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1. Introduction
The genus Limacella s.l. is divided into three genera, 
namely Limacella s. str., Limacellopsis Zhu L. Yang, Q. Cai 
& Y.Y. Cui., and Myxoderma Kühner, which was changed 
to Zhuliangomyces Redhead by Redhead (2019) (Cui et 
al., 2018; Yang et al., 2018). Taxa included in Limacella 
s. str. are characterized by the agaricoid basidiomata, a 
glutinous or somewhat viscid, pallid to red-brown-colored 
pileus lacking remnants of a universal veil, free lamellae, a 
white to creamy spore print, and a viscid or dry stipe with 
a rudimentary annulus. Micromorphologically, the species 
within Limacella are recognized by a combination of the 
following characteristics: an ixotrichodermal pileipellis, 
fertile lamella edge, and globose to ellipsoid, smooth 
to asperulate, acyanophilous, inamyloid basidiospores 
(Singer, 1986 Neville and Poumarat, 2004; Ersel et al., 2005; 
Tulloss et al., 2016; Nascimento and Wartchow, 2018; Cui 
et al., 2018; Yang et al., 2018).

Worldwide, there are reports of the occurrence of 70 
named members referring to approximately 48 different 
species of the genus Limacella s.l. Earle (1909: 447), most of 
those names are based on European and North American 
collections (Murrill, 1911; Smith, 1945; Pegler, 1983, 1986; 
Corner, 1994; Gminder, 1994; Kibby, 2004; Neville and 
Poumarat, 2004; Ferreira et al., 2013; Hosen and Li, 2017; 
Nascimento and Wartchow, 2018; Kumla et al., 2019; Yang 

et al., 2018; Usman and Khalid, 2020). Limacella species 
were also reported from Asia (Imai, 1938; Sathe and 
Daniel, 1981; Pegler, 1986; Corner, 1994; Yang and Chou, 
2002; Sato et al., 2010; Yang, 2015; Cui et al., 2018; Usman 
and Khalid, 2020).

Knowledge of the genus Limacella s.l. in Pakistan is 
extremely limited, with only two species: Zhuliangomyces 
illinitus (Fr.) Redhead and Z. pakistanicus Usman and 
Khalid (Ahmad et al., 1997; Usman and Khalid, 2020) 
reported so far. The present contribution aims to propose 
a novel taxon collected from several areas of Punjab, 
Pakistan based on comprehensive morphological and 
molecular phylogenetic evidence.

2. Materials and methods
2.1. Locations and collections
Collections of basidiomata were made from three different 
areas of Punjab, Pakistan during field tours to various areas. 
The holotype was collected from district Sheikhupura, 
central Punjab (Coordinates: 31°42’47” N, 73°58’41” E, 236 
m a.s.l) on 27 July 2017 during the monsoon season from 
loamy roadsides close to the Sheikhupura interchange, 
on motorway M2. Due to its fertile soil, the district is 
commonly named ‘rice valley’. Climatic conditions of the 
district are categorized as subhumid with a maximum of 
630 mm of annual rainfall (Sardar et al., 2013; Nawaz et 
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al., 2017; Nabi et al., 2018; Shaheen et al., 2019; Sher et 
al., 2020; Alam et al., 2021). The common local vegetation 
of the area includes Albizia lebbeck (L.) Benth., Capparis 
decidua Pax., Dalbergia sissoo Roxb. Ficus benghalensis L. 
Ficus religiosa L., Prosopis cineraria (L.) Druce., Salvadora 
oleoides Decne., Tamarix aphylla (L.) Karst. Fl., Vachellia 
modesta Wall. and V. nilotica (L.) P.J.H. Hurter & Mabb. 
(Kazi, 1961). 

Many collections under study were from Changa 
Manga Forest (Coordinates: 31°5’18” N, 73°5’52” E, 214 m 
a.s.l), which lies in a subtropical climate, on the southeast 
side of district Lahore, with annual temperature ranging 
from a minimum of 5.9 °C and a maximum of 39.6 °C and 
about 650 mm average annual rainfall. (Ashraf et al., 2010; 
Manzoor et al., 2010). The third locality was Muzaffargarh 
District (Coordinates: 30°4′10”N, 71°11’39”E, 65 m a.s.l) 
which is situated in south-western Punjab, an agriculturally 
important area (Zamir and Kazmi, 2014; Mahmood et 
al., 2019). The district receives 127–150 mm average 
annual rainfall (Nickson et al., 2005; Akram et al., 2014; 
Mahmood et al., 2019). Macro-morphological characters 
were noted from fresh basidiomata. Munsell’s (1975) color 
chart was followed for color description. Samples were 
dried and processed in the laboratory. All collections were 
deposited in LAH Herbarium, University of the Punjab 
Lahore, Pakistan.
2.2. Microscopic study
Tissues of lamellae, pileus, and stipe were rehydrated in 
5% KOH and stained with Congo red. Melzer’s reagent was 
used to test the amyloid reaction of the basidiospores. The 
micro-characters observed include basidia, basidiospores, 
pileipellis, and stipitipellis (Vellinga, 2001b). All studies 
were made using an MX4300H compound microscope 
equipped with a camera Lucida 5x (Meiji Techno Co., 
Ltd. Japan). The symbolization “(n/m/p)” was used for 
measurements of basidiospore measurements, which 
means that n basidiospores, were measured from m 
basidiomata from p collections. The dimensions of 
basidiospores are presented in the form of (a) b–c (d) × 
(e) f–g (h), where b–c, f–g represent the basidiospores’ 
length and width between the 5th and 95th percentile 
respectively, (a), (d) are smallest and largest recorded 
basidiospores whereas (e), (h) are narrowest and broadest 
basidiospores recorded. From three different collections, 
60 basidiospores were measured from three basidiomata 
total. The following abbreviations are used: avl = average 
length, avw = average width, Q refers to the length/width 
ratio of basidiospores whereas Qav denotes the average of 
Q for basidiospores.
2.3. Molecular analysis
2.3.1. DNA extraction and amplification by PCR method 
DNA was extracted from dried basidiomata according to a 
modified CTAB method (Zhao et al., 2011). The universal 
fungal primer pairs ITS1F (Gardes and Bruns, 1993) and 

ITS4 (White et al., 1990) for amplification of the ITS 
region and LROR and LR5 were used to amplify the LSU 
region of fungal DNA (Vilgalys and Hester, 1990). The 
PCR cycling to amplify the ITS region was according to 
Zhao et al. (2011) i.e. 5 min denaturation at 95 °C followed 
by 35 cycles of annealing at 94 °C (1 min), 1.5 min at 55 
°C, 1.5 min at 72 °C and a final extension at 72 °C for 5 
min. For PCR of the LSU region, initial denaturation at 94 
°C for 2 min, 35 cycles at 94 °C for 1 min, 52 °C for 1 min, 
72 °C for 1 min, and final extension at 72 °C for 7 min. For 
visualization of PCR products, agarose gel electrophoresis 
was performed followed by visualization of amplified 
fragments in a gel documentation system (Avebury House, 
Cambridge, UK). Sequencing was performed by TsingKe, 
China with the same primers used for PCR amplification.
2.3.2. Phylogenetic analyses
Newly generated sequences were assembled by BioEdit 
software. ITS and LSU sequences of nrDNA, generated 
from the Pakistani collections were compared with 
sequences in GenBank using the BLAST tool, priority was 
given to those sequences which showed high bootstrap 
value in phylogenetic analyses (Altschul et al., 1990). The 
final datasets were created by adding newly generated 
sequences of L. subtropicana plus the highest scored hits 
were chosen from GenBank, also other members of the 
genus from previous studies (Cui et al., 2018; Usman 
and Khalid, 2020; Yang et al., 2018), the sequences with a 
negative E-value and with less query cover were excluded. 
Amanita fulva Fr. (KU139518, KU139519 for ITS; 
KU139448, KU139446 for LSU) was selected as outgroup 
(Figures 1 & 2). Alignment of the ITS and LSU datasets was 
constructed separately, using MUSCLE alignment software, 
then was manually adjusted in BioEdit where necessary 
(Hall, 1999). Both nucleotide alignments were deposited 
in TreeBASE (29482, 29483) as Nexus files. To compute the 
best fit model of nucleotide evolution, the nrITS dataset 
was subdivided into three partitions, ITS1, 5.8S, and ITS2. 
The best fit model of nucleotides substitution based on 
the lowest BIC (Bayesian information criterion) values for 
each partition and for nrLSU based dataset was chosen 
with jModelTest2 on XSEDE via CIPRES science gateway 
(Darriba et al., 2012). Maximum likelihood analysis was 
performed using RAxML-HPC2 v8.2.4 (Stamatakis, 2014) 
as implemented on the CIPRES portal with 1000 rapid 
bootstrap iterations for both datasets (Miller et al., 2010). 
Phylogenetic trees generated by Bayesian inference (BI) 
analyses were performed with a Markov chain Monte 
Carlo (MCMC) coalescent approach implemented in 
BEAST 1.8.2 (Drummond and Rambaut, 2007). Both 
analyses resulted in a similar topology. For the tree prior, 
a Yule-type speciation model (Gernhard, 2008) was used 
in all simulations, and the starting tree was randomly 
generated. Six independent runs were undertaken. The 
chain length was 20 million generations, with a sampling 
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Figure 1. Molecular phylogenetic placement of Limacella subtropicana based on maximum likelihood (ML) method of ITS sequences. 
Newly generated sequences are in bold. Limacella subtropicana (LAH35706, T = Type specimen) is referring to the holotype. Bootstrap 
values > 70% and Bayesian posterior probabilities > 0.7 are shown above the branches.
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frequency of 1000. Burn-in values were determined in 
Tracer 1.6 (Rambaut et al., 2014) with effective sample sizes 
(ESS) higher than 200. The maximum clade credibility 
(MCC) tree (20% burn-in value) was generated using 
TreeAnnotator 1.8.2 (Drummond and Rambaut, 2007). 
The output phylograms were displayed in FigTree 1.4.3 
(Rambaut, 2014). Bootstrap values greater than 50% from 
RAxML are indicated. In the resulting trees, bootstrap 
values obtained from maximum likelihood analyses and 
values of Bayesian posterior probabilities greater than 0.7 
were reported. Final phylograms were edited using Adobe 
Illustrator CS5.1 (San José, California). Newly obtained 

sequences of Pakistani collections were deposited in 
GenBank (Table 1) and a short description of the new 
species was deposited in MycoBank.

3. Results
3.1. Taxonomy
Limacella subtropicana A. Izhar, Niazi, M. Asif, 
Haqnawaz, H. Bashir, & Khalid, sp. nov.

Figures 3, 4 
MycoBank No.: MB841277
Etymology: “subtropicana” (Lat.) is referring to the 

distribution of this species in subtropical areas.
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Figure 2. Molecular phylogenetic placement of Limacella subtropicana based on maximum likelihood (ML) analysis for LSU se-
quences. Newly generated sequences are in bold. Limacella subtropicana (LAH35706, T = Type specimen) is referring to the holotype. 
Bootstrap values > 50% and Bayesian posterior probability > 0.7 are shown above the branches.
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Table 1. ITS dataset (Figure 1) and LSU dataset (Figure 2) used in the current study on Limacella. New species 
and its sequences produced in our study are in boldface.

Taxon Voucher No.
GenBank Accession No.

Country
ITS LSU

Limacella bangladeshana HKAS:75316 KR816865 KR816866 Bangladesh
Limacella bangladeshana CMU-JK0146 MK290394 MK290393 Thailand
Limacella bangladeshana CMU-NK0356 MK290392 MK288133 Thailand
Limacella delicata K(M):176976 MZ159456 - UK
Limacella delicata ZT: Myc55818 - KT833807 Switzerland
Limacella glioderma E.C. Vellinga 2456 AY176453 AY176454 USA
Limacella glioderma E.C. Vellinga 2241 AY176451 - Netherlands
Limacella glioderma GLM:GLM-F51951 MK412398 - Germany
Limacella glioderma HBAU15753 MW855927 - China
Limacella glioderma HBAU15612 MZ145071 - China
Limacella glioderma HBAU15533 MZ145070 - China
Limacella glioderma HBAU15532 MZ145069 - China
Limacella glioderma HBAU15419 MZ145068 - China
Limacella glioderma MB 000750 - KT833809 Germany
Limacella glioderma MB 102389 - KT833810 Germany
Limacella glischra RET 540-4 KT168218 - USA
Limacella glischra Kuo-07020702 KT168216 KT168227 USA
Limacella glischra RET 540-8 KT168217 - USA
Limacella glischra RET 540-3 KT168211 - USA
Limacella glischra RET 540-6 KT168219 - USA
Limacella glischra Kuo-08260501 KT168215 - USA
Limacella glischra RET 502-3 KT168220 KT168223 USA
Limacella glischra RET 509-9 KT168214 - USA
Limacella glischra RET 540-2 KT168212 - USA
Limacella glischra RET 502-8 KT168221 - USA
Limacella glischra RET 540-7 KT168213 KT168229 USA
Limacella glischra VTGB505 - AY612843 USA
Limacella sp. HAW:JKS61 MK412603 - USA
Limacella sp. iNAT:3196331 MW018913 - USA
Limacella subtropicana LAH36973 OK283079 OK283071 Pakistan
Limacella subtropicana LAH36972 OK283072 - Pakistan
Limacella subtropicana LAH2016206 OK283073 - Pakistan
Limacella subtropicana LAH2016208 OK283074 - Pakistan
Limacella subtropicana LAH2016216 OK283075 - Pakistan
Limacella subtropicana LAH2016221 OK283076 - Pakistan
Limacella subtropicana LAH2016227 OK283077 - Pakistan
Limacella subtropicana (T) LAH35706 OK283078 OK283070 Pakistan
Limacella wheroparaonea PDD:113481 - MT862270                 New Zealand
Limacella wheroparaonea PDD:105537 - MT862278 New Zealand
Limacellopsis asiatica HKAS:76497 - KT833811 China
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Diagnosis: Limacella subtropicana is closely related 
to L. whereoparaonea G.S. Ridl., L. pitereka Grgur, and L. 
glioderma. However, it differs in: pileus viscid, white to 
creamy with a brown or brownish disc; stipe dry, white 
to creamy with dense brown fibrils, changing to brown 
on bruising; subglobose spores, 4.0–6.3 × 3.7–5.5 μm; 
pileipellis an ixotrichoderm with subcylindric terminal 
cells; clamp connections common.

Type: PAKISTAN. Punjab Province, Sheikhupura, on 
loamy soils, along roadsides of motorway M2, 31°42’40”N, 
73°59’16”E, 236 m a.s.l., 27 July 2017, Aiman Izhar, Skp-
62 (holotype: LAH35706), GenBank: OK283078 for ITS, 
OK283070 for LSU.

Description: Basidiomata medium-sized. Pileus 40–
60 mm in diameter, hemispherical when young, applanate 
at maturity, sometimes broadly umbonate; surface slimy 
and viscid, white to creamy (7.5YR512), subglabrous, 
covered with brown (5YR2/6) to brownish (10YR 3/4) 
cuticle, which may be ruptured into furfuraceous scales 
(Figures 3A, B). Lamellae free, white to creamy (2.5YR 
9/2), with a pinkish tinge, regular, moderately thick, 
subdistant to close; edge entire to serrate, few slightly 
eroded; lamellulae present in 1–3 tiers (Figure 3C). 

Stipe 40–55 × 4.0–7.0 mm, centrally attached, white to 
creamy, subequal, cylindrical, slightly broader near the 
base, dry, densely covered with dark brown (5YR 2/6) to 
brown (10YR 3/4) fibrils on white background, becoming 
brownish when bruised (Figure 3D). Annulus present, 
superior, membranous to peronate, nongelatinous, often 
incomplete, or an appressed annular zone on the stipe. 
Volva absent. Odor mealy and taste not checked.

Basidiospores [60/3/3] (4.0–) 5.3–5.6 (–6.3) × (3.7–) 
4.3–4.7 (–5.5) μm, avl × avw = 5.7 × 4.5 µm, Q = 1.1–
1.15, Qav = 1.13, subglobose, a few broadly ellipsoid, 
apiculate, smooth, thin to moderately thick-walled, 
hyaline, inamyloid, nondextrinoid, guttulate (Figure 4A). 
Basidia 21–30 × 6.0–9.8 μm, thin to slightly thick-walled, 
clavate to subclavate, hyaline, frequently tetrasporic, 
rarely bisporic; basal septum in most cases with clamp-
connection (Figure 4B). Cheilo-and pleurocystidia 
absent. Pileipellis an ixotrichoderm made up of pale 
to brownish filamentous hyphae, 3.0–5.0 μm in width, 
abundantly branched, smooth, frequently with clamp-
connections, embedded in the gelatinous matrix; terminal 
cells 12–45 × 3.5–7.0 μm, subcylindrical to clavate, some 
narrowly conical or fusiform, mostly curved or hooked 

Limacellopsis asiatica HKAS:82561 - KT833812 China
Limacellopsis asiatica HKAS101436 - MH486964 China
Limacellopsis guttata MB 100157 - KT833813 Germany
Zhuliangomyces illinitus SFSU HDT 54917 - HQ539764 USA
Zhuliangomyces illinitus VT8.9.96 - AF261439 USA
Zhuliangomyces ochraceoluteus MEL2305332 MH508660 MH486965 Australia
Zhuliangomyces ochraceoluteus MEL2341329 MH508661 MH486966 Australia
Zhuliangomyces olivaceus HKAS101960 - MH561738 China
Zhuliangomyces pakistanicus LAH36341 MN240883 MN240871 Pakistan
Zhuliangomyces pakistanicus LAH35337 MN240881 - Pakistan
Zhuliangomyces pakistanicus LAH36353 MN240884 MN240872 Pakistan
Zhuliangomyces pakistanicus LAH35338 MN240882 MN240870 Pakistan
Zhuliangomyces subillinitus RET 520-6 KP313587 - USA
Zhuliangomyces subillinitus RET 158-10 KP313590 - USA
Zhuliangomyces subillinitus NY 00027729 KF975375 - Mexico
Zhuliangomyces subillinitus RET 159-5 KP313593 KP313596 USA
Zhuliangomyces subillinitus RET 159-2 KP313591 KP313601 USA
Zhuliangomyces subillinitus RET 019-6 KP313588 KP313600 USA
Zhuliangomyces subillinitus RET 159-3 KP313592 KP313597 USA
Zhuliangomyces subillinitus RET 158-6 KP313589 - USA
Outgroup
Amanita fulva ASIS26388 KU139518 KU139448 Korea
Amanita fulva ASIS26398  KU139519 KU139446 Korea

Table 1. (Continued.)
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Figure 3. Basidiomata of Limacella subtropicana, A and C = SKP-62 (Holotype); B and D = KA-30, Scale Bars = 10 mm. Photos 
by Aiman Izhar & Muhammad Haqnawaz.

(Figure 4C). Stipitipellis a cutis with hyphae 2.0–3.7 μm 
wide, hyaline with pale yellow to brown pigmentation, 
mostly clavate, few inflated, septate, branched; clamp 
connections frequent (Figure 4D).

Known distribution: In the plains of Punjab Province, 
Pakistan.

Additional materials examined: Pakistan. Punjab, 
Sheikhupura, on nutrient rich soils of motorway M2, 
(31°42’40”N, 73°59’16”E) 236 m a.s.l., 02 August 2018, 
Aiman Izhar, Skp-63 (LAH36973); ibid., Changa Manga 
(31°5’19.32”N, 73°57’44.76E, at 192 m a.s.l., solitary or 
in small groups on soil, 25 August 2016, Abdul Rehman 
Niazi & Hira Bashir CM-206 (LAH2016206); 25 August 

2016, CM-209 (LAH2016208); 26 August 2016, CM-217 
(LAH2016216); 16 August 2017, CM-221 (LAH2016221); 
28 August 2018, CM-227 (LAH2016227); ibid., 
Muzaffargarh, solitary on nutrient-rich soil, 30°4’27”N, 
71°11’4”E, 65 m a.s.l., 08 August 2019, Muhammad 
Haqnawaz, KA-30 (LAH36972).
3.2. Molecular phylogenetic analyses
The newly generated ITS sequences of Limacella 
subtropicana were compared with those available in 
GenBank and published data that indicated it as distinct 
with 85% similarity to sequences of Limacella sp. 
(MW018913, MK412603). A total of 48 ITS sequences 
were assembled for phylogenetic reconstruction, 
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representing 24 sequences from the genus Limacella, 
twenty-two from Zhuliangomyces, and two outgroup 
taxa. The best evolutionary models selected for the nrITS 
dataset were HKY+G+I (ITS1), TPM1uf+I+G (5.8S), and 
TPM3uf+I+G (ITS2). Two main clades were assigned 
according to previous phylogenetic work (Figure 1) (Cui 
et al., 2018; Yang et al., 2018; Usman and Khalid, 2020). 

The LSU dataset (Figure 2) was constructed with 
sequences that were downloaded after BLAST, based 
on similarity, and from some recent publications (Cui 
et al., 2018; Yang et al., 2018; Usman and Khalid, 2020). 
There were 32 sequences in the combined tree, along 
with sequences of the new species. The same outgroups 
were used in the second analysis as in the first one. 

Figure 4. Micromorphological characters of Limacella subtropicana. A–D (SKP-62, Holotype): A = Basidiospores, B = Basidia, C = 
Ixotrichodermal pileipellis, D = Stipitipellis hyphae. Scale Bars = 10 μm. Drawings by Aiman Izhar.
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After alignment with the online MUSCLE tool, the final 
alignment was 943 bp in length (including introduced 
gaps), of which 713 were constant, 218 variable, and 202 
parsimony informative. For the second whole dataset, the 
TIM2+G model was selected as the best fit model for the 
phylogenetic analyses based on the lowest BIC values of 
6959.053174. The clades were labeled according to Cui et 
al. (2018), Yang et al. (2018), and Usman and Khalid (2020). 
Sequences of Catatrama Franco-Molano (1991: 501) were 
not included as LSU sequences of its species were grouped 
with Limacella s.l. but with very weak bootstrap support. 
ML and Bayesian analyses resulted in identical topology, 
so, we have only presented phylogenetic trees resulting 
from ML analysis, combined with Bayesian posterior 
probabilities. Both phylogenetic trees showed that the 
proposed new species formed a monophyletic entity with 
strong bootstrap support.

4. Discussion
In this study, we introduce a new species, L. subtropicana, 
based on its macro- and micro-morphological features 
assisted by molecular phylogenetic studies. This is the third 
species of limacelloid fungi reported so far from Pakistan.

In the initial BLAST analysis based on ITS sequences 
of nrDNA, L. subtropicana showed 85% similarity to 
unpublished sequences named Limacella sp. (MW018913, 
MK412603) from USA. In the phylogenetic tree (Figure 
1), these species are separated as independent species by 
100% bootstrap support. The morpho-anatomical details 
of the voucher of Limacella sp. (MW018913, MK412603) 
are not available, and, therefore, a comparison with this 
species is not possible.

A commonly occurring species of Limacella, L. 
glioderma, previously reported from China, Europe, the 
USA, and East Asia is also close to our species in both of 
our phylograms. However, L. glioderma produces a red 
to yellowish-brown convex to plano-convex pileus with 
nonappendiculate to nonstriate margin, significantly 
longer stipe (up to 100 mm) covered with yellowish to red-
brown squamules (Weiß et al., 1998; Neville and Poumarat, 
2004; Kuo, 2017; Cui et al., 2018).

Our phylogenetic analyses of combined ITS and LSU 
sequences data (Figure 2) showed that L. subtropicana has 
a close relationship with L. bangladeshana described by 
Hosen and Li. (2017). However, L. bangladeshana differs 
in a caespitose habit, nonstriate pileus margin with orange 
to brown zone at the edge, no color changes in stipe when 

bruised, smaller basidiospores (3.5–4.0 × 3.5–4.0 μm) and 
longer terminal cells of pileipellis elements (25–70 μm 
long).

Other closely related species such as Limacella 
whereoparaonea and L. pitereka are distinguished from 
L. subtropicana as follows. Limacella whereoparaonea, a 
species originally reported from New Zealand, appears 
to be the closest species to L. bangladeshana in morpho-
anatomical features. Limacella whereoparaonea differs 
from L. subtropicana by the presence of (rostrate, flexuous, 
or bifurcate) pleurocystidia and nonspecialized terminal 
cells of pileipellis (Ridley, 1993). Limacella pitereka, an 
Australian species, has an orange-tan to pinkish tint over 
the disc, proportionally longer basidiospores (4.6–8.0 μm), 
and longer basidia (up to 44 μm long) (Tulloss et al., 2021). 

Several Asian species like L. myxodictyon (Berk. & 
Broome) Pegler, L. magna B. Kumaria & R.C. Upadhyay, 
and L. anomologa (Berk. & Broome) Pegler, have morpho-
anatomical similarities to our species but have many 
clear differences. A Sri Lankan species L. myxodictyon, 
contrasts from L. subtropicana by its dark reddish-brown 
pileus, globose small sized basidiospores of 3.5–5 × 3–4 
µm (Pegler, 1986). An Indian species L. magna produces 
significantly larger pileus (200 mm broad), capucine 
buff surface with brown fibrillose squamules, adnexed 
lamellae, a much larger stipe (220 × 25–27 mm), mostly 
globose much bigger (7.0–14.0 × 5.0–7.0 µm), amyloid 
basidiospores and a pileus covering composed of many 
lageniform elements (Kumari et al., 2013). Another Sri 
Lankan species Limacella anomologa can be distinguished 
by the quite different blackish olivaceous color at the 
pileus center becoming pale green towards the margin, 
a longer stipe (up to 80 mm long), and a glutinous 
zone at the half-length of the stipe (Pegler, 1986). 

Acknowledgments
The authors are thankful to Prof. Dr. Zhu L. Yang (China) for 
providing helpful suggestions to improve this manuscript. 
We are sincerely grateful to Dr. Francis Q. Brearley, School 
of Science and the Environment, Manchester Metropolitan 
University, for the linguistic revision of the manuscript. We 
are highly obliged to all the anonymous reviewers for their 
corrections and suggestions to improve this paper. The 
first author is thankful to Mr. Izhar ul Haque (my father) 
for his physical and moral support at collection sites and 
during preservations of fruiting bodies.

References

Ahmad S, Iqbal SH, Khalid AN (1997). Fungi of Pakistan. Sultan 
Ahmad Mycological Society of Pakistan, Department of 
Botany, University of the Punjab, Quaid-e-Azam campus, 
Lahore 119 p.

Akram Z, Hussain S, Mansoor M, Afzal M, Waqar A et al. (2014). 
Soil fertility and salinity status of Muzaffargarh District, 
Punjab Pakistan. Universal Journal of Agriculture Research 2: 
242–249. doi: 10.13189/ujar.2014.020703



IZHAR et al. / Turk J Bot

280

Alam A, Shaheen S, Sarwar S, Jaffer M, Saba M et al. (2021). 
Pollen morphological assessment of specific selected species 
of district Sheikhupura, Punjab, Pakistan under LM and 
SEM. Microscopy Research and Technique 84 (5): 955–966.

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990). Basic 
local alignment search tool. Journal of Molecular Biology 215 
(3): 403–410.

Ashraf MA, Maah MJ, Yusoff I, Mehmood K (2010). Effects of 
polluted water irrigation on environment and health of people 
in Jamber, District Kasur, Pakistan.  International Journal of 
Basic & Applied Sciences 10 (3): 37–57.

bin Zamir U, Kazmi JH (2015). Automated method for delineating 
watershed, drainage pattern and calculation of flow 
accumulation in Punjab province using digital elevation 
model.  Pakistan Journal of Scientific & Industrial Research 
Series A: Physical Sciences 58 (2): 90–98.

Corner EJH (1994). Agarics in Malesia I Tricholomatoid II Mycenoid. 
Nova Hedwigia Beihefte 109: 33–36.

Cui YY, Cai Q, Tang LP, Liu JW, Yang ZL (2018). The family 
Amanitaceae: molecular phylogeny, higher-rank taxonomy 
and the species in China. Fungal Diversity 91 (1): 5–230. doi: 
10.1007/s13225-018-0405-9

Darriba D, Taboada GL, Doallo R, Posada D (2012). jModelTest 2: 
more models, new heuristics and parallel computing. Nature 
Methods 9 (8): 772. doi: 10.1038/nmeth.2109

Drummond AJ, Rambaut A (2007). BEAST: Bayesian evolutionary 
analysis by sampling trees. BMC Evolutionary Biology 7: 214. 
doi: 10.1186/1471-2148-7-214

Earle FS (1909). The genera of the North American gill fungi. 
Bulletin of the New York Botanical Garden 5: 373–451

Ersel FY, Solak MH, Işıloğlu MA (2005). New genus record for 
Turkish macromycota. Journal of Science and Technology of 
Dumlupınar University (008): 207–210.

Ferreira AJ, Wartchow F, Cortez VG (2013). Limacella ochraceolutea 
(Agaricomycetes) in the Atlantic Forest of southern Brazil. Field 
Mycology 14 (2): 64–67. doi: 10.1016/j.fldmyc.2013.03.009

Franco-Molano A (1991). Catatrama (Tricholomataceae), a new 
genus from Costa Rica. Mycologia 83: 501–505

Gardes M, Bruns TD (1993). ITS primers with enhanced specificity 
for basidiomycetes – application to the identification of 
mycorrhizae and rusts. Molecular Ecology 2: 113–118. doi: 
10.1111/j.1365-294X.1993.tb00005.x

Gernhard T (2008). The conditioned reconstructed process. Journal 
of Theoretical Biology 253(4): 769–778. doi: 10.1016/j.
jtbi.2008.04.005

Gminder A (1994). Die trockenstieligen Arten der Gattung Limacella 
in Europa. Zeitschrift für Mykologie 60: 377–398 (in German).

Hall TA (1999). BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for windows 95/98/
NT/7. Nucleic Acids Symposium Series 41: 95–98.

Hosen MI, Li TH (2017). First report of Limacella from Bangladesh, 
with a new species description. Phytotaxa 332 (3): 280–286. 
doi: 10.11646/phytotaxa.332.3.4

Imai S (1938). Studies on the Agaricaceae of Hokkaido. I. Journal of 
the Faculty of Agriculture, Hokkaido Imperial University 43: 
1–178.

Kazi AH (1961). District census report Sheikhupura. Population 
census of Pakistan, Government of Pakistan. 

Kibby G (2004). Fungal portraits No. 18: Limacella guttata. Field 
Mycology 5: 39–40.

Kumari B, Atri NS, Upadhyay RC (2013). Three new species 
of basidiomycetous fungi from India.  Turkish Journal of 
Botany 37 (6): 1188–1194. doi:10.3906/bot-1211-50

Kumla J, Suwannarach N, Lumyong S (2019). Limacella bangladeshana, 
first record of the genus in Thailand. Mycotaxon 134 (3): 529–
534.

Kuo M (2017). The genus Limacella. Available from: http://www.
mushroomexpert.com/limacella.html (accessed 12 October 
2021)

Mahmood S, Rahman AU, Sajjad A (2019). Assessment of 2010 flood 
disaster causes and damages in district Muzaffargarh, Central 
Indus Basin, Pakistan.  Environmental Earth Sciences  78 (3): 
1–11. doi: 10.1007/s12665-019-8084-8.

Manzoor F, Rahim SMA, Ahmed BM, Malik S, Habibpour B et al. 
(2010). Survey of termites in forests of Punjab: Pakistan. African 
Journal of Environmental Science and Technology 4 (11): 790–
796.

Miller MA, Pfeiffer W, Schwartz T (2010). Creating the CIPRES 
Science Gateway for inference of large phylogenetic trees. 
In: Proceedings of the Gateway Computing Environments 
Workshop (GCE), 14 Nov. 2010. New Orleans, Louisiana. p. 
1–8.

Munsell Color Co. (1975). Munsell Soil Color Charts. Baltimore, 
MD, USA: Munsell Color Co.

Murrill WA (1911). The Agaricaceae of tropical North America II. 
Mycologia 3: 79–91.

Nabi G, Ahmed H, Ali I (2018). Spatial distribution of pH in the 
soil profiles of representative soil series from rice producing 
area, district Sheikhupura. Soil & Environment 37: 28–34. doi: 
10.25252/SE/18/51329

Nascimento CC, Wartchow F (2018). Limacella brunneovenosa 
(Amanitaceae: Agaricomycetidae: Basidiomycota), a new species 
of Limacella sect. Amanitellae from Brazilian Atlantic Forest. 
Current Research in Environmental & Applied Mycology 8 (3): 
372–379. doi:10.5943/cream/8/3/8

Nawaz M, Wahla AJ, Kashif MS, Waqar MQ, Ali MA et al. (2017). 
Effects of exogenous nitrogen levels on the yield of rice grain 
in Sheikhupura, Pakistan. Pakistan Journal of Agricultural 
Research 30: 85–92.

https://doi.org/10.1007/s13225-018-0405-9
http://dx.doi.org/10.1111/j.1365-294X.1993.tb00005.x
http://dx.doi.org/10.1111/j.1365-294X.1993.tb00005.x


IZHAR et al. / Turk J Bot

281

Neville P, Poumarat S (2004). Amaniteae: Amanita, Limacella & 
Torrendia. Fungi Europaei 9. Alassio: Edizioni Candusso 1120 
pp.

Nickson RT, McArthur JM, Shrestha B, Kyaw-Myint TO, Lowry 
D (2005). Arsenic and other drinking water quality issues, 
Muzaffargarh District, Pakistan. Applied geochemistry 20 (1): 
55–68. doi: 10.1016/j.apgeochem.2004.06.004

Pegler DN (1983). The Agaric flora of Lesser Antilles. Kew Bulletin 
Additional Series 9: 1–668.

Pegler DN (1986). Agaric flora of Sri Lanka. Kew Bulletin Additional 
Series XII. Royal Botanic Garden, Kew, London 12: 1–519.

Rambaut A (2014). Institute of Evolutionary Biology, University of 
Edinburgh. Rambaut, A., Suchard, M.A. & Xie, D. Tracer v. 1.6. 
Available from: http://beast.bio.ed.ac.uk/Tracer (accessed 30 
June 2021).

Rambaut A, Suchard MA, Xie D (2014). Tracer v. 1.6. Available from 
http://beast.bio.ed.ac.uk/Tracer (accessed on 20 December 
2021). 

Redhead SA (2019). Nomenclatural novelties, Index Fungorum 385: 
1.

Ridley GS (1993). Limacella macrospora Stevenson and L. 
wheroparaonea, a new species, from New Zealand. Australian 
Systematic Botany 6: 155–159.

Sardar AA, Perveen A, Khan ZUD (2013). A palynological survey of 
wetland plants of Punjab, Pakistan. Pakistan Journal of Botany 
45 (6): 2131–2140.

Sathe AV, Daniel J (1981). Agaricales (mushrooms) of Kerala State. In: 
Sathe AV, Deshpande S, Kulkarni SM, Daniel J (eds) Agaricales 
of Southwest India. Monograph No. 1. Maharashtra Assoc. for 
the Cultivation of Science, Pune, pp 75–108.

Sato T, Uzuhashi S, Hosoya T, Hosaka K (2010). A list of fungi found 
in the Bonin (Ogasawara) Islands. Ogasawara Research 35: 
59–160.

Shaheen A, Iqbal J, Hussain S (2019). Adaptive geospatial modelling 
of soil contamination by selected heavy metals in the industrial 
area of Sheikhupura, Pakistan. International Journal of 
Environmental Science and Technology 16 (8): 4447–4464.

Sher S, Hussain SZ, Rehman A (2020). Phenotypic and genomic 
analysis of multiple heavy metal–resistant Micrococcus luteus 
strain AS2 isolated from industrial wastewater and its potential 
use in arsenic bioremediation. Applied Microbiology and 
Biotechnology 104 (5): 2243–2254.

Singer R (1986). The Agaricales in modern taxonomy. 4th ed., Koeltz 
Scientifc Books, Koenigstein, 832 pp.

Smith HV (1945). The genus Limacella in North America. Papers of 
the Michigan Academy of Science 30: 125–147.

Stamatakis A (2014). RAxML version 8: a tool for phylogenetic 
analysis and post-analysis of large phylogenies. Bioinformatics 
30 (9): 1312–1313. doi:10.1093/bioinformatics/btu033

Tulloss RE, Rodríguez Caycedo, C, Cannon T (2021). Limacella pitereka. 
in Tulloss RE, Yang ZL eds. Amanitaceae studies. [http://www.
amanitaceae.org?Limacella+pitereka]. accessed November 29, 
2021.

Tulloss RE, Kuyper TW, Vellinga EC, Yang ZL, Halling RE et al. 
(2016). The genus Amanita should not be split. Amanitaceae 
1 (3): 1–16.

Usman M, Khalid AN (2020). Zhuliangomyces pakistanicus, a new 
species of Zhuliangomyces (Amanitaceae: Basidiomycota) 
from Pakistan. Phytotaxa 443 (2): 198–206. doi: 10.11646/
phytotaxa.443.2.7

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. doi: 10.1128/jb.172.8.4238-4246.1990

Weiß M, Yang ZL, Oberwinkler F (1998). Molecular phylogenetic 
studies in the genus Amanita. Canadian Journal of Botany 76 
(7): 1170–1179.

White TJ, Bruns T, Lee SJWT, Taylor J (1990). Amplification and direct 
sequencing of fungal ribosomal RNA genes for phylogenetics. 
PCR protocols: a guide to methods and applications, Academic 
Press, New York, 315–322. doi: 10.1016/b978-0-12-372180-
8.50042-1

Yang ZL (2015). Atlas of the Chinese species of Amanitaceae. Science 
Press, Beijing, 213 pp.

Yang ZL, Cai Q, Cui YY (2018). Phylogeny, diversity and 
morphological evolution of Amanitaceae. Biosystematics and 
Ecology Series 34: 359–380.

Yang ZL, Chou WN (2002). Limacella taiwanensis, a new species of 
Agaricales. Mycotaxon 83: 77–80.

Zhao R, Karunarathna S, Raspé O, Parra LA, Guinberteau J et al. 
(2011). Major clades in tropical Agaricus. Fungal Diversity 51 
(1): 279–296. doi: 10.1007/s13225-011-0136-7

https://doi.org/10.1016/j.apgeochem.2004.06.004
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1016/b978-0-12-372180-8.50042-1
https://doi.org/10.1016/b978-0-12-372180-8.50042-1
https://doi.org/10.1007/s13225-011-0136-7

