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Ghosh A., Buyck B., Chakraborty D., Hembrom M. E., Bera I. & Das K. 2023. — Three new species of genus
Russula Pers. from Sal dominated forests of tropical India based on morphotaxonomy and multigene phyloge-
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ABSTRACT

Since 2013, routine macrofungal explorations have been carried out in several Shorea robusta-domi-
nated forest areas of tropical eastern India (Bihar, Jharkhand and West Bengal). Three novel species
of Russula Pers. collected recently from these states of India, Russula boddingii Hembrom, D.Chakr.,
A.Ghosh & K.Das, sp. nov. in subg. Compactae (Fr.) Bon, emend. Buyck & V.Hofst., R. pseudo-
Sflavida A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov. in subg. Russula emend. Buyck & V.Hofst.,
and R. shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. in subg. Heterophyllidiae Romagnesi,
emend. Buyck & V.Hofst., are described based on morphotaxonomy and molecular data. Russula
boddingii Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov. is characterised by medium to large-sized
(30-160 mm) pileus, a more intense blackening of the flesh after cutting or bruising, the unequal,
polydymous lamellae with some forkings present at different distances from the stipe, the absence
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INTRODUCTION

of pileocystidia, the stronger reticulation of the spore ornamentation, the more-slender hyphal end-
ings in the pileipellis and its occurrence under dipterocarps in Asia. Russula pseudoflavida A.Ghosh,
Hembrom, I.Bera & Buyck, sp. nov. is unique in having very small to medium sized (10-45 mm)
pileus, very long “primordial” hyphae usually with strong incrustations covering most of the surface,
distinctly smaller spores and occurrence under Shorea robusta C.EGaertn. On the other hand, R. sho-
reae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. is characterised by the absence of strong celery-like
taste and odour, and is ectomycorrhizal with Shorea robusta. Detailed morphological descriptions,
illustrations, phylogenetic analyses of ITS and three-locus (combined nrLSU-mtSSU-7p62) phylog-
eny for these three species are presented in this communication. Comparisons with morphologically
similar and genetically related species are also provided.

RESUME

Trois nouvelles espéces du genre Russula Pers. provenant de foréts dominées par le Sal en Inde tropicale,
décrites d'aprés la morphotaxonomie et 'analyse phylogénétique multigénique.

Depuis 2013, des expéditions macrofongiques de routine ont été menées dans plusieurs zones forestiéres
dominées par Shorea robusta C.F.Gaertn. dans Uest tropical de I'Inde (Bihar, Jharkhand et Bengale
occidental). Trois nouvelles especes de Russula Pers. collectées récemment dans ces états de 'Inde, Rus-
sula boddingii Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov. dans le subg. Compactae (Fr.) Bon,
emend. Buyck & V.Hofst., R. pseudoflavida A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov. dans le
subg. Russula emend. Buyck & V.Hofst., et R. shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov.
dans le subg. Heterophyllidiae Romagnesi, emend. Buyck & V.Hofst., sont décrites sur la base de la
morphotaxonomie et des données moléculaires. Russula boddingii Hembrom, D.Chakr., A.Ghosh &
K.Das, sp. nov. se caractérise par un pileus de taille moyenne & grande (30-160 mm), un noircissement
plus intense de la chair aprés une coupe ou une blessure, des lames inégales en plusieurs séries et avec
des bifurcations présentes a différentes distances du stipe, 'absence de pileocystidia, une réticulation
plus forte de 'ornementation des spores, des terminaisons hyphales plus fines dans le pileipellis et sa
présence sous des diptérocarpes en Asie. Russula pseudoflavida A.Ghosh, Hembrom, I.Bera & Buyck,
sp. nov. est unique par son pileus de taille réduite (10-45 mm), ses «hyphes primordiales» tres lon-
gues, généralement avec de fortes incrustations couvrant la plupart de la surface, ses spores nettement
plus petites et sa présence sous Shorea robusta. D’autre part, R. shoreae D.Chakr., A.Ghosh, K.Das &
Buyck, sp. nov. se caractérise par sa chair insipide et inodore, et est ectomycorhizien avec Shorea
robusta. Des descriptions morphologiques détaillées et illustrées pour ces trois espéces sont fournies.
Leurs positions systématiques précises sont déterminées sur les bases d’'une analyse phylogénétique
de I'ITS et une analyse combinée multigénique (nrLSU-mtSSU-7p62).

cation system of Russula based on a new multi-locus analysis

(nrLSU, mtSSU, 7pb2, rpbl and ref-1), which was followed

Russula Pers., one of the most taxonomically diverse genera
of mushroom-forming fungi and second largest genus after
Cortinarius (Pers.) Gray (Kalichman ez a/. 2020), occurs in
disparate environments ranging from arctic tundra to tropi-
cal rainforests (Looney ez al. 2018). Russula is also by far the
most speciose genus in the ectomycorrhizal family Russu-
laceae (Russulales, Basidiomycota) with about 2000 species
worldwide (Adamcik ez al. 2019) of which, to date, more
than 180 taxa have been reported from India (Ghosh ez al.
2021). The genus is characterized by a colourful pileus, amy-
loid spore ornamentation, a brittle context due to the pres-
ence of abundant sphaerocytes and presence of gloeoplerous
elements in part or all of its tissues. It lacks the branching
lactiferous system ending in pseudocystidia at the basidiome
surface which differentiates it from the genera Lactarius Pers.
and Lactifluus (Pers.) Roussel (Buyck ez al. 2018). Recently,
Buyck ez a/l. (2018, 2020) demonstrated that the anatomy of
ectomycorrhiza added support to a new infrageneric classifi-

28

in this study.

The family Dipterocarpaceae Blume is presumed to form
ECM with various fungi (Alexander & Hogberg 1986; Lee
1990) and represents a dominant component in the tropics
of South Asia (India, Bangladesh, Nepal and Tibet). Fam-
ily Dipterocarpaceae comprises 470 tree species including
Shorea robusta C.F.Gaertn. that largely dominates tropical
rain forests and represent a major source of commercial tim-
ber (Kumar & Atri 2016). In India, S. robusta (commonly
known as “Sal”) is an economically important and common
dipterocarp hardwood. It is a major constituent of moist
deciduous broad-leaved tropical forests in India. The species
is predominantly distributed on the plains, lower foothills
and valleys of the Himalayas (Kumar & Atri 2019). It spans
central, eastern and north-western parts (Assam, West Bengal,
Odisha, Madhya Pradesh, Chattishgarh, Haryana, Himachal
Pradesh and Uttarakhand) of India (Singh & Singh 1992).

Based on surveys of sporocarps in India, Sal trees have been
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Fic. 1. — Distributional map and habitat of Russula boddingii Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov., R. pseudoflavida A.Ghosh, Hembrom, |.Bera &

Buyck, sp. nov. and R. shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. in India.

reported to be putatively ectomycorrhizal and are associ-
ated with species of various fungal genera such as Amanita
Pers., Boletellus Murrill, Borofutus Hosen & Zhu L. Yang,
Craterellus Pers., Indoporus A. Parihar, K. Das, Hembrom &
Vizzini, Lactarius Pers., Pisolithus Alb. & Schwein. and Rus-
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sula (Natarajan ez al. 2005; Kumar & Atri 2016; Buyck ez al.
2017; Hembrom ez al. 2017; Parihar ez al. 2018a, b). Rus-
sula are among the commonest ectomycorrhizal mushrooms

in tropical Sal dominated forest ecosystems in India (Dutta
et al. 2015; Khatua ez al. 2015, 2017, 2021; Kumar & Atri
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2016, 2019, 2020; Verma et al. 2018, 2019; Yuan et al. 2020)
but were very often identified based on overall similarity
with their European and North American counterparts and
without much critical comparative assessment of detailed
macro- and, particularly, micromorphology (Pradhan et al.
2012, 2013; Ganguly ez al. 2021). Unfortunately, in-depth
taxonomic studies of these Sal-associated Russula species have
not yet been undertaken in India, although a only five Rus-
sula species were reported from Sal forest (particularly from
the state of West Bengal) combining morphological study
and phylogenetic inferences (Dutta ez al. 2015; Khatua et al.
2015, 2017, 2021; Yuan et al. 2020).

During extensive macrofungal surveys to different Sal
forests of three eastern Indian states Bihar, Jharkhand and
West Bengal, a number of interesting species in the genus
Russula were collected. Morphological examination and
molecular phylogenetic analyses of these collections revealed
three species new to science with affinities to different sub-
genera. These species are here described as Russula boddingii
Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov. in subg.
Compactae (Fr.) Bon, emend. Buyck & V. Hofst., R. pseudofla-
vida A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov. in subg.
Russula emend. Buyck & V. Hofst., and R. shoreae D.Chakr.,
A.Ghosh, K.Das & Buyck, sp. nov. in subg. Heterophyllidiae
Romagnesi, emend. Buyck & V. Hofst. Detailed macro- and
micromorphological descriptions coupled with illustrations
are given along with a phylogenetic analysis based on ITS and
a three-locus (combined nrLSU-mtSSU-7p62) phylogeny.

MATERIAL AND METHODS

SAMPLING

The studied survey sites were located in the eastern Indian
subcontinents (Bihar, Jharkhand and West Bengal) (Fig. 1).
Fruiting bodies were collected yearly from 2013 onwards
between early August and late October. Geographic coordi-
nates were recorded using a Garmin e-trax30 hand-held GPS
receiver. The presence of all possible host trees was noted
when collecting in the field. The collected specimens were

dried with a field drier.

MORPHOLOGY

Fresh specimens were macromorphologically fully described
and images of the basidiomata were taken with Sony DSC-
RX100 and Canon Power Shot SX 50 HS cameras. Colours
were coded by using the Methuen Handbook of Colour
(Kornerup & Wanscher 1978).

All micromorphological structures (basidia, hymenial cystidia
and elements of pileipellis) were observed from free hand sec-
tion of preserved dried tissues in 1% ammoniacal Congo red,
after a short treatment in warm, aqueous 5% KOH solution to
dissolve the gelatinous matrix and improve tissue dissociation.
Tissues were mounted in Cresyl Blue (Buyck 1989), sulfovanillin
(Cabori eral. 2017) and treated with carbolfuchsine (Romagnesi
1967) to observe the presence and colour changes of incrusta-
tions and cystidium contents. The terminology and scientific
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terms for morphological characterisation were according to
Vellinga (1988). Drawings of micromorphological features were
made with a drawing tube attached to Olympus CX 41 micro-
scope at a magnification of 1000x. Microscopic photographs
were taken with an Olympus BX 53 camera. Basidiospores
were examined in Melzer's reagent and measured in side view,
excluding ornamentations. These measurements are represented
as: (MIN-)AV-SD-AV-AV+SD(-MAX) spore-length x (MIN-)
AV-SD-AV-AV+SD(-MAX) spore-width and Q = (MIN-)AV-
SD-AV-AV+SD(-MAX), in which MIN = the minimum value,
MAX =the maximum value, AV = AVERAGE value of total
measured collections, SD =standard deviation and Q = corre-
sponds to basidiospore ‘length/width ratio’. Statistics of other
microscopic characters are expressed as the mean + standard
deviation with extreme values in parentheses. Basidium length
excludes the length of sterigmata. Hyphal terminations and
pileocystidia were observed both near the pileus margin and
at the pileus centre. Scanning Electron Microscope (SEM)
images of basidiospores (Fig. 2) 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 to observe patterns of spore-ornamentation at different
magnifications in high vacuum mode (20KV). SEM work was
carried out with a Zeiss Evo 18 special edition model imported
from Germany and installed at USIC Dept., Hemvati Nandan
Bahuguna Garhwal Universicy (HNBGU) Srinagar (Garhwal)
India. Specimens were deposited at the Central National Her-
barium (CAL), Howrah. The subgeneric classification used in
this study followed Buyck ez 4/. (2018, 2020).

DNA EXTRACTION, POLYMERASE CHAIN REACTION (PCR)
AND SEQUENCING

Genomic DNA was extracted from 100 mg of dried basidiome
(for three species) with the InstaGeneTM Matrix Genomic
DNA isolation kit (Biorad, United States) following the manu-
facturer’s instructions. The primers ITS1-F and ITS4, LROR
and LR5, MS1 and MS2 and bRPB2-6F and fRPB2-7cR were
used to amplify the ITS, part of the 28S, mtSSU and the region
between conserved domains 6 and 7 of 7pb2 respectively (White
et al. 1990; Gardes & Bruns 1993; Liu ez a/. 1999; Matheny
2005). PCR amplification was carried out in a PCR thermal
cycler (Gene Amp PCR System 9700, Applied Biosystems,
United States) programmed for two minutes at 96°C, fol-
lowed by 30 cycles of 30 seconds at 96°C, 40 seconds at 50°C,
two minutes at 72°C, and a final seven minutes extension step
at 72°C. The PCR products were purified using the QIAquick
PCR Purification Kit (QIAGEN, Germany). Both strands of
the PCR fragment were sequenced on the ABI 3500 DNA
Analyzer (Applied Biosystems) using the amplifying primers.
The sequence quality was checked using Sequence Scanner
Software v. 1 (Applied Biosystems). Sequence alignment and
required editing of the obtained sequences were carried out
using Geneious Pro v. 5.1 (Drummond ez a/. 2010). The newly
generated sequences in this study were submitted to GenBank
(https:/fwww.ncbi.nlm.nih.gov/genbank/). Accession numbers
of species used in the multigene (nrLSU-mtSSU-7p42) phylo-
genetic analysis (Fig. 3) are listed in the Table 1.

CRYPTOGAMIE, MYCOLOGIE - 2023 - 44 (3)
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Fic. 2. — SEM micrographs of basidiospores: A, B, Russula boddingii Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov.; C, D, R. pseudoflavida A.Ghosh, Hembrom,
|.Bera & Buyck, sp. nov.; E, F, R. shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. Scale bars: A-C, E, F, 2 ym; D, 1 pm.

PHYLOGENETIC ANALYSIS vida A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov., and
The nrITS, nrL.SU, meSSU and 7p62 sequences of the newly  R. shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov.)
generated three Russula species (Russula boddingii Hem-  and their close relatives were retrieved from nBLAST search
brom, D.Chakr., A.Ghosh & K.Das, sp. nov., R. pseudofla-  against GenBank (https://www.ncbi.nlm.nih.gov/genbank/),
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TaBLE 1. — List of specimens used in this study.

GenBank accession no.

Species name Voucher no. nrLSU mtSSU rpb2
Multifurca aurantiophylla ~ 644/BB 09.119 KU237581 KU237429 KU237867
M. ochricompacta 580/BB 07.010 KU237565 KU237413 KU237851
Russula acrifolia 543/BB 08.662 KU237535 KU237381 KU237821
R. adusta 223/BB 06.562 KU237476 KU237320 KU237762
R. albonigra SAV F-20197 MW182464 - MW306673
R. albonigra JK RUS 13090603 MW182461 - MW306670
R. ambusta SAV F-3358 MW182466 - -

R. atramentosa FHO170824-02 MW182483 - MW306687
R. atramentosa FH 2011-002R MW182482 - MW306685
R. aurantioflava LAH35405 MN130122 MN161166 -

R. aurantioflava LAH35408 MN130121 MN161165 -

R. aurantioflava LAH35410 MN130120 MN161164 -

R. aurata 547/BB 07.211 KU237539 KU237385 KU237825
R. boddingii sp. nov. MEH-16-32 ONB365926 ON387510 ON418910
R. boddingii sp. nov. MEH-18-01 ON365924 ON387513 ON418909
R. cf. cyanoxantha BPL280 KT933837 - KT933908
R. cf. fuliginosa FH RUS 14091001 MW182487 - MW306693
R. cf. variata BPL241 KT933818 - KT933889
R. cyanoxantha GENT FH 12-201 KR364225 - KR364341
R. cyanoxantha UE29.09.2002-2 DQ422033 - -

R. densifolia 439/BB 07.344 KU237502 KU237347 KU237788
R. densifolia RDL 16-001/2 MW182484 - MW306688
R. densifolia RDL 17-024 MW182486 - MW306690
R. densifolia RDL 18-052 MW182485 - MW306689
R. densissima FH 2010 STO2 - - MW306692
R. densissima FH 2014 ST04 - - MW306691
R. dissimulans BPL285 KT933840 - KT933911
R. fuliginosa 1178/M. Floriani KU237597 KU237445 KU237882
R. fuliginosa FH RUS 14091201 MW182488 - MW306694
R. gracillima 441/BB 07.785 KU237504 KU237349 KU237790
R. inquinata JAC9757 MW683608 - -

R. inquinata JAC11697 MW683635 - -

R. inquinata JAC13249 MW683667 - -

R. lotus LF321 MG214694 - -

R. luteotacta 452/BB 07.188 KU237512 KU237358 KU237798
R. maguanensis XHW4765 MH714537 - MH939989
R. nigricans 429/BB 07.342 KU237495 KU237339 KU237781
R. nigricans RDL 17-004 MW182489 - MW306695
R. nigrifacta RDL 16-044 MW182470 - MW306677
R. peckii BPL270 KT933830 - KT933901
R. persicina 428/BB 07.271 KU237494 KU237338 KU237780
R. phloginea CNX530524304 MK860703 MK860707 -

R. pseudoflavida sp. nov. AG 20-058 ON365928 ON387512 ON398067
R. pseudofiavida sp. nov. AG 21-070 ONB365929 ON387511 ON398068
R. queletii FH12237 KT933868 - KT933939
R. redolens BPL141 KT933808 - KT933879
R. redolens BPL260 KT933825 - KT933897
R. sanguinea FH12240 KT933869 - KT933940
R. sardonia FH12215 KT933860 - KT933931
R. shoreae sp. nov. AG 20-027 ON365931 ON387514 ON398070
R. shoreae sp. nov. NPDF917-10L ON365930 ON387509 ON398069
Russula sp. GENT FH 12-064 - MN161168 MN380517
R. substriata XHW4785 MH714542 - MH939994
R. subtilis SAV F-3805 - - MN380524
R. velutipes SAV F-3428 - KY471604 KY616704
R. wielangtae HO 593331 - MN161196 -

R. wielangtae HO 593332 - MN161197 MN380531
R. zvarae 538/BB 08.639 KU237530 KU237376 KU237816

UNITE database (https://unite.ut.ce) and relevant published
phylogenies (Looney et al. 2018; Adaméik er al. 2019; Das
et al. 2020; Ghosh ez al. 2020, 2021; Zhou et al. 2020; De
Lange eral. 2021). Four datasets (nrI TS, nrLSU, mtSSU and
rpb2) were created separately. All the datasets were aligned
separately using the online version of the multiple sequence
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alignment program MAFFT v. 7 (https://mafft.cbrc.jp/
alignment/software/) with the L-INS-i strategy (Katoh ez al.
2019). The alignment was checked and trimmed manually
with MEGA v. 7 (Kumar ez 4/. 2016). To eliminate ambiguous
positions in the alignment as much objectively as possible,
Gblocks 0.91b (Talavera & Castresana 2007) was used. The
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100/1 Russula velutipes SAV F-3428 Slovakia
99/1 Russula peckii BPL270 United States
Russula zvarae 538/BB 08.639 ltaly

100/1 Russula subtilis SAV F-3805 United States
Russula aurata 547/BB 07.211 Slovakia
Russula aurantioflava LAH35408 Pakistan
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100/1

97/1
100/1

100/1

100/1

8 00t

93/

100/1

75/1

100/1

100/1

84/0.98

100/1; Russula redolens BPL260 United States

81/0.99

100,_E Multifurca ochricompacta 580/BB 07.010 United States
Multifurca aurantiophylla 644/BB 09.119 New Caledonia

Russula aurantioflava LAH35405 Pakistan

Russula aurantioflava LAH35410 Pakistan

10071 Russula pseudofilavida sp. nov. AG 21-070 India

Russula pseudoflavida sp. nov. AG 20-058 India Holotype
Russula wielangtae HO 593332 Australia

Russula wielangtae HO 593331 Australia

Russula sardonia FH12215 Germany

Russula queletii FH12237 Germany

Russula sanguinea FH12240 Germany

Russula luteotacta 452/BB 07.188 Slovakia

Russula gracillima 441/BB 07.785 France

Russula persicina 428/BB 07.271 Slovakia

Subg. Russula

10071

Russula cyanoxantha UE29.09.2002-2 France
00/1! Russula cyanoxantha FH 12-201 Germany
Russula cf. variata BPL241 United States

ja/1EI‘-'1’ussula cf. cyanoxantha BPL280 United States

100/1[ Russula phloginea CNX530524304 China

Russula lotus LF321 China SUBgNHelamphilidias
Russula redolens BPL141 United States

100/1 Russula shoreae sp. nov. NPDF917-10L India Holotype

Russula shoreae sp. nov. AG 20-027 India

Russula maguanensis XHW4765 China

Russula substriata XHW4785 China

Russula densifolia RDL 18-052 Belgium

98/1 Russula densifolia RDL 17-024 Belgium

Russula densifolia RDL 16-001/2 Belgium

Russula densifolia 439/BB 07.344 Slovakia
Russula cf. fuliginosa FH RUS 14091001 Slovakia
Russula fuliginosa FH RUS 14091201 Slovakia
Russula densissima FH 2014 ST04 Germany
Russula densissima FH 2010 ST02 Germany
Russula atramentosa FH0170824-02 Germany
Russula atramentosa FH 2011-002R Belgium
Russula fuliginosa 1178/M. Floriani ltaly
Russula inquinata JAC13249 New Zealand
Russula inquinata JAC9757 New Zealand

Russula sp. GENT (FH 12-064) Thailand
Russula inquinata JAC11697 New Zealand
Russula boddingii sp. nov. MEH-18-01 India Holotype
100/1t Russula boddingii sp. nov. MEH-16-32 India

Subg. Compactae

90/0.951 Russula nigrifacta RDL 16-044 ltaly

Russula ambusta SAV F-3358 Slovakia
Russula albonigra JK RUS 13090603 Germany
100/1' Russula albonigra SAV F-20197 Slovakia
Russula acrifolia 543/BB 08.662 Italy

Russula adusta 223/BB 06.562 Canada

Russula dissimulans BPL285 United States

MELRussula nigricans 429/BB 07.342 Slovakia

Russula nigricans RDL 17-004 Belgium
Outgroup

0.02

Fic. 3. — Phylogram generated by Maximum Likelihood analysis based on combined sequence data of nrLSU, mtSSU and rpb2 for Russula boddingii Hembrom,
D.Chakr., A.Ghosh & K.Das, sp. nov., R. pseudoflavida A.Ghosh, Hembrom, |.Bera & Buyck, sp. nov. and R. shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov.
and their allied species. Maximum Likelihood bootstrap support values (MLbs) >70% are shown on the left of “/” and Bayesian Posterior Probabilities (BPP)
>0.95 are shown on the right above or below the branches at nodes. The new species are placed in red font to highlight their phylogenetic positions in the tree.

program was run with settings allowing for smaller blocks, gaps
within these blocks and less strict flanking positions. Species
delimitation was first examined using single locus phylogenies.
When significant conflict was not observed among the single
locus phylogenies, then we concatenated three single-locus
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datasets (nrLSU, mtSSU and 7p42) into one multi-locus
dataset using BioEdit v. 7.0.9 (Hall 1999). The 7pb2 intron
was excluded entirely in the phylogenetic analyses. The single-
locus (nrITS) and three-loci (nrLSU-mtSSU-7pb2) datasets
were phylogenetically analysed using both Maximum Likeli-
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hood (ML) and Bayesian inference (BI) methods. ML was
performed using raxmlGUI 2.0 (Edler ez 2/. 2021) with the
GTRGAMMA substitution model. ML analysis was executed
applying the rapid bootstrap algorithm with 1000 replicates
to obtain nodal support values. For BI, I'TS alignments were
divided into three partitions: ITS1, 5.8S and ITS2. In case
of combined dataset (nrLSU-mtSSU-7p62), five partitions
(nrLSU, mtSSU, rpb2-posl, rpb2-pos2 and rpb2-pos3) were
assigned for BI analyses. PartitionFinder2 was used to find
the best substitution models using the Akaike information
criterion (AICc) with a greedy search over all models (Lanfear
etal. 2017). Bl was computed in MrBayes v. 3.2.6 (Ronquist
et al. 2012) with four Markov chain Monte Carlo MCMC)
chains for 1000000 iterations until the standard deviation
of split frequencies reached below the 0.01 threshold. Trees
were sampled every 100th generation. The first 25% of trees
were discarded as burn-in. Chain convergence was determined
using Tracer 1.5 (Rambaut ez /. 2014) to ensure sufficiently
large effective sample size (ESS) values (>200). Gaps in the
alignment were treated as missing data in phylogenetic analy-
ses. Maximum Likelihood bootstrap (MLbs) values =70%
and Bayesian Posterior Probabilities (BPP) values = 0.95 are
shown in the phylogenetic tree (Figs 3; 4; 7; 10).

PHYLOGENY

The final nrI TS datasets of three subgenera involving our three
novel species (R. boddingii Hembrom, D.Chakr., A.Ghosh &
K.Das, sp. nov., R. pseudoflavida A.Ghosh, Hembrom, I.Bera &
Buyck, sp. nov. and R. shoreae D.Chakr., A.Ghosh, K.Das &
Buyck, sp. nov.) consisted of 75, 57 and 63 sequences with
590, 509 and 684 characters respectively including gaps.
The final combined (nrLSU-mtSSU-7pb2) dataset consisted
of 58 sequences including our consensus sequence and final
alignment comprised 2191 characters including gaps (nrLSU
945 bp, mtSSU 605 bp, 7pb2 641 bp). Both the ML and BI
analyses resulted in essentially the same tree topologies and
our three novel taxa are presented in the phylogenetic trees
in bold red font (Figs 3; 4; 7; 10).

The nrITS phylogenetic analyses showed that R. bod-
dingii Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov.
(GenBank[O1.469097, OL469118]) was placed in subg. Corm-
pactae sect. Compactae, where it was part of a fully supported
R. densifolia lineage (MLbs=100%, BPP=1) that included
also the European R. densifolia Secr. ex Gillet, R. atramentosa
Sarnari, R. densissima Romagn., R. fuliginosa Sarnari, several
Japanese lineages and the Australian R. ingwa Grgur. (Fig. 4).
Within this lineage, our Indian sequences clustered together
with sequence MN580113 obtained from a “R. densifolia”
from dipterocarp forest in Thailand (Yuwa-Amornpitak &
Yeunyaw 2020) which also represents our new species. Within
the R. densifolia lineage, R. boddingii Hembrom, D.Chakr.,
A.Ghosh & K.Das, sp. nov. formed a significantly supported
clade (MLbs=79%, BPP=0.99) together with another unnamed
Russula sp. (GenBank[MN130076]) from Thailand and two
R. densifolia lineages from Japan (subgroups A-5 and A-6;
GenBank[AB291755, AB291758, AB291759, AB291763]).
Our multigene phylogenetic estimations (Fig. 3) are showing
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that R. boddingii Hembrom, D.Chakr., A.Ghosh & K.Das,
sp. nov. (voucher nos MEH-16-32 and MEH-18-01) clus-
tered with R. inquinate (voucher nos JAC11697, JAC13249
and JAC9757) collected from New Zealand and Russula sp.
(voucher no. GENT[FH 12-064]) from Thailand with strong
support (MLbs =81%, BPP=0.99) and is sister to European
R. fuliginosa (voucher no. 1178/M. Floriani) and R. atramen-
tosa (voucher nos FH2011-002R and FHO0170824-02) also
with strong (MLbs=99%, BPP = 1) support.

Phylogenetic analysis based on nrITS sequences revealed
that the two collections of our second species, R. pseudo-
flavida A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov.
(GenBank[OL471685, OL471686]) are clustered with an
unidentified Russula sp. (GenBank[KP012681]) from Australia,
being sister to the clade R. flavida Frost ex Peck originating
from United States and Thailand with strong (MLbs=100%,
BPP =1) support (Fig. 7). The phylogenetic analysis based on
(combined nrLSU-mtSSU-7pb2) sequences exhibited that
R. pseudoflavaida (voucher nos AG 20-058 and AG 21-070)
clustered with Pakistani R. aurantioflava Kiran & Khalid
(voucher nos LAH35405, LAH35408 and LAH35410) and
European R. aurata Fr. (voucher no. 547/BB07.211) with
strong (MLbs=282%) support (Fig. 3).

Finally, the nrITS sequences (GenBank[OL461227,
OL461230]) of both collections of our third new species,
R. shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov., are
clustered with Chinese R. verrucospora Y.Song & L.H.Qiu
with significant support (MLbs=74%, BPP = 1), both being
sister to the North American R. redolens Butl. with strong
(MLbs=97%) support (Fig. 10). In our multigene phyloge-
netic analysis (Fig. 3) R. shoreae D.Chakr., A.Ghosh, K.Das &
Buyck, sp. nov. (voucher nos AG 20-027 and NPDF917-10L)
is sister to North American R. redolens (voucher nos BPL141
and BPL260) with strong (MLbs =98%, BPP=1) support.

RESULTS AND DISCUSSION

Order RUSSULALES Kcreisel ex P.M.Kirk,
P.F.Cannon & J.C.David
Family RUSSULACEAE Lotsy
Genus Russula Pers.

Russula boddingii
Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov.
(Figs 4-6)

Russula boddingii Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov. is
mainly separated from R. densifolia Sect. ex Gillet by a combination of
medium to large-sized (30-160 mm) pileus, a more intense blackening
of the flesh after cutting or bruising, the unequal, the absence of
pileocystidia, the stronger reticulation of the spore ornamentation,
the more slender hyphal endings (2-6 pm wide) in the pileipellis
and its occurrence under dipterocarps in Asia.

HoLoTYPE. — India. West Bengal, Jhargram district, Lalgarh, Kar-
amsol, 22°34’12.9”N, 87°05'25.2”E, alt. 73 m a.s.l., on ground,
under Shorea robusta in tropical deciduous forests, 1.VII.2018,
M.E. Hembrom, MEH-18-01 (holo-, CAL[CAL 1860]!).
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DQ421982 Russula camarophylla France
KY674859 Russula butyroindica India
DQ422025 Russula earlei United States
EU598165 Russula archaea United States
KY800354 Russula pseudoaurantiophylla New Caledonia
KY800355 Russula archaeosuberis Europe
10011, KF306037 Russula cantharellicola United States
KF306038 Russula cantharellicola United States
DQ422027 Russula polyphylla United States
KP033485 Russula cortinarioides United States
KR364129 Russula khanchanjungae India
100/1,MN688793 Russula ochrobrunnea China
MNG688792 Russula ochrobrunnea China
100/1r KC699767 Russula eccentrica South Korea
MH237948 Russula eccentrica Japan
100/1 LT602962 Russula sp. China
I EU598163 Russula eccentrica United States
100/1t EU598197 Russula eccentrica United States
100/1,AB291748 Russula subnigricans subgroup B-5 Japan

1001 'AB291747 Russula subnigricans subgroup B-5 Japan

Sect. Polyphyllae

KM594806 Russula fortunae Panama
100/1MN130087 Russula fortunae Panama

100/1,AB291750 Russula subnigricans subgroup B-1 Japan
AB291732 Russula subnigricans subgroug B-1 Japan
100/1;KT933979 Russula dissimulans United States
EU598198 Russula cf. nigricans United States
GHA MT893201 Russula ashihoi India

/1, MT889670 Russula indonigra India
MT889672 Russula indonigra India
96/-|KX812835 Russula nigricans Canada
UDBO031027 Russula nigricans Canada
74/0.95, AF418607 Russula nigricans Europe
UDBO000338 Russula nigricans Germam/
85/1 KP033476 Russula lateriticola Madagascar
4‘ MN275543 Russula latolamellata China
100/1 MN275544 Russula latolamellata China
HG798529 Russula fuliginosa ltaly
100/1] | AF418606 Russula densifolia Europe
100/ UDB000336 Russula densifolia Germany
AB291757 Russula densifolia subgroup A-4 Japan
AB291760 Russula densifolia subgroup A-4 Japan
AB291761 Russula densifolia subgroup A-4 Japan
EU019919 Russula ingwa Australia
100/,MW172328 Russula densissima Germany
MW172329 Russula densissima Germany
100/1AB291756 Russula densifolia subgroup A-7 Japan
AB291762 Russula densifolia subgroup A-7 Japan
: MW172322 Russula atramentosa Belgium
" MWA172323 Russula atramentosa Italy
MW172324 Russula atramentosa Germany
MN580113 Russula densifolia Thailand
0OL469097 Russula boddingii sp. nov. India Holotype
0OL469118 Russula boddingii sp. nov. India
MN130076 Russula sp. Thailand
AB291763 Russula densifolia subgroup A-6 Japan
AB291755 Russula densifolia subgroup A-5 Japan
AB291759 Russula densifolia subgroup A-5 Japan
AB291758 Russula densifolia subgroup A-5 Japan
100/1 DQ422029 Russula albonigra Sweden
JF834355 Russula albonigra United States
100/1, UDB018185 Russula adusta Estonia
JF908669 Russula adusta Italy
UDBO015992 Russula acrifolia Estonia
88/1 DQ421998 Russula acrifolia Europe
EU526006 Russula cascadensis United States
KM576561 Russula anthracina Austria
9/1- JFO08673 Russula anthracina ltaly .
100/1;MN688794 Russula nigrocarpa China
MN688795 Russula nigrocarpa China
AY061671 Russula delica Europe
AE: AY061663 Russula chloroides Europe
FJ845429 Russula brevipes Canada

Subg. Compactae

100/1

Sect. Compactae

Outgroup
0.05

FiG. 4. — Phylogram generated by Maximum Likelihood analysis based on nrITS sequence data of Russula boddingii Hembrom, D.Chakr., A.Ghosh & K.Das,
sp. nov. and allied species. Maximum Likelihood bootstrap support values (MLbs) =70% are shown on the left of “/” and Bayesian Posterior Probabilities (BPP)
>0.95 are shown on the right above or below the branches at nodes. Russula boddingii Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov. is placed in red font

to highlight its phylogenetic position in the tree.

ADDITIONAL SPECIMENS EXAMINED. — India. Jharkhand, Rajmahal
hills, Sahibganj district, Mandro block, near Mandro Fossil Park,
25°07°31.3"N, 87°31'22.37E, alt. 142 m a.s.l., on ground, under
Shorea robusta in tropical deciduous forests, 20.VIIL.2013, M.E. Hem-
brom, MEH-13-03; Sahibganj district, Borio block, Pir-Baba Kaira-
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sol forest area, 25°09°41.7”N, 87°40°31.9”E, alt. 126 m a.s.l., on
ground, under S. robusta in tropical deciduous forests, 24.VII.2013,
M.E. Hembrom, MEH-13-27; Rajmahal hills, Godda district, Boari-
jore block, Mangra Dahar-Langi and surroundings, 25°01°43.0”N,
87°2813.87E, alt. 136 ma.s.l., on ground, under S. robusta in tropi-
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cal deciduous forests, 01.1X.2013, M.E. Hembrom, MEH-13-31;
Rajmahal hills, Pakur district, Hiranpur block, Talpahari to Tugu-
tola forest area, 24°37°02.6°N, 87°40°45.2”E, alt. 94 m. a.s.l., on
ground, under S. robusta in tropical deciduous forests, 22.VII.2014,
M.E. Hembrom, MEH-14-28; Pakur district, Litipara block,
Sathiya to Sathiyapahar forest area, 24°44’44.3”N, 87°35°03.8”E,
alt. 225 m as.l,, on ground, under S. r0busta in tropical decidu-
ous forests, 02.1X.2014, M.E. Hembrom, MEH-14-33; Rajmahal
hills, Dumka district, Kathikund block, Kanhaidih reserve forest,
24°19°04.2’N, 87°29’14.3”E, alt. 132 ma.s.l., 18.1X.2015, on ground,
under Shorea robusta in tropical deciduous forests, M.E. Hembrom,
MEH-15-09; Dumka district, Sikaripara block, Karakata forest area,
24°13’19.0”N, 87°30’16.2”E, alt. 241 m a.s.l., on ground, under
S. robusta in tropical deciduous forests, 23.X.2015, M.E. Hem-
brom, MEH-15-17; Sahibganj district, Taljhari block, Karanpurato
village forest toward Gogi, 25°09°02.9”N, 87°43’02.3”E, alt. 61 m
a.s.l,, on ground, under S. robusta in tropical deciduous forests,
06.X1.2016, M.E. Hembrom, MEH-16-21; Sahibganj district,
Borio block, Dhogada-Paharia burial ground forest, 25°02°23.7"N,
87°39°35.87E, alt. 110 m a.s.l., on ground, under S. robusta in tropi-
cal deciduous forests, 08.X1.2016, M.E. Hembrom, MEH-16-32
(CAL[CAL 1861]); Rajmahal hills, Sahibganj district, Borio block,
Dhogada-Paharia burial ground forest, 25°02’23.7"N, 87°39°35.8”E,
alt. 110 m a.s.l., on ground, under S. robusta in tropical deciduous
forests, 15.X1.2020, M.E. Hembrom, MEH-20-10; Rajmahal hills,
Pakur district, Hiranpur block, Talpahari to Tugutola forest area
24°37°02.6"N, 87°40°45.2”E, alt. 94 m a.s.]., on ground, under S. ro-
busta in tropical deciduous forests, 26.VII1.2021, A. Ghosh, AG 21-
08 (JH); Ranchi district, Getalsud, 23°28’36.5”N, 85°33’23.8”E,
alt. 570 m a.s.l., on ground, under S. robusta in tropical deciduous
forests, 09.X.2021, M.E. Hembrom, MEH-21-25; Bihar, West
Champaran district, Valmiki national Park, Raghia range, Sital-
bari enclosure, 27°20°14.4”N, 84°13’05.8”E, alt. 133 m a.s.l., on
ground, under S. 70busta in tropical deciduous forests, 15.IX.2020,
M.E. Hembrom, MEH-20-104; West Bengal, Bankura district,
Joypur forest, 23°01°53.00”N, 87°15°15.73”E, alt. 73 m a.s.l,, on
ground, under S. robusta in tropical deciduous forests, 08.VI1.2020,
A. Ghosh, AG 20-004; Paschim Medinipur district, Chandra,
22°21°01”N, 87°02°00”E, alt. 90 m a.s.l., on ground, under S. ro-
busta in tropical deciduous forests, 12.VII1.2020, D. Chakraborty,
NPDF917-17L; Uttar Dinajpur, Kaliyaganj, Dhamja, 25°18’00”N,
88°20735.97E, alt. 80 ma.s.l., on ground, under S. robusta in tropi-
cal deciduous forests, 07.1X.2020, D. Chakraborty, RG/-20-08;
Uttar Dinajpur, Kaliyaganj, Dhamja, 22°19’44”N, 87°02’39”E,
alt. 80 m a.s.l., on ground, under S. robusta in tropical deciduous
forests, 13.VII.2021, A. Ghosh, AG 21-074; Uttar Dinajpur, Ka-
liyaganj, Dhamja, 25°18°00”N, 88°20°35.09”E, alt. 80 m a.s.l., on
ground, under S. robusta in tropical deciduous forests, 10.X.2021,
D. Chakraborty, RGJ-21-05.

GENBANK. — OL469097 (nrITS, holotype) and OL469118 (nrITS,
specimen voucher no. MEH-16-32); ON365924 (nrLSU, holo-
type), ON365926 (nrLSU, specimen voucher no. MEH-16-32);
ON387513 (mtSSU, holotype), ON387510 (mtSSU, specimen
voucher no. MEH-16-32); ON418909 (rp62, holotype), ON418910
(rpb2, specimen voucher no. MEH-16-32).

ETYMOLOGY. — Commemorating Reverend Paul Olaf Bodding, a
Norwegian missionary, linguist, folklorist and ethnobotanist who
undertook pioneer work on the macrofungi of Rajmahal Hills.

MyCOBANK. — MB 844205.

FACESOFFUNGI NUMBER. — FoF 11436.

DESCRIPTION
Pileus medium-sized to large, 30-160 mm in diam., convex
when young, becoming planoconvex to applanate, centrally
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depressed to umbilicate at maturity; margin smooth, entire
when young becoming decurved to plane, sometimes uplifted
with age; cuticle smooth, viscid and shiny when wet, dull upon
drying, peeling to % of the radius, greyish white (1B2) to grey
(2-5B2) with yellowish white (3A2) tinges. Pileus context firm
and up to 9 mm thick at the disc centre, becoming narrower
towards margin, chalky white (1-2A1), changing first orange
red (8A8) or brownish red (8 C6-7), then blackish when cut or
bruised; turning dull green (27D3-4) with FeSOy, and deep
to dark turquoise (24E-F7-8) in guaiacol. Lamellae unequal,
of different lengths, narrow, up to 5 mm deep, sub-decurrent
to decurrent, crowded (15-22/cm at pileus margin), chalky
white (1-2A1) to yellowish white (3A2), forked at different
distances from the stipe; edges entire and concolorous. Stipe
25-57 x9-23 mm, cylindrical, subclavate to clavate, central,
firm and fleshy; surface dry, smooth, chalky white (1-2A1) to
greyish white (1B2); turning dull green (27D3-4) with FeSO4
and deep to dark turquoise (24E-F7-8) in guaiacol. Stipe
context solid, chalky white (1-2A1), changing first orange red
(8A8) or brownish red (8C6-7), then blackish when cut or
bruised; turning dull green (27D3-4) with FeSO4 and deep to
dark turquoise (24E-F7-8) in guaiacol. Odour insignificant.
Taste mild. Spore print not obtained.

Basidiospores globose, subglobose to broadly ellipsoid,
(5.8-)6.2-6.7-7.2(-7.8) x (5.5-)5.6-6.0-6.5(-7) pm, Q=(1-)1.07-
1.12-1.16(-1.20); ornamentation composed of relatively dense,
obtuse-rounded, conical amyloid warts (up to 0.8 pm high),
connected by thick ridges forming an almost complete network;
suprahilar spot inamyloid; apiculi up to 1.2 pm long. Basidia
(28-)34.5-40-45(-48) x 8-9-10(-11) pm, 4-spored, narrowly
clavate to clavate, sterigmata up to 8 pm long; basidiola cylin-
drical to clavate. Hymenial gloeocystidia on the lamellae sides
(22-)33.5-54.5-75.5(-112) x (4-)5-7.5-9.5(-10) pm, emergent
up to 14 pm above the other elements of the hymenium, near
the lamellae edges usually smaller and narrower, 31-43-55
(-65) x 3-5-6(-7) pm, cylindrical to clavate with capitate to mon-
iliform apex; contents completely or partly filled with brown
refractive bodies, not reacting in sulfovanillin. Marginal cells
absent. Subhymenium layer up to 20 pm thick, pseudoparen-
chymatous. Hymenophoral trama mainly composed of large
nests of sphaerocytes and intermixed with hyphal elements.
Pileipellis orthochromatic in Cresyl Blue, sharply delimited
from the underlying context, 300-380 pm thick, two-layered;
suprapellis 140-200 pm thick, composed of narrow, ascending
hyphal terminations; subpellis 160-180 pm deep, composed of
more or less dense, horizontally oriented hyphae. Acid-resistant
incrustations absent. Hyphal terminations near the pileus margin
long, flexuous, densely septate, scarcely branched at the bases,
sometimes with lateral branches, thin-walled, partly filled with
irregular refractive bodies containing brown pigments; termi-
nal cells (39-)44-58-72(-90) x (3-)4-4.5-5.5(-6) pm, narrowly
cylindrical to subulate, apically obtuse-rounded or acute; sub-
terminal cells and the cells below often gradually wider, usually
shorter. Hyphal terminations near the pileus centre apically
more attenuated; the terminal cells slightly shorter and less
wide, measuring (26-)34.5-50-65(-85) x (2-)3-3.5-4.5(-5) pm.

Pileocystidia absent. Clamp connections absent from all tissues.
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Fig. 5. — Russula boddingii Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov. (from holotype): A-D, fresh and dissected basidiomata in the field and basecamp;
E, F, transverse section through pileipellis showing elements; G, transverse section through lamellae showing hymenial gloeocystidia near the lamellae edges;
H, I, transverse section through lamellae showing hymenial gloeocystidia near the lamellae sides; J, transverse section through lamellae showing basidia. Scale
bars: A, 40 mm; E, 100 pym; F-J, 10 pm.
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NOTES

In its most recent interpretation, Russula subg. Compactae
(Fr.) Bon, emend. Buyck & V. Hofst. (Hongsanan ez al. 2015)
includes species that produce more or less thick-fleshed, very
small to large basidiomata with dull to dingy white, brown,
grey to black pileus, regularly unequal, polydymous lamel-
lae, a mild to very acrid context that is reddening, greying,
blackening, rarely browning and often with unpleasant smell,
white spore print and spores with inamyloid suprahilar spot;
gloeocystidia mostly capitate with one central knob or more
frequently with two excentrical knobs. In a recent multilocus
phylogeny (Buyck ez al. 2018), this subgenus was shown to be
composed of two highly supported lineages: sect. Polyphyllac
Buyck & V. Hofst. and sect. Nigricantinae Bataille, which
is the core group of this subgenus as it holds the European
R. nigricans, the type species. With very few exceptions, spe-
cies of sect. Nigricantinae have basidiomata that react most
frequently by first reddening on bruising before turning to
black. This feature, in combination with the unequal, poly-
dymous gills, is still considered to constitute the easiest field
character to recognize species of this section (Das ez al. 2020).

A nBLAST of the obtained ITS sequences of our specimens
undeniably placed our new species in sect. Nigricantinae with
sequences MN075499 (99.51% similarity), MN580113
(99.05% similarity) and JN969389 (99.13% similarity), all
three obtained from deciduous dipterocarp forests in Thailand
(Phosti ez al. 2012; Pachit ez al. 2020; Yuwa-Amornpitak &
Yeunyaw 2020), representing earlier reports of R. boddingii
Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov. None of
the other sequences resulting from nBLAST was more similar
than 96% to our species, and all suggested a placement of
our new species in the R. densifolia lineage.

In recent years, several new Asian species have been published
in sect. Nigricantinae (Das et al. 2020; Zhou ez al. 2020), but
none of these had crowded gills as in the R. densifolia lineage.
The lacter lineage has been retrieved as a highly supported clade
in recent multigene phylogenetic analyses (Buyck ez 2/. 2018;
De Lange ez al. 2021). So far, only five described species have
been shown to be part of this lineage, but molecularly quite
distinct for our new species with very high support (Fig. 4):
these species include the European R. densifolia, R. densissima,
R. atramentosa and R. fuliginosa, the Australian R. ingwa, as
well as at least five additional but undescribed Asian species
in this lineage.

Russula pseudoflavida
A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov.
(Figs 7-9)

Russula pseudoflavida A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov.
differs from North American R. flavida Frost ex Peck in its very small
to medium sized (10-45 mm) pileus, very long primordial hyphae
usually with strong incrustations covering most of the surface,
distinctly smaller spores and occurrence under Shorea robusta.

HOLOTYPE. — India. West Bengal, Jhargram district, Tuluha,
22°19’18”N, 87°05°34”E, alt. 80 m a.s.l., on ground, under Sho-
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rea robusta in tropical deciduous forests, 13.VII1.2020, A. Ghosh,
AG 20-058 (holo-, CAL[CAL 1862]!).

ADDITIONAL SPECIMENS EXAMINED. — India. West Bengal, Paschim
Medinipur district, Chandra, 22°21’01”N, 87°02’00”E, alt. 90 m
a.s.l., on ground, under Shorea robusta in tropical deciduous forests,
12.VII1.2020, A. Ghosh, AG 20-022; Jhargram district, Lodhasuli,
22°19°50”N, 87°01’41”E, alt. 80 m a.s.l., on ground, under S. robusta
in tropical deciduous forests, 13.VII1.2020, A. Ghosh, AG 20-036;
Jhargram district, Jhargram city, 22°25’01.1”N, 87°00°13.5”E,
alt. 103 m a.s.l., on ground, under S. robusta in tropical deciduous
forests, 12.VII1.2021, A. Ghosh, AG 21-070 (CAL[CAL 1863]);
Bihar, West Champaran district, Valmiki national Park, Raghia
range, Sitalbari enclosure, 27°20°14.4”N, 84°13’05.8”E, alt. 133 m
a.s.l.,, on ground, under S. robusta in tropical deciduous forests,
15.1X.2020, M.E. Hembrom, MEH-20-110; Jharkhand, Rajmahal
hills, Sahibganj district, Borio block, Pir-Baba Kairasol forest area,
25°09’41.7°N, 87°40’31.97E, alt. 126 m a.s.l., on ground, under
S. robusta in tropical deciduous forests, 24.VII1.2021, M.E. Hem-
brom, MEH-21-06; Rajmahal hills, Pakur district, Hiranpur block,
Talpahari to Tugutola forest area, 24°37°02.6”N, 87°40°45.2”E,
alt. 94 m a.s.l., on ground, under S. robusta in tropical deciduous
forests, 26.VIIL.2021, A. Ghosh, AG 21-11 (JH).

GENBANK. — OL471685 (nrITS, holotype) and OL471686 (nrITS,
specimen voucher no. AG 21-070); ON365928 (nrLSU, holotype),
ON365929 (nrLSU, specimen voucher no. AG 21-070); ON387512
(mtSSU, holotype), ON387511 (mtSSU, specimen voucher no.
AG 21-070); ON398067 (rpb?,, holotype), ON398068 (rpr,
specimen voucher no. AG 21-070).

ETYMOLOGY. — Referring to its being a look-alike and close rela-
tive of R. flavida, a North American species in the crown clade of
Russula subg. Russula.

MyCOBANK. — MB 844206.

FACESOFFUNGI NUMBER. — FoF 11437.

DESCRIPTION

Pileus very small to medium-sized, 10-45 mm in diam., convex
when young, becoming planoconvex to applanate, uplifted
with age, centrally depressed to umbilicate with maturity,
margin tuberculate striate, decurved to plane with age; cuticle
smooth, velvety, viscid and shiny when wet, dull upon drying,
peeling to ¥2 of the radius, deep orange (6A-B7-8) or brownish
orange (6-7C7-8) when young, then yellowish orange, orange
yellow to deep yellow (4A7-8) or even orange to deep orange
(5A7-8). Pileus context 5-10 mm thick at the disc, thinning
towards the margin, brittle, chalky white (1-2A1), unchang-
ing after bruising or cutting; turning salmon pink (6A4) with
FeSO4 and deep to dark turquoise (24E-F7-8) in guaiacol.
Lamellae equal, 10-15 mm high, adnexed to narrowly adnate,
normally spaced (10/cm) to crowded (up to 22/cm at pileus
margin), rounded near pileus margin, chalky white (1-2A1),
sometimes forked near stipe apex; edges even, marginate,
deep orange or dark orange (5A8). Stipe 10-30 x 4-9 mm,
cylindrical, central, firm, with dry, smooth, velvety surface
that is concolorous to pileus, but chalky white (1-2A1) at
the stipe apex, unchanging after bruising or cutting, turning
salmon pink (6A4) with FeSO and deep to dark turquoise
(24E-F7-8) in guaiacol, stuffed and chalky white (1-2A1)
inside, unchanging. Odour not distinctive. Taste mild. Spore
print not obtained.
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FiG. 6. — Russula boddingii Hembrom, D.Chakr., A.Ghosh & K.Das, sp. nov. (from holotype): A, basidiospore; B, hymenial gloeocystidia near the lamellae edges;
C, elements of the pileipellis near the pileus centre: hyphal terminations; D, basidia; E, hymenial gloeocystidia near the lamellae sides; F, elements of the pileipel-
lis near the pileus margin: hyphal terminations. Scale bars: 10 pm.
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100/17 AY061731 Russula sp. Lilaceinae United States
JN944006 Russula corallina United States
KT933974 Russula subtilis United States
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JF834367 Russula sp. United States
KX267624 Russula rosacea Thailand
100/ MN130063 Russula amarissima Slovakia
MN130064 Russula amarissima Germany
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427 Rususla romellii Slovakia

= 1001~ MN130116 Russula wielangtae Australia
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JX178493 Russula atroviridis New Zealand
100/1- GU222260 Russula atrovirens New Zealand
MN130070 Russula aurantioflava Pakistan
MN130071 Russula aurantioflava Pakistan
KY582718 Russula aurea Slovakia
KF002751 Russula aurata China
MN130069 Russula aurantioflava Pakistan
AY061659 Russula aurata Europe
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Subsect. Auratinae

rOL471685 Russula pseudoflavida sp. nov. India Holotype

100/- UDB001627 Russula emetica United Kingdom
100/1] -UDB001628 Russula emetica United Kingdom
UDBO018432 Russula fragilis Italy

100/1LUDB018436 Russula fragilis Italy

L0L471686 Russula pseudoflavida sp. nov. India

MW468068 Russula flavida Thailand
KX267650 Russula flavida Thailand
EU598171 Russula flavida United States
EU598170 Russula flavida United States
MW468067 Russula flavida Thailand
KM594783 Russula sp. Panama

Outgroup

0.05

Fig. 7. — Phylogram generated by Maximum Likelihood analysis based on nrITS sequence data of Russula pseudoflavida A.Ghosh, Hembrom, |.Bera & Buyck,
sp. nov. and allied species. Maximum Likelihood bootstrap support values (MLbs) =70% are shown on the left of “/” and Bayesian Posterior Probabilities (BPP)
>0.95 are shown on the right above or below the branches at nodes. Russula pseudoflavida A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov. is placed in red font

to highlight its phylogenetic position in the tree.

Basidiospores globose, broadly ellipsoid to ellipsoid, (5.5-)
5.7-6.05-6.5(-7.0) x (4.4-)4.8-5.2-5.6(-6.2) pm, Q=(1-)1.11-
1.17-1.22(-1.25); ornamentation amyloid, composed of
obtuse and relatively densely spaced warts, up to 0.6 pm high,
merged in short ridges which are interconnected by numerous
fine line connections; suprahilar spot amyloid, relatively large
and conspicuous; apiculi up to 0.9 pm high. Basidia (18-)21-
27-32(-39) x (9-)9-10-10.5(-11) pm, 4-spored, subclavate to
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clavate, sterigmata up to 5 pm long. Hymenial gloeocystidia on
lamellae sides (39-)41.5-49-56(-60) x (7-)8-9.5-11(-12) pum,
rare, clavate to subclavate and mostly rostrate at the tip (up
to 13 pm long), others with narrowing or obtuse-rounded
apex, emergent up to 15 pm above the other elements of the
hymenium, few deeply embedded; near the lamellac edges
usually smaller and narrower, measuring (27-)30-38.5-46.5
(-52) x (6-)6.5-8.5-10(-11) pm; all hymenial cystidia with
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FiG. 8. — Russula pseudoflavida A.Ghosh, Hembrom, |.Bera & Buyck, sp. nov. (from holotype): A-C, fresh and dissected basidiomata in the field and basecamp;
D-F, transverse section through pileipellis showing elements; G, primordial hyphae in carbolfuchsine; H-J, transverse section through lamellae showing hymenial
gloeocystidia near the lamellae sides; K, transverse section through lamellae showing hymenial gloeocystidia near the lamellae edges. Scale bars: A, B, 20 mm;
D, E, G, 20 pm; F, H-K, 10 pm.
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scarce, granulose contents that do not react in sulfovanil-
lin. Subhymenium layer up to 25 pm thick, pseudoparen-
chymatous. Marginal cells similar to hyphal terminations in
pileipellis, mainly cylindrical, measuring (12-)15-22.5-29.5
(-35) x (3.5-)4-5-6(-6) pm, apically obtuse-rounded; mixed
with occasional basidia or basidioles. Hymenophoral trama
mainly composed of large nests of sphacrocytes and intermixed
with hyphal elements. Pileipellis orthochromatic in Cresyl
blue, sharply delimited from the underlying sphaerocytes of
the context, 100-200 pm deep, two-layered; vaguely divided
in a 70-150 pm deep suprapellis a trichoderm composed
of relatively dense, erect or ascending hyphal terminations;
subpellis 30-50 pm deep, composed of more horizontally
oriented, densely arranged hyphae. Acidoresistant incrusta-
tions uncertain. Hyphal terminations near the pileus margin
flexuous, thin-walled, two- to three-celled, branched at the
subterminal cells or the cells just below, pigment incrusta-
tions abundant; terminal cells measuring (16-)21.5-35-48.5
(-66) x (4-)5-6.5-8(-9.5) pm, cylindrical or slightly narrowed
towards apex or ventricose or narrowly uniform, apically
obtuse-rounded or acute; subterminal cells usually equally
long but sometimes wider (up to 11 pm), often with lateral
projections. Hyphal terminations near the pileus centre of
similar structure; terminal cells slightly shorter and less wide,
measuring (14-)19-28-37(-45) x (3-)3.5-5-6.5(-9) pm, cylin-
drical or slightly narrowed towards apex or ventricose or nar-
rowly uniform, apically obtuse-rounded or acute; subterminal
cells usually equally long but sometimes wider (up to 13 pm).
Potential primordial hyphae near the pileus margin typically
2- to 3-celled, flexuous, very long, thick-walled (up to 1 pm);
terminal cells (58-)65.5-111-157(-225) x (2-)2.8-3.8-4.8
(-6) pm, mainly attenuate, apically mostly acute, subterminal
cells long, cylindrical; usually with strong incrustations cover-
ing most of its surface. Potential primordial hyphae near the
pileus centre 2- to 3-celled, flexuous, very long, thick-walled
(up to 1 pm), slightly shorter, terminal cells (45-)46-80.6-
115(-165) x (2-)3.5-4.5-5.5(-6) pum, cylindrical to attenuate,
apically mostly acute; usually with strong incrustations cov-
ering most of its surface. Pileocystidia not observed. Clamp
connections absent in all parts.

NOTES

In the field, our new species is a look-alike of the American
R. flavida Frost. It differs microscopically from this American
species in the smaller size of its basidiospores, as basidiospores
of R. flavida holotype measure (7.1-)7.6-7.9-8.3(-8.6) x (5.8-)
6-6.4-6.7(-7) pm (Adaméik et al. 2018), while their size was
reported as 5.5-8.5(9.6) x 5-7 pm in Bills & Miller (1984)
based on different collections.

The American R. flavida has not yet been placed in a multi-
locus phylogeny as essentially ITS sequences are available for
this species. Our new R. pseudoflavida A.Ghosh, Hembrom,
.Bera & Buyck, sp. nov. is here placed for the first time on
the basis of three genes (Fig. 3). This placement supports
the assumption made on the basis of an ITS phylogeny
(Adamcéik er al. 2019) that R. flavida, and now by extension
also R. pseudoflavida A.Ghosh, Hembrom, I.Bera & Buyck,
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sp. nov., might be considered members of subsect. Auratinae
Bon. This small subsection was until now limited to merely
three species: the European R. aurea and its morphologically
and genetically (4 bp difference in the ITS) very similar
Asian counterpart, R. aurantioflava, recently reported from
Pakistan (Adaméik e al. 2019), as well as the equally very
similar, but rare American R. xantho Shaffer which has not
yet been sequenced. Compared to R. flavida and R. pseudo-
flavida A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov., these
species are less uniform in colour with a pileus that varies
from purplish to wine red, over brick red and orange to
yellow, and a stipe that is frequently tinged with yellow but
which can also be entirely white. Additionally, R. xantho is
particular in the greying-blackening reaction of the context
(Buyck 2005). The high support obtained in our multigene
phylogenetic analyses (Fig. 3; MLbs=100%, BPP=1) and
ITS (Fig. 7; MLbs=98%, BPP=1) also suggests that the /
wielangtae-lineage should be considered part of Auratinae.
This Oceanian lineage, comprising again very few species, the
orange-red R. wielangrae from Australia and purplish-greenish
R. atroviridis Buyck from New Zealand, offers a very similar
microscopy as R. aurea and allies.

When blasting the ITS sequence (which is of perfect qual-
ity) of R. pseudoflavida A.Ghosh, Hembrom, I.Bera & Buyck,
sp. nov. against GenBank deposits, including environmental
sequences, it is immediately evident that this sequence is
very different from any other deposited sequence. For nearly
complete coverage (100-93%), the closest match is a single
Australian sequence at 85.85% similarity, and then similarity
drops to less than 83% with first sequences for R. flavida and
Auratinae arriving only at 81% similarity; coverage then drops
very quickly to 70-60%. This is probably the reason why some
of the closer species in multigene phylogenies (Buyck ez al.
2018; Adamik ez al. 2019), such as the European R. romellii
or the R. wielangtae lineage don’t show up in these nBLAST
results. When doing nBLAST of the ITS of R. romellii, nei-
ther R. pseudoflavida A.Ghosh, Hembrom, I.Bera & Buyck,
sp. nov. nor Auratinae are showing up in the first 100 results,
but R. flavida is at 86% similarity for full coverage.

Host specificity seems not very high for species in Auratinae.
The well-documented R. aurea has a distribution that extends
from Mediterranean climates all the way into the colder
parts of Europe. It occurs under various deciduous trees and
conifers, and on various types of soil (Sarnari 2005). On the
other side of the Atlantic Ocean, R. flavida is found in mixed
forests with various Quercus, Betula, but also conifers (Bills &
Miller 1984). Russula aurantioflava was originally reported as
ectomycorrhizal with conifers (Adamdéik ez a/l. 2019). How-
ever, based on 100% similarity top scores in nBLAST for ITS
sequence deposits MN704814 and MN704815 in GenBank,
it occurs also in the very north-eastern part of China (Xing
et al. 2020) in forests dominated (98%) by Quercus mongolica
with intrusion (2%) of Bezula platyphylla Sukaczev, resulting
finally in a very similar host range as for both other species.
Russula xantho is for the moment the only species of the
subsection that seems to have a distinct preference for beech
(Buyck 2005). Our new R. pseudoflavida A.Ghosh, Hembrom,
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FiG. 9. — Russula pseudoflavida A.Ghosh, Hembrom, I.Bera & Buyck, sp. nov. (from holotype): A, basidiospore; B, basidia; C, hymenial gloeocystidia near the
lamellae edges; D, hymenial gloeocystidia near the lamellae sides; E, marginal cells; F, elements of the pileipellis near the pileus margin: hyphal terminations;
G, elements of the pileipellis near the pileus centre: hyphal terminations; H, doubtfull primordial hyphae. Scale bars: 10 pm.
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I.Bera & Buyck, sp. nov. is the first species in this lineage that
associates with tropical dipterocarps.

The pileipellis of Auratinae has always been interpreted as
devoid of any well-defined pileocystidia or primordial hyphae,
but they have well-differentiated caulocystidia. However, for
R. flavida and R. pseudoflavida A.Ghosh, Hembrom, I.Bera &
Buyck, sp. nov., the question of absence/presence of primordial
hyphae is more difficult to answer as the entire pileipellis is
covered in yellow incrustations and many cells also present
deposits inside hyphal terminations. Adamcik ez al. (2019)
mentioned presence of pileocystidia in the pileipellis of the
R. flavida holotype, but absence of primordial hyphae. In our
opinion, both primordial hyphae and dermatocystidia are
absent in the pileipellis and on the stipe surface, although we
admit that the reaction in carbolfuchsine (Fig. 8H) is open
for interpretation as most of the colouration is situated inside
the hyphae but with some guttules nevertheless sitting on top
of the hyphal surface. All of the abovementioned species have
also very poor contents in hymenial cystidia.

Russula shoreae
D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov.
(Figs 10-12)

Russula shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. is
separated from North American R. redolens by the absence of a
strong celery-like taste and odour and because of its ectomycorrhizal
association with Shorea robusta.

HoLOTYPE. — India. West Bengal, Jhargram district, Lodhasuli,
22°19’57”N, 87°02°47”E, alt. 80 m a.s.l., on ground, under Shorea
robusta in tropical deciduous forests, 27.VII1.2021, D. Chakraborty,
NPDF917-10L (holo-, CAL[CAL 1864]!).

ADDITIONAL SPECIMENS EXAMINED. — India. West Bengal, West
Bengal, Jhargram district, Lodhasuli, 22°19’59”N, 87°02°47”E,
alt. 80 m a.s.l., on ground, under Shorea robusta in tropical deciduous
forests, 13.VI11.2020, A. Ghosh, AG 20-027 (CAL[CAL 1865]);
Jhargram district, Jhargram city, 22°25’01.1”N, 87°00°13.5”E,
alt. 103 m a.s.l., on ground, under S. robusta in tropical deciduous
forests, 12.VII.2021, A. Ghosh, AG 21-068; Uttar Dinajpur, Ka-
liyaganj, Dhamja, 25°18°00”N, 88°20’35.9”E, alt. 80 m a.s.l., on
ground, under S. 70busta in tropical deciduous forests, 07.1X.2020,
D. Chakraborty, RG/-20-05; Uttar Dinajpur, Kaliyaganj, Dhamja,
25°18’00”N, 88°20°35.97E, alt. 80 m a.s.1., on ground, under . ro-
busta in tropical deciduous forests, 10.X.2021, D. Chakraborty,
RGJ-21-03; Bihar, West Champaran district, Valmiki national Park,
Raghia range, Sitalbari enclosure, 27°20’14.4”N, 84°13°05.8”E,
alt. 133 m a.s.l., on ground, under S. robusta in tropical deciduous
forests, 15.1X.2020, M.E. Hembrom, MEH-20-114; Jharkhand,
Rajmahal hills, Sahibganj district, Borio block, Pir-Baba Kaira-
sol forest area, 25°09’41.7”N, 87°40°31.9”E, alt. 126 m a.s.l., on
ground, under S. robusta in tropical deciduous forests, 24.VIII.2021,
A. Ghosh, AG 21-02 (JH); Ranchi district, Getalsud, 23°28’36.5”N,
85°33°23.87E, alt. 570 m a.s.l., on ground, under S. robusta in tropi-
cal deciduous forests, 09.X.2021, M.E. Hembrom, MEH-21-32.

GENBANK. — OL461227 (nrITS, holotype) and OL461230 (nrITS,
specimen voucher no. AG 20-027); ON365930 (nrLSU, holotype),
ON365931 (nrLSU, specimen voucher no. AG 20-027); ON387509
(mtSSU, holotype), ON387514 (mtSSU, specimen voucher no.
AG 20-027); ON398069 (rpb2, holotype), ON398070 (rpb2,
specimen voucher no. AG 20-027)

44

ETYMOLOGY. — ‘shoreae’ refers to Shorea robusta (Dipterocarpaceae),
the host tree.

MyCOBANK. — MB 844207.

FACESOFFUNGI NUMBER. — FoF 11435.

DESCRIPTION

Pileus small to medium-sized, 12-70 mm in diam., convex
when young, becoming plano-convex to applanate, uplifted
with age, centrally depressed to umbilicate at maturity; margin
decurved to plane with age, entire; cuticle viscid and shiny
when moist, dull upon drying, peeling to %2 of the radius, when
young dark green (27F5-6) to dull green (26C-D3-4) with
paler margin (26D4), at maturity with dark green (27F5-6)
centre with alternating dark green and greyish green concentric
rings (26D3-4, 25-26F7-8). Pileus context up to 6 mm thick
at the disc, thinning towards the margin, compact, brittle,
chalky white (1-2A1), unchanging after bruising or cutting;
turning salmon pink (6A4) with FeSOy and deep to dark
turquoise (24E-F7-8) in guaiacol. Lamellae up to 4 mm high,
narrowly adnate to adnexed, subdistant to close (9-13/cm at
pileus margin), chalky white (1-2A1), forked near the stipe
apex, midway to the margin, or near the margin; lamellulae
present in different lengths; edges entire and concolorous.
Stipe 10-67 x 5-22 mm, cylindrical to clavate, central, firm
and brittle; surface dry, smooth, chalky white (1-2A1) with
dull green (26D4) tinges. Stipe context solid when young,
becoming stuffed to hollow with maturity, surface chalky
white (1-2A1), unchanging after bruising or cutting, becoming
salmon pink (6A4) with FeSO, and deep to dark turquoise
(24E-F7-8) in guaiacol. Odour not distinctive. Taste mild.
Spore print not obtained.

Basidiospores subglobose, broadly ellipsoid to ellipsoid, rarely
globose, (5.5-)6.3-7.0-7.7(-8.4) x (4.8-)5.4-6.0-6.6(-7.8) pm,
Q=(1.02-)1.09-1.17-1.25(-1.41); ornamentation composed
of amyloid isolated warts ; warts up to 0.5 pm high, pustu-
lose or rounded, sometimes fused with each other; suprahilar
spot distinct, large but inamyloid, apiculi up to 1.5 pm long,
Basidia (46-)51-57-62(-65) x (9-)10-11-12(-13) pm, 4-spored,
subclavate, tapering towards base, sterigmata up to 6 pm long.
Hymenial cystidia rare on the lamellae sides, (50-)53.5-61-68
(-76) x (7-)10-11.5-13.5(-15) pm, cylindrical, subclavate, clavate
to fusiform with rostrate to moniliform apex, emergent up to
22 pm above the other elements of the hymenium; contents
finely crystalline, near the lamellae edges usually smaller and
narrower, measuring 46-51-55x9-11-12 pm; all hymenial
cystidia not reacting in sulfovanillin. Lamellae edges fertile
with basidia and cystidia. Subhymenium layer 35-40 pm
thick, pseudoparenchymatous. Hymenophoral trama mainly
composed of large nests of sphaerocytes and intermixed with
hyphal elements. Pileipellis orthochromatic in Cresyl blue,
sharply delimited from the underlying sphaerocytes of the con-
text, 276-307 pm deep, two-layered and vaguely divided in a
relatively dense suprapellis, 96-91 pm deep, composed of erect
or ascending hyphal terminations forming a trichoderm, and
a subpellis 180-216 pm deep, composed of more densely and
more horizontally oriented hyphae. Acidoresistant incrustations
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100/1
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MH724923 Russula substriata China
MH724918 Russula maguanensis China
100711 K\M386692 Russula shingbaensis India
KU863580 Russula dinghuensis China
KU863578 Russula subpallidirosea China
NR_153259 Russula pallidirosea United States
MK860700 Russula phloginea China
MG214687 Russula lotus China
7| 100/1) KR364093 Russula cyanoxantha Germany
791 |AF418608 Russula cyanoxantha Europe
KP171174 Russula nigrovirens China

Subg. Heterophyllidiae

100/ MGO018742 Russula bubalina China
| 99/1 L MF433036 Russula pseudobubalina China
MKO049972 Russula viridicinnamomea China

100/1 DQ422006 Russula heterophylla Sweden
DQ422018 Russula vesca Sweden

MG786055 Russula xanthovirens China

KY767808 Russula aureoviridis China

DQ422014 Russula virescens Belgium

KM275230 Russula kanadii India

KY767805 Russula albidogrisea China

AF345247 Russula alboareolata Thailand

100/1 UDB014226 Russula sp. Vietham

KX234820 Russula indoalba India

Outgroup

0.05

Fig. 10. — Phylogram generated by Maximum Likelihood analysis based on nrITS sequence data of Russula shorae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov.
and their allied species. Maximum Likelihood bootstrap support values (MLbs) =70% are shown on the left of “/” and Bayesian Posterior Probabilities (BPP)
>0.95 are shown on the right above or below the branches at nodes. Russula shorae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. is placed in red font to highlight

their phylogenetic positions in the tree.

absent. Hyphal terminations near the pileus margin often slighdy
flexuous, thin-walled, composed of chains of 1-3 cells, branched
at the subterminal cells or the cells just below; terminal cells
measuring (11-)13-21-29(-44.5) x (3-)4-4.5-5.5(-7) pm, mainly
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subulate or cylindrical, apically acute and distinctly attenuated
or obtuse-rounded; subterminal cells mainly cylindrical, but
sometimes wider. Hyphal terminations near the pileus centre
of similar structure, terminal cells slightly less wide, measur-
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Fic. 11. — Russula shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. (from holotype): A-C, fresh and dissected basidiomata in the field and basecamp;
D, E, transverse section through pileipellis showing elements; F, transverse section through lamellae showing basidia; G, H, transverse section through lamel-
lae showing hymenial cystidia near the lamellae edges; I-M, transverse section through lamellae showing hymenial cystidia near the lamellae sides. Scale bars:
A, B, 20 mm; D, 20 pm; E-M, 10 pm.
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FiG. 12. — Russula shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. (from holotype): A, basidiospore; B, elements of the pileipellis near the pileus margin:
hyphal terminations and pileocystidia; C, hymenial cystidia near the lamellae sides; D, basidia; E, hymenial cystidia near the lamellae edges; F, elements of the
pileipellis near the pileus centre: hyphal terminations and pileocystidia. Scale bars: 10 ym.

CRYPTOGAMIE, MYCOLOGIE - 2023 - 44 (3) 47



» Ghosh A. et al.

ing (9-)12.5-19.5-26.5(-30.5) x (2.5-)3-4-4.5(-5) pm, mainly
subulate or cylindrical, apically acute and distinctly attenuated
or obtuse-rounded; subterminal cells mainly cylindrical, but
sometimes wider or with lateral appendages. Pileocystidia near
the pileus margin typically one-celled, flexuous, thin-walled, (14-
)17.5-40-62(-96) x (2.5-)3.5-4.5-5.5(-6) pm, mainly subulate,
apically mostly mucronate or with short appendages; those near
the pileus centre slightly shorter, (22-)24-31.5-39(-46) x (3.5-)
4-4.5-5 pmy all with contents finely crystalline and without
reaction in sulfovanillin. Clamp connections absent in all parts.

NOTES

The nBLAST of the obtained ITS sequence places R. shoreae
D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. in subg. Her-
erophyllidiae, which was also clearly suggested by its morpho-
logical characters, including the inamyloid suprahilar spot,
the typical ramifying hyphal extremities at the pileus surface
composed of chains of more or less inflated, short cells that
become gradually narrower toward the terminal cell and one-
celled, narrow and mucronate pileocystidia.

In our ITS phylogenetic analysis, the here newly described
R. shoreae D.Chakr., A.Ghosh, K.Das & Buyck, sp. nov. is
placed sister to the Chinese R. verrucospora, a subtropical spe-
cies that has smaller spores and a more variable pileus colour
with grey and vinaceous tints. Both are again placed sister
to the North American and equally green R. redolens which
has a unique and strong smell of parsley. These three species
form a strongly supported clade, which is placed sister, again
with strong statistical support, to the annulate R. brunneo-
annulata Buyck of the African subsect. Aureotactinae Heim
ex Buyck (Buyck 1994). All these species have very similar
microscopic features of pileipellis and share the same type of
spore ornamentation consisting of isolated blunt warts. All
of these species differ from subsect. Cyanoxanthinae Sing. in
the absence of strong metachromatic reactions in Cresyl blue.
Some of the above-mentioned species were also grouped with
strong support in recent multilocus phylogenies. Indeed, a
representative sampling of species belonging to subg. Hezero-
phyllidiae was distributed over four significantly supported
clades in the combined multilocus phylogeny, based on 28S,
rpb2 and tef-1 loci, that was published by Wang ez a/. (2019).
In that phylogeny, subsect. Substriatinae was introduced as a
new subsection that grouped with Aureotactinae as one of the
four strongly supported clades in the subgenus. This topol-
ogy was never recovered in ITS-based phylogenies, nor in the
combined multilocus (based on the same loci) published by
Vera et al. (2021) where Aureotactinae, impacted by the intro-
duction of R. redolens, no longer grouped with Substriatinae.
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