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Abstract
Lignosus rhinocerus is one of the most valuable medicinal fungi used throughout South East
Asia, and South China. The polypore is characterized by a stipitate basidiomata with orbicular
pileus, and an underground sclerotium, a trimitic hyphal system bearing generative hyphae with
clamp connections, and globose to subglobose basidiospores. Basidiomata, including the sclerotia
of L. rhinocerus are used to treat various ailments. L. rhinocerus is rarely encountered in the wild
and has a very restricted geographic distribution. Because of its rarity and importance,
domestication and commercial cultivation of the fungus has been attempted. During study of the
polyporoid fungi in forests of Kerala State, India, some interesting specimens were collected.
Detailed taxonomic study of the collected specimens identified them as L. rhinocerus, with a
distribution record new to India. Taxonomic account of the species is presented.
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Introduction
Lignosus rhinocerus (Cooke) Ryvarden is a polypore fungus belonging to the family
Polyporaceae of the order Polyporales, Basidiomycota. The species is commonly known as “the
tiger milk mushroom”, since according to popular belief; its fruit bodies are often encountered in a
forest region where a tigress drips its milk during feeding (Nallathamby et al. 2018). Lignosus
rhinocerus is variously known as “beteskismas”, “tish am ong”, “Pěti’ Aa”, “cendawansusurimau”
(Malaysia), “Ndurabi” (Indonesia), “how guikou or hurulingzhi” (China, which literary means
“tiger milk Ganoderma”), and “hijiritake” (Japan) in local languages (Hilton & Dhitaphichit 1978,
Lee & Chang 2007, Lee et al. 2012, Yap et al. 2013, Nallathamby et al. 2018). Morphologically,
the species is characterized by centrally stipitate basidiomata, brownish pileus surface that are
finely tomentose to glabrous, poroid hymenium, stipe always arising from an underground
sclerotium, trimitic hyphal system with clamped generative hyphae, and smooth, ellipsoid, hyaline,
inamyloid basidiospores (Núñez & Ryvarden 2001). The sclerotia of L. rhinocerus are irregularly
shaped, with leathery flesh, composed of white mycelia (Lai et al. 2013). Lignosus rhinocerus
grows either on the ground, or on highly rotten wood (Ryvarden & Johansen 1980, Núñez &
Ryvarden 2001, Tan et al. 2013).
The closely related species of L. rhinocerus are L. sacer (Afzel. ex Fr.) Torrend, L. tigris
Chon S. Tan, L. cameronensis Chon S.Tan, and L. hainanensis B.K. Cui (Tan et al. 2013). L. tigris
and L. cameronensis were recently discovered from Malaysia by Tan et al. (2013). So far, eight
species are described in the genus (Index Fungorum 2021). Lignosus rhinocerus has close
morphological similarities with Pleurotus tuber-regium (Fr.) Singer (Nallathamby et al. 2018).
Recently, the use of molecular characters has aided in accurate taxonomic delimitation of these
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species. Sotome et al. (2008) used rpb2 gene region as a molecular marker for identifying
L. rhinocerus. Later, Cui et al. (2011) and Tan et al. (2013) used ITS sequence data for identifying
L. rhinocerus and the related Lignosus species. These studies present the phylogenetic placement of
the species among its relatives. In the study by Tan et al. (2013), the highest genetic distance
among Lignosus species was observed between L. rhinocerus and L. ekombitii Douanla-Meli.
Lignosus rhinocerus is considered as one of the most valuable medicinal fungi in South East
Asia, and Hainan Province, China and is used for treating several ailments (Tan et al. 2010, Eik et
al. 2012, Yap et al. 2013). Sclerotia of the species are used to treat breast cancer, fever, cough,
asthma, and food poisoning (Lee et al. 2012). Various bioactive components are known to be
present in the sclerotia of L. rhinocerus. Among the different bioactive components, polysaccharide
protein complexes, and β-glucans possess anti tumour (Lai et al. 2008), and immunomodulatory
activities (Wong et al. 2011). The anti cancer effect of the species is attributed to the presence of
secondary metabolites, with ant oxidative and cytotoxic effects against cancer cells (Lau et al.
2014). Chinese physicians use the sclerotia of the species to treat liver cancer, chronic hepatitis, and
gastric ulcers (Wong & Cheung 2008). The species is also known to possess anti coagulant, anti
inflammatory, anti microbial, anti diabetic, anti viral, anti obesity, fibrinolytic, hepatoprotective,
and neuroprotective effects (Mohanarji et al. 2011, Nallathamby et al. 2018, Yap et al. 2018).
Lignosus rhinocerus is reported to have many ethnobotanical uses (Nallathamby et al. 2018).
The species is used by various indigenous people as antipyretic, general tonic, starve off hunger,
and wound healing (Tan 2009, Eik et al. 2012). L. rhinocerus is regarded as the “national treasure
mushroom” by people of Malaysia. In Malaysia, native women consume L. rhinocerus sclerotia
after childbirth. The presence of L. rhinocerus is believed to promise a good crop harvest, and for
this reason the “Semai” natives of Malaysia use sclerotia of the species during paddy farming with
prayer rituals (Nallathamby et al. 2018). As part of this belief, sometimes, the basidiocarp of L.
rhinocerus are placed inside flowerpots, and filled with crops like paddy. A part from the
indigenous people, L. rhinocerus is also well known among the urban population in Malaysia
(Hattori et al. 2007). Basidiomata grounded and mixed with Chinese wine were used for external
applications (Chang & Lee 2004). The sclerotium was also consumed raw with betel leaves to get
rid of cough and sore throat. Decoctions made from L. rhinocerus are believed to improve general
wellness by enhancing alertness, vitality and energy (Sabaratnam et al. 2013).
Lignosus rhinocerus has a geographically isolated distribution, and is known only from
tropical South China, Thailand, Malaysia, Sri Lanka, Indonesia, Philippines, Papua New Guinea,
New Zealand, Australia, and subtropical Japan (Núñez & Ryvarden 2001, Lai et al. 2011,
Nallathamby et al. 2018). Because of the scattered distribution, and rarity in occurrence in the wild,
several attempts have been undertaken to commercially cultivate, and domesticate this highly
medicinal polypore (Lau et al. 2014). As a result, large scale cultivation of L. rhinocerus in a
controlled environment has been recently established in Malaysia (Tan 2009, Lau et al. 2011, 2013,
2015). Occurrence and distribution of L. rhinocerus in other tropical regions of the world remains
unknown.
During exploratory studies on the polypore fungi of Kerala State, India, an interesting
collection was obtained. Morphological study and molecular phylogenetics revealed the identity of
the species as L. rhinocerus. Taxonomic account of the species is presented.
Materials & methods
Morphology
The basidiocarps were collected from forest areas of the Kerala region of Western Ghats in
India, during the south west monsoon seasons of the year 2019. Macroscopic characters of fresh
specimens were recorded. Online Auction Color Chart (2004) was used for noting the colour of the
basidiomata. Microscopic observations were made on materials stained using aqueous solutions of
3% phloxine and 1% congo red, and mounted in 5% aqueous KOH. Reaction of the basidiospores
on treatment with Melzer’s reagent and cotton blue was noted. Twenty basidiospores from each
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specimen were measured for obtaining the spore dimensions, range of spore quotient (Q,
length/width ratio) and its mean value (Qm). A LABOMED Lx400 compound light microscope was
used for observing the microscopic preparations, and for taking measurements of the fungal
structures. All collections examined are deposited at the ZGC herbarium, India.
Molecular characterization
For DNA extraction from the specimen (ZGCVN903), NucleoSpin® Plant II kit (MachereyNagel 2014, Germany) was used. PCR amplification of LSU gene region was carried out using the
primers LROR and LR5. Sequencing was done using BigDye Terminator v3.1 Cycle sequencing
Kit (Applied Biosystems, USA). The sequencing PCR temperature profile consisted of a 1st cycle
at 96oC for 2 minutes, followed by 30 cycles at 96oC for 30 sec, 50oC for 40 sec, and 60oC for 4
minutes. The newly generated LSU sequence was deposited in the GenBank database
(www.ncbi.nlm.nih.gov) with accession number (MW721128). Sequence similarity assessments
were conducted using BLAST search in NCBI’s GenBank nucleotide database
(https://blast.ncbi.nlm.nih.gov/). The newly generated sequences and those taken from GenBank
were aligned using MEGA X64 (Kumar et al. 2018). The LSU dataset consisted of 10 taxa.
Daedaleopsis confragosa (Bolton) J. Schröt. was selected as an outgroup taxon for the dataset
following Tan et al. (2013). Maximum Likelihood (ML) analysis was conducted with MEGA X64
using Tamura-Nei model (Tamura & Nei 1993). Phylogeny test was carried out using boot
bootstrap method, based on 1000 bootstrap replicates. The aligned sequence data matrix was
deposited in TreeBase (Submission ID: 27882, Reviewer access URL:
http://purl.org/phylo/treebase/phylows/study/TB2:S27882?x-access
code=1768f5bd672c6e52db11073f29d34809&format=html).
Results
Taxonomy
Lignosus rhinocerus (Cooke) Ryvarden, Norw. Jl Bot. 19: 232 (1972)
Basionym: Polyporus rhinocerus Cooke, Trans. & Proc. Bot. Soc. Edinb. 13: 150 (1879)
Synonyms:
Fomes rhinocerus (Cooke) Sacc. [as‘rhinocerotis’], Syll. fung. (Abellini) 6: 152 (1888)
Scindalma rhinocerus (Cooke) Kuntze, Revis.gen. pl. (Leipzig) 3 (3): 519 (1898)
Polyporus sacer var. rhinocerus (Cooke) Lloyd, Mycol. Writ. 6 (Letter 65): 1037 (1920)
Polystictus rhinocerus (Cooke) Boedijn, Bull.Jard. bot. Buitenz, 3 Sér. 16 (4): 390 (1940)
Microporus rhinocerus (Cooke) Imazeki, Bull.Gov. Forest Exp. Stn Tokyo 57: 113 (1952)
Fig. 1
Index Fungorum number: IF316915, Faceoffungi number: FoF09471
Basidiomata annual, large sized, solitary, hard and tough, centrally stipitate, up to 200 mm
tall. Pileus 150 mm in diameter, 60 mm thick, circular in outline, narrowly infundibuliform,
conectrically zonate, weakly sulcate, radially wrinkled, yellowish brown (OAC820), with a
greenish tint due to presence of algae, yellowish shades fades on drying, margin paler, wavy to
lobed, thin. Hymenophore poroid. Pores 5‒8 per mm, angular, irregular, absent along margin,
minutely tuberculate, dirty white, brownish on bruising. Context 2 mm thick, creamish white,
homogenous. Stipe 100 mm long, up to 15 mm thick, cylindrical, even with underground
sclerotium, stipe surface having some irregular depressions, glabrous, light brown, tissue, cream,
appear as more or less hollow. Sclerotium irregularly elongated, up to 80 mm long, cream, dirty and
soiled, bone hard especially on drying. Odour not distinctive. Spore print not observed.
Basidiospores 3‒4.5 × 1.5‒2 µm, L = 3.5, W = 1.97 Q = 1.5–2, Qm = 1.8, subcylndrical to
broadly ellipsoid, hyaline, thin walled, guttulate or eguttulate, coloured in aqueous solutions of 3%
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phloxine and 1% congo red mixture, acyanophilic in cotton blue, inamyloid in Melzer’s reagent.
Basidia not observed. Cystidia absent. Hymenial trama interwoven, and trimitic. Generative
hyphae 2‒3 µm wide, hyaline, thin walled, smooth, rarely branched, with clamp connections.
Skeletal hyphae 2‒4 µm wide, hyaline smooth, thick walled (1 µm), frequently branched, mostly
without lumen. Binding hyphae present, 1.5–3 µm wide, hyaline to very pale brown, thick walled
(up to 1 µm), frequently branched, with a wide to narrow lumen. Pileal trama interwoven.
Generative hyphae 2‒3 µm wide, hyaline, smooth, thin walled, branched, with clamp connections.
Skeletal hyphae predominant, 2‒5 µm wide, hyaline to pale brown, thick walled (1 µm), branched.
Binding hyphae 2‒3 µm wide, hyaline to pale brown, branched, mostly without lumen. Pileipellis
interwoven at base to form short, more or less agglutinated trichodermal patches, that are 10‒25 µm
long, made of hyphae 2‒4 µm wide, hyaline and solid. Stipe trama interwoven. Generative hyphae
2‒3 µm wide, hyaline, smooth, thin walled, branched, with clamp connections. Skeletal hyphae
predominant, 2‒7 µm wide, hyaline, thick walled (up to 2 µm), rarely branched, septations not
observed. Binding hyphae less frequent, 2–5 µm wide, hyaline, highly branched, thick walled and
solid. Stipitipellis similar as pileipellis, more agglutinated trichoderm than pileipellis, each hyphae
2‒4 µm wide, hyaline.
Material examined ‒ India, Kerala State, Kollam district, Thenmala, Thenmala forest, on the
ground, 23 September 2019, Vinjusha N, ZGCVN903.

Fig. 1 ‒ A Basidiomata of Lignosus rhinocerus. B Stipe showing sclerotium. C Generative hyphae
showing clamp connection. D Binding hyphae. E Basidiospores. Scale bars: A = 30 mm, B = 50
mm, C = 4 µm, D = 8 µm, E = 4 µm.
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Molecular characterization
BLAST search using the LSU sequence of the specimen ZGCVN903 resulted in 100%
identity with three accessions of L. rhinocerus from Malaysia and China (GenBank numbersKX900694, FJ899146, FJ899145). The phylogenetic tree (Fig. 2) shows the placement of our
collection within the genus. In the phylogenetic tree, our collection clustered with accessions of L.
rhinocerus with 95% bootstrap support.

Fig. 2 ‒ Maximum likelihood tree generated using LSU sequence data. Values at the nodes indicate
Maximum Likelihood bootstrap values. Bootstrap values above 50% are shown. Bold names
represent the collection from Kerala, India. GenBank accession numbers and voucher localities are
given along with the taxa.
Discussion
Morphological characters like, a centrally stipitate basidiomata, with irregular sclerotia, and
the small hyaline ellipsoid basidiospores undoubtedly place the present specimen as Lignosus
rhinocerus. The species L. dimiticus Ryvarden also produces basidiomata with similar pore size
(6‒8 per mm) and spore size (3–4.5 × 2.5–3µm) (according to the description by Ryvarden 1975).
However, the former is distinguished from our collection in having a dimitic hyphal system, and
lacks binding hyphae. Lignosus tigris is another close species, but, possesses larger pores (1‒2 per
mm; Tan et al. 2013). Another species, L. sacer (Fr.) Torrend, also resembles L. rhinocerus in
morphology. However, L. sacer produces larger basidiospores (5‒7 × 3‒4.5 µm; Ryvarden 1972).
Our molecular phylogenetic analysis (Fig. 2) strongly supports the identity of our collection
as L. rhinocerus. In the phylogenetic tree, accession of Kerala collection of L. rhinocerus showed
higher affinity with the accession of the species from China (with 83% bootstrap support). In the
present analysis, L. hainanensis B.K. Cui is the sister species, in accordance with the previous
phylogenetic studies of the species by Cui et al. (2011) and Tan et al. (2013).
Lignosus rhinocerus is distributed in tropical to subtropical regions of Asia (Núñez &
Ryvarden 2001, Nallathamby et al. 2018). The species is known only from certain geographical
regions such as South China, Japan, Sri Lanka, Indonesia, The Philippines, Thailand, Malaysia,
Indonesia, Philippines, Papua New Guinea, New Zealand, and Australia (Ryvarden & Johansen
1980, Nallathamby et al. 2018). India has a rich mycobiota of wood rotting fungi as evident from
published literature (Butler & Bisbi 1931, Banerjee 1947, Vasudeva 1960, Roy & De 1996,
Leelavathy & Ganesh 2000, Sharma 2000, Prasher 2015). However, L. rhinocerus has not been
reported from the country so far. Hence, the present study is the first documentation report of the
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rare and medicinal L. rhinocerus from India. The present study indicates that L. rhinocerus may be
having a wider distribution than previously known.
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