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				Amanita saproalba A. Kumar & Y.P. Sharma sp. nova (Amanitaceae) is described from Jammu and Kashmir, India, based on molecular (nrLSU) and morphological evidence. It belongs to Amanita subg. Lepidella sect. Lepidella stirps Vittadinii, and is closely related to A. orientisororia from China, from which it differs by its appendiculate pileus margins, larger basidiomata, small to moderately coarse, subfibrillose pyramidal warts on the pileus, and a stipe covered with coaxially arranged, recurved squamules that bruise brownish. An identification key to the species of A. sect. Lepidella known from India is provided.

			

		

		
			
				Introduction

				Amanita is a diverse genus in the Amanitaceae (Agaricales, Basidiomycota), with nearly 90% of its species forming ectomycorrhizal associa-tions with plants. The remaining 10% are sapro-trophs, obtaining nutrients by breaking down organic matter in grassland habitats (Yang et al. 2018, Kumar et al. 2023). Taxonomy of these ecologically important saprotrophs within the subg. Lepidella is complex. They are typically found in open grasslands, particularly on cal-careous soils, making them fascinating subjects for research on fungal evolution and ecological adaptation (Wolfe et al. 2012).

				Recently, molecular DNA analysis has shed light on the evolutionary history of Amanita species (Zang et al. 2015). Early Amanita were probably free-living rather than symbiotic organ-isms that broke down cellulose in grasslands to obtain carbon, functioning independently as sap-

			

		

		
			
				rotrophs. These primitive species likely resem-bled some modern ones within the subg. Lepi-della. However, over time, numerous Amanita species underwent a significant ecological shift from saprotrophy to forming ectomycorrhizal relationships with plants (Wolfe et al. 2012). This adaptation not only changed their nutri-tional strategy but also transformed their eco-logical roles.

				Despite the global presence and ecological significance of Amanita species, there remains a considerable gap in the understanding of the subg. Lepidella, particularly from India. Until recently, only two saprotrophic species, A. fla-vofloccosa and A. manicata, from this subgenus were known from India, and none from Jammu and Kashmir (Kumar et al. 2021).

				Herein, we report the first species of Aman-ita in the subg. Lepidella sect. Lepidella from Jammu and Kashmir. This finding underscores the importance of an ongoing research to 
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				uncover the diversity of lesser-known fungal groups across various ecological zones in India. It also highlights the need for investigating and documenting fungal diversity in understudied regions, which can offer valuable insights into evolutionary processes and ecological dynamics.

				Material and methods

				Morphological analysis

				During macrofungal explorations in the mon-soon seasons of 2022–2023 (July to August), fresh mushroom specimens were collected from forests in Jammu and Kashmir, India. Macro-morphological characteristics were recorded in the field, using standardized colour codes and terminology from the Methuen Handbook of Colour (Kornerup & Wanscher 1978). Photo-graphs of basidiomata were taken with a Nikon D5300 digital camera. The collected specimens were then dried in a wooden dryer at 50–55 °C. Microscopic features were observed from a free-hand section of preserved dried material in a mixture of 1% ammoniacal Congo red and 1% Phloxine, after a short treatment in a warm aqueous 5% KOH solution to improve tissue dis-sociation. Melzer’s reagent was used to test the amyloidity of basidiospores.

				Drawings of micromorphological elements were made using a Camera Lucida at 2000× magnification, and photomicrographs of the vari-ous elements were taken with a digital camera attached to an Olympus CH20i and CX33 com-pound microscope (Olympus, Tokyo, Japan). Sixty basidiospores were measured from the specimens in Melzer’s reagent (Largent et al. 1977). Biometric variables followed Yang (1997) and Cui et al. (2018).

				In the description of the basidiospores, their dimensions are presented as follows: n/m/p, where n is the number of basidiospores meas-ured from m basidiomata of p collections; and (a)b–c(d), where b–c is the range comprising 90% of the measured values (5th to 95th per-centile), and a and d are extreme values (given in parentheses). Q is the length/width ratio of a basidiospore in side view, and Qm is the aver-age Q for all basidiospores. The specimens were 

			

		

		
			
				deposited in the Herbarium of the Department of Botany, University of Jammu (HBJU/M/120).

				DNA extraction, PCR and sequencing

				Nuclear genomic DNA was isolated from 100 mg of dry material using a fungal genomic DNA Mini Kit (RGCB, Thiruvananthapuram). For nuclear ribosomal large subunit (nrLSU) amplification, a universal primer pair LR0R and LR5 was used (Vilgalys & Hester 1990). PCR amplification was conducted in a PCR thermal cycler (Gene Amp PCR System 9700, Applied Biosystems) programmed as follows: 96 °C for 2 min, followed by 30 cycles of 30 s at 96 °C, 40 s at 50 °C, and a final stage of 4 min at 60 °C. The PCR products were purified using the QIAquick PCR Purification Kit (QIAGEN, Ger-many). Both strands of the PCR fragments were sequenced in ABI 3500 DNA Analyzer (Applied Biosystems) using the amplifying primers. The nrLSU sequence was generated in this study from the collection HBJU/M/120, and depos-ited in GenBank with the accession number PP908453.

				Phylogenetic analysis

				In the phylogenetic analysis, we included nrLSU sequence of the Amanita species described herein as well as sequences of its close rela-tives retrieved from GenBank (https://www.ncbi.nlm.nih.gov/genbank) based on nBLAST search and relevant published phylogenies (Cui et al. 2018, Liu et al. 2022) (Table 1). The nrLSU data set was aligned using MAFFT ver. 6.8 (Katoh & Standley 2013) and further refined manually with BioEdit ver. 7.0.9 (Hall 1999) under default settings. The data set was analysed indepen-dently with both Maximum Likelihood (ML) and Bayesian Inference (BI) methods, applying the best-fit model (GTR + I + G). ML and BI analyses were conducted using RAxML GUI 2.0 (Edler et al. 2021) and MrBayes ver. 3.2.2 (Ronquist et al. 2012), respectively. The resulting phylogenetic trees from ML and BI were largely congruent in topology. Amanita subglobosa and A. subparvipantherina were used as the outgroup.
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				Results

				Phylogenetic inferences

				Based on the phylogenetic analysis, Amanita saproalba (described herein; GenBank accession PP908453) is closely related to A. orientisororia (support values 92%/0.88) as well as to A. vitta-dinii (75%/–) (Fig. 1).

				Taxonomic treatment

				Amanita saproalba A. Kumar & Y.P. Sharma, sp. nova (Figs. 2 and 3)

				Holotype: India. Jammu and Kashmir, Arnia Town of Jammu Province, 32°43´35.7672´´N, 74°51´25.2936´´E, 277 m a.s.l., on soil in meadows grazed by buffalo, 14 August 2023 A. Kumar & Y.P. Sharma AKA-08, (MycoBank no. 854387, HBJU/M/120). GenBank acc. no. PP908453 (LSU), Index fungorum number IF902543, Faces of Fungi no. FoF16387.

				Etymology: The specific epithet saproalba (Lat.) refers to the species being a saprotroph (sapro) and the white (alba) basidiomata.

			

		

		
			
				Basidiomata medium to large. Pileus 50–150 mm diam., initially subglobose, then convex to plano-convex, surface whitish to grey-ish white (1A1–1B1; see Kornerup & Wanscher 1978) when young becoming pale orange (5A3) to grayish orange (5B4) at maturity; volval rem-nants on pileus consisting of small to rather coarse, subfibrillose pyramidal warts up to 3–4 × 4–5 mm in diam., becoming flat in old speci-mens, initially white (1A1) to creamy white (1A2), turning pale orange (5A3) to brownish (4C2) with age; margin non-striate, appendicu-late, appressed; trama white (1A1) to whitish (1B1), unchanging when injured; lamellae free, adnexed, close to crowded, white to creamish white (1A2), becoming pale orange (5A3) to brownish orange (4C2) with maturity. Lamellu-lae subtruncate to attenuate. Stipe (55)60–110 × (16)20–30 mm, white to greyish white (6B5), densely covered with coaxial, recurved, con-colorous squamules; context white (4B2), stuffed with soft cottony material in young samples, becoming slightly hollow with maturity, turn-ing brownish in old specimens. Annulus apical, 

			

		

		
			
				Table 1. Accessions and nrLSU sequences of Amanita spp. used in this study. Specimens with country name, specimen voucher and GenBank accession number.

				Species	Country	Specimen voucher no.	GenBank accession no.

				A. macerisolum	USA	RET 609-4	MK461192

				A. macerisolum	USA	RET 473-9	MK461191

				Amanita sp.	USA	RET 689-1	MK461193

				A. armillariiformis	USA	DAOM184734	AF261437

				A. armillariiformis	USA	DAOM216919	AF261436

				A. aureofloccosa	Thailand	SDBR-STO-2020-PS38	OM980704

				A. singeri	USA	LIP 88.056	HQ539738

				A. armillariiformis	USA	RET 266-8	HQ539669

				Amanita sp.	China	WQGY2021-5-30	OK586680

				Amanita sp.	China	WQGY2021-6-4	OK586688

				A. flavofloccosa	China	HKAS101443	MH486515

				A. vittadinii	Italy	AV18996	KC137252

				A. vittadinii	USA	RET 277-1	HQ539757

				A. vittadinii	Hungary	G0160	MK277593

				A. orientisororia	China	HMJAU59016	OL440938

				A. pruittii	USA	RET 343-2	HQ539729

				A. inopinata	New Zealand	JAC11447	MT862260

				A. saproalba	India	AKA-08	PP908453

				A. praeclara	South Africa	RET 726-7	MK351833

				A. praeclara	South Africa	RET 726-8	MH806864

				A. thiersii	USA	DPL 7272	HQ539752

				A. thiersii	USA	SKay4041	HQ619205

				A. subglobosa	India	RET 717-5	KX810032

				A. subparvipantherina	India	717-10	MF695814
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				snow-white (1A1), membranous, pendant, white (1A1) to greyish white (1B1), upper surface with short striation, lower surface with floccose, greyish white (1B1) to dirty white (1A2) warts. Odour indistinct and slightly unpleasant. Taste mild. Spore print white. Macrochemical spot tests not performed.

				Basidiospores 60/1/1, (10.0)13–14.5(15.5) × (8.0)9.0–10.0(12.0) µm, Q = (1.18)1.33–1.64(1.82); Qm = 1.52), broadly ellipsoid to ellipsoid or elon-gate, amyloid, thin-walled, hilar appendix up to 1.4 µm long, smooth, with dark brownish contents. Basidia (35)40–50(55) × (9.0)9.5–10.0(10.5) µm, clavate, 2- or 4-spored, with 

			

		

		
			
				abundant clamps, multi-guttulated, thin-walled, smooth with sterigmata up to 2–3 μm long. Subhymenium 2–3-layered made up of thin-walled ellipsoidal cells up to 10–15 × 6–12 μm wide; lamellar trama bilateral, divergent. Medi-ostratum composed of fusiform to clavate, inflated cells (19–26 μm wide), with abundant filamentous hyphae (6–112 μm wide), lateral stratum composed of clavate to subclavate, inflated cells (17–29 μm wide), mixed with 6–15 μm wide filamentous hyphae. Lamellar edge sterile, composed of numerous subglobose to clavate, inflated cells, usually single or in chains of 2–3, thin-walled, colorless, hyaline; 
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				Fig. 1. Phylogram resulting from Amanita saproalba nrLSU sequences. Branches are labelled with bootstrap sup-port (> 50%) and posterior probability(> 0.50) values. Amanita saproalba is set in boldface.
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				Fig. 2. Amanita saproalba (HBJU/M/120, holotype). — A–E: Young and mature basidiomata. — F and G: Basidia. — H: Lamellar trama. — I: Basidiospores. — J and K: Longitudinal section of volval remnants from pileus.
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				Fig. 3. Amanita saproalba (HBJU/M/120, holotype). — A: Basidia and elements of subhymenium. — B: Basidi-ospores. — C: Longitudinal section of volval remnants from pileus.
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				filamentous hyphae rare, thin-walled, hyaline. Pileipellis not distinguished, not gelatinizing, merely a dense layer of cylindrical-elongate hyphae up to 3–8 μm wide. Volval remnants on pileus and stipe surface consisting of fila-mentous undifferentiated hyphae, scattered to somewhat abundant, 4–7 μm wide, unbranched, mainly composed of vertically arranged, sub-cylindrical to subfusiform elements at base of warts 54–155 × 15–28 μm, originating from pileus context with a periclinal orientation near context, transitioning to an anticlinal orienta-tion upwards, colourless and hyaline; vascular hyphae rare, 3–8 μm wide. Stipe trama con-sisting of longitudinally arranged acrophysalids, inflated cells dominant, often in chains, 180–280 × 15–40 μm; filamentous hyphae 4–7 μm wide, scattered, branching; vascular hyphae rare, 4–10 μm wide. Clamps present in all parts of basidiomata.

				Distribution and habitat. Currently known only from Jammu and Kashmir, India. The spe-cies is saprophytic, grows in meadows, where it produces solitary to scattered fruiting bodies from July to August. Not known to be eaten by humans.

				Morphological characteristics and molecular data derived from nrLSU sequences place A. saproalba within subg. Lepidella, sect. Lepi-della. According to Bas (1969), sect. Lepidella accommodates subsect. Vittadiniae, which com-prises five stirps: Vittadinii, Nana, Nauseosa, Thiersii and Hesleri. However, Cui et al. (2018) reassigned the Hesleri stirps to A. subgen. Aman-itina, sect. Phalloideae, while the remaining four stirps were retained in A. subgen. Lepidella, sect. Lepidella. Bas’s monograph (Bas 1969) provides detailed morphological criteria for distinguishing among these stirps. Species in the stirps Thiersii lack clamp connections. In the stirps Nauseosa, the distinguishing features include globose to broadly ellipsoid spores and lanose-floccose to floccose-squamulose volval remnants concen-trated medially on the stipe. Species belonging to the stirps Nana and Vittadinii share traits such as broadly ellipsoid to elongate spores and scat-tered or, less commonly, indistinct volval rem-nants on the stipe. Following these morphologi-cal characteristics, we place A. saproalba in the stirps Vittadinii. This stirps is characterized by 

			

		

		
			
				medium to very large basidiomata, a pileus with non-striate and appendiculate margins, broadly ellipsoid to elongate basidiospores, and the pres-ence of clamp connections. Species within stirps Vittadinii are further classified into two groups based on spore length: those with spores longer than 9.5 µm and those with spores shorter than 9.5 µm. Our species closely aligns with the group that has spores longer than 9.5 µm, which includes two well-known European species, A. vittadinii and A. codinae. A detailed comparison of the species that are morphologically simi-lar and phylogenetically close is presented in Appendix 1.

				Key to the Indian species of Amanita subg. Lepidella sect. Lepidella

				1.	Basidiomata 60–110 mm in diam., pileus yellowish brown to pale yellowish-brown; annulus apical to subap-ical; basidiospores subglobose; clamps present or absent  ..................................................................... A. manicata

				1.	Basidiomata 50–150 mm in diam., pileus white to orange, covered by numerous, concentrically arranged concolorous squamules; annulus pendent; basidiospores broadly ellipsoid to elongate; clamps present  .............. 2

				2.	Basidiospores globose, subglobose to broadly ellipsoid, 6.5–8.5 × 6.0–8.0 µm  ............................ A. flavofloccosa

				2.	Basidiospores broadly ellipsoid to ellipsoid or elongate, 13–14.5 × 9.0–10.0 µm)  ............................ A. saproalba
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				Appendix 1. Morphological comparison of Amanita saproalba with A. orientisoria, A. vittadinii and A. codinae (data on the three latter species from Bas 1969, Vizzini et al. 2017, Liu et al. 2022).

					A. saproalba	A. orientisororia	A. vittadinii	A. codinae

				Basidiomata size (mm)	50–150	60–220	75–170	50–90

				Volval remnants	subfibrillose,	conical to	fibrillose,	felted-subfibrillose,

				(warts) on pileus	pyramidal, up	subconical or	pyramidal or	subpyramidal to

					to 3–4 mm	pyramidal, up to	patch-like, up to	flat, up to 5 mm 

					high	2–3 mm high	7 mm high	high

				Colour reaction	pale-orange,	no colour change	partially turning	reddish-brown

				to bruising	at maturity to	yellow-brown in

					grayish-orange	old specimens

					at maturity

				Spore size (μm)	13–14.5 × 9.0–10.0	9–13 × 7–9.5	12.2–13.3 × 8.8–9.6	10–13.5 × 7–10

				Basidiospore shape	broadly ellipsoid	broadly ellipsoid	subglobose to	ellipsoid to elongate

					to ellipsoid or	to ellipsoid	ellipsoid

					elongate

				Qm	1.52	1.38	1.4	1.4

				Distribution	India	China	Europe, N Africa	Europe, N Africa
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Kumar A., Ahamed M. & Sharma Y.P. 2025: Amanita saproalba (Amanitaceae), a hew species
from Jammu and Kashmir, India. — Ann. Bot. Fennici 62: 55-62.

Amanita saproalba A. Kumar & Y.P. Sharma sp. nova (Amanitaceae) is described from
Jammu and Kashmir, India, based on molecular (nrLSU) and morphological evidence.
It belongs to Amanita subg. Lepidella sect. Lepidella stirps Vittadinii, and is closely
related to A. orientisororia from China, from which it differs by its appendiculate
pileus margins, larger basidiomata, small to moderately coarse, subfibrillose pyramidal
warts on the pileus, and a stipe covered with coaxially arranged, recurved squamules
that bruise brownish. An identification key to the species of A. sect. Lepidella known

from India is provided.

Introduction

Amanita is a diverse genus in the Amanitaceae
(Agaricales, Basidiomycota), with nearly 90%
of its species forming ectomycorrhizal associa-
tions with plants. The remaining 10% are sapro-
trophs, obtaining nutrients by breaking down
organic matter in grassland habitats (Yang ef al.
2018, Kumar et al. 2023). Taxonomy of these
ecologically important saprotrophs within the
subg. Lepidella is complex. They are typically
found in open grasslands, particularly on cal-
careous soils, making them fascinating subjects
for research on fungal evolution and ecological
adaptation (Wolfe et al. 2012).

Recently, molecular DNA analysis has shed
light on the evolutionary history of Amanita
species (Zang et al. 2015). Early Amanita were
probably free-living rather than symbiotic organ-
isms that broke down cellulose in grasslands to
obtain carbon, functioning independently as sap-

rotrophs. These primitive species likely resem-
bled some modern ones within the subg. Lepi-
della. However, over time, numerous Amanita
species underwent a significant ecological shift
from saprotrophy to forming ectomycorrhizal
relationships with plants (Wolfe et al. 2012).
This adaptation not only changed their nutri-
tional strategy but also transformed their eco-
logical roles.

Despite the global presence and ecological
significance of Amanita species, there remains
a considerable gap in the understanding of the
subg. Lepidella, particularly from India. Until
recently, only two saprotrophic species, A. fla-
vofloccosa and 4. manicata, from this subgenus
were known from India, and none from Jammu
and Kashmir (Kumar ef al. 2021).

Herein, we report the first species of Aman-
ita in the subg. Lepidella sect. Lepidella from
Jammu and Kashmir. This finding underscores
the importance of an ongoing research to
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