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Pseudoarmillariella bacillaris, a new species with bacilliform
basidiospores in Asia
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Abstract: A new species, Pseudoarmillariella bacillaris, is described from southwestern China based on both morphological
and molecular phylogenetic evidence. This species differs phenotypically from the remaining two known species in the genus
by its bacilliform basidiospores. The discovery of the new taxon in Asia indicates the genus Pseudoarmillariella has a much
wider geographical distribution range than had previously been known.
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Pseudoarmillariella Singer (1956) is a small (Horak 1971; Singer 1986; Kirk et al. 2008). The
genus consisting of only 2 known species distributed systematic position of the genus was unclear and
in North and Central America, and New Zealand long debated until recently. Based on morphological,
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anatomical and molecular phylogenetic evidence,
Norvell et al. (1994) and Redhead et al. (2002)
defined the generic boundaries. Later, molecular
phylogenetic studies indicated that Pseudoarmillariella
is a member of the family Hygrophoraceae
(Matheny et al. 2007; Lawrey ef al. 2009).

During our study of the species diversity of
agarics in southwestern China, we encountered a
new species of Pseudoarmillariella, which is very
unique in morphology. The objective of the present
study is to elucidate its phylogenetic position and to
describe it based on morphological and molecular

phylogenetic evidence.

1 MATERIALS AND METHODS
1.1 Specimens and morphological descriptions
Macro-morphological descriptions are based on
the field notes and images of basidiomata. Color
codes of the form “10D7”, indicating the plate, row,
and color block, are from Kornerup & Wanscher
(1981). Specimens were deposited in the Herbarium
of Cryptogams, Kunming Institute of Botany of the
(HKAS).

Micro-morphological data were obtained from the

Chinese  Academy of  Sciences
dried specimens after sectioning and mounting in
5% KOH

basidiospores, the abbreviation [n/m/p] shall mean n

solution. In the descriptions of
basidiospores measured from m basidiomata of p
collections; Q is used to mean “length/width ratio”
of a spore in side view; Q means average Q of all
basidiospores + sample standard deviation.
1.2 DNA extraction, PCR and sequencing
Genomic DNA was extracted from materials
dried with silica gel using CTAB method (Doyle &
Doyle 1987). Two gene markers, the internal
transcribed spacer (ITS) and the large nuclear
ribosomal RNA subunit (nrLSU), were selected for
phylogenetic analyses. Universal primers ITS1/ITS4
(White et al. 1990) were used for the amplification
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of the ITS region, and primers LROR/LR7 (Vilgalys
& Hester 1990) were applied for the amplification of
the nrLSU region. Amplification reactions were
performed in an ABI 2720 thermal cycler (Applied
Biosystems, Foster City, CA, USA). The PCR
program was as follows: pre-denaturation at 95°C
for 3min; then followed by 35 cycles of denaturation
at 94°C for 30s, annealing at 50°C (ITS and nrLSU)
for 50s, elongation at 72°C for 90s; afterwards, a
final elongation at 72°C for 8min was included. PCR
products were depurated with the Gel Extraction &
PCR Purification Combo Kit (Spin-column, Bioteke,
Beijing, China), and then sequenced on an
ABI-3730-XL (Applied
Biosystems, Foster City, CA, USA) using the same

sequence  analyzer
primers as those used in amplifications.
1.3 Sequence alignments and phylogenetic analyses

Sequences of representatives of Hygrophoraceae
(Matheny et al. 2007; Seitzman et al. 2011) were
retrieved from GenBank and combined with our
newly generated sequences (KC222315 for ITS and
KC222316 for nrLSU) to make up two datasets,
5.8S and nrLSU datasets. Each dataset was aligned
using Muscle v3.8.31 (Edgar 2004) and manually
optimized on BioEdit v7.0.9 (Hall 1999). The two
datasets were then concatenated to conduct
combined analyses. Due to high divergences in the
ITS1 and ITS2 regions among the selected genera,
the sequences of the ITS1 and ITS2 were not used in
the analyses.

Maximum likelihood (ML) and Bayesian
inference (BI) were applied for molecular
phylogenetic analyses using RaxML (Stamatakis et
al. 2008) and MrBayes (Ronquist & Huelsenbeck
2003), respectively. SYM+G and GTR+I+G were
chosen as best fit models for 5.8S and nrLSU
partitions respectively by using Mrmodeltest2.3

(Nylander 2004). Partitioned analyses were
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conducted for both ML and BI. For ML analysis, all
parameters were kept at their default values except
for the model choice as GTRGAMMAI, and the
statistical ~ supports were calculated using
nonparametric bootstrapping with 1,000 replicates.
BI analysis was carried out with MrBayes by setting
the number of generations to 5 million and using the
stoprul command with the value of stopval set to
0.001, while other parameters were kept at their
default values. Subsequently, trees were summarized
and statistical supports were obtained by using the
sumt command implemented in MrBayes by

discarding the first 10% of generations as burn-ins.

2 RESULTS
2.1 Molecular phylogeny
In the phylogeny of nrLSU/5.8S sequences,

monophyly of Pseudoarmillariella  with two
lineages: P. ectypoides lineage and P. bacillaris
lineage, and the genus Pseudoarmillariella was
clustered within the Hygrophoraceae with high
statistical supports (Fig. 1).

2.2 Taxonomy

Pseudoarmillariella bacillaris Zhu L. Yang, B. Feng
& Y.J. Hao, sp. nov. Figs. 2,3

MycoBank MB 802410

Etymology: referring to the bacilliform
basidiospores.

Holotypus: China, Sichuan Province, Muli
County, on the way from Muli to Daocheng, alt.
3,480m, on rotten wood, 2 August 2012, Y.J. Hao
719 (HKAS 76377; ITS sequence generated from
the holotype: KC222315; nrLSU sequence generated

both ML and BI analyses strongly supported the from the holotype: KC222316).

Pseudoarmillariella bacillaris HKAS76377

94/1
Pseudoarmillariella ectypoides AFTOL-ID 1557

Cuphophyllus pratensis PBM2752
Cuphophyllus borealis BHS2009-104
Lichenomphalia umbellifera Rova501

Gliophorus laetus BHS2009-74

100/1 — Hygrophorus pudorinus AFTOL-ID 1723
l Hygrophorus flavodiscus AFTOL-ID 641

100/1 Hygrophorus auratocephalus AFTOL-ID 1727
100/1

Hygrophorus auratocephalus AJ121
100/1 Humidicutis marginata MEN09-02
Humidicutis marginata JIM96/32
L0 N — Hygrocybe conica AFTOL-ID 729

88/1 Hygrocybe coccinea AFTOL-ID 1715
Hygrocybe cantharellus AFTOL-ID 1714

Hygrocybe miniata AFTOL-ID 1891

Chromosera cyanophylla AFTOL-ID-1684
Chr iphalina chrysophylla AFTOL-ID 1523
Phyliotopsis nidulans HMJAU7272

_‘— Typhula phacorrhiza EL43-99

0.1

Fig. 1 Phylogenetic position of P. bacillaris inferred from Maximum Likelihood (ML) analysis of nrLSU/5.8S sequences. Bootstrap values

(ML, > 50%)/posterior probabilities (BI, > 0.90) are shown above or beneath individual branches.
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Fig. 2 Basidiomata of Pseudoarmillariella bacillaris (HKAS
76377, holotype).

2.5-6.5cm latus, umbilicatus vel

infundibuliformis, rufo-brunneus vel brunneolus,

Pileus

squamulibus  rufo-brunneis ornatus. Lamellae
decurrentes, angustae, flavaec vel flavidae. Stipes
3-7%x0.3-0.6(1)cm,

atenuatus, flavus vel pallide flavus. Caro pallide

subcylindricus  vel  sursum

flava. Basidia 28—-38x5.5—-7um, clavata, 4-sporigera.
8.5-12x2.5-3.5um, bacilliformis,
Cheilocystidia et

Basidiosporae
amyloideae. pleurocystidia
absentes. Fibulae praesentes.
Basidiomata small to medium-sized,
subcaespiotose. Pileus 2.5-6.5cm in diam., broadly
umbilicate to funnel-shaped; surface reddish brown
(10D7) to brownish (8E7) or ochraceous (7D7),
covered with reddish brown (10D7) to brownish
(8E7) to dark brown (7E6), recurved, pointed
squamules; margin waved and incurved. Lamellae
decurrent, narrow, crowded to subdistant, pale yellow
(3A6) to yellow (4A6) but becoming reddish brown
(10D7) when injured, sometimes forked or veined;
edge even. Stipe centrally attached to excentric,
3-7%0.3-0.6(1)cm, subcylindric or slightly attenuate
yellow (4A6) to yellowish (3A6),

cartilagenous, solid; surface covered with yellow (2A3)

upwards,
to yellowish (2A2), minute floccose squamules; base

slightly enlarged, with whitish mycelium. Context

thin, yellowish. Odour and taste mild.
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Hymenium and subhymenium thickened,
composed of 3—5um wide frequently branching
hyphal segments. Basidia 28-38x5.5-7um, clavate,
hyaline, thin-walled, 4-spored; sterigmata 3—4 pum
long; basal septum with clamp. Basidiospores
[80/4/2] (8)8.5-12(17)%2.5-3.5(4)um, Q=(2.43)2.57-
4.44(6.80) (Q=3.09£0.31), bacilliform, narrowly
fusiform to nearly boletoid, hyaline, thin-walled,
smooth, amyloid, non-metachromatic, no germ pore;
apiculus small. Lamellar trama regular to
sub-regular, composed of branching filamentous
hyphae 3-7um  wide. Cheilocystidia and
pleurocystidia absent. Pileipellis a cutis composed of
radially arranged, yellowish to brownish vacuolar-
pigmented, occasionally also finely pigment-
encrusted, thin-walled, filamentous hyphae 3—6(10)um
wide. Squamules on the surface of the pileipellis
composed of compactly arranged, yellowish to
brownish vacuolar-pigmented, occasionally also
finely pigment-encrusted, filamentous hyphae
2.5-7um wide; terminal cells not differentiated,
30—60x3—7um. Stipitipellis composed of vertically
arranged, branching filamentous hyphae 3—7(12)um
in width, outer surface of the stipitipellis often with
more or less irregularly and somewhat loosely
arranged yellowish to brownish vacuolar-pigmented,
occasionally  also

finely  pigment-encrusted,

filamentous hyphae (2.5-7um wide) forming
squamules on the surface of the stipe. Clamp
connections abundant in every part of basidioma.

Habitat and known distribution: Subcaespitose,
lignicolous, in forest dominated by Abies, Betula,
Salix, etc.; fruiting in summer in subalpine areas in
southwestern China.

Additional specimen examined: China, Sichuan
Province: Luding County, Moxi, Hailuogou, alt.
3000m, on rotten wood, 12 August 1997, P.Q. Sun
2929 (HKAS 31335, as “Cantharellus melanoxeros

Desm.” in Yuan & Sun 2007).
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Fig. 3 Microscopic characters of Pseudoarmillariella bacillaris (HKAS 76377, holotype). a: Hymenium and subhymenium. In the lower part

of the subhymenium, some basidia have disappeared completely and only the basal clamps remain (arrow); b: Basidiospores; c: Pileipellis

and a part of a squamule on the pileus in radial-vertical section.

3 DISCUSSION

There were two known species, P. ectypoides
(Peck) Singer and P. fistulosa (G. Stev.) E. Horak in
the genus (Horak 1971; Singer 1986; Kirk et al.
2008). Pseudoarmillariella ectypoides, originally
described from the United States of America, differs
from P bacillaris by its paler pileal surface,
paler-colored lamellae and stipe, and the ellipsoid
basidiospores measuring 6.5-9x3.5-5um (Peck
1872; Bigelow 1982; Phillips 1991; Bessette et al.
1997), while P. fistulosa, originally described from
New Zealand, differs from P. bacillaris by its hollow
stipe, ovoid basidiospores measuring 5—6x3.5—4um
and the common presence of clavate cheilocyscydia
20-55%x10-18um (Stevenson 1964; Horak 1971).

The available DNA sequence data showed that
P, ectypoides and P. bacillaris form a monophyletic
group with strong statistical supports (Fig. 1). DNA
sequences of P, fistulosa are still unavailable.

The hymenium and subhymenium of
P, bacillaris had thickened during the development
of the basidioma, and many mature basidia in the
lower part of the subhymenium had disappeared and
only the clamps remained (Fig. 3-a, arrows). Such
features were also observed in P. ectypoides (Singer
1956; Norvell et al. 1994; Redhead et al. 2002).

To our knowledge, Pseudoarmillariella has not
been reported from Asia previously, although a
collection regarded as “Clifocybe ectypoides (Peck)

Sacc.” was listed in Yuan & Sun (2007). Reexamination

Wk
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of the collection, viz. M.S. Yuan 4721 (HKAS 37230)
(as “HKAS 37030” in Yuan & Sun 2007), showed
that the basidiospores are 3.5-4.5%2.5-3.5um,
colorless and non-amyloid. This collection may be a
representative of C. acromelalga Ichimura. The
discovery of a Pseudoarmillariella species in Asia
indicates the genus has a much wider geographical

distribution range than previously supposed.
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[REFERENCES]
Bessette AE, Bessette AR, Fischer DW, 1997. Mushrooms of

Northeastern North America. Syracuse University Press,
Syracuse. 1-582

Bigelow HE, 1982. Species described in Clitocybe by C.H. Peck
and W.A. Murrill. Sydowia, 35: 37-74

Doyle JJ, Doyle JL, 1987. A rapid DNA isolation procedure for
small quantities of fresh leaf material. Phytochemical
Bulletin, 19: 11-15

Edgar RC, 2004. Muscle: multiple sequence alignment with high
accuracy and high throughput. Nucleic Acids Research, 32:
1792-1797

Hall TA, 1999. BioEdit: a user-friendly biological sequence
alignment editor and analyses program for Windows
95/98/NT. Nucleic Acids Symposium Series, 41: 95-98

Horak E, 1971. A contribution towards the revision of the
Agaricales (fungi) from New Zealand. New Zealand Journal
of Botany, 9: 403-462

Kirk PF, Cannon PF, Minter DW, Stalpers JA, 2008. Dictionary of
the Fungi. 10th edition. CAB International, Wallingford. 1-771

Kornerup A, Wanscher JH, 1981. Taschenlexikon der Farben. 3.
Aufl. Muster-Schmidt Verlag, Gottingen. 1-242

Lawrey JD, Liicking R, Sipman HJM, Chaves JL, Redhead SA,
Bungartz F, Sikaroodi M, Gillevet PM, 2009. High
concentration of basidiolichens in a single family of
agaricoid  mushrooms  (Basidiomycota:  Agaricales:
Hygrophoraceae). Mycological Research, 113: 1154-1171

Matheny PB, Curtis JM, Hofstetter V, Aime MC, Moncalvo J-M,
Ge ZW, Yang ZL, Slot JC, Ammirati JF, Baroni TJ, Bougher

http://journals.im.ac.cn/jwxtcn

NL, Hughes KW, Lodge DJ, Kerrigan RW, Seidl MT, Aanen
DK, DeNitis M, Daniele GM, Desjardin DE, Kropp BR,
Norvell LL, Parker A, Vellinga EC, Vilgalys R, Hibbett DS,
2007. Major clades of Agaricales: a multilocus phylogenetic
overview. Mycologia, 98: 982-995

Norvell LL, Redhead SA, Ammirati JF, 1994. Omphalina sensu
lato in the North America 1-2. 1: Omphalina wynniae and
the genus Chrysomphalina. 2: Omphalina sensu Bigelow.
Mpycotaxon, 50: 379-407

Nylander J, 2004. MrModeltest 2.2. Computer software
distributed by the University of Uppsala.

Peck CH, 1872. Agaricus (Clitocybe) ectypoides. Reports of the
New York State Museum, 24: 61

Phillips R, 1991. Mushrooms of North America. Little, Brown
and Company, Boston. 1-319

Redhead SA, Lutzoni F, Moncalvo J-M, Vilgalys R, 2002.
Phylogeny of agarics: partial systematics solutions for core
omphalinoid genera in the Agaricales (euagarics).
Mpycotaxon, 83: 19-57

Ronquist F, Huelsenbeck JP, 2003. MrBayes 3: Bayesian
phylogenetic inference under mixed models. Bioinformatics,
19: 1572-1574

Seitzman BH, Ouimette A, Mixon RL, Hobbie EA, Hibbett DS,
2011. Conservation of biotrophy in Hygrophoraceae inferred
from combined stable isotope and phylogenetic analyses.
Mpycologia, 103: 280-290

Singer R, 1956. New genera of fungi. VIL. Mycologia, 48: 719-727

Singer R, 1986. The Agaricales in modern taxonomy. 4th edition.
Koeltz Scientific Books, Koenigstein. 1-981

Stamatakis A, Hoover P, Rougemont J, 2008. A rapid bootstrap
algorithm for the RAXML Web-Servers. Systematic Biology,
75:758-771

Stevenson G, 1964. The Agaricales of New Zealand: V. Kew
Bulletin, 19: 1-59

Vilgalys R, Hester M, 1990. Rapid genetic identification and mapping
of enzymatically amplified ribosomal DNA from several
Cryptococcus species. Journal of Bacteriology, 172: 4238-4246

White TJ, Bruns T, Lee S, Taylor J, 1990. Amplification and
direct sequencing of fungal ribosomal RNA genes for
phylogenies. In: Innis MA, Gelfand DH, Sninsky JJ, White
TJ(eds.) PCR protocols: a guide to methods and applications.
Academic Press, San Diego. 315-322

Yuan MS, Sun PQ, 2007. Pictorial book of mushrooms of China.
Sichuan Science and Technology Press, Chengdu. 1-552 (in
Chinese)

© PERFRHMEMARAATEKSRESD http://journals. im. ac. cn



