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1. Introduction
Species of the genus Entoloma sensu lato (Entolomataceae, 
Agaricales, Basidiomycota) are found throughout a wide 
geographic range, from the arctic to the tropical regions 
(Largent, 1994; Manimohan et al., 1995, 2006; Noordeloos, 
2004; Gates and Noordeloos, 2007; Noordeloos and 
Hausknecht, 2007; Co-David et al., 2009; Noordeloos and 
Gates, 2009; Karstedt and Capelari, 2013). More than 1500 
species from this genus have been described (Morozova 
and Noordeloos, 2010, He et al., 2012), most of which 
are saprobic, whilst some are mycorrhizal (Co-David et 
al., 2009). Entoloma species grow in disparate habitats 
including rainforests, temperate forests, woodlands, 
grasslands, moors, peat-bogs, and arctic or alpine forests 
(Co-David et al., 2009; Gates et al., 2009; Kasuya et al., 
2010; Gargano et al., 2011). The genus is characterized by 
pinkish spore print and polyhedral basidiospores that are 
angular in all views. The attachment of the lamellae varies 
from almost free to deeply decurrent (Noordeloos, 1980, 
1981; Gates and Noordeloos, 2007, 2009; Hausknecht 
and Noordeloos, 2007; Noordeloos and Gates, 2009; 
Noordeloos and Morozova, 2010).

The initial studies on Entoloma in China were 
conducted by Teng in 1932 (Horak, 1973) and over the 
past two decades researchers in China have continued to 

find and describe new species (Zhang and Li, 2001; Li et 
al., 2009; Li and Li, 2009). The first Entoloma species to 
be described was E. quadratum. Thereafter hundreds of 
Entoloma species have been described from China (Li et al., 
2009; Li and Li, 2009; He et al., 2010). With the increased 
taxonomic studies carried out in China on the family 
Entolomataceae, several novel Entoloma species were 
described recently (He et al., 2012). Four new species—
Entoloma azureosquamulosum, E. caeruleoflavum, E. 
hainanense, and E. subtenuicystidiatum—were recently 
discovered from southern China (He et al. 2012). Nearly 
33 Entoloma species have been described from Hainan 
island (Li et al., 2009). In this study, we introduce a novel 
species of Entoloma from Mengsong, Yunnan Province, 
with the support of morphological characteristics and 
nrITS sequence data. 

2. Materials and methods
2.1. Sample collection and macromorphological 
character examination
The Entoloma specimens were collected during field 
excursions in Mengsong, Yunnan Province, between May 
and September 2014. The basidiomata were photographed 
in the field using a digital camera. Information including 
habitat, ecotype, and attached substrate as well as 
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macromorphological characteristics such as size, shape, 
and structure of the pileus and stipe were recorded. 
The color terminology used for macromorphological 
identification followed Kornerup and Wanscher (1978). 
The specimens were dried with a portable dryer at 40 °C 
for 24–48 h and sealed in zip lock plastic bags containing 
silica gel as a desiccant to control humidity. All the 
herbarium specimens were deposited in the Herbarium of 
Kunming Institute of Botany (HKAS), Kunming, China. 
2.2. Micromorphological character examination
Microscopic observations on dry specimens were 
carried out using a dissecting microscope. Preparation 
of slides was implemented with 3%–5% KOH and 
congo red. Observations were carried out using a 
compound microscope (Nikon Model Eclipse Ci–s) for 
microcharacteristic evaluation at 200×, 400×, and 1000× 
magnifications. Photos were taken with a Canon 550D 
digital camera, attached to the microscope. For scanning 
electron microscopy of the basidiospores, fragments of 
lamellae were mounted on aluminum stubs with double-
sided adhesive tape, coated with gold palladium alloy, and 
then observed under a SEM (Hitachi S4800) (Cook et al., 
1997). 

Q (the spore quotient) was used to represent the 
length/width ratio of a basidiospore in side view. The 
length and width of at least 25 basidiospores in side view 
were measured to find the range of basidiospore size. 
Dimensions were taken excluding the hilar appendix, 
using a compound light microscope (Nikon Model Eclipse 
Ci–s) at 1000× magnification. 
2.3. DNA extraction, PCR, and sequencing process
Genomic DNA was extracted from dried specimens using 
a Biospin Fungus Genomic DNA Extraction Kit (Bioer 
Technology Co., Ltd., Hangzhou, P.R. China). The nuclear 
ribosomal internal transcribed spacer (nrITS) and large 
subunit (nrLSU) regions were amplified. The amplification 
process was carried out in 25-µL volumes carrying 1.0 µL 
of template DNA, 9.5 µL of double distilled water, 1.0 µL of 
each primer, and 12.5 µL of 2× Power Taq PCR Master Mix 
(a premixed, ready to use solution that includes 0.1 Units/
μL Taq DNA polymerase, 500 µm of dNTP mixture each 
(dATP, dCTP, dGTP, dTTP), 20 mM of Tris–HCl pH 8.3, 
100 mM KCl, 3 mM of MgCl2, stabilizer, and enhancer)). 
During the reaction, each sample underwent 35 cycles 
according to the following settings: denaturation (95 °C, 
30 s), annealing (52 °C, 30 s), extension (72 °C, 1 min), 
and final extension (72 °C, 10 min). The primers used for 
sequencing the whole ITS region were ITS5 (forward) and 
ITS 4 (reverse), while for LSU LROR (forward) and LR5 
(reverse) primers were used. Amplified products were 
confirmed with 1% agarose gel electrophoresis stained 
with ethidium bromide. The amplified PCR fragments 
were sent to a commercial sequencing provider (Beijing 

Bai Mai Hui Kang Biological Engineering Technology Co., 
P.R. China). The nucleotide sequence data were deposited 
in GenBank.
2.4. Sequence alignment and phylogenetic analyses
The sequences obtained in this study were checked and 
assembled using BioEdit 7.0.9.0 (Hall, 1999) and compared 
to those available in the GenBank database (http://www.
ncbi.nlm.nih.gov/genbank/) using the BLAST algorithm. 
Taxon information and GenBank accession numbers 
used in the molecular work are listed in Tables 1 and 2, 
including all sequences of the Chinese taxa. As shown in 
Table 1, the ITS dataset comprised 40 sequences, including 
36 Entoloma sequences from GenBank, including the type 
species of the genus, E. sinuatum, and the new Entoloma 
collection from Mengsong, Yunnan province, China. As 
shown in Table 2, the LSU dataset comprised 60 sequences, 
including 59 Entoloma sequences from GenBank, and 
the new Entoloma collection from Mengsong, Yunnan 
province, China. Lyophyllum decastes and Tricholoma 
vaccinum were chosen as the outgroup taxa for both 
ITS and LSU phylogenetic trees. The ITS and the LSU 
sequence data were analyzed using maximum parsimony 
(MP), maximum likelihood (ML), and Bayesian analyses. 
MP analyses were performed in PAUP v. 4.0b10 (Swofford, 
2002) using the heuristic search option with 1000 random 
taxa addition and tree bisection and reconnection (TBR) 
as the branch-swapping algorithm. The reconstruction 
of ML analysis was performed using raxmlGUI v.0.9b2 
with the model GTRGAMMA. A Bayesian analysis was 
conducted with MrBayes v. 3.1.2 (GTR+I+G model) to 
valuate posterior probabilities (PP) by Markov chain 
Monte Carlo sampling (BMCMC). Sequences for each 
strain were aligned using Clustal X (Thompson et al., 
1997). Ambiguously aligned regions were excluded from 
all analyses. Trees were inferred using the heuristic search 
option with TBR branch swapping and 1000 random 
sequence additions. Maxtrees were unlimited, branches of 
zero length were collapsed, and all multiple parsimonious 
trees were saved. Clade stability of the trees resulting from 
the parsimony analyses was assessed by bootstrap analysis 
with 5000 replicates, each with 100 replicates of random 
stepwise addition of taxa (Felsenstein, 1985). Trees were 
displayed with TreeView ver. 1.6.6 (Page, 1996).

3. Results
3.1. Phylogenetic analyses
Trees of similar topologies were generated in MP, ML, 
and Bayesian analyses and the ML tree was selected to 
present the results. Our phylogenetic results show that the 
new species is supported by high bootstrap values in ITS 
phylogeny: 94% in ML, 90 in MP, and 0.99 in PP (Figure 
1), and LSU phylogeny: 96% in ML, 91 in MP, and 0.99 in 
PP (Figure 2). It is closely related to two blue Entoloma 
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Table 1. Taxa information and GenBank accession numbers of ITS sequences of Entoloma specimens used in the molecular phylogenetic 
analyses.

Name of the species Voucher Locality GenBank accession number
(ITS, 5.8S)

Entoloma azureosquamulosum HKAS53408 China  JQ410334
E. stylophorum GDGM25736 China  JQ281480
E. subtenuicystidiatum GDGM 29246 China  JQ320114
E. praegracile GDGM 29256 China  JQ320107
E. caespitosum GDGM24025 China  JQ281490
E. mastoideum GDGM28820 China JQ281476
E. coelestinum HMLD1659 China KC257434
E. holmvassdalenense (Type) O–F75311 Norway KM610321 
E. caeruleopolitum RBG Kew K M 102319 England  EU784210
E. chalybaeum var. lazulinum RBG Kew K M 90810 England EU784215
E. insidiosum L376 Russia KC898443 
E. virescens – Japan AB509863
E.hochstetteri TL2573 New Zealand KP191941
E. mengsongense (holotype) HKAS90774 China KU131556
E. petchii HKAS56716 China  JQ281485
E.omiense GDGM27563 China JQ281487
E.inocephalum LE262922 Vietnam KC898449 
E.griseocyaneum LE254351 Russia KC898444 
E. turci 3882 USA JF907993
E. incanum HKAS54614 China  JQ281488
E. asprellum RBG Kew K M 91347 England  EU784206
E. anatinum RBG Kew K M 58618 England  EU784202
E. mougeotii LE254352 Russia KC898446

E. serrulatum HKAS 52713 Iran KT833862
Entoloma sp. HKAS 52713 China JQ410336
E. aff. kujuense – Japan AB509866
E. nitidum – Canada AY228340
E. bloxamii – Canada EF530938
E. flavidum GDGM24473 China JQ281481
E. chalybaeum LE254353 Russia KC898445
E. abortivum GDGM27313 China  JQ291565
E. shandongense CUH AM109 India  KP241852
E. conferendum HKAS48953 China  JQ281484
E. lampropus LE9121 Russia KC898378
E. subaraneosum GDGM 28823 China  JQ320113
E. pallidocarpum GDGM 28828 China  JQ320106
E. sinuatum AFTOL–ID 524 USA DQ486700
Lyophyllum decastes Lc42 T5P Switzerland  AF357060
L. decastes 901016 Sweden HM572546
Tricholoma vaccinum  CBS55550 Germany  AF062628
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Table 2. Taxa information and GenBank accession numbers of LSU sequences of Entoloma specimens used in the molecular phylogenetic 
analyses.

Name of the species Voucher Locality GenBank accession number (LSU)
Entoloma hochstetteri  TL2570 New Zealand KP191755
E. hochstetteri TL2573 New Zealand KP191758
E. hochstetteri TL2572 New Zealand KP191757
Entoloma sp. LAM 0258 Malaysia KY091023
E. virescens Li 929 China JQ993098
E. hochstetteri TL2571 New Zealand KP191756
Entoloma sp. GDGM 26298 China JQ993091
E. luteum GDGM 27698 China JQ320121
Entoloma sp. GDGM 57161 China KJ845724
E. murrayi QI 1001 China JQ993090
E. tectonicola - Netherlands GQ289196
E. petchii GDGM 27696 China JX992853
E. petchii HKAS 56716 China JQ320120
E. flavovelutinum LE_RUS_302078 Russia KR052824
E. flavidum GDGM 24473 China JQ320122
E. flavovelutinum LE_RUS_302075 Russia KR052823
E. murrayi QI 1002 China JQ993089
E. tenuissimum  GDGM 28813 China JQ993097
E. violaceovillosum   - Netherlands GQ289205 
E. serrulatum   - Netherlands GQ289192 
E. quadratum  EQ7695 - AF261303 
E. subaraneosum  KA12_1534 South Korea KJ523137 
E. albidoquadratum  - - GQ289151
E. porphyrescens  - - GQ289182
E. araneosum  - - GQ289153 
E. luridum    - - KC710146 
Entoloma sp. - Germany KC261492 
E. madidum  MEN 2004030 - KC710158 
E. transmutans  - - GQ289200 
E. aff. luteum  GDGM 28991 China JQ993093 
E. bloxamii  TB6117 - AF261289 
E. gasteromycetoides  E2031 - GQ289164 
E. jubatum - Germany KP965790 
E. peralbidum  TLe1518 New Zealand KP191742 
E. peralbidum    TLe1520  New Zealand KP191743 
Entoloma sp. 2AK_2012 isolate_K479 - AB692007
E. lividoalbum  MEN 200328 - KC710152
E. changchunense   HMJAU 3886 China JQ993095 
E. procerum  - - GQ289183 
E. cocles    - - GQ289159 
Entoloma sp. EM677 - AB692015 
E. hainanense  GDGM 27990 China JQ320118 
E. vinaceum  TB8870 - GU384631 
E. turbidum  - - GQ289201
E. costatum  - - GQ289161
E. manganaense  - E369 KC710143
E. tenuissimum  GDGM 28814 China JQ993096 
E. tenuissimum  GDGM 28814 China NG042670
E. subaraneosum  GDGM 28823 China JQ410329 
E. subaraneosum  GDGM 28823 China JQ291568 
E. subaraneosum  GDGM 28823 China NG042606
E. omiense  GDGM 27563 China JQ410330
E. omiense  GDGM 27229 China JQ320124
E. furfuraceum  GDGM 28818 China JQ993094 
E. furfuraceum  GDGM 28818 China NG042669
E. hypogaeum  K382 - AB692009 
E. hypogaeum  TNS F46869 - NG042336
Lyophyllum decastes GLM 45952 - DQ071789 
Tricholoma vaccinum GLM 46037 Germany DQ071796
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species, E. virescens and E. hochstetteri, but is distinct in 
having unique morphological characteristics (Table 3).
3.2. Taxonomy
Entoloma mengsongense A.N. Ediriweera, Karun., J.C. Xu, 
K.D. Hyde and P.E. Mortimer, sp. nov. Figures 3–5

MycoBank: MB 815072
Faces of fungi number: FoF 02080
Type: CHINA. Yunnan Province: Xishuangbanna, 

Mengsong Village, UTM N2379744.485281, UTM 
E653217. 753714, alt. 1600 m, on soil associated with 

mosses, 12 June 2012, Samantha C. Karunarathna (HKAS 
90774, holotype).

Diagnosis: this species is characterized by a fibrillose, 
sky blue to greenish blue pileus; cuboid–quadrate, 4–8 × 
4–6 µm sized basidiospores; clavate, 40–60 × 9–14 µm 
sized basidia and hyaline, clavate, 35–40 × 9–12 µm sized 
cheilocystidia. 

Pileus 3.5–5 cm diam., conical when young, plano-
concave when mature, with an umbo; surface dry, fibrillose 
all over the surface, more so at the center, yellowish brown 

10
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Figure 1. Phylogenetic tree obtained from RAxML analyses showing the phylogenetic position of Entoloma mengsongense based on 
the ITS sequence data. Bootstrap support values for maximum parsimony (MP, left), maximum likelihood (ML, middle) higher than 
70%, and Bayesian posterior probabilities (BYPP, right) greater than 0.95 are provided at the nodes. The tree is rooted with Lyophyllum 
decastes and Tricholoma vaccinum. The new species is in blue bold and the type species are in black bold.
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Figure 2. Phylogenetic tree obtained from RAxML analysis showing the phylogenetic position of Entoloma mengsongense based on 
the LSU sequence data. Bootstrap support values for maximum parsimony (MP, left), maximum likelihood (ML, middle) higher than 
70%, and Bayesian posterior probabilities (BYPP, right) greater than 0.95 are provided at the nodes. The tree is rooted with Lyophyllum 
decastes and Tricholoma vaccinum. The new species is in blue bold and the type species are noted with a T after the species name.
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(5E8); surface yellowish–brown (5E8) because of the 
fibrillose pileipellis, below the pileipellis sky blue becoming 
greenish blue (25E7) when drying or mature, and staining 
yellow–blue greenish (25A4) on bruising or cut. Lamellae 
adnexed, moderately crowded, with lamellulae of four 
lengths, ventricose, sky blue, turning yellowish green or 
greenish blue (25A4) on handling; margin smooth. Stipe 
6.5–9 cm × 6–7 mm, confluent with the pileus, central, 
brittle, cylindrical, solid; surface, fibrillose as the pileus 
when young; concolorous with the pileus when young, 
becoming sky blue (21A6) when mature, with cottony 
white mycelium at the base. Context white and thin, turns 
yellowish green or greenish blue on bruising or drying. 
Odor peculiar and distinct. Taste was not tested.

Basidiospores 4–8 × 4–6 µm, µl (mean length 
of basidiospores) = 5.33 µm, µw (mean breadth of 
basidiospores) = 5.14 µm, σl (standard deviation of 
length) = 1.45, σw (standard deviation of breadth) = 0.6, 
Q = 0.68–1.49, Qm = 1.01, cuboid–quadrate, having four 

angles that are regular to irregular in profile or side views, 
with a stramineous wall that is slightly thickened (Figure 
5). Basidia 40–60 × 9–14 µm, mostly clavate, sometimes 
obclavate, 4-spored, occasionally 1-, 2-, or 3-spored; 
sterigmata up to 5 µm long. Cheilocystidia 35–40 × 9–12 
µm, clavate, thin walled, hyaline. Hymenophoral trama 
subregular; hyphae 3–15 µm wide, hyaline and thin walled; 
subhymenium poorly developed. Pileal trama parallel–
interwoven; hyphae similar to those of lamellar trama. 
Pileipellis a cutis, hyphae 2–10 µm diam., thin walled, 
pale yellowish. Stipitipellis a disrupted cutis; hyphae 1–8 
µm broad, thin walled, hyaline, forming ascending or 
erect bundles of mostly clavate or occasionally cylindrical, 
7–8.5 µm broad hyphal ends at the tip. Clamp connections 
present in all tissues. 
3.3. Habitat/distribution 
Gregarious on soil as small groups, so far only known from 
the type locality in China.

Figure 3. a–e Basidiomata of E. mengsongense in the field: a) HKAS 90774; b) HKAS 90774; c, d) HKAS 90775; and e) HKAS 90775. 
Scale bars: a–e = 5 cm.
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3.4. Etymology
The species epithet “mengsongense” refers to the place 
where the type specimen was collected.
3.5. Other specimens examined 
CHINA. Yunnan Province: Xishuangbanna, Mengsong 
Village, UTM N2379744.485281, UTM E653217. 753714, 

alt. 1600 m, on soil with decaying leaf litter, 15 July 2012, 
Samantha C. Karunarathna (HKAS 90775, paratype)

4. Discussion
Our new species is phylogenetically placed with maximum 
support in ITS phylogeny (94% in ML, 90 in MP, 0.99 in 

Figure 4. Entoloma mengsongense (from holotype HKAS 90774); A) Basidia; b) Basidiospores; c) Cheilocystidia; and d) Pileipellis. Scale 
bars: A = 50 µm; B = 10 µm; C, D = 20 µm.

Figure 5. Scanning electron micrograph of basidiospores of Entoloma mengsongense (from holotype HKAS 90774); Scale bars: = 10 µm
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PP in Figure 1) as well as LSU phylogeny (96% in ML, 
91 in MP, 0.99 in PP in Figure 2) in a clade composed 
of two blue Entoloma species: E. virescens (Sacc.) E. 
Horak and E. hochstetteri (Reichardt) G. Stev. (Figures 
1 and 2). Although E. mengsongense is phylogenetically 
closely related to E. virescens and E. hochstetteri, it is 
morphologically distinct. Entoloma virescens differs from 
E. mengsongense in having a wavy margin to the pileus, 
larger (10.5–12.5 × 10.5–12 µm) cuboid basidiospores, 
30–52 × 10–17 µm size basidia, 30–62 × 12–16 µm size 
cylindro-clavate cheilocystidia (Alves and do Nascimento, 
2012). Entoloma hochstetteri differs from our new species 
in having an indigo–blue pileus, 9.9–13.2 × 11.8–13.2 
µm size basidiospores, 35–44 × 9–13 µm size basidia; 
and 40–60 × 8–14 µm, fusoid cheilocystidia. The cuboid 
basidiospores, long basidia, conic-campanulate pileus with 
appressed fibrils, and abundant clamp connections place 
our new species E. mengsongense in Entoloma subgenus 
Inocephalus (Noordel.) P.D. Orton. All the morphologically 
similar blue Entoloma species are compared with Entoloma 
mengsongense in Table 3. 
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