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Abstract

Russula indoarmeniaca (R. subg. Russula sect. Paraincrustatae subsect. Lepidinae), which
was collected from broadleaf forest of the state of Uttarakhand is presented in this communication
as an undescribed species. It is characterized by apricot to orange colored pileus; rugose pileus
surface; lamellae with different lengths of forkation; at least 3 lengths of lamellulae; branched,
septate, hairlike cuticular hyphae (some hyphae encrusted) with blunt apex sand different types of
cystidial apex. Morphological description coupled with the illustrations and phylogenetic
placement is given for this new species.
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Introduction

The genus Russula Pers. (Russulaceae) is one of the dominant ectomycorrhizal genera and
has worldwide in distribution (Singer 1986, Buyck & Horak 1999, Buyck et al. 2008, Miller et al.
2012, Li et al. 2015). Presently, it has nine subgenera namely, R. subg. Compactae, R. subg.
Heterophyllidia, R. subg. Ingratula, R. subg. Amoenula, R. subg. Incrustatula, R. subg. Russula, R.
subg. Archaea, R. subg. Brevipes and R. subg. Malodora. (Sarnari 1998, Hongsanan et al. 2015)
This genus shows enormous diversity in India where ca 135 taxa (Manjula 1983, Rawla 2001, Atri
et al. 1994, Das & Sharma 2005, Das et al. 2006, 2010, 2013, 2014, Pradeep & Vrindra 2010,
Manimohan & Latha 2011, Dutta et al. 2015, Paloi et al. 2015, 2016, Hyde et al. 2016) are known
so far.

During the course of a macrofungal foray to different parts of Uttarakhand (one of the
representative state of western Himalaya in India) one of us (AG) collected a number of wild
mushrooms from a broadleaf forest. Detailed macro- and micromorphological examination of these
collections revealed an undescribed taxon of the genus Russula. This novel taxon is proposed
herein as Russula indoarmeniaca with ITS-based phylogeny and a detailed morphological
description coupled with the illustrations.

Materials & Methods
Morphological study

Macromorphological or field characters were duly recorded in the forest or basecamp from
the fresh and dissected young to mature basidiomata. Images of these basidiomata were captured
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with the help of Canon PowerShot SX50 HS. Color codes and terms mostly follow Methuen
Handbook of Color (Kornerup & Wanscher, 1978). Samples were dried with a field drier.
Micromorphological characters were observed with the help of a compound microscope (Olympus
CH20i) from dried materials mounted in a mixture of 5% KOH, 1% Phloxin and 1% Congo red.
Drawings of micromorphological features were made with the camera lucida at 2000x
magnifications. Microscopic photography has done with the respective dedicated cameras attached
to the compound microscopes: Olympus CX21iLED and Canon EOS 1200D. Spore-measurements
exclude the height of ornamentations and are noted based on the observations of thirty randomly
chosen basidiospores. Spore-size measurements and length/width ratios (Q) are presented as:
minimum-—mean—maximum. Scanning Electron Microscope (SEM) images of basidiospores were
obtained from dry spores that were directly mounted on a double-sided adhesive tape pasted on a
metallic specimen-stub and then scanned with silver coating at different magnifications in high
vacuum mode (20 KV) to observe patterns of spore-ornamentation. SEM work was carried out with
a ZEISS EVO 18 SPECIAL EDITION model imported from Germany and installed at USIC
Deptt., HNBGU Srinagar (Garhwal) India. Herbarium names are after Holmgren et al. (1990).

DNA extraction, polymerase chain reaction (PCR) and sequencing

Genomic DNA was extracted from 100 mg of dried basidiome with the InstaGeneTM
Matrix Genomic DNA isolation kit (Biorad, USA) following the manufacturer’s instructions. The
ITS gene region was amplified with primer pairs ITS1IF and ITS4B (White et al. 1990). PCR
amplification was performed on a thermal cycler (Eppendorf, Germany) programmed for 2 min at
94°C, followed by 35 cycles of 45 sec at 94°C, 1 min at 55°C, 1 min at 72°C and a final stage of 10
min at 72°C. The PCR products were purified using the QlIAquick PCR Purification Kit (QIAGEN,
Germany).

Both strands of the PCR fragment were sequenced on the 3730xI DNA Analyzer (Applied
Biosystems, USA) using the amplifying primers. The DNA sequence of the reverse strand was
edited with Sequence Navigator version 1.0.1 (Applied Biosystems). The final consensus sequence
was deposited at GenBank to procure the accession number (KX943614).

Phylogenetic analysis

Phylogenetic analysis based on ITS sequence data was carried out to establish the
phylogenetic placement of our isolated taxon. Reference sequences and outgroup were selected
from the relevant literature and GenBank. All sequences were aligned with MAFFT v. 7 (Katoh et
al. 2002). No manual editing was done within the alignment. Phylogenetic analysis was conducted
with Maximum Likelihood (ML) method implemented in MEGA 6.0 (Tamura et al. 2013). One-
thousand bootstrap replicates were analysed to obtain nodal support values. The European materials
of Russula delica Fr. (from R. subg. Brevipes), R. amoenicolor Romagn. and R. violeipes Queél.
(both from R. subg. Amoenula) were chosen as out group taxa.

Phylogeny

The multiple ITS sequences of 28 different species of Russula (considering the sequences
for all the relevant species of Russula subg. Russula available in GenBank and also those which are
appeared in BLAST search) including our isolate (AG 15-695) were analyzed. Our isolated
sequence from AG 15-695 (Russula indoarmeniaca) was recovered as a distinct taxon (marked
with bold and blue font) on a comparatively long branch in a strongly supported (99% bootstrap)
clade and clustered with GenBank sequences of other two available (in NCBI) species of Russula
(belonging to R. subsect. Lepidinae) . The phylogenetic tree is presented in Fig. 1.

Taxonomic descriptions

Russula indoarmeniaca A. Ghosh, K. Das & R.P. Bhatt sp. nov. Figs. 2,3
MycoBank: MB 818643
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Fig. 1 — Phylogeny of AG 15-695 (Russula indoarmeniaca, in bold, blue font) inferred from
Maximum Likelihood analysis of ITS sequences using MEGA 6.0.

Type — India, Uttarakhand: Rudraprayag district, Baniyakund, alt. 2551 m, N30°29.213’
E79°10.246°, 18 July 2015, A. Ghosh, AG 15-695 (holotype: CAL; isotype: GUH)

Diagnosis: distinct from other known species of Russula subsect. Lepidinae by a
combination of characters: apricot to orange colored coarsely wrinkled cap, yellowish white
lamellae with different lengths of forkation, subglobose to broadly ellipsoid basidiospores with
long and short spines (up to 1.2 um high) forming partial to incomplete reticulum and cuticular
hyphae with blunt tips as described below.

Etymology — referring Indian specimen with ‘apricot’ colored pileus.

Basidiomata 68-75 mm. in height. Pileus 70-84 mm. in diam., initially convex then
planoconvex to applanate with a broad but shallow depression at center on maturity; margin
decurved to plane, entire, somewhat striate to sulcate; surface dry, viscid when moist, glossy,
coarsely wrinkled (rugose), rimose when mature, apricot-colored, yellowish orange (4A7) or
orange yellow (4A7-8, 4B7-8) to orange (5A6-5A7), reddish orange (7A6—7A8) to yellowish
white (2A2) spots found over the center and around depression, turning bright yellow (2A7-2A8)
with KOH and reddish brown (8D6-8D8) with guaiacol; pileus context chalky white (1A1-2A1),
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hard, compact, up to 9 mm thick, thining towards the margin, unchanging when bruished but
turning reddish brown (8D6-8D8) with guaiacol. Lamellae adnexed to free, close to rather crowded
(9-11/cm), up to 5 mm broad, forked near the stipe apex, middle of the cap and near the cap margin
also, yellowish white (2A2), entire, with concolorous edges, unchanging when bruised but turning
orange (6A6-6A7) to reddish brown (8D6-8D8) with guaiacol; lamellulae present at least 3
lengths. Stipe 50-55 x 14-20 mm, cylindrical to subclavate, tapered towards the base, dry, smooth,
brittle, central, chalky white (LA1-2A1); stipe context hard, solid, compact, chalky white (1A1-
2A1l), unchanging when bruised but turning reddish brown (8D6-8D8) with guaiacol. Taste
somewhat bitterish. Spore print pale cream.

Basidiospores 7-7.43-8 x 6-6.46-7.4 um (n=30, Q= 1-1.15-1.33), subglobose to broadly
ellipsoid, rarely ellipsoid, ornamentation amyloid, composed of long and short spines (up to 1.2 um
high), mostly aligned or connected to form partial to incomplete reticulum, apiculi up to 2 um high.
Basidia 37-60 x 11-16 um, cylindrical, subclavate to clavate, 4-spored, sterigmata up to 10 um
high. Subhymenium layer up to 20 um thick, pseudoparenchymatous. Pleurocystidia 60—112 x 10—
13 pm, cylindrical, fusiform to lanceolate with mucronate, appendiculate, rounded, pointed apex or
ventricose rostrate, emergent up to 60 um, content dense. Gill edges fertile, with basidia and
cystidia. Cheilocystidia 37-94 x 7-12 um, cylindrical, subclavate to fusiform with rounded apex.
Pileipellis up to 100 um thick, a trichoderm, composed of branched, septate, suberect to erect hair
like hyphae (2-5 pm wide) with blunt apex, some encrusted; pileocystidia 4-6 pm broad,
cylindrical with rounded or acute apex. Stipitipellis a trichoderm, composed of branched, septate
hyphae (2-4 pum wide); some hyphae encrusted. Caulocystidia up to 6 um broad with mostly
rounded apex.

Material examined — India, Uttarakhand: Rudraprayag district, Baniyakund, on ground,
under Quercus sp mixed broadleaf forest, alt. 2551 m, N 30°29.213” E 79°10.246°, 18 July 2015, A.
Ghosh, AG 15-695.

Notes — The combination of macro- and micromorphological features such as pale cream
spore print, hard context, somewhat bitterish taste, no blackening hymenial cystidia with
sulphovanillin place Russula indoarmeniaca in subg. Russula subsect. Lepidinae (Sarnari 1998). In
the field, the present taxon is distinct from other known species of subsect. Lepidinae by its apricot
to orange colored cap with reddish orange to yellowish white spots found over the center and
around depression, rugose pileus surface that turns bright yellow with KOH and reddish brown
with guaiacol, yellowish white lamellae with different lengths of forkation and presence of at least
3 lengths of lamellulae. Similarly, micro morphologically, presence of subglobose to broadly
ellipsoid spores with long and short spines (up to 1.2 um high) forming partial to incomplete
reticulum, branched, septate, hairlike partially encrusted cuticular hyphae with blunt apex are also
quite distinct. In this subsection, another species R. lepida Fr. (appeared to be closest in ITS
phylogeny) differs from proposed new species by its dry, matt-pruinose, scarlet, rose-red to whitish
pink colored cap, pale cream colored crowded gills, slightly larger spores (8-9 x 7-8 um) with
distinctively smaller warts (0.1-0.5 um) (Sarnari 2005). Russula cf. flavisiccans another taxon
belonging to subsect. Lepidinae, also appeared close to the present species in ITS phylogeny but
the former differs from newly proposed species in having minutely velvety to pruinose, red to dark
red, venetian pink colored cap, adnate to notched lamellae, globose basidiospores with a nearly
complete reticulum, strongly acicular to ciliate epicuticular hyphae (Bills 1989). Russula
amarissima Romagn. & E.-J.Gilbert also from subsection Lepidinae, differs from R.
indoaurantiaca by its violaceous purple to cigar brown, exceptionally bright and relatively pure red
colored pileus, context that strongly changes to saffron, lager spores (7.6-9-9.5 x 6.4-8-8.4 um)
with thin smaller warts [more or less pointed (0.6 um), sometimes up to 0.8-1 um], forming an
incomplete reticulum (Sarnari 2005).

In the field, Russula indoarmeniaca resembles with Russula aurea Pers., R. aurora
Krombh., R. aurantiaca (Jul.Schaff.) Romagn., R. lepidicolor Romagn. Russula aurea differs from
present taxon by possessing crowded ochraceous lamellae with bright golden yellow edges, yellow
flushed stem, mild taste, pileipellis without dermatocystidia, lager spores (7—10 x 8.5-9 um) with
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Figs. 2-9 — Russula indoarmeniaca (from holotype, AG 15-695). 2—4. Fresh basidiomata in the
field and base camp. 5. Transverse section through lamellae showing pleurocystidia. 6. Transverse
section through lamellae showing Cheilocystidia. 7. Radial section through pileipellis showing
elements of pileipellis. 8. Pilear hyphae with encrustrations. 9. SEM images of basidiospores. Bars
2,4=100mMmmM.5=10um. 6 =25um. 7 =10 pm. 8 =10 pm. 9 = 2 pum.

small warts (0.5-0.7 um) and deep ochre spore print (Sarnari 2005, Galli 1996, Kibby 2012).
Russula aurora probably appears to be the closest (morphologically) species to this undescribed
taxon but it differs from the new species by having fairly crowded pale cream lamellae with
abundant forkation near the stipe, mild taste, absence of dermatocystidia in pileipellis and with low
warted spores (0.25-0.5 pm) aligned with few connections (Galli 1996, Kibby 2012).
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Figs. 10-15 — Russula indoarmeniaca (from holotype, AG 15-695). 10 Longitudinal section
through a fresh basidioma. 11 Basidiospores. 12 Radial section through of pileipellis. 13
Pleurocystidia. 14 Cheilocystidia. 15 Basidia. Bars = 10 um.

Russula aurantiaca differs from R. indoarmeniaca in having usually brick-orange, copper to
carmine colored cap, widely spaced, rather thick, bright yellow ochre, strongly interveined
lamellae, bright yellow ochre spore print and presence of mild to slightly acrid taste (Romagnesi
1967) whereas, R. lepidicolor has pruinose cap, lack of dermatocystidia in pileipellis, strongly
encusted pilear hyphae, spore with distinctively low warts (up to 0.3 pum) almost isolated with very
sparse, incomplete crests (Sarnari 2005).

Keeping in view the combination of macro- and micromorphological features along with
phylogenetic evidence Russula indoarmeniaca is distinct from any previously known species of
Russula.
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