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Durianella, a new gasteroid genus of boletes from Malaysia
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Morphology.—Macromorphological data were derived from
fresh specimens, whereas micromorphological data were
derived from dried specimens rehydrated in ethanol
followed by distilled water, 3% KOH or Melzer’s reagent.
Color terms and notations in parentheses are those of
Kornerup and Wanscher (1978). Spore statistics include: x,
the arithmetic mean of the spore length by spore width
(6standard deviation) for n spores measured; Q, the
quotient of spore length and spore width in any one spore,
indicated as a range of variation in n spores measured; Qm,
the mean of Q-values (6standard deviation). Duplicate
specimens are deposited in CUW, KLU–M, NY and SFSU.
Herbarium acronyms are from Holmgren et al (1990).
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Abstract: Hydnangium echinulatum, described originally from a single specimen collected in Malaysia,
has been recollected, and based on morphological
and molecular characters is recognized as representing a new gasteroid genus of boletes with affinities to
the Boletineae, herein named Durianella. Diagnostic
features include an epigeous, ovoid, pyramidal-warted, durian fruit-like basidiome with gelatinized glebal
locules and a columella that turns indigo blue upon
exposure, and subglobose basidiospores with long,
curved, thin-walled and collapsible spines. A redescription, phylogenetic analysis and comparison with
allied taxa are presented.
Key words: Agaricomycotina, Basidiomycota,
Boletineae, molecular phylogenetics, taxonomy

DNA extraction, PCR and DNA sequencing.—Sequence data
were generated from two specimens from Selangor state in
Malaysia, (viz. AWW 240 [5DED 7899] and REH 8692).
DNA was extracted with the E.Z.N.A. Fungal DNA Miniprep
Kit (Omega Bio-tek Inc., Doraville, Georgia). PCR and cycle
sequencing were performed on an MJ Research PTC 200
DNA Engine thermal cycler (Bio-Rad, Waltham, Massachusetts) using standard protocols. The nuclear ribosomal large
subunit (LSU) was amplified with primers LROR, LR5, and
the internal transcribed spacer regions 1 and 2 along with
the 5.8S region (ITS) were amplified with primers ITS1F
(Gardes and Bruns 1993) and ITS4 (White et al 1990). Cycle
sequencing used the primers listed above, plus LR3 and
LR3R (Vilgalys and Hester 1990) for the LSU.

INTRODUCTION

Boletes (Agaricomycotina, Agaricomycetes, Agaricomycetidae, Boletales) are diverse and widespread in
southeastern Asia (Corner 1972; pers obs). No fewer
than 18 genera belonging to the Boletales are
recognized as occurring in Malaysia (Halling et al
2007), including a few gasteroid genera such as
Chamonixia and Wakefieldia in the Boletineae (Corner and Hawker 1953) and Scleroderma, Pisolithus,
Calostoma and Astraeus in the Sclerodermatineae
(Lee et al 2002, Watling et al 1995; pers obs). In
1932 Corner collected an unusual gasteroid species
growing on soil under leaves in Sungei Nipah,
Malaysia, and described the taxon as Hydnangium
echinulatum Corner & Hawker (1953). Until recently
the species was known from this single collection.
This taxon has been recollected in 2005 and 2006 and
herein we show that the species represents a new
genus allied with members of the Boletineae (Boletales) and that it is not related to Hydnangium
(Agaricales).

Analyses.—Sequence data were collected and aligned with
Clustal 3 1.81 (Thompson et al 1997) followed by manual
adjustment in MacClade v 4.03 (Maddison and Maddison
2001). Phylogenetic analyses were performed on a Macintosh G4 and a Linux cluster in the Clark University Center
for Scientific Computing. Bayesian Metropolis-coupled
Markov chain Monte Carlo analysis was performed with
the GTR + I + G model of evolution in MrBayes v.3.1.2
(Huelsenbeck and Ronquist 2001). The model of evolution
used in the Bayesian analysis was determined with MrModelTest v.2.2 ( Johan A. Nylander 2004, Uppsala University,
Sweden) and Modeltest v 3.06 (Posada and Crandall 1998).
The Bayesian analysis used four chains, sampling every
100th tree for 10 000 000 generations. All other parameters
were used at the default settings. A burn-in value of 8000 was
determined by charting likelihoods of trees to determine
when the chains converged to a stable average likelihood.
Maximum likelihood tree generation and bootstrap analyses were performed with RA 3 ML v. 2.2.3 (Stamatakis
2006).
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For specimen AWW 240 sequences of both LSU and
ITS were .99.9% similar to those from specimen
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REH 8692. Both LSU and ITS sequences were queried
against GenBank with BLAST. The top hit using the
LSU sequences was Aureoboletus thibetanus AY700189
(E-value 5 0.0). The top hit for the ITS sequences was
Xerocomus subtomentosus DQ066413 (E-value 5 9e106). Both searches indicated that Durianella is allied
with genera currently accepted in the Boletineae.
Both LSU (EU293062, EU293063) and ITS
(EU293060, EU293061) sequences for collections
AWW 240 and REH 8692 respectively were deposited
in GenBank.
A LSU dataset was assembled containing 81 taxa.
The dataset represents the five suborders and two
families that constitute the Boletales (sensu Binder
and Hibbett 2006) including other member clades of
the Agaricomycotina (FIG. 1a). Preliminary analyses
placed Durianella within the Boletineae but without
strong statistical support. Multiple Bayesian analyses
of different datasets consisting of slightly modified
taxon samplings consistently produced a sister relationship between Durianella and an unidentified
ectomycorrhizal sequence (AM412262 and Tedersoo
pers comm; labeled EcM L2455 Intsia) from Seychelles isolated from soil surrounding the roots of
Intsia, a legume genus (Tedersoo et al 2007).
However this relationship was not supported by
posterior probability (PP) or bootstrap statistics
(BS). The multiple analyses performed in this study
yielded variable results in the placement of Durianella
+ AM412262. One result places this pair as sister of
Tylopilus virens, and together they are sister of a clade
composed of Boletus s.l., Chamonixia, Leccinum,
Tylopilus and Austroboletus (FIG. 1a). The relationship
to T. virens is not supported by PP or BS statistics, and
was recovered in only 63 of 100 RA 3 ML likelihood
trees. The variability in results from multiple (different) analyses is most likely an outcome of long-branch
attraction (Felsenstein 1978). Neither RA 3 ML nor
Bayesian (FIG. 1b) analyses resulted in a well supported clade of Durianella with a known Boletineae genus.
Durianella echinulata is likely to be a member of the
Boletineae based on results of these phylogenetic
analyses, but Shimodaira-Hasegawa constraint analyses were not able to reject an alternative placement
of this taxon within the Boletales. The dataset used
for this study was deposited on TreeBase (S2162,
M4103).
The ITS sequences were generated to confirm the
association of Durianella with genera in the Boletineae (through BLAST analyses) and for use in future
barcoding efforts. A phylogenetic tree based on ITS
sequences of the sample set (FIG. 1a) was not
generated because the highly divergent Durianella
sequence did not produce significant alignments with
other species in the Boletales.
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Durianella Desjardin, A.W. Wilson and Binder, gen.
nov.
Basidiocarpa subglobosa, sessilis, verrucis conicis instructa, aureo-brunnea; gleba columella basali sterili praedita, albida, locellis parvis, dissepimentiis albidis, cyanonigrescentibus ubi fractu; basidiosporae globosae vel subglobosae, echinulatae, aureo-brunneae.

Type: Hydnangium echinulatum Corner and Hawker.
Durianella echinulata (Corner and Hawker) Desjardin, A.W. Wilson and Binder, comb. nov. FIGS. 2–6
5Hydnangium echinulatum Corner and Hawker, Trans.
British Mycol. Soc. 36:126. 1953. Holotype: Malaysia,
Sungei Nipah, Kemaman, Trengganu, 24 Jun 1932,
Corner # 746 (E; not studied).

Basidiomes (FIGS. 2–4) irregularly ovoid to subglobose, lumpy or folded along lower side, 17–35 mm
diam 3 12–23 mm tall, covered with pyramidal to
conical warts up to 1 mm tall formed from agglutinated erect fibrils, dull, dry, hard and rubbery, evenly
colored grayish orange (5B-C5; ‘‘clay color’’) to
golden yellow (5B6-7). Peridium 1–2 mm thick (not
including surface warts), white under the golden
yellow surface layer, upper 0.5–1 mm immediately
changing to blue or blackish blue (20E-F7-8) when
cut, remaining 1–1.5 mm changing to blue in 1–
2 min. Gleba formed of numerous, distinct locules
(peridioles) separated by sterile tissue; locules ovoid,
0.5–1 mm diam, solid, watery-gelatinous, white when
young, grayish orange in age, slowly changing to deep
blue when cut; sterile tissue between locules fibrous,
weakly gelatinous, white but changing to deep blue
within 1 min. Columella well developed, ovoid, 5–
15 mm diam 3 5–10 mm tall, gelatinous, white but
changing to grayish blue in 1–2 min; attached to soil
by coarse, orange rhizomorphs. Odor not distinctive.
Peridium with coarse, pyramidal to conical, fibrillose warts formed from erect, parallel, agglutinated
chains of hyphal cells 24–70 3 6.5–18(–24) mm,
cylindrical to slightly inflated, unbranched or rarely
branched, smooth, hyaline to yellow, inamyloid, thinwalled, nongelatinous; terminal cells 40–64 3 6.5–
16 mm, obtusely cylindrical to clavate. Peridial hyphae
that form the surface warts arise from peridium
tramal tissue composed of interwoven, branched
hyphae 2–6.5 mm diam, cylindrical, hyaline, inamyloid, thin-walled, nongelatinous to weakly gelatinous.
Sterile tissues that separate the locules are identical to
the peridium tramal tissue. Locules represent a poorly
developed hymenium tissue composed of subparallel
chains of cells with interspersed basidia that are
terminal cells of a few of the chains, embedded in a
gelatinous matrix; hymenial cells arise from the
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FIG. 1. a. One of 100 RA 3 ML likelihood trees (-ln L 13548.12906) from LSU sequences. b. The Boletineae clade from the
Bayesian consensus tree (10 000 000 generations) of the same dataset showing Durianella’s unresolved placement. Support
values in bold type are RA 3 ML likelihood bootstrap ($75%). Values in normal type are posterior probabilities ($0.95).
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FIGS. 2–4.
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Basidiomes of Durianella echinulata. 2, 4. AWW 240. 3. REH 8692. Bars: 3–4 5 10 mm.

interwoven sterile tissue that separates the locules.
Basidia statismosporic, 24–32 3 9–11.5 mm, clavate,
with 2 or 4 cylindrical sterigmata up to 13 mm long,
unclamped. Basidia interspersed among chains of
cells 8–30 3 3–5 mm, cylindrical to inflated, gelatinous, hyaline, inamyloid, thin-walled, with terminal
cells 12–46 3 3.8–6 mm, obtusely cylindrical to clavate.
Basidiospores (FIGS. 5–6) globose to subglobose,
main body thick-walled (0.5–1.5 mm), covered with
straight to curved, thin-walled, narrowly conical spines
1–3 mm tall, collapsing when dried, yellowish brown in
KOH, inamyloid, tawny in Melzer’s reagent; without

spines 9–10(–12) 3 (8–)8.5–10(–10.5) mm (x 5 9.9 6
0.9 3 9.4 6 0.6 mm, Q 5 1.0–1.2, Qm 5 1.09 6 0.08, n
5 20 spores); with spines included 12–15(–16.5) 3
11.5–13.5(–15.5) mm (x 5 13.6 6 1.0 3 13.1 6
0.8 mm, Q 5 1.0–1.2, Qm 5 1.07 6 0.07, n 5 20
spores). Columella tissue composed of interwoven
hyphae 2.5–6.5 mm, cylindrical, branched, imbedded
in a gelatinous matrix, olive-yellow in water, inamyloid, thin-walled. Clamp connections absent in all
tissues.
Habit, habitat and known distribution. Scattered,
solitary or in small clusters, epigeous, under Shorea
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published by Taylor Lockwood in Chasing the Rain (Lockwood 2007: 59).

Comments. Durianella echinulata is a species with an
unusual combination of features unlike any other
sequestrate, gasteroid or boletoid species. Basidiomes
look like tiny durian fruits both in shape and color.
Taxonomically significant features include the following: a relatively thick, grayish orange to golden
peridium covered with pyramidal warts up to 1 mm
tall; a gleba formed of distinct, white to grayish orange,
watery-gelatinous locules separated by white sterile
tissue; a well-developed central columella; tissues that
immediately turn blue when cut; orange rhizomorphs;
yellowish brown, globose to subglobose basidiospores
covered with straight to curved, thin-walled and
collapsible spines up to 3 mm tall; clavate, statismosporic basidia with 2 or 4 sterigmata up to 13 mm long;
the absence of clamp connections; and basidiomes
associated with Shorea spp. (Dipterocarpaceae).
DISCUSSION

FIGS. 5–6. Basidiospores of Durianella echinulata (AWW
240). 5. SEM of dried specimen. Note the collapsed
basidiospore ornamentation and gelatinous matrix. 6. DIC
light microscopy of basidiospores revived in 3% KOH. Bars:
5 5 1 mm; 6 5 10 mm.

spp. (Dipterocarpaceae) in open secondary forest.
Malaysia, Borneo.
Specimens examined. Malaysia. Selangor State, Ulu Langat, Hutan Lipur Sungai Chongkak Forest Reserve,
N03u12.5939, E101u50.6039, elev. ca. 18 m, 6 Jan 2006,
collected by A.W. Wilson and D.E. Desjardin, AWW 240
(5DED 7899) (CUW, KLU-M, SFSU); same location, 16
May 2005, collected by R.E. Halling, REH 8692 (KLU-M, NY
#1034400). A photograph of a specimen from Borneo was

When taken in combination, these morphological
features do not readily suggest the taxon’s phylogenetic
relationship. Corner and Hawker (1953) accepted the
species in genus Hydnangium, presumably because of
the globose, echinulate basidiospore morphology. That
genus however has unpigmented basidiospores with
ridgid broad-based spines, basidiomes with a labyrinthine gleba formed from hollow, nongelatinized
locules separated by pink tissue, and forms hyphae
with clamp connections (Singer and Smith 1960).
Hydnangium is sister of the euagaric genus Laccaria
and together constitute the bulk of family Hydnangiaceae in the Agaricales (Matheny et al 2006).
Subsets of morphological features suggest a possible relationship with the Sclerodermatineae in the
Boletales. The peridium color and immediate blue
staining reaction to cut sterile tissues suggest an
affinity with the genus Gyroporus (e.g. G. castaneus
[Bull. : Fr.] Quél. and G. cyanescens [Bull. : Fr.] Quél.
respectively); however the gelatinous sporogenous
tissue, basidiospore morphology, lack of clamp
connections, lack of circumferential hyphae in the
columella and molecular data indicate otherwise. The
gleba with gel-filled locules, well developed columella
and globose echinulate basidiospores suggest a
possible affinity with Pisolithus; however the deep
blue staining reaction, gelatinized sterile tissues and
molecular data again indicate this is not the case.
Multiple analyses of the LSU dataset with varied
taxon samplings consistently place Durianella in the
Boletales, in association with genera in the Boletineae, not the Sclerodermatineae. The presence of a
blue oxidation reaction in the gasteroid genus
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Chamonixia (Boletineae) caused by the cyclopentenone chamonixin parallels that seen in Durianella,
although the chemical nature of the reaction in
Durianella is unknown at present. Unfortunately in
the molecular analyses there is no statistical support
for any included genus within the Boletineae as the
sister taxon of Durianella, and constraint analyses
were unable to reject an alternative placement in
other suborders of the Boletales. The new taxon
shows different phylogenetic affinities in different
analyses with varied taxon sampling and even in
repeated analyses with the same taxon sampling and
algorithm parameters. These results are probably due
to the fact that the LSU sequence of Durianella is so
divergent from other Boletineae that inferring phylogenetic relationships is problematical because of
long-branch attraction. Nonetheless the LSU and ITS
sequence data in conjunction with morphological
characters support our recognition of the new taxon
as a unique member of the Boletales.
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