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ABSTRACT: Suillellus indohimalayanus is described from the temperate forests of Jammu and Kashmir, India, as new to science. 
The species is presented with both macro- and micromorphological characterization, along with a two-locus (nrITS and nrLSU) 
phylogenetic analysis. The discovery contributes to knowledge of the diversity of Boletaceae in the Indian subcontinent and further 
highlights the significance of the Himalayan region as a potential hotspot for harbouring diverse funga. A detailed description, 
accompanied by illustrations and phylogenetic inferences, is provided herein.  
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INTRODUCTION 

 
The family Boletaceae Chevall. (Boletales, 

Basidiomycota), typified by the genus Boletus L., 
represents one of the most extensively studied groups of 
macrofungi with a global distribution. Molecular clock 
estimates suggest that members of Boletaceae originated 
approximately 138 million years ago (Tremble et al., 
2024). They are primarily characterized by their soft, 
putrescent, pileate-stipitate basidiomata, a hymenophore 
that may be tubulose, lamellate, or loculate, an 
ornamented pileus and stipe, fleshy context, and a marked 
tendency of turning blue, black, or red upon injury or 
exposure (Wu et al., 2014, 2016). The genus Boletus was 
first established by Linnaeus (1753), who distinguished it 
from other lamellate genera based on its poroid 
hymenophore. A major conceptual advancement in bolete 
taxonomy was proposed by Gilbert (1931), who grouped 
both gilled and poroid fungi within the suborder 
Boletineae E.-J. Gilbert. This broader taxonomic 
framework was later adopted and refined by Smith and 
Thiers (1971) and Singer (1986), leading to a generic-
level classification of Boletineae primarily based on 
morphological and chemotaxonomic characteristics, 
respectively. Smith and Thiers (1971) recognized two 
major families under Boletineae: Boletaceae, comprising 
the poroid fungi and members corresponding to the 
modern Suillineae and Sclerodermatineae, and 
Paxillaceae, which included gilled genera such as 
Paxillus and Phylloporus (Besl and Bresinsky, 1997; 
Binder and Bresinsky, 2002; Nuhn et al., 2013). 
According to Kirk et al. (2008), Boletaceae was reported 
to consist of approximately 50 genera and 800 species. 
However, further diversity is yet to be documented since 
large parts of the tropics and the subtropics remain 
unexplored. 

Several mycologists have employed DNA-based 

research to reassess and resolve the traditional taxonomy 
of Boletaceae (Binder and Hibbett, 2006; Yang, 2011; 
Halling et al., 2012; Nuhn et al., 2013). However, 
relationships among several complex genera in 
Boletaceae still remain unresolved because of reliance on 
classical taxonomy integrated with low-resolution 
molecular markers, which have failed to decipher the 
polyphyletic origins of a number of genera, like, Boletus 
Fr., Leccinum Gray, Pulveroboletus Murrill, Tylopilus P. 
Karsten, Xerocomus Quél., etc. (Smith and Thiers, 1971; 
Pegler and Young, 1981; Singer, 1986; Zang, 2006; Nuhn 
et al., 2013). In recent years, several mycologists across 
the globe have enhanced our understanding towards 
systematics and evolution of Boletaceae. The integration 
of multi-gene molecular phylogenetic analyses (using 
informative nuclear markers and protein coding genes viz., 
nrITS, nrLSU, rpb1, rpb2, tef1-α) with morphological 
taxonomy has led to the expansion of the family, through 
discovery of novel sequestrate basidiomata, sub-families, 
genera, and species. This methodology has led to the 
discovery of more than 100 genera and 1,200 species 
globally (Zhao et al., 2014; Wu et al., 2016; Zhang et al., 
2017; Gelardi et al., 2019, 2023; Osmundson et al., 2021; 
Halling et al., 2023; Wang et al., 2023; Wu et al., 2023; 
Das et al., 2025b; Rajput et al., 2025). Additionally, the 
current status of subfamilies has also been revised, 
leading to eight major clades within the sub-order 
Boletineae of the family Boletaceae: Austroboletoideae G. 
Wu & Zhu L. Yang, Boletoideae Schultz, 
Chalciporoideae G. Wu & Zhu L. Yang, Leccinoideae G. 
Wu & Zhu L. Yang, Phylloboletelloideae Dentinger, 
Tremble, Halling, T.W. Henkel & Moncalvo, 
Suillelloideae Dentinger, Tremble, Halling, T.W. Henkel 
& Moncalvo [equivalent to the Pulveroboletus group as 
mentioned by Wu et al. (2014)], Xerocomoideae Singer, 
and Zangioideae G. Wu, Yan C. Li & Zhu L. Yang 
(Tremble et al., 2023, 2024). The sub-family 
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Suillelloideae typified by the genus Suillellus Murrill, 
includes species characterized with gasteroid to secotioid 
and pileate-stipitate basidiomata, bright coloured 
pigmentation, partial membranous veils, red pore surface, 
and bruising of flesh and pores to blue when cut or 
bruised (Tremble et al., 2023).  

The genus Suillellus Murrill was established in 1909 
to accommodate Suillellus luridus (Schaeff.) Murrill (= 
Boletus luridus Schaeff.) and allied taxa. 
Morphologically, members of the genus are characterized 
by stipitate-pileate and slender basidiomata, a reddish-
brown to olivaceous pileus, an olive-yellow to yellowish-
brown hymenophore, and cylindrical stipes often 
exhibiting yellow to brown reticulation that turns blue 
upon bruising. The reddish context at the stipe base, 
presence or absence of Bataille’s line, and a positive 
amyloid reaction further define the genus (Wu et al., 2016; 
Wang et al., 2022). Approximately two-thirds of the 
Boletaceae are known to be ectomycorrhizal, playing a 
pivotal role in forest ecosystems by establishing 
mutualistic associations with various host plants (Wu et 
al., 2022a). Species of Suillellus typically form 
mycorrhizae with angiosperms such as Betula L., 
Castanopsis (D. Don) Spach, Lithocarpus Blume, Salix 
L., and Quercus L., as well as certain gymnosperms, 
including Pinus L. and Picea A. Dietr. (Wu et al., 2016, 
2023). Some members, notably S. flaviporus, S. 
pinophilus, and S. yunnanensis, are considered inedible or 
poisonous and known to cause gastrointestinal discomfort. 
The genus exhibits a broad distribution across temperate 
and subalpine regions worldwide (Wu et al., 2023). 
Although Index Fungorum currently lists 64 epithets, 
literature review indicates that only 21 species are 
presently accepted as valid 
(https://www.indexfungorum.org/names/Names.asp). 

The genus Suillellus has been extensively surveyed 
and studied in Europe, North America, and East Asia 
(Vizzini et al., 2014; Mao et al., 2023; Wu et al., 2023). 
However, in India, the genus remains poorly documented, 
with reports of only two species, Suillellus luridus 
(Schaeff.) Murrill and S. subamygdalinus Kuan Zhao & 
Zhu L. Yang to date (Verma and Pandro, 2018; Das et al., 
2025a). 

During ongoing investigations on the diversity of 
Boletaceae in the Jammu and Kashmir region of the 
Northwestern Himalaya in the rainy season (July to 
August), a distinctive taxon, belonging to the genus 
Suillellus from Doda district of Jammu and Kashmir, was 
collected and examined. Detailed morphological 
assessment, coupled with multigene molecular analyses, 
revealed that this taxon represents a lineage distinct from 
all previously known species within the genus. Based on 
an integrative taxonomic approach, combining both 
morphological and phylogenetic evidence, we propose 
this taxon as a species new to science. 

 

MATERIALS AND METHODS 
 

Morphological studies 
Macro-morphological and habitat details of the fresh, 

young to mature basidiomata were recorded in the field. 
Photographs were captured using a OnePlus 10 Pro 5G. 
The collected samples were dried in a field dryer at the 
temperature ranging from 40˚C to 50˚C. Methuen 
Handbook of Color was used as reference for color codes 
and terminology (Kornerup and Wanscher, 1978). Free 
hand sections of dried samples were prepared to observe 
micromorphological characteristics. Sections were 
mounted in a mixture of 5% KOH, 1% phloxine and 1% 
ammoniacal Congo red and examined using an Olympus 
CX 41 compound microscope equipped with an Olympus 
DP-22 camera. Micro-morphological features were drawn 
with the help of drawing tube at 1000 × magnification. 
Measurements of the basidiospores and length/width ratios 
(Q) are represented as: minimum–mean–maximum. 
Basidium length measurements exclude the length of 
sterigmata. Specimens were deposited in the herbaria of 
Botanical Survey of India, P.O. Botanic Garden, Howrah, 
West Bengal (CAL), and Department of Botany, 
University of Jammu, Jammu (HBJU). 

 
DNA extraction, PCR amplification and sequencing 

Genomic DNA was extracted from 100 mg of a dried 
basidiome from Indian collections using the InstaGene™ 
Matrix genomic DNA isolation kit (Biorad, Hercules, 
USA). The PCR amplification protocol as mentioned by 
Rajput et al. (2025) was followed. 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 the 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). All newly generated 
sequences in the present study were then deposited in 
GenBank (Table S1). 

 
Phylogenetic analysis 

The nrITS and nrLSU sequences of the newly described 
Suillellus species, plus similar ones, were retrieved from 
relevant published phylogenies (Wang et al., 2022; Mao et 
al., 2023; Wu et al., 2023) and nBLAST search against 
GenBank (https://www.ncbi.nlm.nih.gov/genbank). Two 
raw datasets (nrITS and nrLSU) were prepared separately. 
These were aligned individually using the online version 
of the multiple sequence alignment tool MAFFT v. 7 
(https://mafft.cbrc.jp/alignment/software/) with the L-
INS-i strategy. The alignments were checked and 
manually trimmed to remove the poorly or ambiguously 
aligned positions using MEGA v. 7 (Kumar et al., 2016). 
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Thereafter, using BioEdit v. 7.0.9 (Hall, 1999), both 
separate alignments (nrITS and nrLSU) were 
concatenated into a 2-locus dataset for phylogenetic 
analyses. In the two separate datasets, nrITS and nrLSU 
comprised of 790 and 850 characters, respectively. The 
final combined dataset (nrITS + nrLSU) comprised of 36 
taxa and 1,640 nucleotide locations, including gaps, with 
Rubroboletus serpentiformis G. Wu, Hai J. Li & Zhu L. 
Yang as the outgroup. The combined dataset was 
phylogenetically analyzed using Maximum Likelihood 
(ML) method. The ML analysis was performed in 
raxmlGUI 2.0 (Edler et al., 2021) with the GTRGAMMA 
substitution model. To obtain nodal support values, ML 
analysis was executed by applying the ultrafast bootstrap 
algorithm with 1000 replicates. 

 

RESULTS 
 
In the combined 2-locus phylogenetic analysis, 

sequences obtained from two Indian collections, namely 
Suillellus indohimalayanus (voucher nos. SR 23-012 and 
SR 23-014), nested with an unidentified Suillellus sp. 
(voucher nos. AS_K29, K29 and ASK02) from Pakistan, 
with strong (MLbs = 99%) support, and appeared to form 
a sister clade containing S. flaviporus (represented by 
voucher nos. HKAS126554, HKAS:123826 and 
HKAS126555) and, S. pinophilus (voucher no. 
HKAS126550) from China. However, our specimens 
were recovered as a distinct species within the 
phylogenetic tree (Fig. 1). 

 

TAXONOMIC TREATMENT 
 

Suillellus indohimalayanus S. Rajput, K. Das & Y.P. 
Sharma, sp. nov.                       Figs. 2 & 3 

MycoBank: MB 860031 
GenBank: PV915448 (nrLSU, holotype), PV915449 

(nrLSU); PV915460 (nrITS). 
Type: India, Jammu and Kashmir, Doda District, 

Bhaderwah, Kapra, on the soil under Cedrus deodara and 
Pinus wallichiana, 20 July 2023, alt. 1,865 m a.s.l., N 
33°01′00″ E 75°42′19″, Sweta Rajput and Yash Pal Sharma, 
SR 23-012 (holotype! CAL 2141). 
Diagnosis: The new taxon resembles S. olivaceus and S. 
amygdalinus in possessing a similar pileus surface 
colouration (pastel to dull red to ochre-red) and a 
yellowish-orange pore surface. However, it can be readily 
distinguished by the presence of a reticulated stipe  
extending up to the middle, comparatively larger 
basidiospores (10.0–19.0 × 4.4–8.0 µm), and smaller 
pleurocystidia (18.7–39.8 × 4.4–9.7 µm) and 
cheilocystidia (16.7–34.2 × 4.4–9.4 µm), brown 
pigmented and cystidioid terminal cells of pileipellis, its 
occurrence in coniferous forests dominated by Cedrus 
deodara and Pinus wallichiana, as well as by evidence 
from combined molecular analyses based on nrITS and 

nrLSU sequence data.  
Description: Pileus 26–71 mm in diameter, convex 

when young, becoming plano-convex to applanate with 
age, surface smooth, velvety, pastel red (7A4–5) to 
greyish orange (7B4) with yellowish white (3A2) margins 
when young, later becoming reddish orange (7A6) to pale 
red (7B3) to yellowish red (8A7), and dull red (8B4) with 
maturity, with light orange (6A4) to dark orange (5A7–8) 
margins turning reddish brown (8D6) at the centre and 
greyish blue (23E7) to greyish turquoise (24E5) towards 
margin on cut or bruising; margin initially entire and 
incurved in young, and later become uplifted at maturity. 
Pore surface light orange (5A4–6) to brownish orange 
(7C6) to dark brown (7E5), becoming yellow (5A6) to 
yellowish orange (6A5–6) when mature and bruising grey 
(22F1) to greenish grey (29F2) and after a few minutes 
become black, depressed around stipe; pores 2–5 mm 
wide, circular to angular, radially arranged. Tubes 3–8 
mm long, adnexed to adnate, white (1A1) to pale yellow 
(2A3), bruising immediately to blue (21B6) to greyish 
blue (22E6) on cut. Stipe 73–85 mm long, 14–21 mm 
wide, stuffed, centric to slightly eccentric, sub-clavate to 
cylindrical with tapering base, slightly curved in the 
middle, surface light yellow (4A5) to greyish yellow (4B5) 
to orange (5A5) up to half of the length from the apex, 
pastel to greyish red (7A4–B5) to yellowish red towards 
base, covered with pastel red (7A5) to reddish brown 
(8C6–E5), broad and elongated reticulation prominent up 
to middle and becoming condensed and faint at the base, 
bruising light blue (20A4) at the apex and greyish blue 
(23E6) to dark blue (22F6) towards the base, later turning 
black; basal mycelium white (1A1). Pileal context 5–13 
mm thick, creamish white, changing to greyish blue 
(22E6) on bruising, which fades after few minutes. Stipe 
context white to pale yellow, and reddish brown (6E5) at 
the base.  

Basidiospores 10.0–12.61–19.0 × 4.4–5.69–8.0 µm, 
(n = 40, Q = 1.79–2.83, Qav. = 2.22 µm), elliptical to sub-
fusiform, elongated, smooth, thin-walled, yellowish-
brown in KOH. Basidia 19.0–32.3 × 7.3–12.0 µm, 
broadly clavate, 2–4 spored; sterigma up to 4.1 µm high. 
Tube edge fertile. Cheilocystidia 16.7–34.2 × 4.4–9.4 µm, 
less abundant, sub-clavate to fusoid-ventricose with 
round to sub-acute apex, hyaline, few brown pigmented, 
thin-walled, emergent up to 13 µm. Pleurocystidia 18.7–
39.8 × 4.4–9.7 µm, abundant, cylindrical to sub-
cylindrical, sub-clavate, sub-ventricose with 
appendiculate and round apex, hyaline in KOH, few 
brown-pigmented, thin-walled, emergent up to 20 µm. 
Hymenophoral trama boletoid, hyphae cylindrical, 
septate, unbranched, gelatinized, hyaline, thin-walled, 3–
7.7 µm wide. Pileipellis an ixotrichoderm, up to 200 μm 
thick, consisting of loosely interwoven, erect to sub-erect, 
filamentous, unbranched, septate, thin-walled, cylindrical 
hyphae; terminal cells 11.7–76.0 × 4.1–9.5 µm, cystidioid, 
cylindrical to sub-clavate, lanceolate, fusoid-ventricose,  
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Fig. 1. Phylogram generated by Maximum likelihood analysis based on combined sequence data of nrITS and nrLSU for Suillellus 
indohimalayanus and allied species of Suillellus, with Rubroboletus serpentiformis as an outgroup. Maximum likelihood bootstrap 
(MLbs) values ≥70% are shown in the phylogenetic tree. Two Indian collections of Suillellus indohimalayanus are highlighted in red 
and bold font to show their phylogenetic position in the tree.  
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Fig. 2. Photoplate of Suillellus indohimalayanus (CAL 2141). A–C. Fresh basidiomata in the field and basecamp. D. Basidiospores. E. 
Basidia. F & G. Pleurocystidia. H. Caulocystidia. I & J. Cheilocystidia. K–L. Elements of pileipellis. Scale bar: D-K = 10 μm; L = 50 μm. 
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Fig. 3. Line drawings of Suillellus indohimalayanus (CAL 2141). 
A. Basidiospores. B. Basidia. C. Pleurocystidia. D. Cheilocystidia. 
E. Caulocystidia. F. Elements of pileipellis. Scale bar: A-F = 10 μm. 
 
spathulate with round or capitate to appendiculate apex 
with intracellular yellow-brown pigments, thin-walled. 
Pileus trama composed of cylindrical, loosely arranged, 
parallel, septate, hyaline, thin-walled hyphae, 3.7–9.3 μm 
wide. Stipitipellis hymeniform, fertile, up to 300 μm thick, 
composed of frequent tufts of basidia and cystidia; 
terminal cells 21–48.4 × 6.0–14.6 µm, cylindrical, sub-
clavate to clavate. Caulocystidia 21.2–39.4 × 6.0–14.6 
µm, clavate, pyriform to fusoid-ventricose, ventricose-
rostrate with round, sub-capitate to appendiculate or 
beak-like apex, hyaline to brown pigmented. 
Caulobasidia 26.5–30.0 × 7.1–10.6 µm, less abundant, 
clavate, 4-spored; sterigma up to 3.5 µm wide. Stipe 
trama consisting of vertically arranged, thin-walled, 2.5–
5.6 µm wide hyphae. Clamp connections absent. 

Etymology: The specific epithet ‘indohimalayanus’ 
refers to ‘Indian Himalayan region’, from where the type 
specimen was collected. 

Habit and habitat: Caespitose to gregarious, growing 
on the soil, in mixed coniferous forest dominated by 
Cedrus deodara and Pinus wallichiana. 

Additional specimen examined (paratype): India, 
Jammu and Kashmir, Doda district, Bhaderwah, Chinta, Jai Valley, on 
the soil in mixed coniferous forest dominated by Cedrus deodara and 
Pinus wallichiana, 21 July 2023, alt. 2,462 m a.s.l., N 33°01′28″ E 
75°46′04″, Sweta Rajput and Yash Pal Sharma, SR 23-014 
(HBJU/M/184). 

Notes: Phylogenetically, Suillellus pinophilus G. Wu, 

Hai J. Li & Zhu L. Yang, S. flaviporus G. Wu, Hai J. Li 
& Zhu L. Yang, and S. luridus (Schaeff.) Murrill are 
closely related to the proposed S. indohimalayanus. 
However, they all are distinguished morphologically. S. 
flaviporus (originally reported from China) can be 
differentiated by a yellow hymenophore and tubes, a 
yellow to amber-yellow stipe, yellow to brown basal 
mycelium, small broadly fusoid to ovoid basidiospores 
[(10) 11–13.5 × (5.5) 6–7 μm], large and broad 
pleurocystidia [(35) 39–75 (81) × 9–23 μm], pileipellis 
with small (18–45 × 5–11 μm), subcylindrical to 
subclavate terminal cells, clavate to subcylindrical and 
larger caulocystidia (30–55 × 6.5–10 μm), and its 
occurrence in mixed forests dominated by Pinus 
yunnanensis and fagaceous plants (Castanopsis, 
Lithocarpus and Quercus) (Wu et al., 2023). Similarly, S. 
pinophilus, reported by Wu et al. (2023) from China, is 
distinguished in the field by a brownish orange to 
caramel-brown pileus surface, a brownish violet and 
obclavate stipe with yellow-brown context bruising blue 
only at the apex, brown basal mycelium, whereas it is 
microscopically separated by its comparatively smaller 
basidiospores [9–12 × 5–6 (7) μm], longer, broader and 
gourd-shaped pleurocystidia (47–67 × 11–17 μm) and 
cheilocystidia (42–58 × 10–16 μm), smaller fusoid to 
broadly fusoid terminal cells of the pileipellis (16.5–57.5 
× 5–15 μm), and occurrence in Pinus yunnanensis-
dominated forests. S. luridus, a European species, also 
reported from Asia (India), is easily separated due to its 
variably coloured pileus surface ranging from yellow to 
olivaceous brown, an orange-red to pinkish pileus context, 
small basidiospores (11–14 × 4.5–6 µm), and its 
association with temperate deciduous oak trees (Vizzini 
et al., 2014; Verma and Pandro, 2018; Wang et al., 2022; 
Wu et al., 2023).  

Interestingly, an unidentified species of Suillellus 
from Pakistan (voucher numbers AS_K29, ASK02, and 
K29) clusters with the Indian collections, indicating a 
strong likelihood of conspecificity between these 
Pakistani specimens and the newly described Indian 
taxon (Fig. 1). However, as no macro- or micro-
morphological data have been published for the Pakistani 
collections, their identification is solely based on 
molecular evidence.  

Morphologically, S. indohimalayanus shares some 
similarities with the Asian species S. olivaceus L. Fan, N. 
Mao & T.Y. Zhao originally described from China, and 
can be confused in the field owing to its pale red to rust-
red pileus colour towards the margin, yellowish-orange to 
reddish-orange pores, and a yellowish orange stipe at the 
apex. However, the latter can be differentiated by its 
olive-green pileus surface at the centre, completely 
reticulated stipe, and microscopically by small 
basidiospores [(10.5–)11–13(–14) × 5.5–6.5(–7) μm], 
long and lageniform cheilocystidia (29–45 × 7–10 μm), 
pleurocystidia (38–75 × 6–15 μm), and caulocystidia (30–
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55 × 8–20 µm), and occurrence in broad-leaved forests 
dominated by Quercus spp. (Mao et al., 2023). S. 
amygdalinus (Thiers) Vizzini, Simonini & Gelardi, 
reported from North America, appears to be similar to S. 
indohimalayanus for its rose red to ochre-red pileus 
surface. On the contrary, the pileus surface matted with 
fibres, a yellow stipe with the brick-red to cinnabar-red 
granules instead of distinct reticulation, small 
basidiospores (11–16 × 5–8 μm), and occurrence under 
oak forests are certain features that help in separating S. 
amygdalinus from S. indohimalayanus (Bessette et al., 
2000; Mao et al., 2023). 

 
DISCUSSION 

 
The discovery and description of Suillellus 

indohimalayanus enrich our understanding of the 
taxonomy and phylogenetic diversity of the family 
Boletaceae in Asia. As noted earlier, prior to this study, 
only S. luridus and S. subamygdalinus have been 
documented from India (Verma and Pandro, 2018; Das et 
al., 2025a), indicating how poorly explored Indian forests 
remain with respect to bolete diversity. The recognition 
of S. indohimalayanus not only expands the known 
geographical range of the genus Suillellus into the 
Northwestern Himalaya but also highlights the potential 
for further taxonomic novelties in the region’s rich yet 
under-documented funga. 

This finding emphasizes the urgent need for adoption 
of an integrative taxonomic framework approach, 
combining detailed morphological characterization with 
multi-gene phylogenetic analyses (including both nuclear 
ribosomal and protein-coding genes), critical data 
interpretation and extensive literature review, which will 
be instrumental in minimizing the risk of 
misidentification, particularly among morphologically 
convergent taxa (look-alikes) that closely resemble 
European or North American counterparts (Das et al., 
2024; Choudhary et al., 2025; Rajput et al., 2025).  

 

ACKNOWLEDGMENTS 
 
The authors are thankful to the Head, Department of 

Botany, University of Jammu, Jammu, and the Director, 
Botanical Survey of India (Kolkata), for providing the 
necessary laboratory facilities. Field assistance by Shiny 
Singh is duly acknowledged. Help rendered by Dr. Aniket 
Ghosh and Dr. Sudeshna Datta, while working on micro-
morphology and molecular phylogeny is duly 
acknowledged. 

 

LITERATURE CITED 
 
Besl, H., Bresinsky, A. 1997 Chemosystematics of Suillaceae 

and Gomphidiaceae (suborder Suillineae). Plant Syst. Evol. 
206(1-4): 223–242.  

Bessette, A.E., Bessette, A.R., Roody, W.C. 2000 North 
American Boletes: a color guide to the fleshy pored 
mushrooms. Syracuse University Press, pp. 90. 

Binder, M., Bresinsky, A. 2002 Derivation of a polymorphic 
lineage of Gasteromycetes from boletoid ancestors. Mycol. 
94(1): 85–98.  

Binder, M., Hibbett, D.S. 2006 Molecular systematics and 
biological diversification of Boletales. Mycol. 98(6): 971–
981. 

Choudhary, S., Sharma, Y.P., Uniyal, P. 2025 Laccaria friesii 
sp. nov. (Hydnangiaceae), a new species from Northwestern 
Himalaya of Uttarakhand, India. Nord. J. Bot. 2025(5): 
e04617. 

Das, K., Chakraborty, D., Datta, S. 2025a 400 Wild 
mushrooms of India: An illustrated field guide. Botanical 
Survey of India, India, pp. 1–457. 

Das, K., Datta, S., Ghosh, A., Vizzini, A. 2025b Multigene 
genealogy and morphology unveil one new genus, one new 
species and one new combination of boletoid mushrooms 
(Boletaceae) from Indian Himalaya. Taiwania 70(1): 147–155. 

Das, K., Ghosh, A., Datta, S., Singh, U., Chakraborty, D., 
Tudu, D., Vizzini, A. 2024 Concordance of multigene 
genealogy along with morphological evidence unveils five 
novel species and two new records of boletoid mushrooms 
(fungi) from India. Sci. Rep. 14: 9298. 

Drummond, A.J., Ashton, B., Buxton, S., Cheung, M., 
Cooper, A., Heled, J., Kearse, M., Moir, R., Stones-
Havas, S., Sturrock, S., Thierer T., Wilson, A. 2010 
Geneious 5.1. – Available from: https://www.geneious.com 
(accessed on 1 August 2025). 

Edler, D., Klein, J., Antonelli, A., Silvestro, D. 2021. 
raxmlGUI 2.0: a graphical interface and toolkit for 
phylogenetic analyses using RAxML. Methods Ecol. Evol. 
12(2): 373–377.  

Gelardi, M., Angelini, C., Biketova, A.Y., Suz, L.M., Ercole, 
E., Svetasheva, T.Y., Miller K.O., de la Fuente, J.I., 
Jiménez, J.G., Vizzini, A. 2023 Coccoloba-associated 
xerocomoid boletes (Boletaceae) from the Caribbean and 
Mexico: Tropicoboletus ruborculus gen. et comb. nov., 
revision of Xerocomus coccolobae, phylogenetic 
assessment of Singerocomus guadelupae comb. nov., and 
type studies of Xerocomus caeruleonigrescens, X. cuneipes, 
and X. pseudoboletinus var. pini-caribaeae. Mycol. Progr. 
22(4): 29. 

Gelardi, M., Angelini, C., Costanzo, F., Dovana, F., Ortiz-
Santana, B., Vizzini, A. 2019 Neoboletus antillanus sp. nov. 
(Boletaceae), first report of a red-pored bolete from the 
Dominican Republic and insights on the genus Neoboletus. 
MycoKeys 49: 73–97.  

Gilbert, E.J. 1931 Les Livres du Mycologue Tome I-IV, Tom. 
III: Les Bolets. Le François, Paris. 

Hall, T.A. 1999 BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 
95/98/NT. Nucleic Acids Symp. Ser. 41: 95–98.  

Halling, R.E., Fechner, N.A., Holmes, G., Davoodian, N. 
2023 Kgaria (Boletaceae, Boletoideae) gen. nov. in 
Australia: Neither a Tylopilus nor a Porphyrellus. Fung. 
Syst. Evol. 12(1): 47–62. 

Halling, R.E., Nuhn, M., Fechner, N.A., Osmundson, T.W., 
Soytong, K., Arora, D., Hibbett, D.S. Binder, M. 2012 
Sutorius: a new genus for Boletus eximius. Mycol. 104(4): 
951–961. 



2026 Rajput et al.: A new Suillellus from India 
 

 
 

545 

Kirk, P.M., Cannon, P.F., Minter, D.W., Stalpers, J.A. 2008 
Dictionary of the fungi, 10th Edition. Wallingford, UK, 771 
pp. 

Kornerup, A., Wanscher, J.H. 1978 Methuen handbook of 
color, 3rd edition. Eyre Methuen, London, pp. 251. 

Kumar, S., Stecher, G., Tamura, K. 2016 MEGA7: molecular 
evolutionary genetics analysis version 7.0 for bigger 
datasets. Mol. Bio. Evol. 33(7): 1870–1874.  

Linnaeus, C. 1753 Species plantarum vol. 2. Laurentius Salvius, 
Stockholm. 

Mao, N., Zhao, T.Y., Zhang, Y.X., Li, T., Lv, J.C., Fan, L. 
2023 Boletaceae from Shanxi Province of northern China 
with descriptions of ten new species. Mycosphere 14(1): 
2013–2091. 

Nuhn, M.E., Binder, M., Taylor, A.F.S., Halling, R.E., 
Hibbett, D.S. 2013 Phylogenetic overview of the 
Boletineae. Fungal Biol. 117(7–8): 479–511. 

Osmundson, T.W., Bougher, N.L., Robinson, R.M., Halling, 
R.E. 2021 Rubinoboletus phaseolisporus (Boletaceae) from 
Western Australia is a Tylopilus with bean-shaped spores. 
Nuytsia 32: 87–97. 

Pegler, D.N., Young, T.W.K. 1981 A natural arrangement of 
the Boletales, with reference to spore morphology. Trans. Br. 
Mycol. Soc. 76(1): 103–146. 

Rajput, S., Chakraborty, D., Das, K., Ghosh, A., Sharma, 
Y.P. 2025 First report of Caloboletus panniformis 
(Boletaceae) from India. Indian Phytopathol. 78: 181–188. 

Singer, R. 1986 The Agaricales in Modern Taxonomy, 4th 
edition. Koeltz Scientific Books, Koenigstein, Germany. 

Smith, A.H., Thiers, H.D. 1971 The Boletes of Michigan. 
University of Michigan Press, Ann Arbor, Michigan.  

Tremble, K., Halling, R.E., Henkel, T.W., Moncalvo, J.M., 
Dentinger, B.T.M. 2023 Nomenclatural novelties. Index 
Fungorum 555: 1. 

Tremble, K., Henkel, T., Bradshaw, A., Domnauer, C., 
Brown, L.M., Thám, L.X., Furci, G., Aime, M.C., 
Moncalvo, J.M., Dentinger, B. 2024 A revised phylogeny 
of Boletaceae using whole genome sequences. Mycologia 
116(3): 392–408. 

Verma, R.K., Pandro, V. 2018 Distribution of Boleteceous 
mushrooms in India, some new records from Sal forest of 
central India. Int. J. Curr. Microbiol. Appl. Sci. 7(6): 1694–
1713.  

Vizzini, A., Simonini, G., Ercole, E., Voyron, S. 2014 Boletus 
mendax, a new species of Boletus sect. Luridi from Italy and 
insights on the B. luridus complex. Mycol. Progr. 13: 95–
109.  

Wang, Y., Tuo, Y.L., Wu, D.M., Gao, N., Zhang, Z.H., Rao, 
G., Wang, X.M., Wang, J., Dai, D., Li, Y., Zhang, B. 2022 
Exploring the relationships between four new species of 
boletoid fungi from Northern China and their related species. 
J. Fungi 8(3): 1–21. 

Wang, Y., Wang, L.Y., Dai, D., Qi, Z.X., Zhang, Z.H., Liu, 
Y.J., Hu J.J., Zhang, P., Li, Y., Zhang, B. 2023 Boletaceae 
in China: Taxonomy and phylogeny reveal a new genus, two 
new species, and a new record. Front. Microbiol. 13: 218.  

Wu, G., Feng, B., Xu, J., Zhu, X.T., Li, Y.C., Zeng, N.K., 
Hosen, M.I., Yang, Z.L. 2014 Molecular phylogenetic 
analyses redefine seven major clades and reveal 22 new 
generic clades in the fungal family Boletaceae. Fungal 
Divers. 69: 93–115.  

Wu, G., Li, H.J., Horak, E., Wu, K., Li, G.M., Yang, Z.L. 
2023 New taxa of Boletaceae from China. Mycosphere 
14(1): 745–776.  

Wu, G., Li, M.X., Horak, E., Yang, Z.L. 2022b Phylogenetic 
analysis reveals the new genus Amoenoboletus from Asia 
and New Zealand. Mycol. 114(1): 144–156. (In 
supplementary) 

Wu, G., Li, Y.C., Zhu, X.T., Zhao, K., Han, L.H., Cui, Y.Y., 
Li, F., Xu, J.P., Yang, Z.L. 2016 One hundred noteworthy 
boletes from China. Fungal Divers. 81: 25–188.  

Wu, G., Miyauchi, S., Morin, E., Kuo, A., Drula, E., Varga, 
T., Kohler, A., Feng, B., Cao, Y., Lipzen, A., Daum, C., 
Hundley, H., Pangilinan, J., Johnson, J., Barry, K., 
LaButti, K., Ng, V., Ahrendt, S., Min, B., Choi, I.G., 
Park, H., Plett, J.M., Magnuson, J., Spatafora, J.W., 
Nagy, L.G., Henrissat, B., Grigoriev, I.V., Yang, Z.L., 
Xu, J., Martin, F.M. 2022a Evolutionary innovations 
through gain and loss of genes in the ectomycorrhizal 
Boletales. New Phytol. 233(3): 1383–1400. 

Yang, Z.L. 2011 Molecular techniques revolutionize 
knowledge of basidiomycete evolution. Fungal Divers. 50: 
47–58. 

Zang, M. 2006 Flora fungorum sinicorum: Boletaceae (I). 
Science Press, Beijing, (in Chinese), pp. 215.  

Zeng, N.K., Liang, Z.Q., Tang, L.P., Li, Y.C., Yang, Z.L. 
2017 The genus Pulveroboletus (Boletaceae, Boletales) in 
China. Mycol. 109(3): 422–442. 

Zhao, K., Wu, G., Yang, Z. 2014 A new genus, Rubroboletus, 
to accommodate Boletus sinicus and its allies. Phytotaxa 
188(2): 61–77. 

Zhang, M., Li, T.H., Gelardi, M., Song, B., Zhong, X.J. 2017 
A new species and a new combination of Caloboletus from 
China. Phytotaxa 309(2): 118–126. 

  

 
 
 
 
 
 
 
 
 
 

Supplementary materials are available from the journal website 
 
 

 
 
 


