]  (Glomeromycotina)
[CRTDT = AFXaT—RER (AM) i3k B L 4 F4F
LA RAIRE AU TEIEBE X HILTODDY (Redecker et al.
2000) . ZHVETHMEATAAROHEFNIFAELR, AM EHD
BRIRICIIFEEEDFAE LR\ 2, AM TSR EL Tanb
NTHEY, IHIZAM FHOURY—L RNA EIZf (DNA) (©
IIZRNHBND (Sanders et al, 1995), ZOZEND, AM
DIRAGTHERO RO A/ THEIE (~TuhlAty) Th
HRREMELLBIT, ~TEAUA L AD P CREYIREA BRE S
HTEICES T, /=L Lo CEMULODE HFREB 70
PERRENDAA BN H DO TRV L SN C& 7= (Hijri
& Sanders, 2005; Young, 2015), L 7>L. Maeda et al. (2018) 73
Rhizophagus irregularis D7 ) NMENTEAT, H—E D7 /LN
IZ IDNA OEZRIR ROENDZEHAGLINITHEEHIT, Ropars et
al. (2016) 1Z&>T R. irregularis |ZB\WTHE—FEDZIZL>TH
IRESNDREAVA L & RO I > TSN DX A IV A
DAEDTFET DZENALNEIRD | D7l R. irregularis |2
BOTEAM EONTBAVA L GUZOW T ESH TS,
SBIZ, Ropars et al. (2016) 1% R. irregularis DF A TIVA Y DFRHRE
TIEAZHLAY (mating type: MAT) SESR OIS T3 ~7 2 CIFAE
FTOTEWRSI, ZORZ— AT, FOIEMRED
AT PO TOhBZEN D, AREIZBWTHA
PEAFEDM TIOAVTOD FTREMEDS RIE S LD,

%<0 AM T, H—oaf4 TP DI L3

Published: 31 December 2022

BIVTU DD, Glomeraceae, Diversisporaceae 0 — 0D & Cld 2
BORT B TAZ—IRITTERRSIL, EBICEALIZE R HDHN
M ko TN 1A RIS DL F15
TS, TR R CEDNAERIZ Ve e
(Mucoromycotina) (2957 VX7 A B (Endogone) D
AT REELIL D% (Yamamoto et al., 2015) , AHFSE
TIHEZDOLH72 AM BT RSB W THEMEATEIN TS AT HE
PECDWTHIFELTZ,

BEIZT ) DT STV D 2 FED AM 1, R. irregularis
(Glomeraceae) & D. epigaea (Diversisporaceae) #*fZEL, =
NSO ENOMF DI ReBI 51T/~ T-,

Rhizophagus irregularis 13 4 fa+%- (CE1405, CE1901, CE1903,
CE2001) % 2 »piDE A CROGUERZEE T | #0253 WL A )
M6, D. epigaeat 3 I3 TR (CE2018, CE2022, CE2105) % 2/
Froo B A (BIRIRFE BT, AEARRIZE S L) 235,
FNENERLTZ (3 1), R irregularis 13T 107 A /% Ot
TIZ, D. epigaea I3 THHAFX O FIZHHT,

Rhizophagus irregularis DFEF-5R13 23 x 12 mm THHEREIZ
B (X 1A), B (28.7-)63.9(-90.1) x (41.3-)80.6(-134.3) um
OEPIRIDE Y VNI > TEbhs (K 1B,C, D), Z0/)
B DIE FITIXEES (58.9-)83.0(-104.1) x (60.9-)85.3(-111.0)
pm OB EDILTHERRSIS (K 1C, D, E), FaFEEDESIL
(4.996.5(-84)um T, 2 BHINNL 3 BB D (K IE,F),

Diversispora epigaea DI 7- 513 19 x 14 mm THHEREIC
Hn, B2 PR Rick-oTEDILD (K
2A,B). O KB O TIZILE £ (175.59)214.0(-265.1) x
(175.9)225.2(-268.4) um DBEDRAFHIERSILD (X 20),
B FBEDEXIE (102-)16.2(-22.7) pum T, JEUV laminated wall
(8.0-)13.7(~18.2) pm EFMHIODTE VBE (1.5-)2.5(-3.5) pm 1ZE-~>T
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® 1. 7 \RF 15— RIRERFROMEHY T IL LRI

il P FNo.  BRELH R g Aok
Rhizophagus irregularis ~ CE1405 20144254 31H ARE IR E A TR L 139.30  35.47
CE1901 201945 120 W2 R K L 139.44  35.62
CE1903 201945 A 15H LGNV = N A 13930  35.47
CE2001 2020425 A 24 H AR N R E A T AR 1L 13930 35.47
Diversispora epigaea CE2018 20204FE12A15H  ZIRIRERERH RS 140.58  36.55
CE2022 20204F12A15H  ZIRIRE R E ST 140.58  36.55
CE2105 20214E11H 140 WIARRIRE S LT R 140.22  36.61

E=100 ym; F =10 pm.

LN "B R ¥
1. Rhizophagus irregularis (Yamato et al. (2022) MSFEE B TEE). A BFR. B BEFEXREO/ME. (D BEFERNODBFLIAE. EBFR
HNOEF. FEEFEE SS, swollen structure; SP, spore; IW, inner wall; LW, laminated wall; OW, outer wall. X4 —JL : A=1cm;B, C =500 um; D = 100 um;

i

/
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2. Diversispora epigaea (Yamato et al. (2022) MhOEFEFEBTERS). A BFR. B RFRME. C BFREANOKEF. D:BEFRENOBFOIMFE
IF, interwoven hyphae; SP, spore; SS, swollen structure; OW, outer wall; LW, laminated wall. X%7—)JL : A=1cm; B =500 pm; C=200 pm; D =50 pm.

HEpksis (K 2D),

INHDOFREIIN TG R. irregularis 33O D. epigaea DFL
# 7@ 3T (Blaszkowski et al., 2008; Daniels & Trappe, 1979) &3
JaF DI AR AREDRBFRIRS>TVIZD, AMEHD /N —
o —REIR L&D rDNA 0 SSU-ITS-LSU §8I% (R, irregularis:
1513-1526 bp; D. epigaea: 1499-1508 bp) DI FEFIFIIZH-S<
Oy 1 RN 2 T LIEIC L - T T o122 A, ZNEHR.
irregularis 33O D. epigaea ~DJq JB &R T HIEM T,
fa R Aa+-& B BT E S D1 L ORI b
DICREDENIHOWTT AR FEN LB TH D,

Rhizophagus irregularis 1Z->V T 3 fd 7 5 (CE1901, CE1903,
CE2001) . D. epigaea 22>\ T 3 i+ F (CE2018, CE2022,
CE2105) ZXRELT, ShaF-ROSHIERIHO HLTZ 8 i
¥ (FF48 8F) 122\ T Suyama & Matsuki (2015) (ZHEWY,
multiplexed intersimple sequence repeats genotyping by sequencing
MIG=seq) \Z&LD7 / LHERITAT TV — % HEE LT, R
irregularis 13 DAOMI181602 (GCA_002897155.1), D. epigaea I3
IT104 (GCA_003547095.1) % ZNENL T 7L AT ) LELT
v —HEEZA (SNPs) DfiftfTAAT>72L2A, R. irregularis
T 1 425-482 flfl @ SNPs 73, D. epigaea “C % 1727-4173 {# &
SNPs NENEIRINENTZ, WO RIZBWTHET 9
#1D SNPs 7% 8 il 1l CHA SNORERDEFL, Zbhyym—

METAZE S TSN COBZ e8RS (K3),

F 72, R. irregularis © MAT 8 Ik © HD2 & {5 + 12 2 W
T, ZHEBAWEIE S 5774~ — &y (MAT-HD2F:
5-TGCTCTTGGATTRTCTRACG-3', MAT-HD2R: 5'-
GGTATTCATTTKCCAGCTTG-3) Z#FtL. 3 i TEhbiEs
AT 75 B FAZ DWW TS REREIR O FERL S 2 b LI R B
DRI ZA T2 o T2 2 A, A COYFERLHAS Ropars
et al. (2016) IZd&»> THAESIZ MATI-MAT6 ST /b H—4
AT DIVARER U120, ZhEFHIC MATT LT, 20
FERD S R. irregularis DT FRITF-DREDIA L THHZEN
RSN, BRI RN O RIZB W
TWT NS HE—Z A7 O HD2 BI5FRHLINCIEND, D
BB A LI R RO I BN DD FTREMED & 2 BTz,
ZORIZDNTUTESIZZL DR - FAT DWW THRAE A TH M ZEH
HY, SHONTEHRETHD,

YL LDFERNG, ABFFECTHEAT L7l 1 BB Ra 13)7
b ra— AL IC > TR SN TVVAEE 2 b,
SIRERARRELT 2 FOJFRITW T b IS B LM T
TEERmIZTERSNTEY, R iregularis (2O TIXIRDVeE)
Wh LT, BEEEOIENDEES I AM E AT I2 5 2F AR
DD ENERENTWF5EHIHHY (Trappe & Master, 1976;
Janos et al., 1995), ZDJIH7efa7-FudBc L amfis B el
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3. A—RFREROEF 1-8 BAOMTHAEEINS—IEELE! (SNPs)

D ENE (Yamato et al. (2022) N> FFFEZ 5 TER & ). A: Rhizophagus

irregularis CE1901, CE1903, CE2001. B: Diversispora epigaea CE2018, CE2022,

CE2105. EAMM D F LT EL = SNPs DHERT .

TSIV COD ATREMEL B X DD, AM B CH AR T
bADOTHIUEL, ZANVA L DRFETHHLENRDHY, 514,
SOITH TR PEAETIR CHD P REM A MGE T 57201213 %
DI FROR T RE PR T DU DD,

SEIOMFETIE, AM FEOH 2551 T MIG-seq 21T
W, LTS MR T A7 FU— 036 SNPs (RS EARMEHT
NEMFEETHHZENRENTZ, ZOFIEITIT-RIZEES T,
BT T 235 AM BEfEICHJAE A CE5720, 70—
JVRTD AM H OIS DN T72 8 1T RN D LB 2 DD,

Bl

AFFFEIE Yamato et al. (2022) Clonal spore populations in sporocarps
of arbuscular mycorrhizal fungi. Mycorrhiza 32: 373-385. &L T
By (Y3 EL ey NIRRT 5 AN 12 I NE AN TR /R A AON

H FElFeRK, TR EEKICEH AL L5, )R
MIBED R B ATV TV NS R a2 0T,
ZOGE BV UESBILHIL B 5, ABFFEIE ISPS B4
FeEABE (19K22269) DBIAA ST T TeoT,
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