S FACULTY
& oF sciEncEs

A search for the perfect match: host specificity as a
character in Russula phylogeny

Ines Temmerman
Student number: 01608563

Supervisor: Prof. dr. Annemieke Verbeken
Counsellor: Ruben De lange

Master's dissertation submitted in order to obtain the academic degree of
Master of Science in Biology

Academic year 2020-2021

—_—

I}

GHENT
UNIVERSITY



Contents

j N 101 oo [¥ ot i o1 DR U PO PP RO PSR PR 3
11 GENUS RUSSUIG ..ttt ettt ettt ettt e st e e st e s bt e e s at e e sabe e e sabeesbeeesabeesaneeesareenn 3
1.2 SUDZENUS COMPACTAE ..ottt ette e e ettt e e e ette e e e e bte e e e sbteeeesbteeeessteeeesntaeaeannes 3
13 Yo TTol (=T [T ol g1 o 4 o] o -SSRSOt 5
1.4 [ (o1 Y o 1Yol |1 o oY APPSR 5

N © o 1= or i YRR SPP 6

3. Material and MEthOds .......coo it e e s 6
3.1 Y= T00] ] L o =S SPUSROE 6
3.2 [DF 1= T Lo Ty A o =T ol 1= PSP 7
33 Y To o] gTe] foT={Toi- 1o =1 1YA] TR PR 7
3.4 MOIECUIAT @NAIYSIS .. etiiieieiiiee ettt e e st e e s s e e e e s abe e e e enbeeeeenareeas 8

B, RESUIES ettt ettt et ettt et e s b e e be e e e be e s bt e e be e s baeesabeesbeeebeee s beeenares 10
4.1 [ o1 Y o 1Yol T 4V AP 10
4.2 Y oJeoA =T L] T o 11 =1 o o PSSR 12
4.3 Y o Tl =T [Tyl 114 o] o WSS 15

D DESCUSSION .ttt sttt ettt e et sae e sttt ettt e b e sb e e sat e sa b e et e et e e sbeeeheesaeesabeeabe e be e bt e nbeeeneesaeeenrean 28
5.1 [ o1 R o 1Yol T oY APPSR 28
5.2 SPECIES AEHMITAtION 1oiiiiiciiieeeee e e e e e e e esettrreeeeeeeeesatsraeeeeeeeesnnsrnns 37
53 SPECIES COMPATISONS 1eiiiiiiiiiiieteeeeerriitrteeeeeeesssrtrteeeessasssereaeeeeessssssssreaeeeesssssssssseeeeesssssssssnnn 38

6. CONCIUSION ettt e b e s bt s at e e a et et e et e e s bt e sheesatesabeeabeeabe e bt esbeesneesaeenneean 49

YU 3 Yo 4 -1 Y25 SRR 50

S JI Y- 1 4 1= 01V | 1T Y-SRI 52

0 Y Yo (g Yo XNV [T F={a Y=Y o U PPPPRN 54

L0, REFEIBNCES ...iiiieiieieeeee ettt ettt st st st e b e bt e s be e sae e sae e et e e re e reenreennne e 55

O S 1V o 1T o o | ol T3PPSR 59



1. Introduction

1.1 Genus Russula
Russula is among the most important genera of ectomycorrhiza (ECM) -forming fungi. It is one of the
largest and extensive monographed genera of the ECM Basidiomycota, but also one of the best
recognizable (Sarnari, 1998). The genus Russula can be recognized by their mostly colourful fruit
bodies and the presence of sphaerocytes in the context, which give them a chalk-like structure. The
fruit bodies of Russula exhibit a high diversity of macroscopic, microscopic and chemical features,
which resulted in very complex and highly structured, multilevel classifications (Buyck et al., 2018).
However, the diversity of Russula has been highly underestimated. Incomplete sampling and many
underexplored areas cause a lack of knowledge about the distribution of Russula species (Adamcik et
al., 2019). Most research on Russula diversity is centred around Europe, hereby underestimating and
ignoring the Russula diversity of other continents (Buyck & Adamcik, 2013). Data for species
recognition is also deemed to be insufficient, due to missing morphological and molecular data
(Adamcik et al., 2019). The genus Russula has many cryptic species and species with phenotypic
plasticity, making it difficult to differentiate species based on morphological features alone.
Differentiation based on ecological features, like host specificity, can be a solution.

The genus Russula is divided in multiple subgenera and sections. The classification has changed over
the years. In the classification of Singer (1987), Russula was divided in 7 sections. Romagnesi (1987)
divided Russula in 9 subgenera. In the classification of Sarnari (1998), only 6 subgenera remained.
Some of them were transferred to the subgenus R. Romagn. emend. as sections within that
subgenus. The most recent classification follows Buyck et al. (2018) and divides Russula in 7
sebgenera.

1.2 Subgenus Compactae
The Russula subgenus Compactae (Fr.) Bon® was seen as a distinct morphological group,
characterised by the presence of numerous lamellulae and firm, compact fruit bodies with a yellow,
white or brown cap. The classification of R. subgenus Compactae (Fr.) Bon has changed over the
years.

Classification of Singer (1986, ‘The Agaricales in modern taxonomy’): In one of the earliest

classifications, Singer put Russula species with unequal gills (polydymous gills) in the section
Compacta Fr. No further subdivisions were made.

Classification of Romagnesi (1987, ‘Les Russules’) and Bon (1988): Romagnesi divided Russula in

different subgenera. Species with a compact fruit body and lamellulae of different lengths were put
in Russula subgenus Compactae (Fr.) Bon. (classificatie van Bon zoeken) The subgenus was
subdivided in 3 sections: Russula section Archaeinae Heim, Russula section Nigricantinae Bataille
(blackening context), Russula section Plorantinae Bataille. In Bon (1988) Russula section
Nigricantinae was renamed to Russula section Compactae, and Russula section Plorantinae to R. sect.
Plorantes.

L Former Russula subgenus Compactae (Fr.) Bon will be referred to as Russula subgenus Compactae s.l. The
current Russula subgenus Compactae (Fr.) Bon, emend. Buyck & V. Hofst. will be referred to as Russula
subgenus Compactae s.s.



Classification of Sarnari (1998, ‘Monografia illustrata del genere Russula in Europa’): Russula

Compactae was again subdivided in 3 different sections: Russula section Archaeinae R. Heim ex
Buyck & Sarnari, Russula section Compactae Fr. and Russula section Lactarioides (Bataille) Konr. &
Joss. The R. sect. Lactarioides was previously named Russula section Plorantinae in the classification
of Romagnesi

Buyck et al. 2018 and Buyck et al. 2020: Recent molecular analysis scattered Russula subgenus

Compactae (fr.) Bon in 5 different Russula clades: Russula subgenus Archaeae Buyck & V. Hofst.
(Hongsanan et al., 2015), Russula subgenus Compactae (Fr.) Bon, emend. Buyck & V. Hofst.
(Hongsanan et al., 2015), Russula subgenus Malodorae Buyck & V. Hofst., Russula subgenus
Brevipedum Buyck & V. Hofst. (formerly known as Brevipes) (Buyck et al., 2020) and, most recently,
Russula subgenus Glutinosae Buyck & X.H. Wang (Buyck et al., 2020). Only the first 4 clades will be
discussed in this research, as R. subg. Glutinosae only consists of 2 species until now.

Below is an overview of the most important microscopic and macroscopic characteristics of the 4
subgenera (Buyck et al., 2018):

Russula subgenus Archaeae Buyck & V. Hofst.: Moderately large to small species, compact to very

thin-fleshed. Cap dull coloured, yellowish, brownish or gray. Gills irregularly unequal, with lamellulae
either more or less abundant than normal gills. Context yellowing, browning, greying or reddening.
Spore print white. Spores very small, with inamyloid suprahilar spot. Gloeocystidia mucronate to
obtuse. Ectomycorrhizal mantle with a plectenchymatic outer layer, producing abundant, emergent,
hyphal extremities. Gloeocystidia inconspicuous, terminal, one-celled, minutely capitate with mostly
one terminal knob.

Russula subgenus Compactae (Fr.) Bon, emend. Buyck & V. Hofst.: Fruiting bodies very large to very

small, thick-fleshed. Cap dull-coloured, white, brown, grey to black. Gills regularly unequal. Context
reddening, greying, blackening, rarely browning, with or without distinct, mostly disagreeable smell.
Spore print white. Spores with inamyloid suprahilar spot. Gloeocystidia present in all tissues or not,
sometimes restricted to the hymenium only and there mostly minutely capitate with one central
knob, elsewhere often with two excentrical knobs (the “Mickey Mouse type”), more rarely obtuse
rounded. Ectomycorrhizal mantle covered with emergent, one-celled, flask-shaped gloeocystidia that
are mostly mucronate with one central knob or, more frequently, two excentrical knobs.

Russula subgenus Malodorae Buyck & V. Hofst: Medium to large species, often firm and compact,

never extremely thin-fleshed. Cap dull coloured, yellow brown, grey to almost black or whitish. Gills
regularly unequal to frequently and almost regularly forking. Context greying or browning, mostly
developing rapidly a strongly disagreeable smell and taste. White spore print. Spores with inamyloid
suprahilar spot. Gloeocystidia moderately numerous to numerous on gill surface, mucronate and
inconspicuous to absent elsewhere from the fruiting body. Hyphal extremities of cap surface typically
with inflated, often voluminous cells, and strongly septate. Ectomycorrhizal mantle with dispersed to
rare gloeocystidia that are emergent, one-celled, flask-shaped, minutely capitate with one or rarely
two knobs, sometimes accompanied by emergent, apically tapering to cylindrical, thick-walled hyphal
extremities.

Russula subgenus Brevipedum Buyck & V. Hofst.: Mostly medium to very large species that are very

thick-fleshed, only exceptionally also small and thin-fleshed. Cap whitish, often rapidly developing



yellowish brown to reddish brown stains. Gills regularly unequal. Context turning yellowish to rusty
brown, mostly with distinct smell, acrid to strongly acrid, (rarely mild?). Spore print whitish to yellow.
Spores with inamyloid or amyloid suprahilar spot. Gloeocystidia mucronate to obtuse-rounded, in all
parts of the fruiting body. Ectomycorrhizal mantle covered with emergent, one-celled to secondarily
septate, short, flask-shaped, mostly thick-walled gloeocystidia that are generally minutely capitate
with one or rarely two, central knobs.

1.3 Species descriptions
The descriptions of species within the genus Russula are often incomplete. Microscopic descriptions
in many publications mostly favour spores, more specifically spore size, over hymenium and
pileipellis (Adamcik et al., 2019). Also, the significance of below-ground characteristics as meaningful
descriptive features is often ignored (Buyck et al., 2018). Additionally, the description style between
authors and regions is not always consistent. In Adamcik et al. (2019), a more consistent species
description style for all Russula is suggested and encouraged, which we will also follow in our
descriptions of some species.

Different species concepts can be used for delimiting species. For Fungi, the most used species
concept in the past was the Morphological Species Concept (MSC), which delimits species based on
morphological features, both microscopic and macroscopic (Aldhebiani, 2018). The MSC has both its
strengths and weaknesses. One of its strengths is that it is widely used for Fungi: an easy comparison
can be made between different taxa as well as between new and existing taxa (Taylor et al., 2000).
However, with the rise of a new species concept, the Phylogenetic Species Concept (PSC), it became
clear that morphological features are not always sufficient to reflect the real phylogeny behind
different fungal clades. The MSC ignores the existence of so-called cryptic species, which are two or
more species who are morphologically similar, but are genetically distinct (Taylor et al., 2000). In the
genus Russula, phenotypic plasticity and obscure morphological and anatomical discontinuities have
been observed, which also makes it difficult to differentiate individual species (Miller & Buyck, 2002)
based on morphological characteristics. Overall, the morphology-based taxonomy has led to an
underestimation of the fungal diversity and an inadequate classification (Agapow et al., 2004).

The description of Russula diversity is however impeded by missing data for species recognition (both
morphological and molecular). The fungal ITS barcode is often proven to be insufficient for
delimitation between closely related species (Adamcik et al., 2016). Because there is often an overlap
‘in, within and between’ species distances (Ryberg, 2015), species delimitation should not rely on
comparisons of barcode sequences alone. Therefore, more elaborate and consistent morphologic
descriptions can be an important tool for species delimitation and to support species concepts.

Besides species delimitation, better species descriptions also benefit field research and revive older
species names, as sequencing of old Russula specimens from (e.g. type specimens) often have a low
success rate (Looney, 2015).

1.4 Host specificity
The Morphological Species Concept (MSC) and the Phylogenetic Species Concept (PSC) were already
mentioned in the previous section. However, another species concept is overlooked for delimiting
species of Fungi, namely the Ecological Species Concept (ESC). The ESC is based on ecological
competition and states that the more similar two individuals are, the more their needs are likely to
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overlap. Therefore, they are expected to contest, and consequently, the more similar their ecological
features, the more likely that they are of the same species (Aldhebiani, 2018). An interesting
ecological feature for species delimitation can be the host plants of ectomycorrhizal (ECM)-forming
fungi.

ECM -forming fungi form symbiotic relationships with plant hosts without penetrating the cells of the
host. The ECM root consists of three structural components: a sheath or mantle from fungal tissue
which encloses the root of the host, an inward growth of hyphae between host cells called the Hartig
net, and the external mycelium which grows outwards and forms connections with the soil and the
fruiting body (Smith & Read, 1997). The fungus gets carbohydrates from the host, while the fungus
helps the host to take up minerals and water more efficiently (Smith & Read, 1997). ECMs are
important in ecosystem-functioning of forests.

The different host plants of ECM-forming fungi can be an important ecological feature for species
recognition and delimitation. Caution is needed, as many possible host species can co-occur in the
field, making it difficult to determine which of them is the host. Another problem is the possibility of
specialized cryptic species within generalist species (Bruns et al., 2002). Most species of the genus
Russula, for example Russula brevipes, appear to have a wide range of hosts and are considered
generalists. Other species of Russula however are highly host specific (Kernaghan et al., 2003; Geml
et al., 2010), e.g., R. decolorans and R. nauseosa are considered to be specific to species of Pinaceae
(Molina et al., 1992). In this paper, the host specificity is investigated in Russula subgenus Compactae
s.l., which has many morphologically similar species.

2. Objectives

A first objective is to find a link between the species of Russula subgenus Compactae s.l. and the
different hosts they connect to. Hereby, we will use phylogenetic analyses of R. subg. Archaeae, R.
subg. Compactae s.s., R. subg. Malodorae and R. subg. Brevipedum and evaluate the host specificity.
We will try to find a link between the species trees of these groups and their host species.

A second objective focusses more on R. subg. Brevipedum. Some species of this subgenus will be
described microscopically for the first time. These taxa were based on phylogenetic analyses with the
ITS, LSU, RBP2 and EF1 markers and descriptions were based on the guidelines in Adamcik et al.
(2019). Also, an additional species delimitation analysis will be done based on 4 different markers:
ITS, LSU, RBP2 and EF1.

3. Material and methods
3.1 Sampling

The specimens for the descriptions were collected by Ruben De Lange, Felix Hampe, Helga
Marxmdiller and Jean Michel Trendel. The R. delica Fr. var. delica paratype/topotype was collected by
Henri Romagnesi and was collected in the same area as the holotype. Specimens originate from ltaly,
France and Belgium. Collections from Ruben De Lange and Felix Hampe were stored in the Herbarium
Universitatis Gandavensis (GENT). Supplementary collections were requested from the personal
collection of Jean Michel Trendel, Helga Marxmiiller (deposited in the State Museum of Natural
History Karlsruhe, KR). The collection of Henri Romagnesi was stored in Muséum National d'Histoire
Naturelle in Paris, France.



From the collections of Ruben De Lange, Felix Hampe and Jean Michel Trendel, parts of the fruiting
bodies were collected and preserved in small tubes with CTAB (Cetyl trimethyl-ammonium bromide).

3.2 Data host species
Databases used for obtaining ecological information and sequences of species from R. subg.
Archaeae, R. subg. Compactae s.s., R. subg. Malodorae and R. subg. Brevipedum were the database
from our research group, UNITE (Koljalg et al., 2005) and GlobalFungi (Vétrovsky et al., 2020). For
each subgenus, Maximum Likelihood (ML) phylogenetic trees based on the ITS (internal transcribed
spacer) sequence were composed by Ruben De Lange. From these ML trees, samples from BioloMICS
were selected, based on the different species in the trees. The ITS sequences of these specimens
were used to search the databases UNITE and GlobalFungi for the corresponding species hypotheses
(SH) per specimen. Each sample has multiple SHs with different thresholds, expressed in percentage.
A threshold of 1% means that all the members of that SH have a difference in their ITS sequence of
maximum 1%, meaning that samples with more differences belong to another SH. Per sample, three
SH’s were selected with thresholds of 3%, 1,5% and 0,5% or 0,0%. In these SH’s, data about host
plants, habitat, location and corresponding ITS sequence of different samples were exported from
UNITE and GlobalFungi and collected into a dataset.

3.3 Morphologic analysis

3.3.1 Macroscopy
The macroscopic descriptions are based on observations from fresh material. The colour codes used
follow the Methuen book of colours (Kornerup & Wanscher, 1978), guaiac reactions refer to
Chalange (2014), and spore print colour codes follow the scale of Romagnesi (1967)

3.3.2 Microscopy
Microscopic descriptions follow Adamcik et al (2019). Microscopic characters were studied from
dried specimens. Spores were observed in Melzer’s reagent. Spore measurements were done using a
Nikon Eclipse Ni-U microscope with crosshair eyepiece with a magnification of 1000x. Line drawings
of spores were made based on stacked photographs taken with a Nikon DsFi3 camera ((Nikon Eclipse
Ni-U microscope, stacking software: Extended Depth of Field, Nikon Nis Elements module) at original

magnification of 5000x.

Characters of the hymenium and pileipellis were observed in Congo Red. The elements of the
hymenium were measured and observed on both the lamellae side and lamellae edge. For the
lamellae side, the basidia and the cystidia were measured and observed and for the lamellae edge,
the cystidia and marginal cells. Pileocystidia and hyphal terminations were measured and observed
at both the pileipellis margin and centre. The vertical structure of the pileipellis was measured and
observed at mid-radius. Different chemical reactions were tested on the hymenium and pileipellis.
The metachromatic reaction with Cresyl blue and the reaction of the cystidia to sulfovanillin on the
cystidia were tested on both the pileipellis and hymenium. Carbolfuchsin was used to test for the
presence of acid-resistant incrustations of primordial hyphae and was only tested on the pileipellis.
Drawings of the pileipellis and hymenial elements were made with an Olympus CX31 microscope

with a drawing tube at original magnification of 1500x.



For all described species except R. sp. 1, multiple collections were used. Statistics for all microscopic
characteristics were based on at least 10 measurements per collection. Measurements are given as

(minimum —) average minus standard deviation (SD) — average — average plus SD (— maximum). For

the spores, a Q-value was also calculated, which indicates the length/width ratio. The density of the
spore ornamentation is computed following Adamcik & Marhold, (2000).

3.4 Molecular analysis

3.4.1 Phylogenetic trees
Performed by Ruben De Lange

In Ghent University, DNA was extracted from the samples using the CTAB extraction method from
Nuytinck and Verbeken (2003). DNA from dried material was extracted using a modified CTAB
protocol (Tel-Zur et al., 1999; modified by Meise Botanic Garden and Research Group Mycology of
Ghent University). Phylogenetic trees were made for R. subg. Archaeae, R. subg. Compactae s.s., R.
subg. Malodorae and R. subg. Brevipedum. The molecular marker that was amplified for these
phylogenetic trees is the internal transcribed spacer (ITS), which is the spacer DNA between the
small-subunit and the large-subunit ribosomal DNA (rDNA). Specifically, the ITS1 and ITS2 regions and
the ribosomal gene 5.8S were amplified, using the ITS1-F and ITS4 primers (White et al., 1990; Gardes
& Bruns, 1993). For the concatenated tree, the following 4 markers were used: (1) the internal
transcribed spacer region of ribosomal DNA (ITS), (2) a part of the ribosomal large subunit 28S region
(LSU), using primers LROR and LR5 (Moncalvo et al., 2000) (3) the region between the conserved
domains 6 and 7 of the second largest subunit of the RNA polymerase Il (RPB2), using primers bRPB2-
6F and fRPB2-7cR or bRPB2-7.1R (Liu et al., 1999; Matheny, 2005), (4) the translation elongation
factor 1-alpha (TEF1a), using primer pairs EF1-1018F and EF1-1620R or teflF and tef1R (Morehouse
et al., 2003; Stielow et al., 2015).Protocols for PCR amplification follow Le et al. (2007). PCR products
from Ghent University were sequenced using an automated ABI 3730 XL capillary sequencer at
Macrogen. Forward and reverse sequences were assembled into contigs and edited where needed
with BioloMICS.

Performed by me:

To assemble the phylogenetic trees of the four subgenera, both the ITS sequences from BioloMICS
and our own dataset, with ITS sequences from UNITE, were used. For the alignment of the
sequences, the online version of the multiple sequence alignment program MAFFT v 7 was used,
performing the E-INS-I strategy, which is an iterative refinement method (Katoh et al., 2019).
Partitioning of the aligned ITS sequences and exclusion the trailing ends was done in MEGA-X
(Tamura et al., 2018). Therefore, the sequences were partitioned in 185 rRNA, ITS1, 5.8S rRNA, ITS2
and 28S rRNA, from which the borders of each segment were found via the partitioning of GenBank
sequences. Maximum likelihood analysis was performed with RAXML-HPC BlackBox, which uses
rapid bootstrapping (1000 replicates) (Stamatakis, 2014), via the online CIPRES science gateway
(Miller et al., 2010).

Performed by Ruben De Lange:

For the alignment of the 4 markers ITS, LSU, RBP2 and EF1, the online version of the multiple
sequence alignment program MAFFT v 7 was used, performing the E-INS-I strategy. The alighments



were partitioned into following partitions: ITS-LSU-alignment: partial 18S, ITS1, 5.8S, ITS2, LSU; RPB2-
alignment: the RPB2 intron and the first, second and third codon positions of the exon; TEFla-
alignment: the first and second intron and the first, second and third codon positions. Maximum
likelihood (ML) analyses were conducted with IQ-Tree (Nguyen et al., 2014; Chernomor et al., 2016).
using standard bootstrapping analysis (1000 replicates). Convergence and Effective Sample Size (ESS)
statistics of the runs were also examined with Tracer v1.7.1 (Rambaut et al., 2018). A burn-in sample
of 20% was excluded before constructing the majority rule consensus tree. Analyses were first
performed on each alignment separately and visually checked for incongruence. Significant
incongruence was assumed if two different relationships (one monophyletic and the other non-
monophyletic) for any set of taxa were supported with bootstrap values (BS) = 70 or posterior
probabilities (PP) = 90. The resulting gene tree did not show any supported conflicts, therefore all
alignments could be concatenated. The concatenated alignment was used for the multi-locus
phylogenetic analyses.

3.4.2 Coalescent species delimitation
Potential species units were specified based on 4 ML for each marker: ITS, LSU, RBP2 and EF1, made
by Ruben De Lange, with a total of 33 as the full model. Each of species unit was assigned a letter
code. For species delimitation, we used Bayesian Phylogenetics and Phylogeography, BP&P v4.3.8
(Yang, 2015). Analysis A11 (Yang & Rannala, 2014) was performed, for unguided species delimitation
using reversible-jump Markov chain Monte Carlo (rjMCMC) algorithm 0 (Yang & Rannala, 2010). We
used €=2 for the fine-tune parameter, assigned equal probabilities to the rooted species trees as a
species model prior, and 8 ~ 1G(3,0.002) and t ~ 1G(3,0.002) as priors on the ancestral population size
and root age. The BP&P v4.3.8 program was run 3 times with the same input to test consistency
between runs.



4. Results

4.1 Host specificity

4.1.1 R subg. Malodorae (Appendix A)
We found hosts for most of the species of Russula subg. Malodorae, except for R. griseobrunnea
McNabb, R. capillaris Buyck and several unnamed species.

Angiosperms are most common among the hosts, but gymnosperms are also present, though far less
common. We found hosts in 8 different families, 6 of them containing tree hosts: Fagaceae (Quercus
Castanopsis, Lithocarpus), Dipterocarpaceae (Marquesia) Nyctaginaceae (Neea), Salicaceae
(Populus), Phyllanthaceae (Uapaca), Caesalpiniaceae (sometimes named as subfamily
Caesalpinioideae within the family Fabaceae) and Pinaceae (Pinus, Abies). The 2 other families
Orchidaceae (Cymbidium, Lecanorchis, Cypripedium) and Ericaceae (Monotropa, Monotropastrum)
contain herbs. The genus Uapaca is seen as a host for 7 different species of this subgenus, therefore
being the most abundant host genus.

4.1.2 R subg. Archaea (Appendix B)
For Russula subg. Archaea, information about the host species in the databases was limited, as we
only found host species for 6 species: Russula camarophylla Romagn., Russula butyroindica K.Das &
Buyck, Russula earlei Peck, Russula archaea R.Heim and two unnamed species. For R. camarophylia,
R. archaea and the 2 unnamed species, only one host was found, while R. botyrundica and R. aerlei
have multiple hosts.

Most hosts are angiosperms, but gymnosperms are also represented as host for 2 species. The hosts
are mostly tree species, which are members of only 3 families: Fagaceae (Castanopsis, Fagus,
Quercus), Phyllanthaceae (Uapaca) and Pinaceae (Picea, Pinus, Tsuga), but an herb of the family
Ericaceae (Pyrola) was also mentioned. The genus Quercus is the most abundant host in this
subgenus, being the host of 3 different species.

4.1.3 R.subg. Compactae s.s. (Appendix C)
Hosts were found for most species of R. subg. Compactae s.s. (Fig. 3, see addendum) Most of the
species only had one host species, but sometimes, mainly if the group contains more specimens,
more host species could be found.

The hosts of R. subg. Compactae s.s. are mostly angiosperms, but gymnosperms also occur
abundantly as hosts. The biggest part of the hosts are trees and are represented by 12 different
families, from which 10 families contain trees: Fagaceae (Quercus, Lithocarpus, Castanopsis, Fagus),
Fabaceae (Acacia, Gilbertiodendron, Microberlinia, Intsia), Juglandaceae (Oreomunnea), Betulaceae
(Betula, Carpinus), Salicaceae (Populus), Eucalypteae (Eucalyptus), Phyllanthaceae (Uapaca),
Asteropeiaceae (Asteropeia), Dipterocarpaceae (Dipterocarpus), Caesalpiniaceae and Pinaceae
(Pinus, Abies, Picea, Pseudotsuga, Larix). Herbs are represented by 2 families: Ericaceae (Monotropa,
Pyrola) and Orchidaceae (Aphyllorchis, Cymbidium, Epipactis). The genera Pinus and Quercus
represent the largest part of the hosts.

10
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4.1.4 R.subg. Brevipedum (Appendix D)
Again, the large majority of the hosts are angiosperms, but gymnosperms are also present as host
trees. Russula subg. Brevipedum has the most diversity in host families of all the subgenera
mentioned (Fig. 4, see addendum). The number of families counts 14, with the majority -around 10-
containing trees species: Nothofagaceae (Nothofagus), Fabaceae (Dicymbe), Fagaceae (Quercus,
Fagus), Betulaceae (Betula), Phyllanthaceae (Uapaca), Malvaceae (Tilia), Salicaceae (Populus, Salix),
Nyctaginaceae (Pisonia), Burseraceae (Bursera) and Polygonaceae (Coccoloba). Additionally, R. subg.
Brevipedum has some herb hosts from the families Cistaceae (Cistus) and Orchidaceae (Limodorum,
Cymbidium, Monotropa, Hexalectris) and shrubs from the family Rosaceae (Dryas). Remarkably, the
genus Kobresia, which is a grass from the family Cyperaceae, was also mentioned as a host in two
cases.

Similar as in Russula subg. Compactae s.s., the genera Pinus and Quercus are most abundant as hosts
in R. subg. Brevipedum.

11



4.2 Species delimitation (Appendix E)
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Figure 1. Best species tree model after the first run. The letter codes follow those of appendix E.

In total, 33 species were specified based on the ML trees of the 4 markers (ITS, LSU, RBP2, EF1)
(Appendix E). The program was run three times, with each run a different output.

After the first run, the full set of 33 proposed species was recovered as the highest supported species
model in the BP&P analysis, with a posterior probability of 0.45 (Fig. 1). The posterior probabilities of
the delimited species in figure 1 range from 1.00 (A, B, L, O, T, W, Z) to 0.64 (K, AD)

12



AC
—— M+AB

v

JHAE

0
A
L
S

20

Figure 2. Best species tree model after the second run. The letter codes follow those of appendix E.

After the second run, a set of 30 species, from the 33 species we proposed, was recovered as the
highest supported species model in the BP&P analysis (Fig. 2). This model had a posterior probability
of 0.56. The posterior probabilities of the delimited species in figure 2 range from 1.00 (A, B, D, L, O,
R, T, W, Z, AC) to 0.79 (J+AE).
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Figure 3. Best species tree model after the third run. The letter codes follow those of appendix E.
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After the third run, a set of 28 species was retrieved as the highest reported species model in the
BP&P analysis (Fig. 3). This model had the highest posterior probability of the three runs, with a value
of 0.58. The posterior probabilities of the delimited species in figure 3 range from 1.00 (A, B, O, T, W)
to 0.69 (J+AE).
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4.3 Species description
Russula sp. 1 (Fig. 4)

Description: Pileus medium-sized, 65 mm diam. Lamellae yellow. Context taste mild; odour fruity;
reactions not observed.

Hymenial cystidia (49-)57.0—66.3—75.5 (—80) x (5—)6.4—7.4-8.3 (— 9) um, cylindrical to narrowly
clavate, apically obtuse, thin-walled; contents refringent, oily, reacting weakly (greyish) in
sulfovanillin; near the lamellae edges, (50-)55.6—66.0—76.3(—82) x (6—)6.9—7.8-8.6(=9) um,
cylindrical to narrowly clavate, apically obtuse, thin-walled; content same as on lamellae sides.
Lamellae edges sterile; marginal cells (8 —)12.7-21.8-30.8(—40) x (3—)3.9-4.8-5.6(—6) um,
undifferentiated, cylindrical to narrowly clavate. Pileipellis orthochromatic in Cresyl Blue, 425-575
um deep, not sharply delimited from trama, gradually passing; subpellis not delimited from
suprapellis; hyphae 2-4 um wide near trama densely arranged, irregularly oriented, more horizontally
oriented towards the trama, with no distinct gelatinous coating. Acid-resistant incrustations absent.
Hyphal terminations near the pileus margin long, sometimes flexuose with multiple septa, thin-
walled; terminal cells (20-)30.6—39.8-49.0(-60) x (2—)2.3—-3.0-3.6(—4) um, cylindrical, apically
obtuse; subterminal cells and the cells below irregular, sometimes branched. Hyphal terminations
near the pileus centre sometimes flexuose, with multiple septa, thin walled, terminal cells slightly
smaller (25-)29.0-35.7-42.3(-49) x (2—)2.6-3.0-3.3(—4) um, cylindrical, apically obtuse; subterminal
cells and the cells below very irregular, sometimes branched. Pileocystidia a near the pileus margin,
1-3 celled, terminal cells (37-)42.4-50.9-59.4(—64) x (4—)4.0—4.8-5.6(—7) um, cylindrical to narrowly
fusiform, often flexuose, apically obtuse, contents refringent, slight reaction with sulfovanillin
(greyish). Pileocystidia near the pileus centre slightly less broad, terminal cells (24—)30.7-45.0-59.3(—
75) x (3—)3.5-4.2—4.9(-5) um, similar in shape and content.

Ecology: No data.
Distribution: Known from Italy.
Specimen examined: Italy, 11 november 2016, R. De Lange (RDL 16-059).

Notes: In specimen RDL 16-059, no basidia and spores were observed.
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Figure 4. Russula sp.1; a) Cystidia of the hymenial side; b) Cystidia and marginal cells of the hymenial
edge; c) Cystidia and hyphal terminations of the pileipellis centre; d) Cystidia and hyphal terminations
of the pileipellis margin.
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Russula subpallidospora Marxm. nom. prov. (Fig. 5-6) N\ #

Etymology: Look-alike of the closely related Russula
pallidospora J. Blum ex Romagnesi. \

Suggested holotype: EUROPE, France, Drome

(department), Commune de Gigors et Lozeron, Le Savelat, '
13 September 1994, H. Marxmiiller (MxM R-9422). 2 \ k -

. & ~
Description: Pileus white in centre (4A1), more golden “ > Pt
yellow (5B7) to the margin; infundibuliform with a 74 ‘Q’
depression in the centre. Lamellae golden yellow (5A3,
5B7). Stipe white (4A1); medulla solid. Context taste mild; Figure 5. Russula subpallidospora (Marxmdller, 2014)
odour fruity, but not strong; turning light pink with FeSO,; slow
reaction with guaiac; KOH not observed. Spore print pale cream (llb).

Basidiospores (6.8-)7.6—8.4-9.3(—11.0) x (5.4-)6.1-6.6—7.1(—7.8) um, broadly ellipsoid to ellipsoid,
Q=(1.13-)1.19-1.28-1.36(—1.51); ornamentation low to normal, moderately distant to dense [(4-)5—
7(-8) in a 3 um diam. circle], amyloid warts, 0.4-0.8 um high, subreticulate, occasionally fused in
chains [0-3 fusions in a 3 um diam. circle], connected with dispersed to occasional line connections
[0-2(-4) in a 3 um diam. circle], suprahilar spot large, not amyloid. Basidia (35—)57.8—70.8—83.9(-87)
x (6—)8.6—10.1-11.6(—13) um, narrowly clavate, 4-spored. Hymenial cystidia (62—)72.8-87.4-102.1(—
131) x (7-)7.4-8.4-9.3(— 11) um, narrowly fusiform, apically obtuse to mucronate or with 1-2
appendages or with double constriction, thin-walled; contents refringent, oily, slight reaction with
sulfovanillin (greyish); near the lamellae edges smaller, (50-)57.7—-68.8—-79.9(-111) x 7-8.1-9.2(-10)
um, fusiform to narrowly clavate, with or without appendage, thin walled; content same as on
lamellae sides. Lamellae edges sterile; marginal cells (11-)18.1-24.3-30.5(-35) x (3—)3.9-5.0-6.1(-7)
pum, poorly differentiated, cylindrical. Pileipellis orthochromatic in Cresyl Blue, 285-525 um deep,
sharply delimited from trama; subpellis not delimited from suprapellis; hyphae 2-4 um wide near
trama, densely arranged, irregularly oriented, more horizontally oriented towards the trama, with no
distinct gelatinous coating. Acid-resistant incrustations absent. Hyphal terminations near the pileus
margin long, with multiple septa, flexuose; terminal cells (19-)26.1-37.0-47.9 (-70) x (2-)2.1-3.7-
4.9(-6) um, cylindrical; subterminal cells and the cells below similar in length or slightly shorter,
similar in width, sometimes branched. Hyphal terminations near the pileus centre similar, terminal
cells similar in length (22-)27.3-39.7-52.0(—73) x (2—)2.4-3.1-3.7(-5) um, cylindrical; subterminal
cells and cells below sometimes branching. Pileocystidia near the pileus margin dispersed, 1 -3
celled, long, terminal cells (32-)43.7-73.3-103.0(—184) x (4—)4.7-5.6—6.5(—7) um, cylindrical to
narrowly fusiform, flexuose, obtuse or mucronate, with granulose content, reacting weakly (greyish)
in sulfovanillin; near the pileus centre rare, 1-2 celled, (41-)59.4-74.8-90.1(-104) x (5-)5.3-6.1—
7.0(=7) pm, cylindrical, narrowly fusiform or narrowly clavate, flexuose, obtuse, contents same as
near pileus margin.

Ecology: Associated with Pinus sylvestis

Distribution: Known from France.
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Specimens examined: France, Drome, Gigors et Lozeron, Gigors St. Pancrace, terrain marneux, with
Pinus sylvestis, 22 September 2004, H. Marxm{iller (MxM R-4048); H. Marxmdller (MxM R-1508)
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Figure 6. Russula subpallidospora; a) Cystidia of the hymenial side; b) Cystidia and marginal cells of
the hymenial edge; c and f) spores; d) Cystidia and hyphal terminations of the pileipellis margin; e)
Cystidia and hyphal terminations of the pileipellis centre.
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Russula sp. 2 (Fig. 7-8)

Description: Pileus large sized, 90-135 mm diam.; infundibuliform with depression in the centre;
white to orange-yellow (4A1, 4A6) and on some areas yellowish brown (4D5). Lamellae dense, 5-
8L/cm; white to light yellow (4A1, 4A3, 4A4); anastomosing near stipe, with light yellow reflex (4A4).
Stipe 40-60 x 22-25 mm; white to yellowish white (4A1, 4A2); turning yellowish brown (5D8) on
damaged places. Context mild taste in stipe, somewhat acrid in cap; odour fruity and like coriander
leaves; turning orange with FeSQs; strong reaction with guaiac. Spore print white (Ib). Turning yellow
in stipe and context and yellow-orange in lamellae with KOH.

Figure 7. Russula sp. 2

Basidiospores (7.9-)8.9-9.5-10.1(-10.9) x (6.3—)7.1-7.5—-8.0(-8.6) um, broadly ellipsoid to ellipsoid,
Q=(1.01-)1.18-1.26-1.34(-1.47); ornamentation of low to normal, moderately distant to dense [(3—
)4—7(-8) in a 3 um diam. circle], amyloid warts, 0.3-1.2 um high, branched, occasionally to frequently
fused in chains [(0-)1-3 fusions in a 3 um diam. circle], connected with dispersed to frequent line
connections [1-3(—4) in a 3 um diam. circle], suprahilar spot large, amyloid. Basidia (62—)68.6—76.7—
84.9(—95) x (6—)8.6—-10.1-11.6(—13) um, narrowly clavate, 4-spored. Hymenial cystidia (68—)79.3—
95.3-111.4(—139) x (7-)8.3-9.4-10.5(— 12) um, cylindrical to narrowly fusiform, apically obtuse to
rostrate or with small appendage or with double constriction, thin-walled; contents granulose, slight
reaction with sulfovanillin (greyish); near the lamellae edges smaller, (45-)53.3-70.3-87.4(-114) x
(5-)7.0-8.3—9.6(-11) um, narrowly clavate to narrowly fusiform, apically obtuse to rostrate, thin-
walled; content same as on lamellae sides. Lamellae edges sterile; marginal cells (11-)16.1-22.4—
28.8(—39) x (4—)4.1-5.3—-6.4(—8) um, poorly differentiated, cylindrical to narrowly clavate, flexuose,
sometimes bifurcating, thin-walled. Pileipellis orthochromatic in Cresyl Blue, 125-520 um deep, not
sharply delimited from trama, gradually passing; subpellis not delimited from suprapellis; hyphae 3—8
pm wide near trama, densely arranged, irregularly oriented, more horizontally oriented near trama,
with no distinct gelatinous coating. Acid-resistant incrustations absent. Hyphal terminations near
the pileus margin long and wide, with multiple septa, flexuose; terminal cells (14-)26.4—-40.6-54.7(—
84) x (2—)2.9-4.2-5.4(-8) um, cylindrical, flexuose; subterminal cells and the cells below similar in
length or shorter, similar in width, subterminal cells and the cells below sometimes branched. Hyphal
terminations near the pileus centre long, with multiple septa, terminal cells usually less broad (24—
)31.3—43.3-55.3 (—77) x (2—)2.7-3.3—-3.9(-5) um, subterminal cells and cells below sometimes
branched. Pileocystidia hard to find; near the pileus margin mostly 1-celled, but up to 3-celled, long,
terminal cells (39-)63.8-94.7-126.0(-165) x (3—)4.1-5.2—-6.2(-8) um, cylindrical to narrowly clavate,
flexuose, apically obtuse or with slight constriction, contents granulose, reacting weakly (greyish) in
sulfovanillin; near the pileus centre rare, 1-2 celled, generally shorter but still long, terminal cells (33—
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)56.0-83.1-110.0(—145) x (3—)4.1-5.2—-6.2(—8) um, cylindrical, flexuose, apically obtuse or with
double constriction, contents same as near pileus margin.

Ecology: Associated with Pinus halepensis, Quercus ilex, Cistus monspeliensis.
Distribution: Known from France, Italy, Belgium, Spain.

Specimens examined: Jean-Marie Trendel (JMT-17080703); France, Drome, Gigors et Lozeron, Gigors
le Savel, Gigors village, La Charousse, with Pinus, 01 September 1991, H. Marxmiiller (MxM R-9125);
Italy, 05 November 2016, R. De Lange (RDL 16-021); Belgium, Luxemburg (province), R. De Lange (RDL
17-026).
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Figure 8. Russula sp.2; a) Cystidia of the hymenial side; b) Cystidia and marginal cells of the hymenial
edge; c and f) spores; d) Cystidia and hyphal terminations of the pileipellis margin; e) Cystidia and
hyphal terminations of the pileipellis centre.
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Russula sp.3 (Fig. 9-10)

Pileus medium sized, 70-90 mm diam.; infundibuliform with a deep depression in the centre; white
to pale orange (5A1, 5A3) with light brown (6D8) zone in centre. Lamellae crowded, L = 115; slightly
decurrent; with weak blue-greenish hues (24A1-2). Stipe 20-25 x 15-20 mm; white (4A1); turning
light brown (6D8) when damaged; medulla solid. Context mild taste; odour fruity or like paint;

turning slightly orange with FeSQa; strong reaction with guaiac. Spore print not observed. Reaction
with KOH not observed.

Figure 9. Russula sp. 3

Spores (7.2-)7.6—8.2-8.7(-9.5) x (6.3-)7.1-7.5-8.0(-8.6) um, broadly ellipsoid Q= (1.13-)1.17-1.22—
1.27(-1.38); ornamentation of low to normal, moderately distant [4—6(—7) in a 3 um diam. circle]
amyloid warts, 0.4-0.8 um high, subreticulate, dispersedly to frequently fused in chains [(0—)1-3(-4)
fusions in a 3 um diam. circle], connected with dispersed to frequent line connections [(0—)1-3(-5) in
a 3 um diam. circle], suprahilar spot large, amyloid. Basidia (41-)54.7-61.6—68.6(—74) x (9-)10.6—
11.9-13.2(-14) um, narrowly clavate, 4-spored. Hymenial cystidia (51-)65.4—81.3—97.2(-134) x (6—
)7.2—-8.3-9.3(— 11) um, cylindrical to narrowly fusiform, apically obtuse to rostrate or with 1
appendage or double constriction, thin-walled; contents granulose, no reaction with sulfovanillin;
near the lamellae edges smaller, (47-)50.7-63.5-76.3(-122) x (6—)7.0-7.9—8.8(— 10) um, cylindrical
to narrowly fusiform, apically obtuse to mucronate or with 1 appendage or double constriction, thin-
walled; content same as on lamellae sides. Lamellae edges sterile; marginal cells (8—)14.3—20.0-
25.8(—35) x (3—)4.0-5.3-6.6(—8) um, poorly differentiated, cylindrical to narrowly clavate, sometimes
flexuose, thin-walled. Pileipellis orthochromatic in Cresyl Blue, 170-530 um deep, not sharply
delimited from trama, gradually passing; subpellis not delimited from suprapellis; hyphae 4-9 um
wide near trama, densely arranged, irregularly oriented, with no distinct gelatinous coating. Acid-
resistant incrustations present. Hyphal terminations near the pileus margin long and wide, with
multiple septa, flexuose; terminal cells (19-)30.9-45.7-60.4(—84) x (3—)4.2-5.9—7.6(—9) um,
cylindrical to clavate, flexuose; subterminal cells and the cells below similar in length or shorter,
similar in width, subterminal cells and the cells below sometimes branched. Hyphal terminations
near the pileus centre long, with multiple septa, terminal cells usually less broad (21-)32.0-46.3—
60.7(-81) x (3-)3.0-3.7-4.4(-5) um, sometimes bifurcating, subterminal cells and cells below
sometimes branched. Pileocystidia near the pileus margin mostly 1-celled, but up to 4-celled,
terminal cells (26-)40.3—-60.1-79.8(—107) x (4-)4.4-5.8—7.3(—10) um, cylindrical to narrowly clavate,
flexuose, apically obtuse or with slight constriction, sometimes bifurcating, contents granulose,
reacting weakly (greyish) in sulfovanillin, near the pileus centre 1-3 celled, terminal cells (30-)35.6—
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56.6—77.6(—125) x (4-)4.1-5.2-6.3(—8) um, cylindrical to narrowly clavate, flexuose, apically obtuse
or with slight constriction, contents same as near pileus margin.

Ecology: Associated with Quercus ilex, Pinus halepensis.
Distribution: Known from France, Italy, Spain.

Specimens examined: France, Drome, Val des Nymphes, with Quercus ilex, H. Marxm{iller (MxM R-
010120); Italy, 03 November 2016, R. De Lange (RDL 16-017); 15 August 2016, F. Hampe (FH RUS
16081503).
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Figure 10. Russula sp.3; a) Cystidia of the hymenial side; b) Cystidia and marginal cells of the
hymenial edge; c and f) spores; d) Cystidia and hyphal terminations of the pileipellis margin; e)
Cystidia and hyphal terminations of the pileipellis centre.
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Russula delica Fr. var. delica paratype/topotype (Fig. 11)
Specimen: France, Bellefontaine, H. Romagnesi (Rom 1viii 62).

Microscopical description: Basidiospores (8.6-)8.9-9.6—-10.4(—10.9) x (6.9-)7.0-7.7-8.3(—9.2) um,
broadly ellipsoid to ellipsoid Q= (1.17-)1.19-1.26-1.33(-1.38); ornamentation of low to normal,
moderately distant [(3—)4—6(—8) in a 3 um diam. circle] amyloid warts, 0.5—0.8 um high,
subreticulate, dispersedly to frequently fused in chains [(0-)0.5—-3.1(—4) fusions in a 3 um diam.
circle], connected with dispersed to frequent line connections [(0—)0.4-2.8(—4) in a 3 um diam.
circle], suprahilar spot large, amyloid. Basidia (49—)54.5-60.3-66.0(—72) x (10-)12.2-13.7-15.2(-16)
um, narrowly clavate, 4-spored. Hymenial cystidia (67—)71.0-82.3-93.5(—106) x (7-)8.4-9.3— 10 um,
cylindrical to narrowly fusiform or narrowly clavate, apically obtuse or with 1 appendage or double
constriction, thin-walled; contents granulose, slight reaction with sulfovanillin (greyish). Lamellae
edges not present. Pileipellis orthochromatic in Cresyl Blue, 125-510 um deep, not sharply delimited
from trama, gradually passing; subpellis not delimited from suprapellis; hyphae 4-10 um wide near
trama, densely arranged, irregularly oriented, with no distinct gelatinous coating. Acid-resistant
incrustations absent. Hyphal terminations near the pileus margin long and wide, with multiple septa,
flexuose; terminal cells (19-)27.1-41.1-55.1(-77) x (3—)3.8-6.4-8.9(-11) um, cylindrical to clavate,
flexuose; subterminal cells and the cells below similar in length or shorter, similar in width or wider,
subterminal cells and the cells below sometimes branched; pileus centre not present. Pileocystidia
near the pileus margin 1-3 celled; terminal cells (49-)62.1-105.0-148.0(-170) x (4-)4.6-5.6—6.6(—7)
um, cylindrical to clavate, flexuose, apically obtuse or mucronate, contents granulose, reacting

weakly (greyish) in sulfovanillin.
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Figure 11. Russula delica var. delica paratype/topotype; a) Cystidia of the hymenial side; b) Cystidia
and hyphal terminations of the pileipellis margin; c and d) spores.
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5. Discussion

5.1 Host specificity

5.1.1 R subg. Malodorae
In appendix A, we see that the Russula subgenus Malodorae divides early on in 3 clades.

The first clade is rather small, with only one unnamed Russula species from Brazil and Ecuador (1).
For this clade, only one host has been observed, namely a tree species of the genus Neea, which is a
tree that grows in South- and Central- America (Rossetto et al., 2019). The genus may be a good
delimitation feature for this species, as the genus is only found for this Russula species.

The second clade makes up the largest part of R. subg. Malodorae and includes R. pseudocompacta
A.Ghosh, K.Das, R.P.Bhatt & B.Buyck (2), R. compactoides K.Das, A.Ghosh & B.Buyck (7), and multiple
species that are named R. compacta Frost (4, 5, 6, 8, 9) or that are unnamed (1, 3). This clade has also
the largest diversity in plant hosts. It has hosts from the families Fagaceae (Quercus Castanopsis,
Lithocarpus), Salicaceae (Populus), Pinaceae (Pinus, Abies), Orchidaceae (Cymbidium, Lecanorchis,
Cypripedium) and Ericaceae (Monotropa, Monotropastrum) and thus, has a mix from gymnosperms
and angiosperms, and trees and herbs. All these families, except the Pinaceae, are not found in the
other two clades of R. subg. Malodorae, meaning that they may be a distinctive factor between this
clade and the others. The different families and genera are scattered completely over this clade and
do not follow a pattern for more closely related species. If we look on species level, the different
Russula species seem to have a different set of host species. Russula compacta Japan/Thailand (4),
one of the species named R. compacta United States (9) and R. compactoides (7) each only have one
host species (resp. Cymbidium macrorhizon, Monotropa uniflora and Abies densa), but each of these
host species was only mentioned once in the databases. We are not certain if these host species do
not interact with other Russula species. Russula sp. Japan (3), R. compacta Thailand (4) and R.
pseudocompacta (2) were part of different species hypotheses in UNITE, but seem to be one species
in the ML tree (namely R. pseudocompacta). We see that the genus Quercus (Quercus sp., Quercus
miyagii, Quercus multinervis) and the family Orchidaceae (Cymbidium macrorhizon, Lecanorchis
trachycaula) recurring as hosts of R. pseudocompacta (2, 3, 4). The species of this clade which had
multiple host species each have a different set of hosts. Different species with specimens labelled as
R. compacta had all different host species. Except for Monotropa uniflora (with 5 and 9), there was
no host species that had interactions with multiple species labelled R. compacta, which means that
host specificity can be a feature to delimit between these different species.

The third clade (with R. blennia Buyck (12), R. capillaris Buyck, R. edulis Buyck (10) and many
unnamed species(11, 13, 14, 15, 16,17)) are all species from African countries and the largest part of
the hosts are members of the genus Uapaca, but also some species of the genera Pinus and
Marquesia, and the family Caesalpiniaceae were mentioned. Uapaca is an endemic tree genus of
Africa and Madagascar (Breteler, 2013; McPherson, 2011). The fact that this host genus, or even the
species Uapaca guineensis, is so abundantly found in this clade, means that it may be a good
determining factor for this clade of R. subg. Malodorae. However, this clade is the only clade of R.
subg. Malodorae that has African species. The geographic distribution alone is thus a good
determining factor for this clade. Finding good delimiting hosts like Uapaca is a logical consequence
of the geographic distribution of this clade.
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Overall, the host species seem to follow a pattern for the largest clades in R. subg. Malodorae.
However, on species level, it is difficult to determine if the host species are a delimiting feature
between the Russula species, as data is often limited. However, the data that is available suggests
that hosts can be good indicators for the Russula species.

5.1.2 R subg. Archaea
In appendix B, we see that R. subg. Archaea had the least data of the 4 subgenera, making it difficult
to draw some conclusion for the host specificity within this subgenus. Overall, the Russula species for
which some host species were found, had mostly a different set of hosts, except Russula sp Panama
(3) and R. aff. archaea Panama (6), which had both one host from the genus Quercus. Only R.
butyroindica K.Das & Buyck (4) had also a herb (Pyrola japonica) as a host, the rest of the host species
were trees. No hosts were found in the databases for R. archaeosuberis Sarnari. However, in Sarnari
(1998), the habitat of R. archaeosuberis is described as a forest only consisting of cork oak (Quercus
suber), which is probably a host for this species. In Romagnesi (1967), the holotype of R.
camarophylla Romagn. (2) was found in a forest of (Quercus, Betula, Fagus and Corylus). The only
host found in the databases was Picea abies. Russula camarophylla has probably more host species
than mentioned in the databases.

Overall, the available data suggests that host specificity is a good indicator for the different species of
R. subg. Archaea.

5.1.3 R subg. Compactae s.s.
In appendix C, we see that Russula subgenus Compactae s.s. divides early on in three clades.

The first clade only has 2 species, R. subnigricans Hongo and R. fortunae Corrales (1) that originate
from Japan and Panama respectively. Only for R. fortunae (1), a host species was found. Oreomunnea
Mexicana is a tree species from the family Juglandaceae and is found in Central- and South- America.
Oreomunnea Mexicana is found for other species R. subg. Compactae s.s. (Russula sp. Panama (5),
Russula aff. nigricans Panama (16) and Russula sp. (19)) and seems to be a typical host tree for
species of Panama.

The second clade is larger than the first and consists of R. griseobrunnea (2), R. cantharellicola
D.Arora & N.H.Nguyen (3), R. khanchanjungae Van de Putte, K. Das & Buyck, 2 species with the name
R. polyphylla Peck (4), R. ochrobrunnea Y.Song & L.H.Qiu, R. cortinarioides Buyck, Adamcik, D.P.Lewis
& V.Hofst. (7), different species labelled as R.eccentrica Peck (6) and some unnamed species (8). The
species originate from Australia, the United States, Panama and different Asian countries (Thailand,
Korea, India, China). This clade has hosts of the families Fabaceae, Juglandaceae, Fagaceae and
Pinaceae, which are also found in the other clades of this subgenus. The hosts of R. griseobrunnea (2)
and Russula sp. Cameroon (8) (resp. Acacia auriculiformis and Gilbertiodendron dewevrei) are only
found for these two species. Acacia and Gilbertiodendron are both from the family Fagaceae. Russula
cantharellicola (3) and Russula sp Panama (5) also have only one host species, respectively Quercus
agrifolia and Oreomunnea Mexicana. Quercus agrifolia is only found once as a host in R. subg.
Compactae s.s. and is observed multiple times to be a host of R. cantharellicola (3), meaning that this
host species can be a determining factor for this Russula species. Quercus oleoides is the only host
found for R. polyphylla Costa Rica and is not observed to be a host for another species of R. subg.
Compactae s.s. It could be a good feature for R. polyphylla Costa Rica (4). Pinus densiflora is the host
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of R. eccentrica (6) and R. cortinarioides (7), but is also observed to be a host for a species of the next
clade.

The third clade is the largest clade. Early on, it divides into two branches. The smallest subclade has
species which originate from Africa and only one species that originates from Australia: two species
named R. fistulosa R.Heim (11), R. subfistulosa Buyck (10), R. ingwa Grgur., R. lateriticola R. Heim (12)
and some unnamed species (9). As these are the only African species in our tree of R. subg.
Compactae s.s., it seems logical that some of the hosts are not found for other species of this
subgenus. Host species are from the families Fabaceae (Acacia, Microberlinia, Intsia), Phyllanthaceae
(Uapaca), Asteropeiaceae (Asteropeia) and Pinaceae (Picea abies) and are all tree species. Asteropeia
mcphersoni is endemic to Madagascar (Henry et al., 2015) and is only found as a host tree for two
species of R. subg. Compactae s.s. (R. subfistulosa (10) and R. lateriticola (12)). These species can
both be found in Madagascar but are not clustered together and thus not particularly closely related.
But the fact that Asteropeia mcphersoni is not found for any other Russula species of our four
subgenera, only in this branch of R. subg. Compactae s.s., may mean that this host species is a good
delimiting host for this branch. All the other host species of this branch (Intsia bijuga, Uapaca
littoralis, Uapaca guineensis, Microberlinia bisulcata and the family Caesalpiniaceae), except Picea
abies, are also only found in this branch of R. subg. Compactae s.s.. Moreover, Intsia bijuga, Uapaca
littoralis and Microberlinia bisulcata cannot be found in the other subgenera, but Uapaca guineensis
is observed in all subgenera. Intsia bijuga and Uapaca littoralis could be specific and determining for
R. subfistulosa (10) and Microberlinia bisulcata for Russula sp Cameroon (9). It is remarkable that,
just like in R. subg. Archaea, all African species seem to cluster together in one clade.

The second, much larger subclade contains species from almost all continents, except Africa and
contains the largest part of the species tree. It contains host species from the families Fagaceae
(Quercus, Lithocarpus, Castanopsis, Fagus), Pinaceae (Pinus, Abies, Picea, Pseudotsuga, Larix),
Juglandaceae (Oreomunnea), Betulaceae (Betula, Carpinus), Salicaceae (Populus), Ericaceae
(Monotropa, Pyrola), Eucalypteae (Eucalyptus), Dipterocarpaceae (Dipterocarpus) and Orchidaceae
(Aphyllorchis, Cymbidium, Epipactis). The genera Quercus and Pinus are found throughout the whole
branch. This clade has many species which are morphological very similar, which is evident by the
names assigned to the specimens. These names were assigned to the specimens based on first
macromorphological observations in the field, but after further microscopic and molecular
delimitation, we see that these specimens are part of different species. We will compare species
which are morphological similar, based on these specimen names.

Species units 13, 23, 24, 25, 26 and 27: Russula albonigra (Krombh.) Fr. was seen as one species in

the past, but recently, it was divided in 5 species: R. sardoa De Lange sp. nov. (23), R. albonigra
(Krombh.) Fr. (24), R. nigrifacta De Lange & Adamcik, sp. nov. (25), R. ustulata De Lange & Verbeken,
sp. nov. (26) and R. ambusta De Lange, Adamcik & F. Hampe, sp. nov. (27). All species originate from
Europe, except R. albonigra (24), which has also specimens from the United States and Russia. This
large distribution range implies that R. albonigra (24) still consists of multiple species. One species,
Russula sp. Belgium (13), has one specimen which was also labelled R. albonigra, but is not closely
related to the other species. Russula sp. Belgium (13) has only one host, Quercus robur, which is also
a possible host for R. nigrifacta (25). The species which were part of the former R. albonigra each
have a different set of host species which are alle members of the Fagales (Quercus, Fagus, Carpinus,
Betula) or Pinaceae (Abies, Picea, Pinus), but there is some overlap. Quercus suber, Quercus robur,

30



Pinus sylvestris, and the genera Carpinus and Picea are possible hosts for multiple species. Abies alba
and Fagus sylvatica only interact with R. albonigra (24). Quercus ilex is only a possible host of R.
nigrifacta (25). Betula pendula is only found for R. ambusta (27). Species Pinus koraiensis and Pinus
pinaster only interact with R. albonigra (24). Pinus koraiensis is a species native to Eastern Asia and
Russia (Thomas & Farjon, 2013) and was found interacting with a Russian specimen.

Species unit 14 contains specimens labelled as Russula subnigricans Hongo. In the first clade, R.
subnigricans was also mentioned, but no hosts were found for this species unit. For species unit 14,
only one host species was found, namely Quercus serrata. All specimens labelled as R. subnigricans
were found in Japan, which makes it also hard to delimit between these species.

Species units 15, 16, 17, 18, 22, 39 have many specimens which were labelled as Russula nigricans

Fr.. Species units 15, 16, 17 and 18 are closely related to each other, but are probably different
species, based on their distributions range (resp. Europe, Panama, Europe and North- America). The
hosts are very different between species with a different distribution. Species unit 16 only has one
host species, Oreomunnea mexicana, which is also a host species for other species from Panama
within R. subg. Compactae s.s.. Species unit 18 has Pseudotsuga menziesii as its only host species.
There is some overlap in hosts between the European species units 15 and 17, as they share Fagus
sylvatica as a common host species. However, Abies alba, Picea abies and Quercus sp. are observed
to be host species of species unit 17, but not of species unit 15. Species unit 22 is not closely related
to the other species units and originates from Europe. One of its specimens is labelled

R. anthracina var. insipida Romagn. Its only host species, Quercus robur, is not observed to be a host
of the other species units mentioned here. Last, species unit 39 is also not closely related to the
other species units mentioned here. The specimens originate from Belize, the Dominican Republic
and Panama. This species unit can be found with Pinus caribaea and Quercus sp. Quercus sp. is found
in other species units, but Pinus caribaea can be a good delimiting feature. However, its geographic
range does not overlap with the other species unit, thus there should be no confusion with the other
species units.

Species units 20 and 21 both have specimens labelled Russula dissimulans. Species unit 20 is the real

Russula dissimulans Shaffer, as this species is from North- America, while species unit 21 has
specimens from Japan. These species will not be confused with each other, as their distributions do
not overlap. Their hosts are also different. Species unit 20 only has one host species, namely Pinus
taeda, while species unit 21 only has tree species from the genus Quercus (Quercus glauca, Quercus
serrata).

Russula ingwa (28) is the only Australian species from R. subgenus Compactae s.s. Another specimen

labelled with the same name was clustered together with the previous clade of African species, but
no host species were found. Only one host species was found for R. ingwa (28), namely Eucalyptus
regrans, which is only found in Australia (Fensham et al., 2019)

Species units 30, 35, 36, 43 have many specimens labelled as Russula densifolia Secr., but are not

particularly closely related. The distribution of species unit 30 (Japan and China) and species unit 36
(Japan) overlaps. Only one host was found for species unit 30, namely Pinus massoniana, which is
native to Taiwan and China (Farjon, 2013c). Species unit 36 has a larger variety in host species. It not
only contains tree hosts (Quercus serrata, Fagus japonica), but also some herb hosts from the
families Ericaceae (Pyrola japonica) and Orchidaceae (Aphyllorchis caudata, Cymbidium lancifolium),
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which are not found in the other two species units. Species units 35 and 43 both originate from
Europe. There is some overlap in tree hosts, as both species units have host species from the genus
Pinus. However, species unit 35 has a larger variety of tree hosts from the family Pinaceae (Picea
abies, Pinus pinaster, Pinus sylvestris) but also hosts of the genera Quercus (Quercus robur, Quercus
suber) and Populus (Populus alba, Populus tremula) and Fagus sylvatica. Fagus sylvatica, Picea abies,
Populus alba, Populus tremula, Quercus robur and Quercus suber were not found with the other
species units.

Russula atramentosa Sarnari (31) has a wide distribution range (Europe, North- America), thus is

probably not just one species. Only one host species is found, namely Fagus grandifolia, which is also
a host of species unit 32, a closely related species, which makes it hard to delimit between the two
based on host specificity.

Russula densissima Romagn.(33) is found in Germany and Switzerland and has a variety of host trees

from the Fagales (Fagus sylvatica, Quercus petraea) and Pinaceae (Picea abies, Pinus sylvestris). All
these species are not exclusively found for this species unit.

Species units 42, 45, 46 all contain specimens labelled as Russula acrifolia Romagn. and are all closely

related. Alle three specie units originate from Europe, but species unit 42 has also specimens from
the United States, Panama and Iran and species unit 45 has a specimen from Japan. All three species
units have a different set of host species that do not overlap. Specimen 42 has Picea abies, native to
North- America (Farjon, 2017b) and Fagales as hosts. The wide distribution range implies that this
species unit contains multiple species. Species unit 45 has a wide variety of host species: both herbs
from the families Orchidaceae (Epipactis helleborine) and Ericaceae (Pyrola rotundifolia) and trees
from the families Pinaceae (Picea jezoensis) and Fagaceae (Quercus petraea, Quercus ilex). Picea
jezoensis is an Asian species (Thomas et al., 2013) and was a host from the Japanese specimen. This
Japanese specimen is possibly part of a different species. Species unit 46 has only host species of the
genus Populus.

Russula roseonigra Pidlich-Aigner (44) is closely related to the species units 42, 43, 45 and 46. The
specimens of this species unit originate from Europe. Only on host was found, namely Abies alba,

which was not found in the closely related species units.

Species units 47 and 48 both have specimens labelled as Russula adusta (Pers.) Fr., but originate

respectively from North- America and Europe, which reduces possible confusion between the two.
Both are associated with tree species from the family Pinaceae, but there is no overlap between the
host species. Species unit 47 has hosts from the genus Pinus (Pinus banksiana, Pinus contorta).
Species unit 48 has a wider variety of hosts: Larix decidua, Picea abies, Pinus cembra, Pinus sylvestris.

In conclusion, most unrelated species which were falsely labelled with the same species name based
on macromorphology, can be delimited in most cases by looking at the host trees and the
distribution range.

5.1.4 R. subg. Brevipedum
In appendix D, we see that Russula subgenus Brevipedum divides early on in 2 large clades.

The first large clade consists of a subclade with species R. fuegiana Singer (1), R. metachromatica
Singer (2) and R. metachromatica subsp. tarumaensis Singer (3) which are all South- American
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species. Russula fuegiana (1) only has one host tree: Nothofagus dombeyi, which is native to Chile
(Barstow et al., 2017). Nothofagus dombeyi has not been observed to make an interaction with other
species, thus can be a good delimiting feature for R. fuegiana (1). Russula metachromatica (2) and R.
metachromatica subsp. Tarumaensis (3) both have the same host species, namely Dicymbe
corymbosa, which makes sense, as these two are related. Dicymbe corymbosa is not found to be a
host for other species. A second subclade consists of R. littoralis Romagn (AG)., R. cascadensis Shaffer
(4), R. subpallidospora Marx. (U), Russula sp.1 (1), R. pallidospora J.Blum ex Romagn. (T) and an
unnamed Russula sp. Cameroon (5). The host species of this subclade are members of different
families. Russula littoralis (AG) is only found in Europe. It has two herb hosts from the family
Cistaceae (Cistus salviifolius, Halimium halimifolium) and one tree host, namely Pinus pinaster. No
other species of R. subg. Brevipedum have hosts from the Cistaceae, so this family may be a good
indicator for R. littoralis (AG). Russula cascadensis (4) has specimens from Uruguay, North- America
and Japan. All of the host species are members of Pinaceae (Pinus parviflora, Pinus ponderosa,
Pseudotsuga menziesii). The host species are native to North- America (Farjon, 2013e; Farjon, 2013g),
except Pinus parviflora, which is native to Japan (Farjon, 2013d). Russula cascadensis (4) seems to
have a wide distribution range, but most specimens are from North- America. Specimens from
Uruguay and Japan are probably members of another species, but more research is needed. Russula
subpallidospora (U) has specimens from the United States, Europe and Iran. Its host species are
Quercus kelloggii and Betula sp. Quercus kelloggii has no interaction with other species of R. subg.
Brevipedum, and could be a good indicator species. The specimen of R. pallidospora are found only in
Europe. Quercus robur, Fagus sp. are its host trees. The hosts of R. pallidospora (T) and R.
subpallidospora (U) are all members of the order Fagales. Strangely, in the literature, R.
subpallidospora (U) was observed to be associating with the genus Pinus (Marxmiiller, 2014), but this
genus was not mentioned in the databases. Russula sp. Cameroon (5) has only one host species,
Uapaca guineensis, which seems to be a common host for African species of Russula subgenus
Compactae s.l.

The second clade of Russula subg. Brevipedum is quite complicated, due to many specimens which
were wrongfully named Russula delica Fr. and Russula chloroides Romagn. due to their
macromorphological.

Species unit X can only be found in Europe. It has two different host species: one tree species, Tilia
cordata and one orchid species, Limodorum abortivum. Limodorum abortivum is also a host for other
species of R. subg. Brevipedum. Tilia cordata is only found for this species unit and could be a good
delimiting feature.

Species unit Y has one host species, Picea abies, and its specimens originate from Norther Europe.
Picea abies is also a host for species unit J, which is relatively closely related to species unit Y.

Species unit N has specimens from South- and Central- America. Its host species are all members of
the genus Quercus (Quercus oleoides, Quercus seemanii, Quercus salicifolia) and are all native to
Central- America (Gallagher, 2018; Govaerts & Frodin, 1998; Jerome, 2018). There is no other species
of R. subg. Brevipedum Quercus oleoides which interacts with Quercus oleoides. Quercus seemanii
and Quercus salicifolia are also host of species unit M, which is not closely related to N, but also
originates from Central- America.
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Species unit J: UNITE assigned different species hypotheses to different parts of species unit J.
Therefore, J was divided in 5 different parts which were assigned their hosts species. It is indeed
unlikely that J is just one species (see section 5.2) as the geographical range is too wide: we have
specimens from North- America, China, Northern Europe and Thailand. There is however some
overlap between the host species, e.g. Dryas octopetala, Picea abies, and the genera Populus and
Betula are host species for multiple subdivisions of species unit J. Other hosts are more exclusive, e.g.
Larix chinensis and the genus Salix. More research is probably needed for species unit J.

Species unit V is only found in North- America. Only one host species has been found for this species
unit, namely Pseudotsuga menziesii. Pseudotsuga menziesii is native to America (Farjon, 2013g), and
interacts with many other species of R. subg. Compactae s.I.

Species unit M contains specimens from Mexico and Panama. It has two species from the genus
Quercus (Quercus salicifoliaii, Quercus seemanii) as host species. Both Quercus salicifoliaii and
Quercus seemanii are native to South- and Central- America (Govaerts & Frodin, 1998; Jerome, 2018)
and are also hosts of the species unit N.

Species unit R has specimens from Europe, Costa Rica and North- America and is probably composed
of multiple species. Specimens of North- America have the trees Fagus grandifolia, Pseudotsuga
menziesii and the herb Monotropa uniflora from the Ericaceae as host species. Specimens from
Europe have Quercus petraea and Fagus sylvatica as host species.

Species unit G only has specimens from Italy and two host species: the oak Quercus ilex and the
orchid Limodorum abortivum. Quercus ilex is also a host of species unit H. Limodorum abortivum is a
common host for R. subg. Brevipedum.

Species unit C has specimens from Europe. There are only three host species: two of the genus
Populus (Populus alba, Populus canescens (Populus alba x tremula)) and one of the genus Tilia.

Species unit Q seems to be one species in the concatenated ML tree and our coalescent species
delimitation method seems to support this species unit (posterior probability > 0.99, see section 5.2).
However, it seems possible that species unit Q is not just one species, as the geographic range is
large. In our ML tree based on the ITS marker, the species unit Q is divided in 3 different parts with
different host species. All host species are members of the family Pinaceae. Q1 has specimens from
Japan and the United States. The host species are Pinus pumila, native to Asia (Farjon, 2013f), and
Pseudotsuga menziesii, native to North- America (Farjon, 2013g). Q2 has specimens from Europe and
the Canary Islands (Spain). Only one host species was found, namely Pinus canariensis, which is
native to the Canary Islands (Thomas, 2017). Q3 has specimens from Canada and Italy. Three host
species were found, namely Abies alba, Abies balsamea and Picea mariana. Abies alba is a European
species (Farjon, 2017a), while both Abies balsamea and Picea mariana are native to North- America
(Farjon, 2013a; Farjon, 2013b).

Species unit B has specimens from Europe and has quite a large variety of host species. Host species
and genera are Tila sp., members of the family Pinaceae (Abies alba, Picea sp., Pinus sp.) and the
order Fagales (Betula sp., Populus sp.). All these host species and genera are common among the
species of R. subg. Brevipedum.
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Species unit F has specimens originating from Europe. The host species are trees from the order
Fagales (Fagus sylvatica, Quercus petraea, Quercus rotundifolia) and 2 orchid species from the genus
Limodorum (Limodorum abortivum, Limodorum brulloi). Limodorum brulloi and Quercus rotundifolia
are not observed to form interactions with other species of R. subg. Brevipedum and could be good
indicator species.

Species unit O has only two hosts: Pinus pinaster, which is also a host of R. littoralis (AG), and
Limodorum abortivum, which is a common host for the species of R. subg. Brevipedum.

Species unit A (Russula sp.2): The specimens of species unit A originate from West- and North-

Europe. The variety of host species is quite high, as species unit A has two species from the genus
Pinus (Pinus halepensis, Pinus sylvestris) Quercus sp., Tilia sp. and the orchid Limodorum abortivum as
its host. Pinus halepensis is an exclusive host of species unit A. Limodorum abortivum is a host for
different species of R. subg. Brevipedum, but not for the other subgenera. Pinus sylvestris is a
common host for the species of R. subg. Compactae s.l., but only interacts with this species unit
within R. subg. Brevipedum.

Species unit H has a variety of host species and a large geographic range (Europe and Canada). Host
species are members of the order Fagales (Betula pendula, Populus tremula, Quercus ilex) and the
family Pinaceae (Picea sp., Pinus sp.). It is possible that species unit H also consists of more species,
as it has a wide host variety and geographic range.

Species unit S (Russula sp.3) has specimens originating from Europe. It has only two hosts from the

orchid genus Limodorum (Limodorum abortivum, Limodorum trabutianum). Limodorum abortivum is
a common host for the species of R. subg. Brevipedum, while Limodorum trabutianum is exclusively
found as a host for this species unit.

Species unit W (R. metachromatica) is only found in Martinique. This species unit has 4 host species,

which are not observed to interact with other species of R. subg. Compactae s.l. Coccoloba
pubescens, Coccoloba swartzii and Pisonia fragrans are tree species native to the Caribbean region
(Hassler, 2021a; Hassler, 2021b; Hassler, 2021c). R. metachromatica was also mentioned as a species
in the first clade (2, 3), but had only one host species Dicymbe corymbosa, which was not found for
species unit W. There is no overlap between host species, so these species can easily be delimited by
host specificity.

There were also some unnamed species with host species data who were not assigned to a species
unit. Remarkably, two related species units (10, 11) had the grass Kobresia from the family
Cyperaceae as host. This is the only grass host we found. Kobresia is the only sedge known to form
ECM associations and associates with Cenoccocum, Sebacina, Tomentella etc (Mihlmann & Peintner,
2008). Interactions with Russula have also been reported (Schadt, 2002).

Overall, we see many differences in host species between morphological similar species.

5.1.5 Intermediate conclusion and problems
The different species of the different subgenera seem to be host specific. Many species interact with
hosts from one or two different families or with hosts that form no interactions with other species of
R. subg. Compactae s.l. Even closely related species sometimes have hosts from the same species,
genus or family, thus reflecting their relatedness. Similar species or different specimen falsely
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labelled under the same name have in most cases a different variety of host species, which makes it
easy to differentiate between them based on their surrounding hosts.

However, some caution is needed when we make conclusions for the host specificity, as some
problems arise. Specimens retrieved from the UNITE and GlobalFungi database often reflect another
and often wider geographic range than the specimens of our research group database. It is difficult
to line the species hypotheses up to species in our tree, as specimens of the same species
hypotheses can sometimes be placed at a whole different branch compared to the other specimens
of the same species hypotheses. The ITS marker may also not be sufficient to differentiate between
these different species complexes. Another problem is that relatively new species and species which
are rare have less data available, meaning that they may have a larger variety of hosts, which overlap
with hosts of morphological similar species. Species with a large variety of hosts, often have a large
geographic range, which makes it more likely that these species can be divided in more different
species. More molecular research, preferably with different markers, is needed. We also find more
data about hosts for European species compared to the rest of the world, probably because most
Russula research is centred around Europe (Buyck & Adamcik, 2013). Species from other parts of the
world can have a wider host variety than we described.
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5.2 Species delimitation
From the three runs, the third had the highest posterior probability for its best species model (0.58),
with a set of 28 species. However, the posterior probability is rather low. The posterior probabilities
of the delimited species are high for 27 species (0.93 to 1.00), but one species (J+AE) has a low
posterior probability (0.69). The posterior probabilities of the best species models after the other
two runs were lower (0.45 after run 1; 0.56 after run 2), and they had a higher set of species (resp. 33
and 30). After the second run, species J+AE had also the lowest probability (0.79), which implies it is
unlikely that J+AE is one species. After the first run, species units K and AD had the lowest probability
(both 0.64). K and AD are clustered together in the second run (K+AD) and third run
(K+M+Y+A+B+AD) with high probabilities (both around 0.95), implying that these initial species units
are probably clustered together in one species. Overall, our coalescent species delimitation approach
does not seem to suffice to delimit the species of Russula subgenus Brevipedum. The fact that the
outcomes of the three runs change so drastically, implies that the species models are unstable.

Maybe if we divided our initial set of species units in more, smaller species units, the posterior
probability would be higher. Another way we could refine our species delimitation method is by
adding more markers. We could also try to use another method for species delimitation to compare
with our results.
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5.3 Species comparisons
The new descriptions of R. subg. Brevipedum species will be compared to closely related and similar
species, described in Romagnesi (1967) and Sarnari (1998). We will compare Russula sp.1 and
Russula subpallidospora with each other and with Russula pallidospora Romagn. Further, Russula
sp.2 and Russula sp.3 will be compared to each other and with our description of the Russula delica
var. delica paratype/topotype. We will also compare R. sp.2 and R. sp.3 with the other variations of
R. delica (R. delica var. puta, R. delica var. trachyspora) and to Russula chloroides.

5.3.1 Russula sp.1 VS. Russula subpallidospora
The hymenial cystidia of Russula sp.1 ((49-)57.0-66.3—-75.5 (-80) x (5-)6.4—7.4-8.3 (— 9) um) are
smaller compared to the cystidia of Russula subpallidospora ((62—)72.8-87.4-102.1(-131) x (7-)7.4—
8.4-9.3(— 11) um). The hymenial cystidia of R. sp.1 are always apically obtuse, while those of R.
subpallidospora can be apically mucronate or can have appendages. The marginal cells of R. sp.1 are
similar in size ((8 —)12.7-21.8—-30.8(—40) x (3—)3.9—4.8-5.6(—6) um) compared to R. subpallidospora
((11-)18.1-24.3-30.5(—35) x (3—)3.9-5.0—-6.1(—7) um). The hyphal terminal cells in the pileus margin
are similar in size (R. sp.1: (20-)30.6—39.8—49.0(—60) x (2—)2.3-3.0-3.6(—4) um; R. subpallidospora:
(19-)26.1-37.0-47.9 (-70) x (2—-)2.1-3.7-4.9(—6) um), but hyphal terminal cells are smaller in the
pileus centre of R. sp.1 ((25-)29.0-35.7-42.3(-49) x (2-)2.6-3.0-3.3(—4) um) compared to R.
subpallidospora ((22—-)27.3—39.7-52.0(-73) x (2—)2.4-3.1-3.7(-5) um). Terminal cells of the
pileocystidia of R. sp.1 are smaller ((37-)42.4-50.9-59.4(—64) x (4—)4.0-4.8-5.6(—7) um) compared
those of R. subpallidospora ((32-)43.7-73.3—103.0(-184) x (4—)4.7-5.6—6.5(—7) um). The
pileocystidia are 1-3 celled in both species. In both species, there is a slight reaction with sulfovanillin
in the cystidia. Acid-resistant incrustations are not observed in both species.

Intermediate conclusion

The most notable differences between Russula sp.1 and Russula subpallidospora are the size
difference of the hymenial cystidia and terminal cells of the pileocystidia and the difference in apical
shape of the hymenial cystidia.
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5.3.2 Russula sp.1
Russula sp.1 VS. Russula pallidospora Romagn.

1. Romagnesi
Microscopic: Hymenial cystidia are larger in R. pallidospora Romagn. (65-165 x 6,5-10 um)
thanin R. sp.1 ((49-)57.0-66.3—75.5 (—80) x (5—-)6.4—7.4—8.3 (— 9) um). Apical appendages are
present on the hymenial cystidia of R. pallidospora Romagn., but are not observed on the
hymenial cystidia of R. sp.1, which are apically obtuse.

2. Sarnari
Microscopic: Hymenial cystidia of R. pallidospora Romagn. are slightly wider (7-10.5 pum)
compared to R. sp.1 ((5-)6.4-7.4-8.3 (— 9) um).

Intermediate conclusion

Because only one collection of Russula sp.1 was available for the description, some parts of the
description are missing (basidia and spores). This makes it difficult to draw a complete conclusion for
this species. We see some differences in the hymenial cystidia compared to R. pallidospora: the
hymenial cystidia of Russula sp.1 are smaller and lack apical appendages.
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5.3.3 Russula subpallidospora
Russula subpallidospora VS. Russula pallidospora Romagn.

1.

Romagnesi

Macroscopic: The spore print of R. pallidospora Romagn. is dark (Ild), while the spore print of
R. subpallidospora is pale cream (lIb).

Microscopic: Spores of R. pallidospora Romagn. are smaller (7,5-8,75 x 6-7 um) than the
spores of R. subpallidospora ((6.8—)7.6—8.4—9.3(—11.0) x (5.4-)6.1-6.6—7.1(-7.8) um). Spores
of R. pallidospora Romagn. have a weak amyloid, suprahilar spot, while the spores of R.
subpallidospora have a large, suprahilar spot that is not amyloid. Basidia of R. pallidospora
Romagn. (52-60 x 9-11 um) are smaller than the basidia of R. subpallidospora ((35-)57.8—
70.8-83.9(—87) x (6—)8.6—10.1-11.6(—13) um). The hymenial cystidia of R. pallidospora
Romagn. are larger (65-165 x 6,5-10 um) compared to the cystidia of R. subpallidospora ((62—
)72.8-87.4-102.1(-131) x (7-)7.4-8.4-9.3(— 11) um).

Sarnari

Macroscopic: R. pallidospora Romagn. has a slightly darker spore print (llc-d) compared to R.

subpallidospora (lb).

Microscopic: R. pallidospora Romagn. has slightly smaller spores (7.2-9 x 5.9-6.8 um)
compared to R. subpallidospora ((6.8—)7.6-8.4-9.3(-11.0) x (5.4-)6.1-6.6—7.1(-7.8) um). The
suprahilar spot of R. pallidospora Romagn. is small and amyloid, while that of R.
subpallidospora is large and not amyloid. Russula pallidospora Romagn. has smaller basidia
(48-62 x 8-11 um) compared to R. subpallidospora (35-)57.8-70.8—83.9(-87) x (6—)8.6—10.1—
11.6(-13) um. Hymenial cystidia are similar in width. The hyphal terminations are less broad
in R. pallidospora Romagn. (1.3-2.5 um) compared to R. subpallidospora ((2—)2.1-3.7-4.9(-6)

um).

Intermediate conclusion

The most notable differences between R. subpallidospora and R. pallidospora are the suprahilar spot,
which is not amyloid on the spores of R. subpallidospora, and the larger basidia of R. subpallidospora.
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5.3.4 Thereal Russula delica var. delica
We made two descriptions based on specimens of two different clades which were both closely
related to Russula delica (labelled here as Russula sp.2 and R. sp.3) and which contained both a
paratype of R. delica var. delica. We will compare the descriptions of these two clades with the
description of the Russula delica var. delica paratype/topotype, found in the same area as the
holotype, to find out which of the two is more closely related.

Russula sp.2 VS. Russula delica Fr. var. delica paratype/topotype

Microscopic: The spores of the paratype/topotype have a similar size ((8.6—)8.9-9.6—10.4(—10.9) x
(6.9-)7.0-7.7-8.3(-9.2) um) compared to R. sp.2 ((7.9-)8.9-9.5-10.1(—10.9) x (6.3-)7.1-7.5-8.0(—
8.6) um). Ornamentation of the spores of the R. delica paratype is slightly less high (0.5-0.8 um)
compared to R. sp.2 (0.3-1.2 um). The basidia of the paratype/topotype are smaller, but wider ((49—
)54.5-60.3-66.0(~72) x (10-)12.2-13.7-15.2(~16) um) than R. sp.2 ((62-)68.6—76.7-84.9(-95) x (6—
)8.6-10.1-11.6(—13) um). Hymenial cystidia are also smaller, but slightly less broad for the
paratype/topotype ((67—)71.0-82.3-93.5(-106) x (7—)8.4-9.3— 10 um) compared to R. sp.2 ((68—
)79.3—95.3-111.4(—139) x (7-)8.3—9.4-10.5(— 12) um). The hymenial cystidia of both R. sp.2 and the
paratype/topotype react slightly to sulfovanillin. The hyphal terminal cells of the pileipellis are
slightly wider in the paratype/topotype ((19-)27.1-41.1-55.1(-77) x (3-)3.8-6.4-8.9(-11) um) than
R. sp.2 ((14-)26.4-40.6—54.7(—84) x (2—)2.9-4.2-5.4(—8) um), but are similar in length. Terminal cells
of the pileocystidia of the paratype/topotype are larger ((49-)62.1-105.0-148.0(—170) x (4—)4.6—5.6—
6.6(—7) um) compared to R. sp.2 (39-)63.8-94.7-126.0(-165) x (3—)4.1-5.2—6.2(—8) um and are
sometimes apically mucronate for the paratype/topotype, which is not observed for R. sp.2.

Russula sp.3 VS. Russula delica Fr. var. delica paratype/topotype

Microscopic: Spores of the R. delica var. delica paratype/topotype are larger ((8.6—)8.9-9.6-10.4(—
10.9) x (6.9—-)7.0-7.7-8.3(-9.2) um) than the spores of R. sp.3 ((7.2—-)7.6-8.2—8.7(-9.5) x (6.3-)7.1—
7.5-8.0(-8.6) um). Basidia of the paratype/topotype are slightly smaller, but wider ((49-)54.5-60.3—
66.0(-72) x (10-)12.2—-13.7-15.2(-16) um) compared to R. sp.3 (41-)54.7-61.6—68.6(—74) x (9—
)10.6-11.9-13.2(—14) um. The hymenial cystidia are never observed to be apically rostrate in the
paratype/topotype, while this is sometimes observed in R. sp.3. Also, no reaction with sulfovanillin
was observed in the hymenial cystidia of R. sp.3, while we did see this reaction in the cystidia of the
paratype/topotype. Acid-resistant incrustations are absent in the paratype/topotype, while these are
present in R. sp.3. The terminal cells of the pileipellis hyphae are slightly smaller in the
paratype/topotype ((19-)27.1-41.1-55.1(—77) x (3-)3.8—6.4-8.9(-11) um) compared to R. sp.3 ((19-
)30.9-45.7-60.4(—84) x (3-)4.2-5.9-7.6(-9) um). The pileocystidia of the paratype/topotype counted
1-3 cells, while these of R. sp.3 were up to 4 cells. The pileocystidia of the paratype/topotype are also
much larger ((49-)62.1-105.0-148.0(—170) x (4-)4.6-5.6—6.6(—7) um) than the pileocystidia of R.
sp.3 ((26-)40.3—60.1-79.8(—107) x (4—)4.4-5.8-7.3(-10)) and were never observed to be bifurcating
in the paratype/topotype, in contrary to the pileocystidia of R. sp.3.

Intermediate conclusion

Our description of R. sp.2 matches the description of the R. delica var. delica paratype/topotype the
most. The measurements of the spores, basidia, cystidia and terminal cells are slightly different, but
lie closer to the measurement of R. sp.2 than R. sp.3. Also, there is no reaction seen with sulfovanillin
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in the cystidia of R. sp.3, but the reaction with sulfovanillin is observed in both R. sp.2 and the
paratype/topotype. Acid-resistant incrustations were present in R. sp.3, but absent in both our R.
sp.2 and the paratype/topotype.
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5.3.5 Russula sp.2 VS. Russula sp.3
The spores of Russula sp.2 are slightly larger ((7.9-)8.9-9.5-10.1(-10.9) x (6.3—)7.1-7.5-8.0(-8.6)
pum) compared to the spores of Russula sp.3 ((7.2—)7.6—8.2—8.7(—9.5) x (6.3—)7.1-7.5-8.0(—8.6) um).
The hymenial cystidia of R. sp.2 ((68—)79.3—-95.3-111.4(-139) x (7-)8.3—9.4-10.5(— 12)) are larger
compared to the cystidia of R. sp.3 ((51-)65.4-81.3—97.2(—134) x (6—)7.2—8.3-9.3(— 11) um), but
have a similar shape. The basidia of R. sp.2 are larger ((62—)68.6—76.7—84.9(-95) x (6—)8.6—10.1—
11.6(—13) um) compared to those of R. sp.3 ((41-)54.7-61.6—68.6(—74) x (9-)10.6—11.9-13.2(-14)
pum). The marginal cells of R. sp.2 are slightly larger ((11-)16.1-22.4-28.8(—39) x (4-)4.1-5.3-6.4(-8)
pum) compared to R. sp.3 ((8—)14.3—20.0-25.8(—35) x (3—)4.0-5.3—-6.6(—8) um). The hyphal terminal
cells of R. sp.2 are similar in size (pileus margin: (14-)26.4-40.6-54.7(—84) x (2—)2.9—4.2-5.4(—8) um;
pileus centre: (24-)31.3-43.3-55.3 (—77) x (2—)2.7-3.3-3.9(-5)) compared to R. sp.3 (pileus
margin:(19-)30.9-45.7-60.4(—84) x (3-)4.2-5.9-7.6(—9) um; pileus centre: (21-)32.0-46.3-60.7(—81)
x (3-)3.0-3.7-4.4(-5)). Terminal cells of the pileocystidia of R. sp.2 are larger ((39-)63.8-94.7—
126.0(—165) x (3—)4.1-5.2-6.2(-8) um) compared those of R. sp.3 ((26—)40.3—60.1-79.8(-107) x (4—
)4.4-5.8-7.3(-10) um). The pileocystidia are 1-3 celled in R. sp.2, but 1-4 celled in R. sp.3. The
hymenial cystidia of R. sp.2 react slightly with sulfovanillin, while there is no reaction in the hymenial
cystidia of R. sp.3 with sulfovanillin. R. sp.3 Acid-resistant incrustations are present in R. sp.3, but
absentin R. sp.2.

Intermediate conclusion

The most notable differences between Russula sp.2 and Russula sp.3 are the difference in size of the
basidia and terminal cells of the pileocystidia, no reaction of sulfovanillin in the cystidia of R. sp.3 and
the presence of acid-resistant incrustations in R. sp.3, which are absent in R. sp.2.
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5.3.6 Russula sp.2
Russula sp.2 VS. Russula delica var. puta Romagn.

1.

Romagnesi

Macroscopic: Pileus size is larger for our description of R. sp.2 (90-135 mm) compared to the
pileus of R. delica var. puta (55-120 mm). Stipe has a similar size in both descriptions. The
flavour is mild for both descriptions. Russula delica var. puta has a bright reddish pink
reaction to FeSO,4, while R. sp.2 has an orange reaction. Spore print is similar in colour (Ib)
Microscopic: The spore size is similar for both R. delica var. puta (7.7-9.2-(9.7) x 6.5-7-(8) um)
and R. sp.2 ((7.9-)8.9-9.5-10.1(—10.9) x (6.3-)7.1-7.5-8.0(—8.6) um). Basidia of R. delica var.
puta are slightly smaller ((47)-62-75 x 12-13 um) compared to those of R. sp.2 ((62—)68.6—
76.7-84.9(—95) x (6—)8.6—-10.1-11.6(—13) um). Hymenial cystidia of R. delica var. puta are
slightly larger (65-150 x (6.5)-7.2- 11.5-(13,5) um) compared to R. sp.2 ((68—)79.3—95.3—
111.4(-139) x (7-)8.3-9.4-10.5(— 12) um).

Sarnari

Macroscopic: The pileus size of R. delica var. puta is smaller (90-110 mm) than the pileus size
of R. sp.2 (90-135 mm). The lamellae density is higher for R. delica var. puta (10L/cm)
compared to R. sp.2 (5-8L/cm). The stipe of R. delica var. puta is smaller (20-30 x 15-20 mm)
than R. sp.2 (40-60 x 22-25 mm). Russula delica var. puta has a salty odour, while R. sp.2
smells fruity and like coriander leaves. Both have a reaction to FeSO,and guaiac. The spore
print has a similar colour in both descriptions (Ib)

Microscopic: Spore size is similar for R. delica var. puta (8-9.6 x 6.7-8 um) and R. sp.2 ((7.9-
)8.9-9.5-10.1(—10.9) x (6.3—)7.1-7.5-8.0(—8.6) um). The basidia of R. delica var. puta are
smaller (40-68 x 10-12 um) compared to the basidia of R. sp.2 ((62-)68.6—76.7—84.9(—95) x
(6-)8.6-10.1-11.6(—13) um), but similar in shape. Hymenial cystidia have a similar shape.

Russula sp.2 VS. Russula delica var. trachyspora Romagn.

1.

Romagnesi

Macroscopic: The pileus size of R. delica var. trachyspora is slightly smaller (80-110 mm) than
the pileus size of R. sp.2 (90-135 mm). The lamellae density is higher for R. delica var.
trachyspora (6-9L/cm) compared to R. sp.2 (5-8L/cm). The stipe of R. delica var. trachyspora
is smaller (20-50 x 15-24 mm) than R. sp.2 (40-60 x 22-25 mm). Both have a mild taste.
Russula delica var. trachyspora turns light orange-pink with the reaction of FeSO4, while R.
sp.2 turns orange. The spore print is light for both (Ib), but sometimes a little darker (lla) for
R. delica var. trachyspora

Microscopic: Spore size is similar in R. delica var. trachyspora (8.5-10.7 x 7-8.5 pm) and our R.
delica ((7.9-)8.9—9.5-10.1(-10.9) x (6.3—-)7.1-7.5-8.0(-8.6) um). The basidia of R. delica var.
trachyspora are smaller (43-57 x 11-12.5) compared to the basidia of R. sp.2 ((62—)68.6—
76.7-84.9(—95) x (6—)8.6—-10.1-11.6(—13) um). The hymenial cystidia are similar in size R.
delica var. trachyspora (78-135 x 6-11.5 um) compared to R. sp.2 (68-)79.3—-95.3-111.4(—
139) x (7-)8.3-9.4-10.5(— 12) um).
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Russula sp.2 VS. Russula chloroides (Krombh.) Bres.

1.

Romagnesi

Macroscopic: The pileus of R. chloroides reaches smaller sizes (var. chloroides: 45-130 mm;
var. parvispora: 45-100 mm) than R. sp.2 (90-135 mm). The stipe of R. chloroides is similar or
smaller (var. chloroides: (15)-30-50-(90) x 10-30 mm; var. parvispora: 25-40 x 10-18-(23) mm)
than R. sp.2 (40-60 x 22-25 mm). Taste is mild of both R. chloroides and R. sp.2. The odour of
R. chloroides is first unpleasant, then strongly fruity (var. chloroides) or the other way around
(var. parvispora), while the odour of R. sp.2 is fruity with the smell of coriander leaves.
Russula chloroides var. chloroides turns reddish and R. chloroides var. parvispora turns pink-
orange with the reaction of FeSQ,, while R. sp.2 turns orange. Russula chloroides and R. sp.2
react strongly to guaiac. The spore print is similar for both (Ib) or slightly darker (Ib-Ila for R.
chloroides var. chloroides)

Microscopic: The spores of R. chloroides var. chloroides are similar in size (7-10-11 x 6-8.7
pum) to R. sp.2 ((7.9-)8.9-9.5-10.1(-10.9) x (6.3—)7.1-7.5-8.0(—8.6) um), while the spores of
R. chloroides var. parvispora are smaller (6.5-8 x 6-6.7 um). Ornamentation of the spores
reaches slightly bigger lengths for R. chloroides var. chloroides (max. 1.5 um) compared to R.
sp.2 (0.3-1.2 um). The basidia of R. chloroides are smaller (var. chloroides: 50-67 x (9)-10-
12,5-(15) um; var. parvispora: 45-62 x 6,7-10 um) compared to the basidia of R. sp.2 ((62—
)68.6—76.7-84.9(—95) x (6—)8.6—10.1-11.6(—13) um). The hymenial cystidia of R. chloroides
have a similar size (var. chloroides: 50-130 x 6,5 -11 um; var. parvispora: (57)-65-115 x 6,5-9
pum) compared to the cystidia of R. sp.2 ((68-)79.3—95.3-111.4(-139) x (7-)8.3—9.4-10.5(—
12) um).

Sarnari

Macroscopic: The pileus of R. chloroides reaches larger (var. chloroides: 65-150 mm) or
similar (var. trachyspora: 100-130 mm) sizes compared to R. sp.2 (90-135 mm). The stipe of
R. chloroides is mostly smaller (var. chloroides: 25-45 (58) x 20-30 mm; var. trachyspora: 30-
45 x 18-22 nm) than R. sp.2 (40-60 x 22-25 mm). The taste R. chloroides is spicy, while R. sp.2
has a mild taste. The odour of R. chloroides is unpleasant, like saltwater, while R. sp.2 smells
fruity and like coriander leaves. The spore print is the same for R. chloroides var. chloroides
and our R. sp.2 (Ib), but a bit darker for R. chloroides var. trachyspora (l1a)

Microscopic: The spores of R. chloroides var. chloroides (8- 11.2 x 7.2-8.8 um) and R.
chloroides var. trachyspora (9,5-11.4 x 8-10.5 um) are larger than R. sp.2 ((7.9-)8.9-9.5—
10.1(-10.9) x (6.3-)7.1-7.5-8.0(—8.6) um), while R. chloroides var. parvispora (6.4-8 x 6-7
um) has smaller spores. Ornamentation of the spores is higher for R. chloroides var.
chloroides (1.3-1.6 um) and R. chloroides var. trachyspora (max. 1.5 um), but similar for R.
chloroides var. parvispora (max. 1 um) compared to R. sp.2 (0.3-1.2 um). The basidia of R.
chloroides (var. chloroides: 48-70 x 10-15 um; var. trachyspora: 40-68 x 11-13 um; var.
parvispora: 40-69 x 8-11 um) are smaller than the basidia of R. sp.2 ((62-)68.6—76.7—84.9(—
95) x (6—)8.6—10.1-11.6(—13) um). The hymenial cystidia of R. chloroides have a similar width
(var. chloroides: larger than 7- 13 um; var. trachyspora: 11 um; var. parvispora: 10 um)
compared to the cystidia of R. sp.2 ((7-)8.3—9.4-10.5(- 12) um).
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Intermediate conclusion

The basidia of Russula sp.2 are larger compared to all the R. delica varieties and R. chloroides. The
smell of coriander leaves in the context of R. sp.2 is not observed in the R. delica varieties and R.
chloroides.
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5.3.7 Russula sp.3
Russula sp.3 VS Russula delica var. puta Romagn.

1.

Romagnesi

Macroscopic: Pileus size is smaller for our description of R. sp.3 (70-90 mm) compared to the
pileus of R. delica var. puta (55-120 mm). The stipe of R. delica var. puta is larger (35-65 x 13-
17 mm) than the stipe of R. sp.3 (20-25 x 15-20 mm). The flavour is mild for both
descriptions. Russula delica var. puta has a bright reddish pink reaction to FeSO,, while R.
sp.3 has slightly orange reaction.

Microscopic: The spore size is similar for both R. delica var. puta (7.7-9.2-(9.7) x 6.5-7-(8) um)
and R. sp.3 ((7.2—-)7.6-8.2—8.7(-9.5) x (6.3—)7.1-7.5-8.0(—8.6) um). Basidia of R. delica var.
puta are similar in size ((47)-62-75 x 12-13 um) compared to those of R. sp.3 ((41-)54.7—
61.6-68.6(—74) x (9—)10.6—11.9-13.2(-14) um). Hymenial cystidia of R. delica var. puta reach
larger sizes (65-150 x (6.5)-7.2- 11.5- (13,5) um) than R. sp.3 ((51-)65.4—81.3—97.2(-134) x
(6-)7.2-8.3-9.3(— 11) um).

Sarnari

Macroscopic: The pileus size of R. delica var. puta is larger (90-110 mm) than the pileus size
of R. sp.3 (70-90 mm). The stipe of R. delica var. puta is similar in size (20-30 x 15-20 mm)
compared to R. sp.3 (20-25 x 15-20 mm). Russula delica var. puta has a salty odour, while R.
sp.3 smells fruity and like paint. Both have a reaction to FeSO,and guaiac.

Microscopic: Spore size is similar for R. delica var. puta (8-9.6 x 6.7-8 um) and R. sp.3 ((7.2-
)7.6-8.2—-8.7(-9.5) x (6.3—)7.1-7.5—-8.0(-8.6) um). The basidia of R. delica var. puta are similar
in size (40-68 x 10-12 um) compared to the basidia of R. sp.3 ((41-)54.7-61.6—68.6(—74) x (9—
)10.6—-11.9-13.2(—14) um) and have a similar shape. Hymenial cystidia have a similar shape.

Russula sp.3 VS Russula delica var. trachyspora Romagn.

1.

Romagnesi

Macroscopic: The pileus size of R. delica var. trachyspora reaches a larger size (80-110 mm)
than the pileus size of R. sp.3 (70-90 mm). The stipe of R. delica var. trachyspora reaches
larger sizes (20-50 x 15-24 mm) than R. sp.3 (20-25 x 15-20 mm). Both have a mild taste.
Russula delica var. trachyspora turns light orange-pink with the reaction of FeSO4, while R.
sp.3 turns slightly orange.

Microscopic: The spores of R. delica var. trachyspora (8.5-10.7 x 7-8.5 um) are slightly larger
than the spores of R. sp.3 ((7.2-)7.6—8.2-8.7(—9.5) x (6.3—)7.1-7.5—-8.0(—8.6) um). The basidia
of R. delica var. trachyspora are smaller (43-57 x 11-12.5) compared to the basidia of R. sp.3
((41-)54.7-61.6—68.6(—74) x (9-)10.6—11.9-13.2(-14) um). The hymenial cystidia of R. delica
var. trachyspora are similar in size (78-135 x 6-11.5 um) compared to the cystidia of R. sp.3
((51-)65.4-81.3-97.2(-134) x (6—)7.2-8.3-9.3(— 11) um).

Russula sp.3 VS Russula chloroides (Krombh.) Bres.

1.

Romagnesi

Macroscopic: The pileus of R. chloroides reaches slightly larger sizes (var. chloroides: 45-130
mm; var. parvispora: 45-100 mm) than R. sp.3 (70-90 mm). The stipe of R. chloroides is
mostly larger (var. chloroides: (15)-30-50-(90) x 10-30 mm; var. parvispora: 25-40 x 10-18-
(23) mm) than R. sp.3 (20-25 x 15-20 mm). Taste is mild of both R. chloroides and R. sp.3. The
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odour of R. chloroides is first unpleasant, then strongly fruity (var. chloroides) or the other
way around (var. parvispora), while the odour of R. sp.3 is fruity and smells a bit like paint.
Russula chloroides var. chloroides turns reddish and R. chloroides var. parvispora turns pink-
orange with the reaction of FeSQO,, while R. sp.3 turns slightly orange. Both R. chloroides and
R. sp.3 react strongly to guaiac.
Microscopic: The spores of R. chloroides var. chloroides reach slightly larger sizes (7-10-11 x
6-8.7 um) compared to R. sp.3 ((7.2—)7.6—8.2—-8.7(-9.5) x (6.3-)7.1-7.5-8.0(—8.6) um), while
the spores of R. chloroides var. parvispora are smaller (6.5-8 x 6-6.7 um). Ornamentation of
the spores reaches bigger lengths for R. chloroides var. chloroides (max. 1.5 um) compared to
R. sp.3 (0.4-0.8 um). The basidia of R. chloroides are similar in size (var. chloroides: 50-67 x
(9)-10-12,5-(15) um; var. parvispora: 45-62 x 6,7-10 um) compared to the basidia of R. sp.3
((41-)54.7-61.6-68.6(—74) x (9—)10.6—-11.9-13.2(-14) um). The hymenial cystidia of R.
chloroides have a similar size (var. chloroides: 50-130 and larger x 6,5 -11 um; var.
parvispora: (57)-65-115 x 6,5-9 um) compared to the cystidia of R. sp.3 ((51-)65.4—81.3—
97.2(-134) x (6-)7.2-8.3-9.3(— 11) um).

2. Sarnari
Macroscopic: The pileus of R. chloroides reaches larger sizes (var. chloroides: 65-150 mm; var.
trachyspora: 100-130 mm) compared to R. sp.3 (70-90 mm). The stipe of R. chloroides is
mostly smaller (var. chloroides: 25-45 (58) x 20-30 mm; var. trachyspora: 30-45 x 18-22 nm)
than R. sp.3 (20-25 x 15-20 mm). The taste R. chloroides is spicy, while R. sp.3 has a mild
taste. The odour of R. chloroides is unpleasant, like saltwater, while R. sp.3 smells fruity and
like paint.
Microscopic: The spores of R. chloroides var. chloroides (8- 11.2 x 7.2-8.8 um) and R.
chloroides var. trachyspora (9,5-11.4 x 8-10.5 um) are larger than R. sp.3 ((7.2—-)7.6-8.2-8.7(—
9.5) x (6.3-)7.1-7.5-8.0(—8.6) um), while R. chloroides var. parvispora (6.4-8 x 6-7 um) has
slightly smaller spores. Ornamentation of the spores is higher for R. chloroides (var.
chloroides: 1.3-1.6 um; var. trachyspora: max. 1.5 um; var. parvispora: max. 1 um) compared
to R. sp.3 (0.4-0.8 um). The basidia of R. chloroides (var. chloroides: 48-70 x 10-15 um; var.
trachyspora: 40-68 x 11-13 um; var. parvispora: 40-69 x 8-11 um) are similar in size
compared to the basidia of R. sp.3 ((41-)54.7-61.6—68.6(—74) x (9—)10.6—-11.9-13.2(-14)
pum). The hymenial cystidia of R. chloroides have a similar or slightly larger width (var.
chloroides: larger than 7- 13 um; var. trachyspora: 11 um; var. parvispora: 10 um) compared
to the cystidia of R. sp.3 ((6—)7.2-8.3—9.3(— 11) um).

Intermediate conclusion

The spores of Russula sp.3 are larger compared to Russula chloroides and Russula delica var.
trachyspora. The smell of paint in the context of R. sp.3 is not observed in the other varieties of
Russula delica and Russula chloroides.
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6. Conclusion

Species delimitation of Russula subgenus Compactae s.l. remains challenging to this day. Incomplete
morphological descriptions and the insufficiency of the ITS marker to delimit closely related species
cause an underestimation in the species diversity.

Our four subgenera Russula subgenus Archaeae, Russula subgenus Compactae s.s., Russula subgenus
Malodorae and Russula subgenus Brevipedum contain both generalists and specialists for host
interactions. The host specificity reflects in most cases the diversity or relatedness of the species of
R. subg. Compactae s.l. However, some scepticism is needed when making conclusions, as the
databases we used are probably partly incomplete, because data is focused around abundant and
European species. Species hypotheses of the online databases are often not in line with the
Maximum Likelihood trees, based on the ITS marker, of the different subgenera. Overall, we think
that host specificity is a good feature to delimit between morphological similar species, but more
research is needed.

The coalescent species delimitation method used in this paper does not suffice for the species
delimitation of R. subg. Brevipedum. The third run had a set of 28 species as the highest supported
species model, with a posterior probability of 0.58. This number was the highest of the three runs,
but still rather low. The three runs had different posterior probabilities and species models, implying
that the species model was unstable. More initial species units and/or more different markers could
benefit our approach. The use of another species delimitation method could further verify our
species model.

Russula sp.1 and Russula subpallidospora are closest related to each other and to Russula
pallidospora. Russula sp.1 and Russula subpallidospora differ in size of the hymenial cystidia and
terminal cells of the pileocystidia. Another notable difference is the apical shape of the hymenial
cystidia, which is always obtuse in the case of Russula sp.1, but can be obtuse to mucronate or with
appendages in the case of Russula subpallidospora. The most notable difference between Russula
sp.1 and Russula pallidospora are the hymenial cystida, which are smaller and lack apical appendages
in the case of Russula sp.1. Russula subpallidospora and Russula pallidospora differ in basidia and the
suprahilar spot of the spores, which are respectively larger and not amyloid in the case of Russula
subpallidospora. Russula sp.2 has more similarities with the Russula delica var. delica
paratype/topotype than Russula sp.3 and is probably the real Russula delica. The most notable
differences between Russula sp.2 and Russula sp.3 are the larger size of the basidia and terminal cells
of the pileocystidia in Russula sp.2, no reaction of sulfovanillin in the cystidia of Russula sp.3 and the
presence of acid-resistant incrustations in Russula sp.3, which are absent in Russula sp.2.
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7. Summary
Russula is an important ectomycorrhiza (ECM)-forming genus, which is recognizable by its colourful
fruit bodies and chalk-like context. The real diversity of Russula is underestimated due to lack of
complete species descriptions, missing molecular data and sampling being almost restricted to
Europe. The classification of the genus Russula has also changed over the years. For example, the
Russula subgenus Compactae (Fr.) Bon s.l. -characterised by the presence of numerous lamellulae
and firm, compact fruit bodies with a yellow, white or brown cap- is in recent classifications scattered
in five subgenera: Russula subgenus Archaeae Buyck & V. Hofst., Russula subgenus Compactae (Fr.)
Bon s.s., emend. Buyck & V. Hofst., Russula subgenus Malodorae Buyck & V. Hofst., Russula subgenus
Brevipedum Buyck & V. Hofst. and, most recently, Russula subgenus Glutinosae Buyck & X.H. Wang.

In the past, species delimitation of Fungi was based on morphological features (Morphological
Species Concept, MSC). However, with the rise of the Phylogenetic Species Concept (PSC), it became
clear the morphological descriptions of Russula species did not suffice to describe the real diversity
of Russula. The Russula diversity was underestimated, due to the existence of cryptic species and
phenotypic plasticity within species. Thus came the rise of the Ecological Species Concept (ESP):
which states that we can delimit species based on their different ecological features. For Russula
subgenus Compactae (Fr.) Bon s.l., we chose host specificity as a feature to delimit the different
species.

In this study, we focus on 4 different subgenera: Russula subgenus Archaeae, Russula subgenus
Compactae s.s., Russula subgenus Brevipedum and Russula subgenus Malodorae. Data about host
plants species was collected for each species of the subgenera from different Fungi databases.
Maximum Likelihood (ML) trees based on the ITS marker were compiled for all 4 subgenera. Also, a
coalescent species delimitation method with different markers (ITS, LSU, RBP2 and ETF1) was tested
to delimit the species of Russula subgenus Brevipedum. A model of 33 different species units was
proposed for this species delimitation method. Last, four new species of Russula subgenus
Brevipedum were morphologically described, based on the description style from Adamcik et al.
(2019).

The host specificity seems to be a good feature for species delimitation between morphological
similar species, and in some cases, it even reflects relatedness between Russula species. However,
the databases were mainly focused on European species and thus were probably incomplete. The
species hypotheses of the databases did not follow the species units of our ML trees in many cases.
Also, there is more data available for abundant species than species that are rarer. In conclusion,
host specificity can be a good delimiting feature, but more research is needed.

The best species model of our coalescent species delimitation method assigns 28 different species to
Russula subgenus Brevipedum. However, the posterior probability is rather low (0.58). Maybe, if
more initial species units were assigned or if more different markers were used, the species
delimitation method could have a more satisfying result. Also, other species delimitation methods
could be used to verify the species model.

Descriptions of four new species were made. Russula sp.1 and Russula subpallidospora are closest
related to each other Russula pallidospora Romagn. Russula sp.1 has smaller hymenial cystidia
compared to Russula pallidospora. The hymenial cystidia of Russula sp.1 also do not have apical
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appendages, while the hymenial cystidia of Russula pallidospora do. Russula subpallidospora has
larger hymenial cystidia and basidia than Russula pallidospora. The spores of Russula subpallidospora
have an inamyloid suprahilar spot, while the suprahilar spot of Russula pallidospora spores is
amyloid. The most notable differences between Russula sp.1 and Russula subpallidospora are the
larger sizes of the hymenial cystidia and terminal cells of the pileocystidia in Russula subpallidospora
and the difference in apical shape of the hymenial cystidia. The hymenial cystidia are always apically
obtuse in the case of Russula sp.1, but can be apically obtuse to mucronate or with appendages in
the case of Russula subpallidospora.

Russula sp.2 and Russula sp.3 were compared to different subspecies of Russula delica Fries, Russula
chloroides (Krombh.) Bres. and to the Russula delica Fr. var. delica paratype/topotype. The latter was
found in the same area as the Russula delica Fries holotype and is the closest we could go to the real
holotype. Russula sp.2 has more similarities to the R. delica Fr. var. delica paratype/topotype than
Russula sp. 3 does, thus is probably the real Russula delica. The most notable differences between
Russula sp.2 and Russula sp.3 are the larger size of the basidia and terminal cells of the pileocystidia
in Russula sp.2, no reaction of sulfovanillin in the cystidia of Russula sp.3 and the presence of acid-
resistant incrustations in Russula sp.3, which are absent in Russula sp.2.
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8. Samenvatting
Russula is een belangrijk ectomycorrhiza (ECM)-vormend genus, herkenbaar aan de kleurrijke
vruchtlichamen en krijtachtige context. De echte diversiteit van Russula wordt onderschat, omdat
complete soortbeschrijvingen en moleculaire gegevens vaak ontbreken en het verzamelen van stalen
vaak beperkt blijft tot Europa. Ook de classificatie van Russula is in de loop der jaren veranderd.
Russula subgenus Compactae (Fr.) Bon s.l. -gekenmerkt door de aanwezigheid van talrijke lamellulae
en stevige, compacte vruchtlichamen met een gele, witte of bruine hoed- werd in recente
classificaties verspreid over vijf subgenera: Russula subgenus Archaeae Buyck & V. Hofst., Russula
subgenus Compactae (Fr.) Bon s.s., emend. Buyck & V. Hofst., Russula subgenus Malodorae Buyck &
V. Hofst., Russula subgenus Brevipedum Buyck & V. Hofst. en, meest recentelijk, Russula subgenus
Glutinosae Buyck & X.H. Wang.

In het verleden was de soortafbakening van Fungi gebaseerd op morfologische kenmerken
(Morfologisch Soort Concept, MSC). Met de opkomst van het Phylogenetische Soort Concept (PSC),
werd het echter duidelijk dat de morfologische beschrijvingen van Russula soorten niet volstonden
om de echte diversiteit van Russula te omvatten. De diversiteit werd onderschat door het bestaan
van cryptische soorten en fenotypische plasticiteit binnen soorten. Het Ecologische Soort Concept
(ESP) is misschien de oplossing. Het ESP stelt dat soorten kunnen worden afgebakend op basis van
ecologische kenmerken. Voor Russula subgenus Compactae (Fr.) Bon s.l. onderzochten we of we
soorten kunnen afbakenen op basis van gastheerspecificiteit.

In deze studie richten we ons op 4 verschillende subgenera: Russula subgenus Archaeae, Russula
subgenus Compactae s.s., Russula subgenus Brevipedum en Russula subgenus Malodorae. Gegevens
over gastheerplanten werden verzameld voor elke soort aan de hand van verschillende databases
met gegevens over Fungi. Maximum Likelihood (ML) bomen werden opgesteld voor alle 4 subgenera.
Ook werd een ‘coalescent species delimitation method’ met vier verschillende markers (ITS, LSU,
RBP2 en ETF1) getest om de soorten van Russula subgenus Brevipedum af te bakenen. Voor deze
methode werd een initieel model van 33 verschillende soorteenheden voorgesteld. Als laatste
werden vier nieuwe soorten van Russula subgenus Brevipedum morfologisch beschreven, gebaseerd
op de beschrijvingen van Adamcik et al. (2019).

De gastheerspecificiteit leek een goede eigenschap te zijn voor het afbakenen van morfologische
gelijkaardige soorten en in sommige gevallen weerspiegelde het zelfs verwantschappen. De
databases waren echter gericht op Europese soorten en waren dus mogelijk onvolledig. De soort
hypotheses van de databases volgden vaak niet de soorteenheden van onze ML bomen. Het is
mogelijk dat er fouten werden gemaakt als stalen in de database werden toegewezen aan soorten,
maar dat is moeilijk na te gaan. In conclusie is er meer onderzoek nodig naar gastheerspecificiteit als
kenmerk om soorten af te bakenen.

Het beste model dat uit onze ‘coalescent species delimitation method’ voortkwam, verdeelde
Russula subgenus Brevipedum in 28 verschillende soorten. De posterior probability was echter vrij
laag (0.58). Misschien was dit resultaat beter als er meer initiéle soorteenheden werden
onderscheiden of als er meer verschillende markers werden gebruikt. Om ons soortmodel te
verifiéren, kon misschien een andere methode gebruikt worden.

52



Er werden beschrijvingen gemaakt van vier nieuwe soorten. Russula sp.1 en Russula subpallidospora
zijn het meest verwant aan Russula pallidospora Romagn. Russula sp.1 heeft kleinere cystidia in het
hymenium in vergelijking met Russula pallidospora. Deze hebben ook geen apicale aanhangsels bij
Russula sp.1, terwijl de cystidia van Russula pallidospora dat wel hebben. Russula subpallidospora
heeft grotere cystidia in het hymenium en basidia dan Russula pallidospora. De sporen van Russula
subpallidospora hebben een inamyloide suprahilaire vlek, terwijl de suprahilaire vlek van Russula
pallidospora amyloide is. Het meest opvallende verschil tussen Russula sp.1 en Russula
subpallidospora zijn de gotere cystidia in het hymenium van Russula subpallidospora en de grotere
terminale cellen van de pileocystidia van Russula subpallidospora. Nog een groot verschil is dat de
cystidia van het hymenium van Russula sp.1 altijd stomp zijn aan de apex, terwijl deze bij Russula
subpallidospora ook mucronaat kunnen zijn of aanhangsels kunnen hebben.

Russula sp.2 en Russula sp.3 werden vergeleken met elkaar, verschillende ondersoorten van Russula
delica Fries, Russula chloroides (Krombh.) Bres. en met het Russula delica Fr. var. delica
paratype/topotype. Die laatste werd gevonden in hetzelfde gebied als het holotype van Russula
delica Fries en komt, van wat we beschikbaar hadden, het dichtst in de buurt van het echte holotype.
De opvallendste verschillen tussen Russula sp.2 en Russula sp.3 zijn de grotere basidia en terminale
cellen van de pileocystidia in Russula sp.2, geen reactie met sulfovanillin in de cystidia van Russula
sp.3 en de aanwezigheid van zuurbestendige incrustaties in Russula sp.3, die zijn niet aanwezig in
Russula sp.2.
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11.  Appendices

Legend of appendices

Appendix A: Maximum Likelihood tree of Russula subgenus Malodorae based on ITS. ML bootstrap
values are shown. In red are numbers of the species units. Host species in bold were found for
multiple specimens of the respective Russula species.

Appendix B: Maximum Likelihood tree of Russula subgenus Archaea based on ITS. ML bootstrap
values are shown. Host species represented in colour per Russula species. In red are numbers of the
species units.

Appendix C: Maximum Likelihood tree of Russula subgenus Compactae s.s. based on ITS. ML
bootstrap values are shown. Host species represented in colour per Russula species. In red are
numbers of the species units. Host species in bold were found for multiple specimens of the
respective species. Species with symbol “*‘ were not mentioned in the databases, but are possible
host species retrieved from De Lange et al. (2021).

Appendix D: Maximum Likelihood tree of Russula subgenus Brevipedum based on ITS. ML bootstrap
values are shown. Host species represented in colours green and blue per Russula species. Species
units are in red. Letters follow species units of appendix E, numbers are additional species units. Host
species in bold were found for multiple specimens of the respective Russula species.

Appendix E: Maximum Likelihood tree of Russula subgenus Brevipedum based on concatenated ITS,
LSU, RPB2 and EF1. In green and blue are the specified species used for the species delimitation with
their respective letter code. ML bootstraps are shown. In red the are the species describe in 4.3.
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Appendix A 7 LD_16_040_5923ITS_Rus
i 8 _LD_16_046_5924ITS_Rus Neea sp 1
UDB004278 Russula_sp_ Ecuador

MG662171_Russula_sp_India
31_CAL_1642_CAL_1642ITS_Russula_p
32_CAL_1641_CAL_1641ITS_Russula_p
AB597705_Russula_sp_Japan
30_TR_O01M_TR_O1MITS_Russula
LC368030_Russulaceae_Japa
AB982016_Fungi_China
AB507029 Russula_sp_Japan
4 AV_04_130_AV_04_130ITS_Russula_cf
JX857300_Russula_sp_United_Stat
DQ778002_Russula_sp_United_Stat
16_FLAS_F_61046_7481ITS_Russu
17_FLAS_F_61817_7482ITS_Russu
28 BPL227_BPL227ITS_Russula_c
29 BPL242 BPL242ITS_Russula_c
25 STDS_2_14 _STDS_2_14ITS_Russ
24 OSA_MY_1713_OSA_MY_1713ITS
AB291725 Russula_compacta_Japan
FJ196294 Russula_sp_Taiwan
UDB014229 Russula_sp_Vietnam
| 21_HMAS_280182_HMAS_280182ITS_Russula_sp_China
LT602956 Russula_sp
| MG662172_Russula_sp_India
22 _CAL_1639_CAL_1639ITS Rus
MK131576_Russula_compacta_Canada
26_BHS2009_50_BHS2009 50ITS_Russ
27 _BHS2009 28 BHS2009 28ITS_Russ
| GU222265 Russula_griseobrunnea_New_Zealand
! 20 PDD 81525 PDD 81525ITS Russula griseobrunnea New Zealand
] | 18_BPL669 BPL669ITS_Russula_c

Quercus sp, Pinus sp 2

Castanopsis sieboldii, Lecanorchis trachycaula, 3
Quercus miyagii, Quercus multinervis

Cymbidium macrorhizon 4

Cypripedium acaule, Monotropa uniflora, 5
Pinus taeda, Populus deltoides

Monotropastrum humile, Quercus glauca,
Quercus serrata, Lithocarpus sp 6

Abies densa ]/

Abies balsamea, Quercus humboldtii 8

19 BB_2004_216_BB_2004_216ITS Monotropa uniflora 9
DQ778001_Russula_sp_United_Stat
r UDB0765112_Russula_sp_Madagascar

! 14 BB_99157_6023ITS_Russula_sp

- | UDB016887_Russula_sp Zambia

' 10 EDC_14 074 _6248ITS_Russula_sp_Zambia
Uapaca bojeri 10

| MK922556_ Russula_edulis_Madagascar
! 34 BB_08167_BB_08167ITS_Russula_e
] 12_EDC_14_360_6229ITS_Russula apaca guineensis

UDBO007789_ Russula_sp_Madagascar

UDB013435_ Russula_sp_Madagascar
KP754014_Russula_sp_Madagascar
35_BB_08066_BB_08066ITS_Russula

4|— UDBO004507_Russula_sp_Gabo

Pinus elliottii, Uapaca densifolia, Uapaca
guineensis, Uapaca sp, Caesalpiniaceae 1 2

Uapaca guineensis 1 3

KR819070_Russula_sp_Cameroon
— 9 EDC_11_222 6237ITS_Russula_sp_Tanzania_United_Republic_Of
L— UDBO007790_Russula_sp_Madagascar
| 2_EDC_12_059 2804ITS_Russula_sp C : :
' 3_EDC_12_059_6217ITS_RussuIa_sp_C— Uapaca guineensis 14
UDB013902_Russula_sp_Cameroon
LN849753 Russula_sp_Burkina_Faso
5 AV_11_139 6239ITS Russula_sp_Togo
I_I MK929284 Russula_capillaris

6 BB 99 250 BB 99 250ITS_Russula_sp_Madagascar
13_EDC_14 398 6231ITS_Russula Uapaca guineensis1 5
UDB004527 Russula_sp_Gabon Marguesia exce/sa]_ 6
1_EDC_12_142 6222ITS_Russula_: Uapaca sp 17
33 BB 08172 BB _08172ITS_Russula_aff capillaris_Madagascar

— MK105625 Russula_amoenolens_Spain
! AF418615_Russula_amoenolens_Germany
MKO028512_Russula_inamoena

] | MK327978 Russula_praetervisa
HG798528 Russula_hortensis_Italy
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Appendix B 1o

100

100

76

27 _Buyck 97441 _Buyck 974411TS_Russula_archaea
96 11_AV_18 029 7399ITS Russula_sp_Guinea
100 —

66

UDBO016892 Russula_sp Zambia
—— KR819086 Russula_sp_Cameroon
100 | 21_BB_06002_BB_06002ITS_ Russula_gossypina_Madagascar

L=~ "enc. 14597 e2ositsIRussuialon CamerEnI MM U-»>c- ouincensis 1

100

— 12_MF_19_003_7436ITS_Russula_sp
L UDB016890_Russula_sp _Zambia

08 22 BB2004 255 BB2004_255ITS_Russula_archaea_United_States

98 23 BB 09222 BB _09222ITS_Russula_pseudoaurantiophylla_New_Caledonia
80 13_GO_2009_170_GO_2009_170ITS_Russula_sp_Mexico

100 | 3_IB_1997_0790_5895ITS_Russula_archaeosuberis_holotype_ltaly
019 BB 12085 BB_12085ITS_Russula_archaeosuberis_ltaly
4 1B_1997_0790_5895ITS_Russula_archaeosuberis_holotype_Italy

UDB033744_Russula_sp_Lao_Peoples_Democratic_Republic
20 _MPG11_7_09 MPG11_7_09ITS_Russula_:

100

67

1 17_9941S68 9941S68ITS_Russula_camaro
4 18_13113_13113ITS_Russula_camarophylla_|
1_PAM_01081108_PAM_01081108ITS_Russu
6 _PC0728040_5912ITS_Russula_camarophyll

100[ KY800360_Russula_sp

10_TH_809_7119ITS_Russula_sp_|
100 I: 26_KD_16_025 KD_16_025ITS_Russula_but

Picea abies 2

Quercus sp 3

Pyrola japonica,
100

AB629022 Russula_sp_Japan
op 14 _BPL245 BPL245ITS_Russula_earlei
' 98 15_BPL698_BPL698ITS_Russula_earlei
16_PC0142481_PC0142481ITS_Russul
2_WRW_00_412_WRWO00_412ITS_Russ
9 FH_18 149 6338ITS_Russula_aff _archaea '

Castanopsis sp 4

62

Pinus taeda, Fagus sp,
Pinus sp, Quercus sp,
Tsuga sp,

Quercus sp 6

60

65

100

KX499191 Russula_sp Costa_Rica
UDB0273348 Russula_sp_Estonia

FJ013070_Russula_sp_Spain
UDB011193_Russula_albonigra_Estonia
100 I- LC175637_Russulaceae_Japan

99

100l KM576519_Russula_sp_France
UDBO000336_Russula_densifolia_Germany
HM545733 Russula_sp_ltaly
UDB001626_Russula_densifolia_United_Kingdom

18 UDBO000011_Russula_nigricans_Denmark

100] HM146856_Russula_sp_Germany
UDBO000337_Russula_nigricans_Germany
UDB002421_Russula_nigricans_United_Kingdom

AB597630 Russula_sp_Japan

UDB004540_ Russula_sp_Gabon
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Appendix C 4

80

100

80

53

94

100

100

80

80

100

100 :29

1
100

271_Ovrebo5504_Ovrebo5504ITS Russu ;
L AR AR IS Russu._ Oreomunnea mexicana 1
294 OSA_MY_4264 OSA MY_42641TS_Russula_cf_subnigricans_Japan

295 OSA MY 4266_OSA MY _4266ITS_Russula_cf subnigricans_Japan

62

75

UDBO013938 Russula_sp_Cameroon
3_FUNNZ2017_1831_FUNNZ2017_1831ITS_Ru
UDB013323 _Russula_sp .
0318 _RG1 RG1ITS Russula_cantharellicola
292 UC1999420 UC1999420ITS Russula_
317 _rt11_rt11ITS_Russula_cantharellicola__
AB291743 Russula _subnigricans_Japan

| 150

100

—

Acacia auriculiformis 2

Quercus agrifolia 3

358 GDGM_79719 _K18060208ITS_Russula_ochrobrunnea_China

98

260 FH 12 163 _FH_12 163ITS_Russula_sp_Thailand
_|: LT602962_Russula_sp
263 FH 12 067 _FH 12 067ITS Russula_sp_Thailand
71 MK564595 Russula_eccentrica_United_States
270 BB2004 248 BB2004 248ITS Russula eccentrica United States
100, 301_BB_07732_BB_07132ITS_Russula_cf _eccentrica_United_States
KP033478 Russula eccentrica
"266_Corrales198_Corrales198ITS R
KM594890 Russula_sp
267_Ovrebo5532_ Ovrebo5532ITS |
268 Corrales184 Corrales184ITS_R
KM594963 Russula_sp
KM594803 Russula_sp_Panama
269 Ovrebo5211_Ovrebo5211ITS R o
68_AV_17 013 _6118ITS_Russula_sp_Mexico
| 264 Corrales235 Corrales235ITS Russula_sp_Panama
' 265_Ovrebo5513_Ovrebo5513ITS_Russula_sp_Panama
300 BB 07044 BB _07044ITS_Russula_eccentrica_United_States
261 _HCCN17040_HCCN17040IT
289 HCCN21694 HCCN21694IT

100

60

40

100

1|9|0

100

100

98

65_EDC_14_280_6227ITS_Russu

7_AV_KD_KVP 09 106_3937ITS_Russula_khanchanjungae_holotype India

Y

89 297 BB 07103_BB_07103ITS_Russula_co
88 ‘ KP033484 Russula_sp

AB571502 Russula_sp_Republic

299 BB 07023 BB_07023ITS_Russula_polyphylla_United _States
291 BB 02108 BB _02108ITS_Russula_polyphylla_United_States
KP033486_Russula_polyphylla

298 BB 07134 BB 07134ITS Russula_polyphylla United States

290 BB 07133 _BB_07133ITS_Russula_co
KP033485 Russula s

_Sp_ Microberlinia bisulcata
r 64 EDC 14 073_6247ITS_Russula_sp_Zambia

45

100 | UDB007763_Russula_sp_Madaga
UDBO007764 Russula_sp_Madaga

il

— 286_AB65_,

— KT461315_Russula_sp_The Democratic_Republic_
67 EDC _14_424 6243ITS_Russula_sp_Togo

KT200556_Russula_sp_Madagasc

— 285 BB 99529 BB 99529ITS Russula_fistulosa Madagascar

ABB5ITS_Russula_subfistul
Uapaca guineensis 1 1

214 JET1100_JET1100ITS Russula_ingwa_Australia

19

90_RW_1625 6253ITS_Russula_al
AB291751_Russula_subnigricans_Japan

100

i

— 302_BB

—— KT224923 Russula_sp Madagasca

06031_BB_06031ITS_Rus

S Asteropeia mcphersonii
Quercus robur

316_0OSA MY_1722_ OSA_MY_1722ITS Russula _subnigricans_Japan

163_RDL_17_00

139_RDL_18 061

164_RDL_17_00

99

162_RDL_17 004_8595ITS Russula_ nigrica
155 RDL_17 003 _8593ITS Russula_ nigrica
154 RDL_17 003 6125ITS Russula _nigrica
137_RDL_18_051_8582ITS_Russula_nigric
77 _RDL_16_005_7371ITS_Russula_nigrica
180_L0783442_L0783442ITS_Russula_nigri
165 _RDL_17 007 _7378ITS_Russula_nigric
177 _agg150923 741 _agg150923 741ITS_

11_RDL_16_002_5822ITS_Russula_nigrica
179 fo46792 fo46792ITS Russula_nigrican
MG720462_Russula_nigricans_Serbia

KY548912 Russula Panama

319 A22 A22ITS Russula_aff_nigricans

HM146856 Russula_sp_Germany

152_RDL_17_001_6123ITS_Russula_nigric
86 _RDL_16_069 8577ITS Russula_nigrica
178_MC_01_504_MC_01_504ITS_Russula
UDB000011_Russula_nigricans_Denmark
JF519203 Russula_sp_Austria
q' 273 fo46761 fo46761ITS_Russula_nigrican
? KX168665 Russula_nigricans_ Germany

78 RDL 16 005 8572ITS_Russula_nigrica
8 UE 20092004 07_UE_20092004_07ITS
135_RDL_18_050_8581ITS_Russula_nigric

| N

Ny

if

100

100

7

EA

100

97

99

87

100

100

101_SAV_F 20177 _S427ITS_Russula_
— JF519248 Russula_sp_Austria

rSo—

58

o)}
—

93 _SAV F

P| 48 RDL_T6_004_7_5821ITS_Russula_nigri
136_RDL_18 051 6533ITS Russula _nigric
166_RDL_17_007_8598ITS_Russula_nigrica
161 RDL_17 004 7375ITS Russula nigrica
352 UBCF30152 UBCF30152IT
b 304 DAVFP 28138 DAVFP_28138ITS
315 UBCF23780 UBCF23780ITS Russl
EU597075_ Russula_nigricans_Canada
314 r 01003_r_01003ITS_Russula_aff n
KM402999 Russula_sp_Canada
KT272148 Russula_sp _Canada
176_Corrales182_ Corrales182ITS Russula_s
—— HE820665 Russula
190 BPL820 BPL820ITS Russula_dissimulans_
189 BPL285 BPL285ITS Russula_dissimulans
284 BPL704 BPL704ITS Russula_dissimulans_
188 BB 2004 242 BB 2004 242ITS Russula_
AY456083 Russula_sp_United_States
AY456081 Russula sp United States
B291731 Russula_dissimulans
306_OSA_MY_1727_OSA MY _
157 _RDL_17_009 8594ITS Russula_nig
40 2009 ST02 5707ITS Russula anthr.
L 156_RDL_17_009_6127ITS_Russula_nig
215 LM3263 LM3263ITS Russula_sp_F
| 91 RW 1975 6322ITS Russula_sard
' ' 92°RW 1975 6257ITS Russula sardo
351 HMAS265004 HMAS265
| 102 _SAV_F 20177 _8550ITS Russula_a

- JF519171 Russula_sp_Austria
JF519228 Russula_sp_Austria

196 PRM 934322 R114ITS_Russula
755 _S179ITS Russula_alb
348 PRM_924409 R130ITS_Russula_c
JF519253 Russula_sp_Austria

15 _JK_RUS 13090603 3606ITS_Russ
¢ JF519235 Russula_sp Austria
103_SAV_F 20197 S428ITS Russula
193 NOBAS1869 16 NOBAS1869 16l
175 SAV_F_4776_S586ITS Russula_al
173_SAV_F_3465_8545ITS Russula_al
104_SAV_F 20197 8551ITS_Russula

> 336_G4124_G4124ITS Russula_cf albonlg

95 SAV_F 2419 S198ITS Russula_nigrifa
54 RDL 16 044 5849ITS Russula_nigrifacta_|
94 SAV F 2418 _S197ITS_Russula_nigrifacta_
50 RDL_16_028 5838ITS_Russula_nigrifacta_|
96_SAV_F_2419 8546ITS_Russula_nigrifacta_.

1

D6

W

37_G3595 G3595ITS Russula_cf albonigra_|
347 _SAV_F_3006_S603ITS_Russula_cf_albonigr
170_SAV_F _1501_S605ITS_Russula_nigrifacta_S
335 G4118 G4118ITS_Russula_cf_albonigra_Est
204 FOM_f03_FOM_ f03ITS Russula_aff alb
202 r 05068 r 05068ITS_Russula_aff _albon
203 104 _104ITS_Russula_aff albonigra_Unit:
330 _E4 E4ITS Russula_cf _albonigra_Estoni
327 G4274 G4274ITS_Russula_cf_albo

343 _0936_0936ITS Russula_cf albonigra_ R
322 G3413 _EST16_198588ITS Russula_cf al
325 IHA31 IHA31ITS Russula_cf albonigra_
340 D6_D6ITS Russula_cf albonigra_
KJ769287 Russula_sp_Russian_Federation
324 G4172_G4172ITS_Russula_cf_albonigra
328 G4197_G4197ITS_Russula_cf_albonigra
207 _TU106946_TU106946ITS_Russula_alboni
69 AV 16 019 6272ITS_Russula_ustulata_ho
346_O F 249610 NOBAS948 15ITS_ Russul
208 TU118127_TU118127ITS_Russula_alboni
205 TU101898 TU101898ITS Russula_alboni
206_PRM_ 924452 R135ITS Russula_albonig
320 _TU120525 TU120525ITS_Russula_cf _alb
210_213_213ITS_Russula_albonigra_Russian
172_SAV_F 2610 8560ITS_Russula_ustulata
— 329 G4204_G4204ITS_Russula_cf_albonigra
— 326 _IHM33_IHM33ITS_Russula_cf_albonigra
98 SAV_F 3358 S155ITS Russula_a
332_PR 42a PR _42alTS Russula_cf
211_my339 my339ITS Russula_albon
11 213 AT2002064 AT2002064ITS_Russ
43 FH 2008 ST01 5710ITS_Russula_.
99 SAV F 3358 8548ITS Russula_a
339 D10 _D10ITS_Russula_cf_alboni
333 IHA31 2 IHA31 2ITS Russula_cf
198 _UC1999433 UC1999433ITS_Russula_nom

uss

191_OSA_MY 4267 _OSA MY 4267ITS_Russula_subnigricans_Japan
AB291736_Russula_subnigricans_. Japﬁ
L KU751887_Russula_subnigrica Quercus serrata 14

- 345 Buyck 99801 Buyck 99801ITS Russula_nigricans
140_RDL_18_0671_8583ITS_Russula_nigric
5_7376ITS_Russula_nigric
7433ITS_Russula _nigric
5 8596ITS Russula_nigric
184 _UE_2006_09 13 13 UE 2006 09 13
185_my744_my744ITS_Russula_nigricans
182_KFO01_57_KFO01_57ITS_Russula_nigric
183_NOBAS1956_16_NOBAS1956_16ITS_
187 _LM1983 LM1983ITS_Russula_nigrica
AMO087260 Russula_nigricans_Denmark
186_L0783459 L0783459ITS Russula_nigri
109_FH_18 119 6337ITS_Russula_Pan
181_Corrales626_Corrales6261TS_Russu

Fagus sylvatica 1 5

Oreomunnea mexicana 1 6

Pseudotsuga menziesii |1 8

Oreomunnea mexicana 1 9

Pinus taeda ()

Quercus serrata ) ]

Quercus robur 2 2

Quercus suber* 2 3
uss

©338_G4118

Pinus koraiensis, Pinus pinaster,
Picea sp*, Pinus sylvestris*

_prov_albonigra_Unite

Quercus suber*, Quercus ilex*,
Quercus robur*, Carpinus betulus*

R_E_Halling_7745_7363ITS Russulm i
' KX499191 Russula_sp_ Costa Rica Quercus oleoides 4
10 357_GDGM_79718 K19071502ITS_Russula_ochrobrunnea_holotype China

288 BB 2004 243 BB 2004 243ITS_Russula_eccentrica_United_States

Oreomunnea mexicana 5

Pinus densiflora 6

Pinus densiflora 7

Gilbertiodendron dewevrei 8

Asteropeia mcphersoni, Intsia bijuga, Uapaca littoralis, Caesalpiniaceae 1 O

12

Abies alba, Fagus sylvatica, Picea abies, Quercus sp ]_ 7

Abies alba, Fagus sylvatica, Picea abies, Carpinus sp 24

25

26

Quercus robur*, Pinus sylvestris*, Betula pendula* 27

197_UC1999434 UC1999434ITS_Russula_aff_albonigra_United_States
331_F31206_F31206ITS Russula_cf albonigra_Canada

200 _r 04105 r 04105ITS_Russula_aff albonigra_United_States
201_UC1999435 UC1999435ITS Russula_aff_albonigra_United_States
199 _UC1999293 UC1999293ITS Russula_aff_albonigra_United_States

N o

|

341 MCVE15300 MCVE15300ITS_Russula_cf_albonigra_ltaly
_: UDB002716_Russula_sp_Australia
280 _MEL2101936_MEL2101936ITS_Russula_i
231 FH 12 064 _FH 12 064l
274 OSA_MY_4281 OSA MY 42
275 OSA MY _4280 OSA MY_428
AB291758 Russula_densifolia_Jap
276_0SA _MY_1715 OSA MY_17
AB636427 Russula_sp_Ch

99

100

94

100

_|

{ 6_FH 2011 _002R_2443|TS Russula_.
53 RDL 16 050 5848ITS Russula a
105_SAV 1181 _I181ITS_Russula_alb

41 b 171" SAV 1810 SAV 1810ITS Russu

8 — 1 228 TU106948 TU106948ITS Russul
100 SAV 4236 S180ITS Russula al
227 _NOBAS3514 16 _NOBAS3514 1

1, 10_I1B_1991 0058 5894ITS Russul
74 _Rom_5386 5979ITS Russula_a
58 PC0735191 5905ITS Russula_d

o))

80

)1_F

96

72 Rom 57102 5977ITS Russula_
229 BPL842 BPL842ITS Russula_
75 Rom_ 5764 5980ITS Russula_a
226 105273 105273ITS Russula_at
FM999506 Russula_sp_United_St
B FM999504 Russula_sp_United_S
FM999505 Russula_sp United St
230 BPL802 BPL802ITS Russula
’ — FM999656 Fung| United_States
100
|—|- LC315
1 ! 225 LM3944 LM3944ITS Russula
34 FH 2014 ST04 5696ITS Russu
98 KM576559 Russula_Germany
| KX886112 _Fungi_Switzerlan
76 Rom 73131 5994ITS Russula
108 FH 18 092 6336ITS Russ
FJ946973 Russula_sp_Spain
356 _ue116_ue116ITS Russula_densifoli
LN829263_Russula_sp_Czechia
218 hue105 hue105ITS Russula densi
220 E43 E43ITS Russula densifolia It
45 2006 ST02 5714ITS Russula den
138 _RDL_18 052 6534ITS_Russula_d
219 050818 06 050818 06ITS Russu
47 RDL 16 001 2 5819ITS Russula
71 Rom 71150 5976ITS Russula dens
13_MxM_R_9407_3129ITS_Russula_de
UDBO036782_Russula_densifolia_Norw.
221 LM3353 LM3353ITS Russula_den
70 _Rom_63131_5975ITS Russula_den
223 102862 102862ITS Russul
222 120525 120525ITS Russula_den
1 18 Saar 14082011 3670ITS_ Russula
35 2014 STO05 5697ITS Russula den
4 63 FH_RUS 15101001_5936ITS Rus
216_my341_my341ITS Russula_densi
217 _ue_20140824 16 ue 20140824
167 _RDL_17 020 7382ITS Russula_
21 RDL_15 23 08 2014_4475ITS_Ru
91 UDB0218479 Russula_sp_Estonia

10

6 |I2°r LC219730 _Russulaceae_Japan

i LC096805 Russula_sp_Japan

99 282 _0OSA _MY_4282 OSA MY _4282IT

AN 281_OSA MY 4283 OSA MY 4283IT
"AB922966_Russula_sp_Japan

277 _OSA_MY_4285 OSA MY 4285ITS Russula_aff densifolia_Japan
AB291763 Russula_densifolia Japan

283_0OSA _MY_4279 OSA_MY_4279IT

Eucalyptus regnans 28

Pinus massoniana 3 O

Fagus grandifolia 3 1

2

Fagus grandifolia 3

342 _TU123183 TU123183ITS_Russula_cf albonigra_Lao_Peoples_Democratic_Republic
278 OSA MY _ 4284 OSA_MY_4284ITS Russula_aff_densifolia_Japan

Quercus sp 34

Aphyllorchis caudata, Cymbidium lancifolium,

Fagus sp, Pinus sp

Fagus sylvatica, Picea abies, Pinus sylvestris, Quercus petraea 3 3

Fagus sylvatica, Picea abies, Pinus pinaster, Pinus sylvestris,
Populus alba, Populus tremula, Quercus robur, Quercus suber

Fagus japonica, Quercus serrata, Pyrola japonica, 36

Castanopsis sp, Dipterocarpus sp, Lithocarpus sp 29

35

100

91

90

96

—|__28

81

if

_I__

i

ool 224_IB92_454 1B92 454ITS_Russula_fuliginosa_holotype_ltaly
25 FH_RUS 14091001 _4664ITS_Russula_fuliginosa_Slovakia

73 Rom 5662 5978ITS Russula anthracina var anthracina holot
— 107_FH_18_090_6335ITS Russuld Quercus sp 37

—— KX899527 Russulaceae United
67— 146_BZ 3727 6819 ITS2 illu
145 BZ 3127_6819_ITS2_illumi
143 BZ 3127 6819 |
144 BZ 3127 6819
110 ANGE999 6401ITS Ru
259 Ovrebo5446 Ovrebo5446IT
149 O _K_Miller_27951_7358ITS

inus clausa 38

HE814071_Russula_sp_China

100

147 RUS B L
14_MxM_R_7907_3130ITS_Rus
FJ897215 Russula_sp_Portugal
85 RDL_16_058_6103ITS_Russ

FR852095 Russula_sp_Iran
UDBO025459 Russula_sp_Estonia
~ 19 Saar 01092006 _3671ITS_Russula_ac
87 LUG 17619 8603ITS_Russula_sp
¢ 246 NOBAS720 15 NOBAS720 15ITS |
247 TU101836_TU101836ITS_Russula_a
UDB025078 Russula acrifolia_Estonia
—— 5 Record 2787 G42461TS Russu
251 _NOBAS063_14 NOBAS063
/ 252 TU118123 TU118123ITS
7611 UDB011180_Russula_densifolia
253 TU106483 TU106483ITS |
311 _LAH35008 LAH35008ITS R |
250 TU106955 TU106955ITS Russula_ro
29 MxM R 9308 5536ITS Russula_roseo
23 FH_RUS 14091311_4545ITS_Russula
MN818540 Russula_sp
30_MxM_R 9308 8608ITS_ Russula_roseo
249 TU106382 TU106382ITS Russul

3 LD _16_027_5921ITS_Russula
257_LM5403_LM5403ITS_Russul:
255_GZ _5362_GZ_5362ITS_Rus

- 134 RDL_18 049 6531ITS_Russ
] 256 _NOBAS372_14 NOBAS372

GU327496_Russula_sp_Czechia

49 RDL_16_027 5837ITS_Russu

i EU668932 Russula_sp_Estonia

1 12_MxM_R 9154 3128ITS_Rus

17_MxM_R_01091994 3635ITS
51 RDL_16_040 5846ITS_Russu
2 D 16_026_5920ITS_Russula_
LC175632_Russulaceae_Japan
148 RUS 18111502
H '® UDB005101_Russula_sp_Estonia
310_B220 B220ITS Russula_anthracina
46 2005 ST02 5717ITS_Russula_Compa
UDBO005010_Russula_sp_Estonia
41 2008 ST03 5708ITS Russula_acrifolia
142 2018 _ST02 6545ITS Russula_cf_acri
123 RDL 18 029 6511ITS_Russula_cf a
16_JK _RUS 13090806 3613ITS_Russula
254 NOBAS5849 18 NOBAS5849 18ITS

fioo
—

) Estonia

258 FH_12 029 _FH_12_029ITS_Russula_aff_nigricans_Thailand
354_GDGM_79721_K18050529ITS_Russula_nigrocarpa_China
353 _GDGM_79720_K19071603ITS_Russula_nigrocarpa_holotype_China

4 EU526012_Russula_densifolia_United_State
EF101773_Russula_sp_United_States Pseudotsuga menziesii, Pyrola picta 40
305 OSC_1064171_OSC_1064171ITS_Ru

313 GM90 GM9O0ITS Russula cascadensis United States
7 OSC 1064009 OSC 1064009ITS Russuia cascadensis United States
KP781018_Russula_sp_Mexico
EF218808_Russula_sp_Canada
JX003292 Russula_sp Canada
248 r1351 r1351ITS_Russula_anthracina
UDB025142 Russula_acrifolia_ Estonia
245 NOBAS230 14 NOBAS230_ 14ITS
241 11590 r1590ITS Russula_cf “anthraci
' 33 2014 _ST03_5695ITS_Russula_sp_Ger
UDB026332_Russula_sp_
309 _UE12092003 3 UE12092003 3ITS
244 UE120920033 UE120920033_Russul
111_RDL_18 012 6495ITS Russula_anth
7 28 MxM R 010115 5424ITS Russula a
242 NOBAS530 15 NOBAS530_15ITS.
131_RDL_18 040 6522ITS Russula_cf
118 RDL 18 021 6503ITS Russula_anthr
52 RDL 16 047 5847ITS Russula_sp_lta
60 PC0728045 6017ITS Russula acrifoli
"EF619755_ Russula_sp_United_States
106_FH 18 057 _6331ITS_Russula_s

Picea abies, Fagales 42

Pinus sp 43

Abies alba 44

Quercus ilex, Quercus petraea,

Populus sp 46

Betula papyrifera, Monotropa uniflora, Pinus
banksiana, Pseudotsuga menziesii,

Pinus caribaea, Quercus sp 3 9

41

Quercus kelloggi

Epipactis helleborine, Picea jezoensis, Pyrola rotundifolia, 45

Quercus sp

65

— 308 HMAS267799 HMAS267799ITS Russula aff acrifolia_China
303 FLAS F 61621 FLAS F 61621 Russula_dissimulans_United_States
UDB031014 Russula_densifolia_Canada
307 UC 1859540 UC 1859540ITS Russula dissimulans
240 FH 12 051 _FH_12_051ITS_Russula_aff nigricans_Thailand
7 232 _UE_20140810 02 UE_ 20140810 _02ITS_Russula_cf_albonigra_Germany
20 FH 2011 _ST01 3762ITS Russula_anthracina var insipida_German
JQ711972 Russula_nigricans_Canada
233 _SMI266_SMI266ITS Russula_aff
FJ803979 Russula United States
1 234 BPL865 BPL865ITS Russula_aff
4l 344 _Buyck 6020 Buyck 6020ITS_Russu
169 Rom 58431 5973ITS Russula ad
59 PC0728042_5908ITS_ Russula_adusta
o AF476997_Russula_sp_Sweden
HMO044555 Russula_ltaly
HMO044597 Russula_ltaly
130 RDL_18 039 6521ITS Russula_cf a
& MG590052_Fungi_Lithuania
DQ233754 Russula_sp_Finland
238 TU118435 TU118435ITS_Russula_ad
239 1A21 IA211TS Russula adusta Unite
120 RDL_18 025 6507ITS Russula_cf a
113_RDL_18 014 _6497ITS Russula_cf _a
114 RDL_18 015 6498ITS Russula_cf a
235 NOBAS397 14 NOBAS397 14ITS R
133 RDL 18 048 6530ITS Russula cf a
355 EC 5226 EC 5226ITS_Russula_adu
124 RDL_18 030 6512ITS Russula_cf a
1 LD 16_025 5919ITS Russula_adusta_
¢ 179 RDL 18 024 6506ITS Russula cf a
117_RDL_18 020_6502ITS_Russula_adus

100

Pinus banksiana, Pinus contorta 47/

Larix decidua, Picea abies, Pinus cembra, Pinus sylvestris 48

93

69

KY800350_ Russula_sp
KC152217_Russula_sp_Mexico

61
100

[ I KY800362_ Russula_earlei

L KY800360 Russula_sp

88

100

01

KY848514 Russula_earlei_United_States

MT815465 Russula_camarophylla_Germany
—— KR819086_ Russula_sp_Cameroon
L—— UDB016892_Russula_sp_Zambia

UDB004278 Russula_sp_Ecuador



Appendix D

100 KY462515 Russula_sp_Chil
285 CONC_F0633 CONC
284 MES 1613 MES 1613

MH930226_Russula_fuegian
98 _Russula_metachromatica__
KT289976 Russula_sp_Guyana
I_286 TH7678 TH7678ITS
50 207 _9511S55_9511S5
| 288 MCA1856_MCA1856ITS_Russ
JN168745 Russula sp Guyana
1f 12 TH7439 G6057TTS_Russula_m
KT339250 Russula_sp_Guyana
11 TH9673 GB082ITS Russula sp G
om a i
1T746014 Russulaceae_Portugal
LT746020_Russulaceae Portugal = _
115 Rom 72419 5998ITS_Russula_littoralis_holotype

MG761675 Fungi United St
278 CC 09 05 CC 09 05ITS R
277 MICH 12194 MICH_ 12194I1T.
276_UBC F30189 UBC_F30189I
282 UBC F19691_UBC F19691I
KMZ403007 Russula sp Canada
281 SMI289 SMI289ITS Russula
279 UBC _F28481 UBC F28481I
280" UBC F23910_UBC_F23910I
Lgr75149 Russulaceae Japan
100 9_EDC 12 031_| ussula_sp_
182 L8078 Russ Ben06 18078 Russ B
- 8 EDC 127031 _2802ITS_Russula_sp_C
850 U

uyana

100

ussula_metachromatica_

100

100

99 8

86

100 4

100

98

100

Nothofagus dombeyi 1

Dicymbe corymbosa 2

Dicymbe corymbosa 3

Cistus salviifolius, Halimium halimifolium,
Pinus pinaster

AG

Pinus parviflora, Pinus ponderosa, 4
Pseudotsuga menziesii

Uapaca guineensis )

0050816 J
2011 _BT600_3486

00508716_T3ITS_Russula_cf_pallidospora

, LN849754 Russula sp Benin
29H ITS Russula spec nov German

99

Russula_sp_United_States
Q393111 _Russula_sp_United_States
EU598152 Russula_sp United States
283 BB2004 252 BB2004 25ZITS Russul
VIXM R 404 (0 RuUss
88 RDL 16 053 5850ITS Russul
92 PC0735196_5898ITS "Russula
UDB002459 Russula_pallidospora
a8 UDB002508 Russula_pallidospora
) S_Russula

OO"l

99

2
1
1
' 58 UPera34 50161TS Russula_pz
5 UDBO011182 Russula pallidospora

- 179 JV0O 2 218 JVO_2 218ITS R
¥ UDB016027_Russula_pallidospora

Quercus robur, Fagus sp

Betula sp

Quercus kellogii 6

83 _RDL 16 022 5833ITS Russul:
M 47 I R
00 RDL_16 Russula_flavispora_lta

061IT
45 Boccardo 1470 4259ITS Russula_flavispora I¥a|y
7 185_FH 03072007_FH 03072007ITS Russula_flavispora
183_DMS9175733 DMS9175733ITS Russula_Tlavispora
184 BPLQ“B BP1 613ITS Russula flavispora Slovakia

100

4

[6)]

186_FA_12_111_FH
FR852101_Russul

Iran

om 8 12
UDB026710 RusSula_sp Estonia
222 10783494 10783494TTS Russula
107_Rom_ 6292 5982ITS Russula_deli
DQ061886_Russula sp_Italy
32_FH 127258 3522ITS Russula_aff |
47 JK 'RUS 14082701 _4450ITS_Russ
55 RB13102203 4849[TS

I ussula
41 NMLU 2508 13FMTh

ussu

elica Finlan
a 3740ITS Russ

IP; da/es 7

Limodorum abortivum, Tilia cordata

Picea abies

96

ussula Cr delica

97

Z H 18 O RU
KX499237 Russula_sp_Costa
KX499169 Russula_sp_Costa

O O O O ~U Ulad d de
253 _AR1806_AR1806ITS_Russula_cf brevipe
74 [LM_Jaalink 9315 X0 5590ITS Russula
297 LUG 22999 LUG 22999ITS Russula_sp
k- 257 S3D35 17 _S3D35 17ITS_Russula_sp |
“ HQ425418 Russula_sp Norway _
Wl 225 CF 6779 CF 67791TS_Russula delica
# 224 UE 24082004 20 UE 24082004_20ITS
[ 249 S3D35 8_S3D35 8ITS_Russula_sp_No
|| 226 _CF 6780 CF 6780ITS Russula_cf_delic
b 250 _S3D35 32 S3D35 32ITS Russula_sp
252-S1D23 25 S1D23 25ITS_Russula_sp_
P 139 TUG NN 003 6195ITS Russula_chloroi
246 MENJG209_MENJG209ITS_Russula_s
b1 233 _JR4376_JR4376ITS_Russula_laevis_Fi
2327 JR4016_JR4016ITS_Russula_laevis_ho
. 138 TUG NN 002 6194ITS Russula_chloroi
234 RMUKK38 RMUKKS38ITS Russula_aff

95

~

100

236 _S3D35 11-S3D35 11ITS Russula_sp_
243-S3D35 18 S3D35 18ITS Russula_sp
239 S3D35_5 S3D35 5ITS Russula_sp_|
238 S3D35 23 S3D35 23ITS Russula_s
237 S3D35 2 S3D35 2ITS Russula_sp No
247 S3D35 15 S3D35 15ITS_Russula_sp
HQ445411_Russula_sp_Svalbard_and Jan_
! 71 _LM_Jaalink_9353 "1.J032_ 5587ITS_Rus
r 72_LM Jaalink_9393" LJ039 5588ITS_Rus
g, 73 LM Jaalink 9304 T3 5589ITS_Russul
flr 240 _S3D35 37 S3D35_31TTS_Russula_sp_|
be 241_S3D35_13_S3D35_13ITS_Russula_sp_
1 HQ445410 Russula sg_SvaIbard_and Jan
244 S3D35 24 S3D35 24ITS Russula_sp
245 HMAS_ 252629 HMAS 252629ITS Russ
40 B Oertel 03 092013 3739ITS_Russula
248 S1D17 22 S1D17_22ITS _Russula_sp_
247 KH4_KH4ITS Russula_cf_delica_Norwa
137 _TLUG “15053 6193ITS_Russula_chloroide
D 223 ¢16672 c16672ITS Russula_cf delica
153 RDL_18 022 6504ITS_Russula_cf_delic
(6 266_S_20_S_20ITS_Russula_sp_China

Il 265 S 11_S_11ITS_Russula_sp_China
, KJ735017_Russula_sp_China

' 263 UP373194 F21 UP3 3194 F21I
by, 264_HC PNNT 265 _HC_PNNT_265|
i 262 _SH3 SH3ITS_Russula_sp_Canad
’ FJ845429 Russula brevipes Canada
I, 261 _SMI329 _SMI329ITS Russula_cf
> LC035243 Russula_sp China

|g|; 257 _HQ1480_HQ1480ITS_ Russula_sp_China
I, 256_HQ3372 HQ3372ITS_Russula_sp_China
M 254"HQ3084"HQ3084ITS Russula_sp_China
” 255"HQ3968 HQ3968ITS R a_sp_China
-.ig‘ 260 HMAS 252743 HMAS 252743ITS

kit 258 HMAS 252793 HMAS 252793I
259 HMAS 271070_HMAS_271070ITS_Ru
158 RDL_18_043_6525ITS Russula_cf delic
159 RDL_18 044 6526ITS Russula_cf_delic
160_ RDL_18 046_6528ITS_Russula_cf_delic
161 RDL 18 047_6529ITS Russula_cf delic
MG720473 Russula_brevipes Serbia
267_SL23 KL2_002_SL23 KL2 002ITS_Rus
156_RDL_T18_041_6523ITS_Russula_cf delic
157_RDL_18_042 6524ITS Russula_cf_delic
229"UE 20050903 _1_UE 20050903_1I[TS
228 AT97074_AT97074ITS Russula_aff_delic
155" RDL 18 038 6520ITS Russula cf delic

1D

o) KO

o T OR) O

Populus sp J2

Larix chinensis ] 3

Dryas integrifolia, Dryas octopetala,
Picea abies

Picea abies, Populus
tremula, Picea sp, Pinus sp, J5
Betula sp

Quercus oleoides, Quercus seemanii,
Quercus salicifolia

Betula pubescens, Betula
czerepanovii, Betula nana,
Dryas octopetala, Picea
abies, Salix herbacea, Salix

w1

J4

: 0 DR 55 D 5 ussu
@8 268 r 05016 r 05016ITS Russula_a
269 TAM426_TAM426ITS_ Russula_ sy
AY310855 Russula sp United Stafes

271 UBC F23107_UBC_F23107ITS

Pseudotsuga menziesii

57— RJUZ0 RUSsulaceae_NIeXico
¢+ 146 FH 18 070 6332ITS Russula_sp Pan:
148 FH 18 072 6334ITS Russula_sp Pa
3 —Mexico
KUT41250_ Russula_sp_Rep
KU141223 Russula_sp_Rep
KU141305 Russula_sp_Rep
8 AB982026 Russula_s
10 150_ANGE997 6398 Russula
169 O K Miller_27666_736TITS_Russ
DQ377405_Russula_sp_United_States
FJ803978 Russula sp United States
231 B56 1 B56 1ITS Russula_sp
230 _C102°1_C7T02_1TTS_Russula_sp
EF218798_Russula_sp_Canada
FJ378827 Russula sp China
149 F1114193 6352ITS Russula_aff brevi

97

%
100 &

99

1

Quercus salicifoliaii,
Quercus seemanii

Cymbidium kanran,
Pseudotsuga sinensis

Pinus banksiana, Pinus taeda 9

Kobresia sp 10

Kobresia sp, Pseudotsuga menziesii11
Hexalectris brevicaulis 12

ussula_sp_Estonia

221_FH1499"FH1499ITSp Russula_nom_prov_deformis_Germany

102_JK_RUS 20100812 5967ITS _Russula_nom_prov_deformis

34 BM_RUS "20130831_3549ITS__Russula_nom_prov_deformis_Germany

UDBO0466993__ Estonia _

g 46 JK _RUS 14081603 4449ITS_Russula_nom_prov_deformis
106_GENT 5420 5420ITS_Russula_nom_prov_deformis

— 56 RB RDL 111 4850ITS Russula_deformis_Belgium

—— 104 GENT 5418 5418ITS Russula nom prov deformis

96

ussula_flavispora

N ussula_chlorol
176_RDL_17 017_7379ITS_Russula_chlo
214 UEG68_UEGSITS_Russula_chloroides
KX886114_Fungi_Switzerland
30 FH 127204 "3512ITS_Russula_aff_chl
b EUB16642 Russula_sp Germany
- 96_RUS_T5101003_5934ITS Russula_a
. 60_FH_RUS 15102701_5951ITS Ru
1 210" UE"20117030_ 5 UE 20111030_5
63 MxM_R 9120 5548ITS Russula_a
217 _FH 12266 FH 12 266ITS_Russ
14 MxM_ R 3187 3053ITS_Russula_
KF432954 Russula_chloroides_Ireland
26 JK RUS 12091401_3226ITS_Russ
AY878661 Russula_sp_United_States
KT27R21 E1 8 Russula_sp_Canada

_NOBAS826 15 NOBAS826 1
UE 20100870 6 UE 20100810 6IT
5o_1/7 02 o K hloroide

68

Su

cl

Fagus sylvatica, Pseudotsuga
menziesii, Monotropa
uniflora, Quercus petraea,
Fagus grandifolia

& DQD61887 Russula_sp _ltal
RDL 16 026 2 6084ITS R
Q061921 Russula sp Ital
85 RDL 16 026 1 5836 RuU
96_AT 2002048 AT 2002048[TS Russula_cf chlo
9 RDL_19 23 08 2014 4489ITS Russula_aff chlo
5 _UED4072003_01_UED4072003_01ITS_Russula
EF611147 Russulaceae Finland
90 205RU 4 205RUS24 RU
09 HADT54300 HDT54300 RuUs
208 c64364 c64364ITS_Russula_c
MK310033_Fungi_Japan
e [)

o

1
& 4
10) 19

73N
roool

Q0Q »
3806 R dlddd

80 RD 6 046 58 Russula cf chloroides |ta
174 RDL 17 021 6129ITS Russula_cf delica_Belg
295 P111_ FRP 0102ITS Russua cf_chloroides

O 09
87 RDL_16_03

8 5841ITS Russula
152 RDLC 18 019 6501ITS Russula
78 RDL 16 016 T 5827ITS Russul
19 " MxM_R 12165 3058ITS Russulz
199 UE"20050906 12 UE 2005090
198 'FH 12 273 FH 12 273ITS Ru
200 JV 01-328"JV_01_328ITS Ra
MNZ265654 Russulaceae Slovenia
126 RDL_T6_045 6089ITS Russula
119"RDL_16_025 6083ITS Russula
1622018 WTO01 6546ITS Russula
* 10 FH 12272 3227ITS Russula_ af
48 JK RUS 14090601 4451ITS Rus
g UDB005073 Russula_sp Estonia

¥ 93 PC0735193 5907TITS Russula ¢
i 202_FH_03_08 2009_UE 20050816

4P

)

)
§
i
|
J
(
j
{
!
{
|
[

114 Rom_1966 8 13 5990ITS Russ
207_FH D3 08 2009 FH_03 DR 2

3

[ EU403092 Russula_sp P_ortu%al_ _
UDB001625 Russula_delica_United_Kingdom
ll EU816643 Russula sp German
E 35 JK RUS 13090801 3608ITS_Russula_cf de
« || 77 RDL_16 015 1_5825ITS Russula_cf chloro
4 113_Rom_1985 9 T 5989ITS Russula_chloroid
P 27 JK_RUS_12097303_3280ITS_Russula_aff_d
P 203_hue22 hue22ITS "Russula delica
1° 51 _FH_RUS 14082607 _4633ITS_Russula_cf ¢
207_my800_my800ITS Russula_cf_chloroides_!
65_MxM_R 1313b_5550ITS Russula_aff delica
' 43 FH 2009 WTO04 3759ITS Russula_chloroide
52 FH RUS 14081329b 4654ITS_Russula_cf fl
206 _L0783440 L0783440ITS Russula_cf chloro
204_UE 20061110_10_UE_20061110_10ITS_R
1 MN265674 Russulaceae Slovenia
L 118 RDL 16 014 2 6080ITS_Russula_cf_chlor:
4 42_FH 13055 3758ITS Russula_cf chloroides
117 RDL 16 013 1 6079ITS Russula cf chlorc
205 1 M4909 1 M4909 R p Hunaar
197 _c66400 c664001TS_Russula_c W
UDB018847 Russula_sp Canada

c

{

Pinus pumila, Pseudotsuga menziesii

1754 RDL 18 036 6518ITS Russula cf chloroides Sweden

Abies alba, Abies balsamea,
Picea mariana

Limodorum abortivum, Quercus ilex

Populus alba, Populus
canescens, Tilia sp

Q1
Q2

Pinus canariensis

Abies alba, Betula sp, Picea

sp, Pinus sp, Populus sp, Tilia B
sp

Fagus sylvatica, Limodorum

abortivum, Limodorum

brulloi, Quercus petraea, F

Quercus rotundifolia

Q3

Pinus pinaster, Limodorum
abortivum

>

27

13
13
8 13
10
11
94

129 RDL 167054 6091| Russula
DQ061893_ Russula s_;) a¥ .
9 1 T27I1TS_Russula_delica
4 DQO061920_Russula s
° 5 RUS 18111402_7T29ITS_Russula_aff delica
8 RUS 18111520 7132ITS Russula delica
. (J - C
) JK_RUS 13090907 36
T Rom_1963 7 17 5986ITS Rus
: 163 ™MxM R 1401 5543ITS Russule
# 194_JvV 01060 JV_01 060ITS Ru
| 193 ¢22260 _c22260ITS_Russula_cf
0 82 RDL 16 021 5832ITS Russula
UDB025023 Russula_delica Estoniz
272 TU116211 TU116211ITS Russ
38 MxM R 1333 D3_3647ITS_Rus
17_MxM_R” 12101 _3056ITS_Russulz
DQD61976 Russula_sp_France
UDBO0173971 Russula_sp Estonia
4 JMT 17080703 6169ITS Russ
3 JMT 17080101 6163ITS_Russ
é_RDL EM 17 008_6142ITS Rus
0_Rom 6356 _5985ITS Russula_:
PC0728036 5914ITS Russula de
RUSSUIa_delica_Canada
-~ 16_037_58401TS_Russula_cf_chloroides_ltaly
62 _Russula_sp Norway
DL _T6 036 _6086ITS Russula cf chloroides _ltaly
8 WT02 65471TS Russula cf flavispora Sweéden
L 16 033 6081ITS Russula _cf_chloroides_Italy
E_T4092004 6 _UE_T4092004_6ITS_Russula_cf_chl

64 RUS 7181113171
Ital
16
16
0 MXN 082074 5958 u
4 37 U 18ITS R
11
2 FH 73706 2006 FH 13 06 2
167 RUS 18111001 713TITS Russ
| DQD61877 Russula_sp France
T 44 FH 2017 BT349 3760ITS Russ
Rom_ 1963 7 11 5984ITS Rus
"F30263 UBC F30263ITS_ Russula_aff delica Ca
M Rom61_105 MxM Rom61_T05ITS_Russula_delic
RUS 13091001 3615ITS Russula cf chloroides

_AT2003041 AT2003041ITS_Russula_cf_chloroides
UP528 UP528ITS Russula_cf chloroides_Sweden
1T LUG 19270_62001TS_Russula_delica
B026258_Russula_sp Estonia .
RDL_16_019 5830l Russula_cf _chloroides_Italy
16_UE 09082003_1_UE_09082003_TITS_Russula_cf_de
UDB026286_Russula_sp Estonia .

&1; RDL 16 064 5856ITS Russula_cf chloroides_ltaly
1

100

MxM_R 9092 5574ITS_Russula_delicula_Germany
12 _Rom6355 5988ITS Russula_chloroides var_delicula
142" LUG _NN"D04 _6207ITS_Russula_delica
UDB016008 Russula_delica_Estonia
MG687335 Russula Sé) )

123 RDL 16 035 2 6085ITS Russula_cf_chloroides_ltal
275 PRM 935928 PRM _935928ITS Russula_cf chloroide

- Russulasp Mexico
\/ \/ Y AWA A = l (E - 3 a
166_RUS 18111519 7130ITS_Russula_aff_chloroides
79 RDL 16 017_5828ITS_Russula_cf chloroides_Italy
DQO061907 Russula_s ItaIY :
187 _AF096987_AF096987ITS_Russula_cf_delica_Spa
AF096987 Russula_delica
' 191 JV 96 155 JV 96 155ITS Russula_sp
13§_IVIXI\7F R”12102 3055ITS Russula_delica_var_puta C
D 177 _PCO0167064 5917ITS Russula_delica_var
75 FH_RUS 16087504 5808ITS_Russula_aff C
i 76_FH RUS 16081503 5812ITS Russula_aff Delica
p 39 MxM_R 1334 D1 _3648ITS Russula_delica
W 18 MxM R 12184 _3057ITS_Russula_rutila_France
¥ DQ061904 Russula_sp_ltal :
° 188 _JV 96 163 JV 96 163ITS Russula cf chloroides
I, 189" FH2463 JK“RUS17121503_FH2463_JK RUS111Z2
100

510
O
y v

B
00

99 |

4

" 190 JV_92 321 JV 92 321ITS_Russula_cf _delica
lVIx R”0695 5549ITS_ Russula_aff delica_France

als RU p_lran

LD 15_021_594 _Russula_

b 1" LD 15 003_5943ITS_Russula_
2 LD 15 013" 5944ITS Russula_|

o UDB0780191 "Russula_sp_Guadelo

=~ UDB002462 Russula_farinipes_France

100

UDB0310272 Russula_sp_Estonia
UDBO016080_Russula_farinipes_Estonia

007

Limodorum abortivum,
Pinus halepensis, Pinus
sylvestris, Quercus sp, Tilia sp,

Betula pendula, Monotropa uniflora,
Populus tremula, Quercus ilex, Betula
sp, Picea sp, Pinus sp, Quercus sp

Monotropa uniflora

Limodorum abortivum,
Limodorum trabutianum

Coccoloba pubescens, Coccoloba swarzii,
Bursera sp, Pisonia fragrans




Appendix E

99

45

100

99

24

| Rom_72 419 5998 Russula_littoralis_holotype AG
' Rom_70 422 3559 Russula_littoralis_holotype France

100 — CC_09 05 CC 09 05 Russula_cascadensis_United States

MICH_12194 MICH_12194 Russula_cascadensis_holotype Uruguay
UBC F28481 UBC F28481 Russula_cascadensis_Canada
UBC_F23910_Russula_cascadensis_Canada

UBC _F19691 Russula_cascadensis_Canada

100

BB_07 034 BB 07 034 Russula vesicatoria_United States AF

f

RDL_16_059 6092 Russula_aff pallidospora_ltaly
FH 2011 _BT600_3486 Russula_spec_nov_Germany I

Russula sp.1
MPG13 6 08 MPG13 6 08 Russula aff pallidospora_Spain

78

0 T MxM_R 9422 3063_Russula_subpallidospora_holotype France

MxM_R_0894_5568_Russula_subpallidospora_France U Russula sub pa llido spora

MxM_R 4048 5571 Russula_cf subpallidospora_France

35

60

100

BB2004_ 252 Russula_cf_angustispora_United_States
MxM_R 4047 _3061_Russula_pallidospora_France
MxM_R 6000 5569 Russula_cf pallidospora_France
4 MxM_R_6698 3062_Russula_pallidospora_isotype France
' UPera34_5016_Russula_pallidospora_ltaly T
RDL_16_022_5833_Russula_cf_pallidospora_ltaly
RDL_16_023 1 5834 Russula_cf pallidospora_ltaly

RDL_16_053 5850 Russula_pallidospora_ltaly
MxM_R 4047 5570 Russula_pallidospora_France

100

31

100 | EDC 12 031 _6216_Russula_sp Cameroon 7
' L8078 Russ Ben06 Russula_sp Benin

| MES_1613_Russula_cf_fuegiana_Chile

— CONC _F0633_Russula_cf _fuegiana_Chile

100

100 | TH7678_Russula_metachromatica_Guyana

100

64

99

100

TH9673_G6082_Russula_sp_Guyana
LUG 18812 6210 Russula_flavispora

RDL_16_061_5854 Russula_flavispora_ltaly
MxM_R 9415 5730 _Russula_flavispora_ TOPOTYPE_France
100 | LD 15 013 5944 Russula_metachromatica Martinique
LD_15_022_5946 Russula_metachromatica_Martinique
1T0 LD 15 046 5948 Russula_metachromatica Martinique W
LD_15 021 _5945 Russula_metachromatica_Martinique
FH_BHI_F236_Russula_vesicatoria
100| GENT 5420 5420 Russula_nom_prov_deformis
GENT 5418 5418 Russula_nom_prov_deformis
ﬂl BM_RUS 20130831 3549 Russula_nom_prov_deformis_Germany
JK RUS 14081603 4449 Russula_nom_prov_deformis
66 FH_12_ 258 3522 Russula_aff_chloroides_Germany
Llf Rom_62_ 92 5982 Russula_delica_var_trachyspora_paratype X
JK_RUS 14082701_4450 Russula_cf chloroides_var_parvispora
NMLU 2508 13FM1ha_ 3740 Russula cf delica_Switzerland Y
0 LUG_NN_002_6194 Russula_chloroides
UE 24 08 2004 20 UE 24 08 2004 20 Russula_cf chloroides
LUG_NN_ 003 6195 Russula_chloroides
B Oertel 03 09 2013 3739 Russula cf delica_Switzerland
L_M_Jaalink_9353 LJ032_5587_ Russula_aff _delica_Svalbard_And_Jan_Mayen
100 JR4016_JR4016_Russula_laevis_holotype Finland
JR4376 _JR4376_Russula_laevis_Finland
— L_M Jaalink_9393 LJ039 5588 Russula_aff delica_Svalbard_And_Jan_Mayen

éﬂ Boccardo 1470 4259 Russula_flavispora_ltaly L

100

D

65

57 60| HM _S_252629_HMAS_252629_RussuIa_sp_China
JE L_M_Jaalink_9304_ T3 5589 Russula_aff delica_Svalbard_And_Jan_Mayen J

L_M_Jaalink_9315_X0_5590_ Russula_aff _delica_Svalbard_And_Jan_Mayen
— RDL_18 038 6520 Russula cf delica_Sweden

BB_06_508 BB 06 508 Russula_brevipes_Mexico AE
768 RDL_18 041 6523 Russula_cf delica_Sweden
RDL_18 042 6524 Russula_cf delica_Sweden
"l | RDL_18 043 6525 Russula_cf delica_Sweden
HMAS 252743 HMAS 252743 Russula_sp_China
HMAS 252793 HMAS 252793 Russula_sp_China
HMAS 271070 _HMAS 271070 Russula_sp_China

B( r 05016 _r 05016 Russula_aff brevipes United States
] 1
99 ‘

18

TAM426 Russula_sp United_States V
DK321965 Russula_cf brevipes United States
UBC_F23107_Russula_cf brevipes Canada
FH_18 071 6333 Russula_sp_Panama [N
RDL_16_033_6081_Russula_cf_chloroides_ltaly
2018 WT02 6547 Russula_cf flavispora Sweden
LUG_19270_6200_Russula_delica
LUG _NN_004 6201 Russula_delica
LUG_NN_005_6202_Russula_delica
SA07 210 SA07 210 Russula_cf delica_Slovakia H
RDL_16_035_2 6085 Russula_cf chloroides_ltaly
39, RDL_16_037_5840_ Russula_cf chloroides_ltaly
MxM_Rom_61_105_Russula_delica_var_trachyspora_isotype_France
RDL_16_036_6086_Russula_cf_chloroides_Italy
UBC_F30263 Russula_aff _delica_Canada
43 100 | LUG 18775 6209 Russula_flavispora K
4 BB_12 086 BB_12 086_Russula_aff delica_ltaly AD

61

61[ FH_18 070 _6332_Russula_sp_Panama M
FH 18 072 6334 Russula _sp Panama
— BB_06_441_BB_06_441_Russula_sp_Mexico AB
JK_RUS 15092001 5959 Russula_chloroides
1 RDL_16_025_ 6083 Russula_cf_chloroides_ltaly
RDL_16_039 6087 Russula_cf _chloroides_Italy
RDL_16_051_6088 Russula_cf _chloroides_ltaly
| FH_12_263_3523_Russula_aff_delica_Germany
RDL_16_020_5831_Russula_cf_chloroides_ltaly
14 ® RDL_16_045_6089_Russula_cf_chloroides_lItaly
RDL_18 019 6501 Russula_cf pallidospora_Sweden
MxM_R 1275 3059 Russula_chloroides France B
MxM_R_12120_5576_Russula_aff_chloroides_France
RDL_16_060_6093 Russula_cf_chloroides_Italy
1 RDL_16_016_1_5827 Russula_cf_chloroides_Italy
| FH_12_273_FH_12_273_Russula_aff_chloroides_Belgium
§ { RDL_16_038_5841_ Russula_cf_chloroides_ltaly
69 FH 12 272 3227 Russula_aff_delica_Belgium
59 RDL_18 009 6494 Russula_cf chloroides Sweden
- JK_RUS 12091701 _3281 Russula_aff chloroides_Ireland
J4 — JK_RUS_14090601_4451_Russula_cf_chloroides_Slovakia
RDL_16_054 6091 Russula_cf _chloroides_Italy
RDL_16_046 5851 Russula_cf chloroides_lItaly
RDL_17_021_6129 Russula_cf delica_Belgium Q
HDT54300_ Russula_cf brevipes United States
ﬁ|_RDL_1 6 013 _1_ 6079 Russula_cf _chloroides_Italy
RDL_16_015_1_5825 Russula_cf_chloroides_lItaly
FH_13 055 3758 Russula_cf _chloroides_Germany
FH RUS 14081330 4682 Russula_cf chloroides
hue22 hue22 Russula_delica
271% RDL_16_048_6090_Russula_cf_chloroides_ltaly
FH _RUS 14081329A 4681 Russula_cf flavispora
— RDL_16_014_2 6080_Russula_cf _chloroides_lItaly F
JK_RUS 15090801 5957 Russula_chloroides
JK_RUS 14091202 4514 Russula_cf chloroides_Slovakia
20 FH_RUS_14082607_4633 Russula_cf _chloroides_Belgium
S JK_RUS 12091303 3280 Russula_aff delica_lreland
FH_ 2009 WT04_3759 Russula_chloroides_var_trachyspora_Germany
MxM_R 1313b_5550 Russula_aff delica_France
 JK_RUS 13090801 _3608 Russula_cf delica_Germany
67 JK_RUS 15092401 5953 Russula_chloroides
BB 06 476 BB 06 476 Russula _sp Mexico E
1 ﬂl RB_15 07_28 03 _5417_Russula_aff chloroides_Belgium
-f ' RDL_19_23_08 2014_4489_Russula_aff_chloroides_Belgium
— BB_07_209 BB _07_209 Russula_cf chloroides_Slovakia
GS_17_02 5950 Russula_chloroides AA
100 | O_K Miller_ 27666 7361 _Russula_brevipes Dominican_Republic
] ' ANGE997 6398 Russula_aff chloroides Dominican_Republic
04| RDL_16_026_2 6084 Russula_delica_var_puta_ltaly
_4_[ RDL_16_032_1 6098 Russula_cf _chloroides_ltaly
RUS_16110702_5888 Russula_sp_Italy G
RDL_16_026_1 5836 Russula_delica_var_puta_ltaly
RDL_17_017_7379_Russula_chloroides_Belgium
66 UE68_Russula_chloroides
95 FH 12 204 3512 Russula_aff chloroides Germany
FH_ 12 205 3513 Russula_chloroides_var_trachyspora_Germany
n RUS 15101003 5934 Russula_aff chloroides R
R_E_Halling_8631_7362_Russula_delica_Costa_Rica
o FH_12 266 _FH_12_ 266 Russula_aff delica_Germany
il JK RUS 12091401 3226 Russula_chloroides _Ireland
4 —1- RUS_15100401_5933 Russula_aff Delica
— FH_RUS _15102701_5951_ Russula_chloroides_Germany
BB 06 532 BB 06 532 Russula_herrerae_Mexico AC
F1114193 6352 Russula_aff brevipes Costa Rica
180 RUS_18111311_7127_Russula_delica
LT RUS 18111520 _7132_Russula_delica O

RUS 18111402 7129 Russula aff delica

95

21
2 —1

80

¢,

59

- 9511S55_Russula_cf_metachromatica_Guyana
100 | MCA1856_Russula_metachromatica_subsp tarumaensis_Guyana
- TH7439 _G6057_Russula_metachromatica_subsp_tarumaensis_Guyana

FH_ 12 111_Russula_sp_Thailand

98 RUS 18111519 7130 Russula_aff chloroides
34 RDL_16_017_5828 Russula_cf _chloroides_lItaly
36 MxM_R 12102_3055_ Russula_delica_var_puta_Germany
MxM_R 1334 _D1_3648 Russula_delica
100 MxM R 12184 3057 Russula_rutila_France
4 MxM_R 0695 5549 Russula_aff delica_France S
FH_RUS 16081503 5812 Russula_aff Delica
34 FH RUS 16081504 5808 Russula_aff Chloroides
PC0167064 5917 Russula delica var delica paratype France

41

Russula sp.3

Er JMT_17080101_6163_Russula_delica
JMT_ 17080703 6169 Russula_delica
it RDL_EM 17 008 6142 Russula_sp
PC0728036 5914 Russula_delica_var_delica_paratype
1 RDL_17_026_6134_Russula_delica_Belgium
FH_2011_BT349 3760 Russula_cf delica_Germany
MxM_R_12101_3056_Russula_delica_var_trachyspora_Germany A
JK_RUS 13090901_3618 Russula_cf delica_Germany
MxM_R_1333_D3_3647_Russula_delica
MxM_R 1401_5543 Russula_delica_Germany
RUS 18111001 _7131_Russula_sp
MXM 15082014 5958 Russula_delica
RDL 16 021 5832 Russula cf delica ltaly

100

Russula sp.2

48

FLAS F 61046 7481 Russula_compacta_United_ States
100 | EDC 12 142 6222 Russula_sp_Cameroon

C EDC 14 258 6226 Russula_sp Cameroon
100 | LD 16 040 5923 Russula_Brazil

! LD_16_046 5924 Russula_Brazil

EDC_12 059 6217 Russula_sp_Cameroon

0.03
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