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ABSTRACT: Collybiopsis indica is proposed here as a new species. It was collected from the Western Himalaya and is characterised 
herein by its convex to conico-campanulate pileus with a slight umbo, with long stipe having white fibrillose hairs all over the stipe 
surface and presence of pleurocystidia and large hypha-like pileocystidia and cheilocystidia arranged in clusters. A detailed 
morphological description and nrITS-based phylogenetic tree are accompanied by illustrations and comparison with allied species. 
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INTRODUCTION 

 
Collybiopsis (J. Schröt.) Earle established by Earle in 

1909, is a genus of mushrooms with gymnopoid and 
marasmioid characteristics, classified under the family 
Omphalotaceae (Earle, 1909; Petersen et al., 2021). 
These fungi typically exhibit fruiting bodies that resemble 
forms such as collybioid, gymnopoid, marasmielloid, 
omphalioid, or pleurotoid species. Their gills range from 
free to decurrent, and their stipes can be centrally to 
eccentrically attached, sometimes embedded in the 
substrate. The spores are ellipsoid to oblong, do not react 
to iodine (inamyloid), are transparent (hyaline), and leave 
white spore prints. Additional features include the 
presence of caulocystidia and a pileipellis with coral-like 
or branched (diverticulate) terminal elements (Murrill, 
1915; Singer, 1973; Antonín and Noordeloos, 1993; 
Retnowati, 2018; Oliveira et al., 2019). Due to their 
relatively unspecialized fruiting body structures and 
limited morphological diversity, many species with 
gymnopoid or marasmioid traits were initially grouped 
under Collybia (Staude, 1857) or Marasmius (Fries, 1835) 
prior to the widespread use of molecular tools in fungal 
classification. Recent phylogenetic analyses, however, 
have clarified the evolutionary relationships among 
gymnopoid/marasmioid fungi within the families 
Omphalotaceae and Marasmiaceae (Wilson and 
Desjardin, 2005; Oliveira et al., 2019).  

Collybiopsis shares both morphological features and 
a close evolutionary relationship with the genus 
Gymnopus (Desjardin et al., 1999; Dutta et al., 2015). The 
two genera can generally be differentiated based on 
characteristics such as the structure of the terminal 
elements in the pileipellis, how the gills attach, features 
of the stipe, the shape and nature of basidiospores, and the 
presence or form of cheilocystidia. However, these 
distinguishing traits are not always definitive, as overlaps 

and exceptions occur, making it challenging to rely solely 
on morphology for accurate identification. Additionally, 
the fruiting body traits of these fungi can vary 
significantly with environmental conditions and growth 
stages. As a result, molecular analyses have become 
essential for reliably distinguishing between these genera 
(Antonín and Herink, 1999; Hughes et al., 2014; Hughes 
and Petersen, 2015). 

During a mushroom survey in the Western Himalaya 
in 2025, a new species of the genus Collybiopsis was 
encountered and collected from a temperate forest in 
Uttarakhand and is proposed here as a new species, C. 
indica. Detailed macro- and micromorphological 
descriptions are given herein along with supporting 
illustrations and a phylogenetic estimation based on 
nuclear ribosomal ITS sequence data. 

 

MATERIALS AND METHODS 
 

Macro- and Micromorphology 
Fresh basidiomata were gathered and photographed on-

site using a Nikon D5300 camera. Different macroscopic 
features were documented directly from the fresh fruiting 
bodies in their natural environment, including details about 
the habitat and the host plants Quercus leucotrichophora 
and Rhododendron arboreum with which they were 
associated (Vellinga, 1988). The color standards utilized 
were in accordance with Kornerup and Wanscher (1978). 
Microscopic details were examined from hand-cut sections 
of dried specimens (Largent et al., 1977). These sections 
were prepared by mounting them in a solution composed 
of 5% KOH, 1% phloxine, and 1% Congo red, then 
observed using a compound microscope (Olympus CH20i). 
Line sketches were produced utilizing a camera lucida 
connected to a microscope and 1000 times magnification. 
Photographs of the different components were captured 
using a digital camera affixed to an Olympus BX43 
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compound microscope. Measurements of 60 
basidiospores from each sample were recorded (60/3/2 
means 60 readings of basidiospores from 3 different 
fruiting bodies of 2 different sites), presenting the 
basidiospore dimensions as a range of minimum to 
maximum length and width, with the quotient (Q) 
calculated as the length divided by the width of the 
basidiospores. 

 
DNA Extraction, PCR Amplification, and Sequencing 

Genomic DNA was extracted from 100 mg of a dried 
basidiome from Indian collections using the InstaGeneTM 
Matrix genomic DNA isolation kit (Bio-Rad, Hercules, 
USA). The ITS region of the nuclear ribosomal DNA 
gene was amplified using primer pairs ITS1 and ITS4 
(White et al., 1990). PCR amplification was conducted in 
a 20 μL reaction volume containing Phire PCR buffer, 
dNTPs, DNA template, Phire Hotstart II DNA 
polymerase enzyme, BSA, DMSO, betaine, and forward 
and reverse primers. The PCR program included initial 
denaturation at 96°C for 2 minutes, followed by 30 cycles 
of denaturation at 96°C for 30 seconds, annealing at 50°C 
for 40 seconds, and extension at 60°C for 4 minutes. PCR 
products were purified using QIAquick PCR purification 
kit (QIAGEN, Hilden, Germany). Both strands of the 
PCR fragment were sequenced using the amplifying 
primers on an ABI 3500 DNA Analyzer (Applied 
Biosystems, Foster City, USA). Sequence Scanner 
Software v. 1 (Applied Biosystems) was used to verify 
the sequence quality. The sequence alignment and 
necessary editing of the newly generated sequences were 
carried out using Geneious Pro v. 5.1 (Drummond et al., 
2010). The obtained sequences were submitted to 
GenBank (http://www.ncbi.nlm.nih.gov), and accession 
numbers for two collections are provided in Figure 1. 

 
Phylogenetic Analysis 

Phylogenetic analysis was conducted utilizing the 
nrITS dataset, which included the newly obtained sequence, 
sequences identified through BLAST searches (Altschul et 
al., 1997) in GenBank (Clark et al., 2016), and previously 
published phylogenies (Petersen and Hughes, 2014; Li et 
al., 2022; Kim et al., 2022; Razzaq et al., 2023). For this 
study, a dataset consisting of 48 nrITS sequences of 
Collybiopsis species, including the newly acquired 
sequence, was employed. The alignment of the nrITS 
dataset was performed using MAFFT v.7 (Katoh and 
Standley, 2013). Maximum likelihood (ML) phylogenetic 
analysis of nrITS sequences was executed using RaxML 
GUI software (Edler et al., 2021), with 1000 bootstrap (BS) 
replicates analyzed to ascertain nodal support values. 
Bootstrap support values (>70%) obtained from the ML 
analysis are presented above or below the branches at 
nodes. Species of Omphalotus Fayod were utilized as an 
outgroup for the current phylogenetic analysis (GenBank 
no. AY313271, and AY313277). 

RESULTS 
 
The nrITS dataset was assembled to investigate the 

phylogenetic relationships of the proposed new species. 
In the nrITS analysis Collybiopsis indica (GenBank 
PV789750 & PV789765) is clustered within a clade 
formed by species including C. confluens (Pers.) R.H. 
Petersen (GenBank JX536124, KP710290, OQ597037, 
KP710297); C. mesoamericana (J.L. Mata) R.H. Petersen 
(GenBank DQ450036, AF505768), C. menehune 
(Desjardin, Halling & Hemmes) R.H. Petersen (GenBank 
KF803762, JN182864) and C. subcyathiformis (Murrill) 
R.H. Petersen (GenBank DQ450041, DQ450042). Within 
the clade, C. indica is closest to C. confluens (97% 
identity with 100% query cover) and C. mesoamericana 
(96% identity with 100% query cover) supported by a 
100% bootstrap value (Figure 1). 

 

TAXONOMIC TREATMENT 
 

Collybiopsis indica Choudhary, Uniyal & Y.P. Sharma, 
sp. nov.                                Figs. 2–4 

MycoBank no.: MB 859928 
GenBank no.: nrITS, PV789750 from holotype, 

PV789765 from paratype 
Holotype: INDIA. Uttarakhand: district Chamoli, 

Gopeshwar, Mandal 30°27'20.84"N 79°16'38.24"E, elev. 
1900 m, 19 August 2024, Shikha Choudhary, Priyanka 
Uniyal and Yash Pal Sharma, SC/PU/24/13 
(HBJU/M/188). 

Diagnosis: Collybiopsis indica is distinguished from 
phylogenetically closest species, by its convex to conico-
campanulate pileus with a slight umbo, minutely pruinose 
surface, adnexed to adnated lamellae with long stipe and 
white fibrillose hair-like structure all over the stipe 
surface, smaller basidiospores (6.7‒9.6 × 3.1‒4.3 µm) 
and presence of pleurocystidia and large hypha-like 
pileocystidia and cheilocystidia arranged in clusters. 

Description: Pileus 19–38 mm in diameter, initially 
convex, becoming conico-campanulate with maturity; 
fleshy at the center and membranous elsewhere. Surface 
smooth, glabrous, ranging from semi-moist to dry. When 
young, color varies from pale orange (5A2–5A3) to buff 
brown (5B2) at the center, with a darker orange umbo 
(5A2) and margins fading to a pale or off-white tone 
(1A1–1A2). Lamellae 1–2 mm wide, closely spaced, 
adnexed to adnate; color greyish to cream-white, with 
pruinose (frosted) edges; lamellulae present. Context very 
thin (<1 mm), dingy buff (5A2). Stipe 40–130 mm long, 
centrally to slightly eccentrically attached, cylindrical and 
equal in width; tough, hollow to fistulose. Surface 
densely covered with tomentose white fibrils, especially 
near the pileus attachment. Base exhibits greyish brown 
(5D2–5D3), dark orange-brown (5E3), or dark brown 
(5E4) shades; occasionally with coarse white 
rhizomorphs (1A1). Odor mild. 
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Fig. 1. Maximum Likelihood phylogenetic tree inferred from ITS-rDNA sequence data using GTR+GAMMA model of nucleotide 
evolution constructed in RAxML v.2.0.10. Branches are labelled with ML bootstrap support values (≥70 %). Sequences derived from 
Collybiopsis indica are shown in bold in the tree. 
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Fig. 2. Collybiopsis indica: A‒B. Fresh basidiomata in the field and basecamp; C. Basidiomata on scale sheet; D. Stipe showing 
fibrillose surface; E‒F. Fruiting body showing lamellae; G. Pileal surface showing umbo; H. Pileus surface showing wavy margins. 
Scale bar: A = 20 mm. 
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Fig. 3. Collybiopsis indica: A‒B. Basidia and Pleurocystidia; C. Basidiospores; D‒F. Cheilocystidia; G. Pileipellis hairs; H. Transverse 
section through pileipellis and showing pileocystidia; I‒J. Transverse section through stipitipellis and showing caulocystidia. Scale bars: 
A‒J = 10 μm. 
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Fig. 4. Line drawing of Collybiopsis indica: A. Basidia; B. 
Basidiospores; C. Cheilocystidia; D. Caulocystidia; E. Pileipellis 
hairs; F. Pileocystidia. Scale bars: A‒F = 10 µm. 
 

Basidiospores (60/3/2) 6.7‒8.13‒9.6 × 3.1‒3.5–4.3 
(1.33‒2.24–2.74) ellipsoid to amygdaliform smooth, 
hyaline, inamyloid, acyanophilous. Basidia 19‒27.5 × 
5.3–7.5 µm clavate; sterigmata up to 5.3 µm long. 
Cheilocystidia abundant, lamellar edge sterile, 24.9–42.9 
× 6.4‒8.8 µm, versiform, ranging from irregularly 
cylindrical or sinuous to clavate, cylindrical-capitate 
ventricose or sphaeropedunculate, rarely knob like 
outgrowth often in chains of 2–3 cells, hyaline, thin-
walled. Pleurocystidia 17.7–24 × 3.1‒4.3 µm similar in 
shape to cheilocystidia. Pileipellis a cutis with 3.9–6.1 µm 
wide hyphae, being cylindrical, subparallel to slightly 
interwoven, radially arranged, non-diverticulate, smooth 
or more commonly heavily incrusted with annular to 
zebroid, yellowish brown to brown pigment deposits, 
non-gelatinous; pileocystidia 32.5–88.5 × 4.9–6.7 µm; 
long swollen hyphae with mucronate apex; pileus trama 
interwoven; hyphae 3.4 µm, cylindrical, smooth, hyaline, 
inamyloid, non-gelatinous, thick-walled (1 µm). 
Hymenophoral trama regular; hyphae similar to those of 

pileus trama. Stipitipellis cutis type, elements 4.9–9 µm 
wide, cylindrical to slightly inflated, hyaline to pale; 
caulocystidia 45‒71 × 5.3‒8 µm, abundant, similar in 
shape to pileocystidia; arranged in clusters. Clamp 
connections present.  

Etymology: The specific epithet “indica” (Latin) 
refers to the geographical origin of the studied collection 
in the Northwestern Himalayan range of India. 

Habit and Habitat: Terrestrial, solitary to gregarious 
in mixed forest of Quercus leucotrichophora A. Camus 
and Rhododendron arboreum Sm. 

Paratype: INDIA. Uttarakhand: district Chamoli, Deval, 
Lohajung, Dedna trek, Bedni-bugyal, 30°09'53.60"N 79°38'04.12"E, 
elev. 2485 m, 28 August 2024, Shikha Choudhary, Priyanka Uniyal and 
Yash Pal Sharma, SC/PU/24/14. 

 

DISCUSSION 
 
Phylogenetically, the novel species nested in the 

common clade with C. confluens, C. menehune and C. 
mesoamericana. Our new species differs from C. confluens 
(97% identity for 100% query coverage using BLAST and 
labelled with GenBank accession nos. JX536124, 
KP710290, OQ597037, KP710297 in Fig. 1) is distinct in 
having its greyish yellow to brownish orange to buff white 
pileus surface; stipe light brown in color and presence of 
larger basidiospores (9–11 µm) and absence of 
pleurocystidia (Dutta et al., 2015). Similarly, C. indica is 
distinguished from the closely related species C. menehune 
(96.5% identity for 100% query coverage using BLAST 
and labelled with GenBank accession nos. KF803762, 
JN182864 in Fig. 1) by its broad convex to plano-convex 
pileus which later on expands to become infundibuliform 
and at maturity uplifted and wavy with buff brown to 
brown in color which becomes grey-brown at maturity and 
short stipe (up to 55 mm) and incrusted pileus trama (Dutta 
et al., 2015). C. mesoamericana (96% identity for 100% 
query coverage using BLAST and labelled with GenBank 
accession nos. DQ450036, AF505768 in Fig. 1) differs 
from the proposed new species by the presence of large 
pileus (up to 60 mm), being hygrophanous, broadly 
campanulate but applanate at maturity and cinnamon 
brown in colour; margins uplifted and lamellulae present in 
several tiers; stipe reddish brown to purple brown and 
presence of gloeoplerous hyphae in the stipe (Mata et al., 
2006). C. readiae (G. Stev.) R.H. Petersen (96% identity 
for 98% query coverage using BLAST and labelled with 
GenBank accession nos. KJ416244, DQ450034, 
HQ533036 in Fig. 1) differs by a smaller pileus (15 mm 
diam.) being vinaceous russet, velvety with yellowish grey 
stipe; cheilocystidia scattered with incrusted pileipellis 
hyphae and absence of caulocystidia (Stevenson, 1964). 

In conclusion, we identified C. indica as a new 
species through combined morpho-anatomical and 
molecular phylogenetic analyses and thus update the 
Indian inventory of Collybiopsis. Moreover, this study 
provides some additions to the recent studies conducted 
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by Petersen and Hughes (2021); Kim et al. (2022) and 
Razzaq et al. (2023). Further, this research will also be 
helpful for further studies on Collybiopsis, concerning 
distribution throughout the world and taxonomic 
arrangements of gymnopoid/marasmioid mushrooms. 
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