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Significance of new species publishing

Fungal Diversity (2021) 109:155-179
hitps:{doi.org M0 1007/ 12225-021-00435-6
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Integrative approaches for species delimitation in Ascomycota

Sajeewa 5. N. Maharachchikumbura'® . Yanpeng Chen' - Hiran A. Ariyrawans.ag - Kevin D. H:.rde" .
Danny Haelewaters®® - Rekhani H. Perera® . Milan C. Samarakoon® - Dhanushka N. Wanasinghe” .
Danilo E. Bustamante®® . Jian-Kui Liu' - Daniel P. Lawrence'? . Ratchadawan Cheewangkoon? - Marc Stadler!12

,Biodiversity loss from disturbances caused
by human activities means that species are
disappearing at an ever increasing rate. The
high number of species that have yet to be
described have generated extreme crisis to
the taxonomist. Therefore, more than in any
other era, effective ways to discover and
delimitate species are needed.”

Integrative approaches are crucial for
understanding species boundaries within
Ascomycota.

Fungal Diversity (2022) 116:547-614
hetps2¥doi.org10.1007/13225-022-00510-3
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Ten decadal advances in fungal biology leading towards human
well-being

Ausana Mapook'® . Kevin D. Hyde'2 17192033, khadija Hassan® - Blondelle Matio Kemkuignou?® - Adéla Cmokova® .
Frank Surup™*( . Eric Kuhnert® - Pathompong Paomephan®” - Tian Cheng™* . Sybren de Hoog®*'”.

Yinggai Song"" - Ruvishika 5. Jayawardena'? . Abdullah M. 5. Al-Hatmi®'? . Tokameh Mahmoudi' - Nadia Ponts'™ .
Lena Studt-Reinhold'® - Florence Richard-Forget' - K. W. Thilini Chethana'? . Dulanjalee L. Harishchandra'216.
Peter E. Mortimer'™"® . Huili Li'™'® . Saisamorm Lumyong'**"?" . Warawoot Aiduang® - Jaturong Kumla'".
Makarin Suwannarach'**"( . Chitrabhanu 5. Bhunjun'~ - Feng-Ming Yu'**?. Qi Zhao® - Doug Schaefer'®.

Marc Stadler®?

Fungi are important as a potential industrial
resource and for human well-being.



Fungal diversity and new species description trends

Fungal Diversity (2024) 125:1-71
https://doi.org/10.1007/513225-023-00532-5

Current trends, limitations and future research in the fungi?

Kevin D. Hyde'**#5 . petr Baldrian® - Yanpeng Chen’ - K. W. Thilini Chethana®® . Sybren De Hoog® -

Mingkwan Doilom* - Antonio R. Gomes de Farias? - Micael F. M. Goncalves'®'" . Didsanutda Gonkhom?® .
Heng Gui''?. Sandra Hilario'®"* . Yuwei Hu"'? . Ruvishika S. Jayawardena®®'%. Sabin Khyaju?® .

Paul M. Kirk'* - Petr Kohout® - Thatsanee Luangharn? - Sajeewa S. N. Maharachchikumbura?-% .

Ishara S. Manawasinghe*® . Peter E. Mortimer"'2. Allen Grace T. Niego'? - Monthien Phonemany? .

Birthe Sandargo'®'? . Indunil C. Senanayake*?° . Marc Stadler'®'® . Frank Surup'®'®. Naritsada Thongklang?® .
Dhanushka N. Wanasinghe™ 2. Ali H. Bahkali® - Arttapon Walker?8

3500

3000

2500

2000

1500

1000

500

Fungal Diversity (2024) 128:191-225
https://doi.org/10.1007/513225-024-00545-8

Species Numbers

Fig. 4 Number of new species
introduced from 2000 to 2023.
{Numbers extracted from Index
Fungorum.org (https:/fwww.
indexfungorum.org/names/
MNames.asp)
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Check for
updates

Fungal numbers: global needs for a realistic assessment

Kevin D. Hyde'? . Alwasel Saleh* - Herbert Dustin R. Aumentado?® - Teun Boekhout*'* - Ishika Bera? -
Sabin Khyaju?® - Chitrabhanu S. Bhunjun?® . K. W. Thilini Chethana®*® - Chayanard PhukhamsakdaZ -
Mingkwan Doilom® - Vinodhini Thiyagaraja' - Peter E. Mortimer” 415 . Sajeewa S. N. Maharachchikumbura® -
Sinang Hongsanan® - Ruvishika S. Jayawardena®® - Wei Dong® - Rajesh Jeewon'%"! . Fatimah Al-Otibi® -
Subodini N. Wijesinghe?* . Dhanushka N. Wanasinghe”'?

Estimates for global fungal species
richness range from 2.2 to 13.2 million.
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ARTICLE

The 2024 Outline of Fungi and fungus-like taxa

Hyde KD, Key Laboratory of Phytochemistry and Natural Medicines. Kunming Institute of Botany, Chinese Academy
of Sciences, Kunming 650201, P.R. China

Center of Excellence in Fungal Research, Mae Fah Luang University, Chiang Rai 57100, Thailand

Innovative Institute for Plant Health, College of Agriculture and Biology, Zhonghkai University of Agriculture and
Engineering, Guangzhou 510225, Guangdong. P.R. China

Fungal estimates for individual higher
rank fungal taxa and specifically for
icertae sedis are provided.



Standards

Aime et al IMA Fungus (2021121
https://doi.org/10.1186/543008-021-00063-1 u n gu S

NMENCLATURE Open Access

How to publish a new fungal species, or “)
name, version 3.0

updates
M. Catherine Aime' ®, Andrew N. Miller’, Takayuki Aoki®, Konstanze Bensch®, Lei Cai’, Pedro W. Crous”,
David L. Hawksworth®"%, Kevin D. Hyde®, Paul M. Kirk'®, Robert Liicking", Tom W. May'?, Elaine Malosso'™?,
Scott A Redhead™, Amy Y. Rossman ™, Marc Stadler'®, Marco Thines'”'®, Andrey M. Yurkov'®, Ning Zhang™ and
Conrad L. 5choch®

Minimal requirements and
recommendations for good practices.

Fungal Diversity (2021) 109:181-237
https://doi.org/10.1007/513225-021-00479-5

Mycological Progress (2022) 21: 40

REVIEW o“)

Check for
updates

Delimiting species in Basidiomycota: a review

Bin Cao' - Danny Haelewaters®** . Nathan Schoutteten® - Dominik Begerow® - Teun Boekhout5” -

Admir J. Giachini® - Sergio P. Gorjon® - Nina Gunde-Cimerman'® . Kevin D. Hyde'"'2'3. Martin Kemler® . Guo-Jie Li'*.

Dong-Mei Liu'® - Xin-Zhan Liu" - Jorinde Nuytinck®'® . Viktor Papp'” - Anton Savchenko'® - Kyryll Savchenko™® -

Leho Tedersoo? - Bart Theelen® - Marco Thines?!2223 . Michal Toméovsky?* . Merje Toome-Heller?® - Judith P. Urén® .

Annemieke Verbeken? - Alfredo Vizzini%® - Andrey M. Yurkov? - Juan Carlos Zamora® - Rui-Lin Zhao'**

https://doi.org/10.1007/511557-022-01796-y D Gf!\/ﬁ

ORIGINAL ARTICLE

Check for
updates

How good are we at describing a new fungal species? A case study
based on the family Botryosphaeriaceae (Dothideomycetes)

Eduardo Batista' () - Anabela Lopes ' (9 - Artur Alves'

Received: 27 September 2021 /Revised: 3 December 2021/ Accepted: 6 December 2021 / Published online: 4 April 2022
©) German Mycological Society and Springer-Verlag GmbH Germany, part of Springer Nature 2022

In Botryosphaeriaceae, 60% of the
descriptions are outdated or only meet
the minimal requirements for publication
and 50% of the authors do not provide
enough accessible and reproducible
information.

Recommended application of integrative
taxonomy combining group specific
approach.



Singletons

WHEN SHOULD WE DESCRIBE SPECIES?

Species discovery vs. hew
species descriptions

IMA Fungus 2017, Keith A.

Seifert 2017

Cazabonne et al. IMA Fungus (2024) 15:7 IMA Fu ngus
https://doi.org/10.1186/543008-023-00137-2

MYCOLENS Open Access

. . l‘)
Singleton-based species names and fungal ===

rarity: Does the number really matter?

Jonathan Cazabonne'", Allison K. Walker®, Jonathan Lesven*® and Danny Haelewaters®"#%"

,|If multiple independent sources of data
support the existence of a new taxon, we
encourage mycologists to proceed with
formal description, irrespective of the
number of specimens at hand. Although
the description of singleton-based
species may not be considered best
practice, it does represent responsible
science in the light of closing the Linnean
biodiversity shortfall.”



Old names

Koukal and Delgado IMA Fungus (2021)12:26
httpsy/doiorg/10.1186/543008-021-0007 3-z

NMENCLATU RE Open Access

Why morphology matters: the negative ")
consequences of hasty descriptions of -
putative novelties in asexual ascomycetes

Ondfej Koukol " @ and Gregorio Delgado®

IMA Fungus

Overlooking of old names when
publishing new species due to
relying strictly on sequence data

::‘:,1‘ Mycosphere 7 (11): 1622-1648 (2016) www.mycosphere.org ISSN 2077 7019

Article — special issue
Doi 10.5943/mycosphere/7/11/2
Copyright © Guizhou Academy of Agricultural Sciences

Mycosphere

Taxonomic utility of old names in current fungal classification and
nomenclature: Conflicts, confusion & clarifications

Dayarathne MC!?, Boonmee S'?, Braun U’, Crous PW?®, Daranagama DAl
Dissanavake AJ'®, Ekanavaka H“, Javawardena R® Jones EBG!,

Maharachchikumbura SSN°, Perera RH! Phillips AJL®, Stadler MY,
Thambugala KM, Wanasinghe DN, Zhao Q!2, Hyde KD!*, Jeewon R!*"

Old names in current fungal
classification and nomenclature:
difficulties in loaning specimens and
lack of expertise from specialist
mycologists



Highlights

Yurkowv et al. IMA Fungus (2021) 12:18
httpsy/doiorg/10.1186/s43008-021-00067-x

NMENCLATU RE Open Access

Nomenclatural issues concerning cultured ")‘
yeasts and other fungi: why it is important
to avoid unneeded name changes

Andrey Yurkov' '@, Artur Alves(, Feng-Yan Ba(, Kyria Boundy-Mills*(®, Pietro Buzzin®, Neza Cade#*(,

IMA Fungus

Gianluigi Cardinali’®, Serge Casaregola®®, Vishnu Chaturvedi®®, Valérie Collin'®, Jack W. Fell''®, Victoria Girard ™,
Marizeth Groenewald'*®, Ferry Hagen'?(®, Chris Todd Hittinger (), Aleksey V. Kachalkin'*™

Markus Kostrzewa'*@, Vassili Kouvelis' ', Diego Libkind @, Xinzhan Liu*@, Thomas Maier *@,

Wieland Meyer %" @, Gabor Péter®, Mardn Pigtek™®, Vincent Robert’®, Carlos A. Rosa™ @,

Jose Paulo Sampaio®™'(®, Matthias Sipiczki®*(®, Marc Stadler™(, Takashi Sugia™®, Junta Sugiyama®*?,
Hiroshi Takagi**, Masako Takashima™®, Benedetta Turchetti’®, Qi-Ming Wang™® and Teun Boekhout'***

Importance of nomenclatural stability
for communicating scientific finds

PLOS BIOLOGY

ESSAY

Tightening the requirements for species
diagnoses would help integrate DNA-based
descriptions in taxonomic practice

Frank E. Rheindt '*, Patrice Bouchardz, Richard L. Pyles, Francisco Weller-SchuIles",
Erna Aescht®, Shane T. Ahyong‘”, Alberto Ballerio®, Thierry Bourgoin", Luis M.

P. Ceriaco'®, Dmitry Dmitriev'?, Neal Evenhuis®, Mark J. Grygier'z, Mark S. Harvey's,
Maurice Kotlelat", Nikita Kluge's, Frank-T. KreII'G,Jun-ichi Kojima”, Sven O. Kullander'a,
Paulo Lucinda™®, Christopher H. C. Lyalm, Cristina Luisa Scioscia®', Daniel Whitmore??,
Douglas Yanega®®, Zhi-Qiang Zhang®*®, Hong-Zhang Zhou®, Thomas Pape 2" *

contrastive and state specific
diagnosis

Contrastive diagnoses

A contrastive diagnosis presents distinguishing characters or character states in direct
comparison to at least one other species, for example:

...Diagnosis: New Species X differs in leg colour from Species Y.. .
State-specific diagnoses

A state-specific diagnosis is one in which an author not only presents a distinguishing
character but also specifies its character state. For example:

...Diagnosis: The new species has green legs.. .



Species concepts

Species concept based on integrated
(polyphasic) approach is recomended,
with good practice task list and group
specific recommendations.

Combining

* phylogenetic (sequence or genome)
component

* phenotype (morphological)
component

 biological (reproductive) component

Sequence-based species concepts
require publicly available and validated
references

Fungal Diversity (2021) 109:27-55
hitps.{fdoi.org/10.1007/513225-021-00475-2
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The evolving species concepts used for yeasts: from phenotypes
and genomes to speciation networks

Teun Boekhout'2(% - M. Catherine Aime?(® - Dominik Bagerow® - Toni Gabaldén®57( . Joseph Heitman® [ -
Martin Kemler*( . Kantarawee Khayhan®( - Marc-André Lachance'"® . Edward J. Louis"' . Sheng Sun®( .
Duong Vu'® - Andrey Yurkov'?

Fungal Diversity (2021) 109:139-256
hitps:doi.org10.1007/513225-021-00484-3
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What is a species in fungal plant pathogens?

Ruvishika 5. Jayawardena'*” @ . Kevin D. Hyde*"#( . Antonio Reberto Gomes de Farias™>(® .

Chitrabhanu 5. Bhunjun®"(® - Himashi 5. Ferdinandez*( - Dimuthu 5. Manamgoda*( - Dhanushka Udayanga®( -
Indunil 5. Herath®( . Kasun M. Thambugala®(® . Ishara 5. Manawasinghe® . Achala J. Gajanayake?( .

Binu €. Samarakoon® . Digvijayini Bundhun®’(® . Deacksha Gomdola®”(® . Naruemon Huanraluek?© .

Ya-ru Sun®' (2. Xia Tang™’ (0 - Itthayakorn Promputtha®( . Marco Thines™'?

Fungal Diversity (2021) 109:99-154
hitps/doi.org10.1007/:13225-021-00477-7
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Species in lichen-forming fungi: balancing between conceptual
and practical considerations, and between phenotype
and phylogenomics

Robert Liicking' @ - Steven D. Leavitt>*( . David L. Hawksworth**

9-21-2083-5R

Publicly Available and Validated DNA Reference Sequences Are Critical to
Fungal Identification and Global Plant Protection Efforts: A Use-Case in
Colletotrichum

Aaron H. Kennedy,"" Conrad L. Schoch.” Glorimar Marrero,' Vyacheslay Brover,” and Barbara Robbertse®



Soil fungi and agarics in fungal diversity based on eDNA
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Global patterns in endemicity and vulnerability of soil fungi
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(d)
Number Total
Genus of species  abundance
Tomentella 41565 782665
Penicillium 24395 556090
Mortierella 20474 1303397
Russulo 19770 874197
Cladephialophora 15968 336811
Cortinarius 14375 398880
Sebacina 11528 273240
Inocybe 10938 813886
Glomus 7610 43590
Gibberella 6448 390149

FIGURE 1 Distribution of samples and fungal species across data sets. (2) Global sampling map, with different colours representing
different data sets; {b) species distribution of fungi among data sets, with the proportion of unique and shared species indicated; (c) Krona
chart indicating the taxonomic distribution of fungal species (interactive chart can be browsed at https://plutof.ut.ee/#/doi/10.15156/
B|0O/2483900); and (d) species richness and total read abundance of the top 10 most diverse fungal genera.



Three ectomycorrhizal genera as a model

2020-2024

Amanita Cortinarius s.l. Russula

@"dnana Corrales - © Adriana-Corrales’



New species descriptions in publications

2020-2024 Amanita  Cortinarius Russula  Total
Online Release 4 112 1 117
Cumulative 18 50 20 88
Single lineage 68 150 137 355
Monographs 3 17 11 31
Total 93 329 169 501 |
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Types of scientific publications with
new species
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Online release (Index fungorum)

Cumulative publications (Fungal
diversity profiles, Fungal planet
description sheets, etc.)
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Monographic books
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Species hypothesis in single lineage taxonomic publications

219 publications with new species
descriptions for all three genera in
2020-2024

167 of them are single lineage publications

Single lineage publications sorted by mention of
new species

A Russula
) Cortinarius
Amanita

A2020 A2021 A2022 A2023 A2024 C2020 C2021 C2022 C2023 C2024 R2020 R2021 R2022 R2023 R2024

M Species M Genus No mention

Michaela HLE

Cabonova
2020-2024 Amanita Cortinarius Russula Total
Species 9 16 15 40
Genus 26 31 37 94
No mention 5 16 12 33
Total 40 63 64 167

Introductions sorting:
A. a mention of new species names
B. a mention of new species described

C. no mention about taxa described



What is a difference between research and
data release publication?

\J |1 Research Ideas and Outcomes 3: e12431 @
I doi: 10.3897/ri0.3.e12431 o
Guidelines

Strategies and guidelines for scholarly publishing of

biodiversity data

Lyubomir Penev¥, Daniel Mietchen$, Vishwas Shravan Chavanl, Gregor Hagedornﬂ, Vincent Stuart
Smith#, David Shotton®, Eamonn O Tuama<, Viktor Senderov”:”, Teodor Georgiev”, Pavel Stoev’,
Quentin John Groom!, David Remsen’, Scott C. Edmunds’

A data paper is a scholarly journal publication
whose primary purpose is to describe a dataset
or a group of datasets, rather than to report a
research investigation (Newman and Corke
2009, Chavan and Ingwersen 2009, Chavan and
Penev 2011). As such, it contains facts about
data, not hypotheses and arguments in support
of those hypotheses based upon data, as found
in a conventional research article.



Molecular Morphology Ecology

Species hypothesis

* sequence based w w Wy
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* evolutionary hypothesis

Eco-Evolutionary Theory
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Check for
updates

Improving Taxonomic Delimitation of
Fungal Species in the Age of
Genomics and Phenomics

Ashley Stengel'2%*, Kimberly M. Stanke’*, Amanda C. Quattrone’5¢ and
Joshua R. Herr?56*




Sequence based hypothesis

Hodophilus foetens complex

Katarina Adamcikova and Sona Jancovicova

Mycal Progres (2017) 1647-62

Mycdl Progress (2017) 16:47-62
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Sequence based hypothesis

Marisol
Dermoloma Sanchez-Garcia

Fig. 3 Examples of Demmoloma
mophology. a Inamylid spores
of subgenus Dermoloma

(D. cuneifolivm, SAV F-4423). b
Amyloid spores of subgemus
Amylasport

(D. pyevdocuneifolivn, SAV
F-#122). ¢ Bssidiomats of section
Dermoloma (D. cuneffolien,
SAV F-4436). d Basidiomata of
section Conica (D. bellerianum,
SAV F4416). e Basidiomata of
section Atmobrunnea

(D. pyevdocuneifolivn, SAV
F-4120). f Basidiomata of section
Nigresentia (D. magicum, SAV
F-4242). Scale of 10 mm
regresents for basidiomats
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Sequence based hypothesis

Dermoloma
-

¢ &

Sa
IMA Fungus 16: e157337 (2025) '
DOI: 10.3897/imafungus.16.157337

IMA Fungus

' B — m
i .
Research Article D. angustisporum D. applanatum D. atrocinereum

A phylogenetic and morphological study of the genus Dermoloma
(Agaricales, Tricholomataceae) in Europe and North America
exposes inefficiency of opportunistic species descriptions

oy 2
S
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D. cuneifolium

D. compactum

B

Katarina Adamcikova'®, Munazza Kiran*®, Miroslav Cabon2®, Brandon P. Matheny*®,

Marisol Sanchez-Garcia®®, Eef Arnolds®, Michaela Caboriova?®, Gilles Corriol’®,

Balint Dima®®, Gernot Friebes®®, Gareth W. Griffith’®®, Django Grootmyers*®, David Harries''®,
Alexander Karich'2®, Armin Mesi¢'*®, Martin Mihaljevic¢'®, Pierre-Arthur Moreau's®,

Ana Posta'®, Vasilii Shapkin?®, Zdenko TkalCec'*®, Alfredo Vizzini’®®, Lenka Vondrovicova'#®,
Slavomir Adam¢ik*'7®, Sonia Jancovicova'”’®

D. fusipes
© Biodiversity Data Journal 13: e158080 o
doi: 10.3897/BDJ.13.e158080 open ’
@'
]
Nomenclatural review of names published in the . magicum

‘d |
.‘vt

D. pseudojosserandii

fungal genus Dermoloma (Basidiomycota,

Agaricales, Tricholomataceae) based on

morphological analyses of type specimens

D. simile

D. rostratum

Michaela Cabofiova¥, Marisol Sanchez-Garcia¥, Miroslav Caborif, Katarina Adaméikoval, Pierre-
Arthur Moreau, Alfredo Vizzin, Slavomir Adaméikt, Sofia Jangovidova®™
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Phylogram generated by Maximum Likelihood with additional Bayes Inference
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Morphology based hypothesis

R. rutila GENT{2007 BT122) Germany
IR rutila SAV F-1497 Slovakia

Plant Sys@maticsand Evolution (2018) 304:747-756 R. roseobrunnea PCO084517
https://doi.org/10.1007/s00606-018-1506-3 —IR rutila GENT (2010 BT31) Germany R ruﬁ,'!a
ORIGINAL ARTICLE ® _ =1 |R. rutila SAV (HK14028) Sweden :

Crosshtark Rubrinae cladem R. rutila PCO723457 France Holotype
Blum versus Romagnesi: testing possible synonymies of some R, r”t';? ?ﬁ:ﬁﬁfﬁfﬁg; - M | roslav Ca bOﬁ

T 100 1 . u
European russulas (Russulaceae, Basidiomycota) R. firmula GENT (2010 BT85)
Miroslav Caboi '@ . Sona Janéovi¢ova? - Jean M. Trendel® - Pierre-Arthur Moreau®® . Felix Hampe® - B R. veternosa SAV F-1401
Miroslav Kolafik®(® - Annemieke Verbeken®® . Slavomir Adam¢ik’ R. decolorans SAaV F-3131
B R. blumiana SAV (JMT 14072513C) France
. R. blumiana SAV (JMT 140725130) France .
J. Blum published 45 Russula taxa Integrae clade R_formosa PC0084516 France R. blumiana
. \ =1 |R. blumiana GENT (HM R-1366) France ’
from France in 195 1'1968, but Only w | Badiaclade | R. blumiana LIP (PAM 97090701) France
. . | ——Russula sp. EL375714 USA
but only five were adopted by in a \ wat R badi SAV F3003
R. badia M {HM R-0866)
monograph of a conterporary autor o R s
1 R. quercilicis GENT (RUS 11121209)
H. Romagnesi (1967) w1 (R cremeoavelanea SAV F.2125
A L—R. velenovskyi SAV F-2921

8711 R. claroflava GENT (FH 12/212)

B |: R. vinosa SAV F-20024
- R. laeta SAV F-3345
10001 R. tinctipes SAV F-2484

R. integra SAV F-20023
. decipiens var. ochrospora PC0084509 |
. decipiens SAV F-1346 Slovakia
. decipiens SAV F-3241 Spain
. decipiens SAV F-991 Slovakia . x
. decipiens PC0084523 France Neotype R . deC!pf en S
. decipiens SAV F-1022 Slovakia
. decipiens SAV F-1567 Slovakia
R. caerulea SAV F-3900
— R. paludosa SAV F-20025

AR

A0 XD AOAA

Fig. 2 Field appearance of Russula blumiana. a—b JMT 14072513 (SAV), photograph by J.M. Trendel.



814 @ VERA ET AL.: RUSSULA DIVERSIFICATION ALONG PANAMA ISTHMUS

Geography based hypothesis

two subspecies of Russula floriformis i .

Rf Corrales911

Rf Comrales1007  |NE

separated by Isthmus of Panama rcomeos 8
" Corrales904

Rf Corrales1007a
Rf _Corrales943
Rs_Corrales591
Rs_Owvrebo3431
Rs_FH-18-136
Rs_FH-18-045
Rs_Corrales85

&

pb.

a1 (191
|90

o
o8 111|343
oe 11391

g
G
G
G
G

Figure 4. Nucleotide differences of Russula floriformis subsp. floriformis (Rf) and subsp. symphoniae (Rs) across ITS, 28S, rpb2, and tefl.
The numbers at the top indicate the positions of the polymorphic sites in each fragment. The dashes indicate the lack of data for the
respective positions.

Adriana Corrales MYCOLOGIA (&)

R. floriformis subsp. symphoniae Corrales85 PAN

" |R. fiariformis subsp. symphoniae Ovrebo5431
R. floriformis subsp. symphoniae Corrales531

R. floriformis subsp. symphoniae FH18045 PAN

R. flonformis subsp, symphoniae FH18136 PAN €.
R. florifarmis subsp. fiorformis Corrales1007a &5
a7/7R. floriformis subsp. floriformis Corrales943 g8
R. substriata XHW4785 CHN E' (o

agi R substiata XHW4749 CHN @

R. substriata JW292 CHN

R. substriata XHW4766 CHN
g&/~ R. substriata XHWA4TET CHM

R. maguanensis XHW4785 CHN
H. cf. pseudolepida BPL24T
R. ilicis MFOO300
il R. parazurea MFO1102003
R. ochrospora Donelli20072004
a6/ o R. pseudociliaia BBOBOE1
— R of annulata BBOG048
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Geography based hypothe5|s three distinct and well supportded
species in Russula paludosa complex

two subspecies of Russula ferruginea
separated by Isthmus of Panama

Adriana
Corrales

| Russula sp Corrales241 EXT580 Panama
| Russula sp Corrales454 EXT706 Pm

Russula sp C1211 USA Florida
Russula sp C1214 USA Florida

Russula sp SAV030 -"

55095 R. granuiata TENN 067622 USA
Z— R tsakae KD-KVP1283 India

R. pulverulerta PC0124777 USA

ferruginea subsp. panamensis UCH (A28) Panama Type

R
68096 | R ferruginea subsp. faruginea HUA (Cormrales935) Colombia
10001 | R ferruginea subsp. ferruginea HUA (Comrales1019) Colombia
R fornuginea subsp. farruginea HUA Colombia Type
7| aw; nmmmqum g ;’Zﬁ: g}g? mm
issies whiged R. violaceoincarnata $1219 Norway ~ subsect.
R. cf paludosa S1217 Sweden :
R. vinososordida $1223 Norway Paludosinae

100"~ R amoenolens PC0124771 kay

R ammophila 46370 (AH)Spain .
R. cerdens UBC F30282 Canada section Ingratae

1001 R. df. iflota PC0124650 Mexico
| E R. aff, laurocerasiPC0124663 Canada
R. fostens GENT FH 12-277 USA

R. vinososordida S1224 Norway
R. violaceoincamata S1220 Finland
R. violaceoincarnata S1222 Finland




C142 Japan

EO02 Japan
C143 Japan R. castanopsidis

SFC 20140702-14 South Korea

XHW4347 China i
XHW4366 China

XHW4448 China

XHW4414 China

XHWAT747 China

XHW4524 China
XHWA797 China R. oft. castanciing
JW305 China

XHW4334 China

XHW3958 China

XHW4841 China

XHW4367 China

Ecology based
hypothesis

CUH AM535 India
CAL 1609 India type ke
FH12057 Thailand

FH12055 Thailand type

XHW4521 China

XHW4517 China

1pr359 China R. purpureogracilis
XHW4515 China

XHWA770 China

XHW4337 China

ric382 China

FLAS-F-61206 USA (Florida)

D/verSIf/cat/on of o T S
Russula subsect.

[ —
B-14600a Costa Rica type
Castanopsidum in e
Colombia based on kS

. . Rsp
white Castanopsidum"

iNAT86299050 USA (Florida)

F1037069 Colombia
h O St re f e re n C e Corrales861 Colombia R. atroamethystina
Corrales1635 Colombia  Subsp. guacahayoenSIs
66/0.95 Corrales850 Colombia type
Corrales1664b Colombia type
Corrales1665b Colombia g
‘4 Corrales884 Colombia R. esperanzee
Corrales883 Colombia
I1 00 BB 09.044 New Caledonia
- BB 09.069 New Caledonia o g
L— i :
C O I O m b I a n - BB09.068New Caledonia ngtgoi{‘aﬂreae
| - BB 09.124 New Caledonia

100/ E A
BB 09.125 New Caledonia
-11.00 59/0.95[ R. subtilis BPL275 USA (North Carolina)
n e a n | & R. peckii BPL270 USA (Tennessee)

T————— R velutipes BPL599 Slovakia
R. romelii FH12177 Germany

ectotrophic i
forests Fep—

Colombean Andean oak forest T




9" = small, thin-fleshed basidiomata #& = Sudanian savannah woodland

Evolutionary based hypothesis 7w -1

Q& = gallery forest = spore ornamentation < 0.5 ym
—a

I MA Cathrin Manz et al.: African Russula species with habitat adaptatio

Members of Russula Cathrin
“Afrovirescentinae” are Manz
morphologically are adapted to a

Russula florae CM-21-145 Benin

Russula florae CM-21-098 Benin Holotype

Russtila florae CM-21-160 Benin R. florae sp. nov. :}}_}& r ;E;
Russula florae CM-21-109 Benin

Russula florae CM-21-121 Benin

-/0.98

subsect. o .
. Russula inflata CM-22-231 Benin *
L . L Infiatinae —‘Russufa inflata CM-21-128 Benin 5 i ==/ %
Specitic environmental conaitions Russula nflta ON21-144 Bein v/
Russula cf. rosecalba BB 06.105 Madagascar
subsect. Russula pseudociliata BB 08.061 Madagascar Holotype

Pseudoepitheliosinae ;,& = ig#

= &

Russula cf. pseudocarmesina BB 06.030 Madagascar -
Russula molficula nom. prov. CM-22-244 Benin R. mollicula nom. prov. %% < ;;'g;
Russula coronata CM-22-261 Benin

\rf’
Russula coronata CM-22-241 Benin Holotype (R G 100 Qa& v *gg
w -
Russula cf. annulata BB 06.048 Madagascar

Afrovirescentinae Russuia spctabils CM.21-116 Benn -
! Russula spectabilis CM-21-154 Benin Holotype  R- SPectabilis sp. nov. ma'

clade \ Russula beenkenil CM-21-132 Benin

Russula beenkenii CM-21-152 Benin -

Russula beenkenii CM-22-232 Benin e TR 77 o ol

EEe—— E— Russula beenkenii CM-21-047 Benin Holotype
‘ Russula aff. madecassensis BB 06.255 Madagascar
84/0.97 Russula sp. EDC 12 061 Cameroon

Russula acrialbida CM-21-083 Benin
Russula acrialbida CM-21-062 Benin
79/ L Russula acrialbida CM-21-138 Benin R. acrialbida sp. nov. * ?
Russula acrialbida CM-21-093 Benin Holotype
Russula acrialbida CM-21-054 Benin
Russula madecassensis BB 06.146 Madagascar
|Russula sublaevis CM-21-148 Benin
Russula sublaevis CM-22-281 Benin R. sublaevis *?
Russula sublaevis CM-22-219 Benin
Russula xanthovirens H15060611 China
Russula xanthovirens B17091630 China
[Russu!a aureoviridis H16082612 China
Russula aureoviridis H17071311 China
Russula virescens HJB9989 Belgium
Russula aff. virescens BB 09.021 New Caledonia
Russula albidogrisea TLH18053005 China

83/
[



eDNA and new species discoveries

Fungal Diversity (2022) 114:327-386
https:f/doi.org/l(].l 007/513225-022-00502-3

® community

Check for
updates

The numbers of fungi: contributions from traditional taxonomic
studies and challenges of metabarcoding

Chayanard Phukhamsakda'2® . Rolf Henrik Nilsson®#*® . Chitrabhanu S. Bhunjun>*®
Antonio Roberto Gomes de Farias®® - Ya-Ru Sun®®7 . Subodini N. Wijesinghe*®® . Mubashar Raza®

Dan-Feng Bao™> ™. Li Lu>""'2. Saowaluck Tibpromma'"'2(® - Wei Dong'? - Danushka S. Tennakoon®%'*
Xing-Guo Tian®>®11:121516.Yin_-Ru Xiong®'3 - Samantha C. Karunarathna''"'2® . Lei Cai®® - Current version: 10.0; Last updated: 2025-02-25 (read more)
Zong-Long Lu o’. Yong Wang7 .Ishara S. Manawasinghe” - Erio Camporesi”'w’w . Paul M. Kirk2°® . Number of ITS sequences (UNITE+INSD): 3 846 536; Number of UNITE fungal Species Hypotheses with DOIs at 1.0% threshold: 239 180 (more statistics)

Itthayakorn Promputtha?"?22([ . Chang-Hsin Kuo'*[® - Hong-Yan Su® - Mingkwan Doilom™® . Yu Li'2

Yong-Ping Fu'2 - Kevin D. Hyde'>>13

,Metabarcoding has
revealed a much larger
diversity of fungi than
traditional methods.” i e ol A o e e e

Number of ITS sequence variants: 593 399 355; number of ITS1 sequences 1 233 820 630; number of ITS2 sequences 3 474 636 588.




eDNA and metabarcoding

Ecology and Evolution Wl LEY

| RESEARCH ARTICLE

Ecology and Evolution
Protein Coding Low-Copy rpb2 and ef1-a« Regions Are
Viable Fungal Metabarcoding DNA Markers Which Can
Supplement ITS for Better Accuracy

Vasilii Shapkin' © | Miroslav Cabon'? @ | Miroslav Kolaifk** @ | Katarina Adaméikova® @ | Petr Baldrian® ©
Tereza Michalkova® @ | Tomas Vétrovsky' @ | Slavomir Adaméik!® @
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Estimation of species distribution

using eDNA metadata

MYCOLOGIA
https://doi.org/10.1080/00275514.2023.2295957

Taylor & Francis

Taylor & Francis Group

") Check for updates

Three new species in Russula subsection Xerampelinae supported by

genealogical and phenotypic coherence

Chance R. Noffsinger (), Katarina Adam¢éikova(»P, Ursula Eberhardt (¢, Miroslav Cabon ()¢,
Anna Bazzicalupo (9®, Bart Buyck', Herbert Kaufmann9, @yvind Weholt", Brian P. Looney ('
P. Brandon Matheny(®? Mary L. Berbee(#, Daniel Tausar/, and Slavomir Adam¢ik ¥

’

reference sequence data about
boreal and arctic Russula subsect.
Xerampelinae species

IR. graveolens clade

Chance
Noffsinger

R graveiens SAV F-20010 ey

R. gravedlens SAY F-20319 Greece.

R. graveolens SAY F-4172 Siovakia

R of.amoenaides STU (VE2006-11-15-02) aly
R graveotens S (HK 190817-2) Sweden

"

R gravedkens UPS (UE2005.06.1004) Sweden

R subsect Xerampsinae SAV F-3725 USA North Carolina

" oaBt R bare TENNFTDISB USA Temessee
0.7192" R subsect Xerampefinas SAV F-4024 USA Tennessee
. subse, eranpsinae TENNF-O76375 USATeessee
RS

b
0981 — R subrudens STU {UE19.08.02-08) Norway
" R subrubens C (IV02:624) Denmark
R, subrubens TENNF-078395 USA Colrado

05881

IR. clavipes clade

R subrubens TENN-F076334 USA Montana
R. fucosa SAV F4552 USA New York
o R fucosa SAV F-3746 USA North Caroling
R fucoss SAV F-4545 USANew York
R fucosa SAV F-4515 USA New York
R

LR feosa a7 3714 Us ot Caoina
R nuoljee SAY F-1321 Finland
R nuofiae SAV F-1320 Czechia
R ke UPS (UE250320044) Sveden
R ruojae S (HK15012)
R, nuofze UPS (UE24 08 2004-09) Sveden
" R neapascua TENN-F-078397 USA Montana
R neopascua TENN-F-078398 USA Colorado

"

s
A3

i IR. xerampelina

B clade
091088

g
z
g
z
i

11y R pascua B 2005153 Austia
R. pescua 13 20040149 baly
R Japponica SAV F-22334
R Iepponica SAV F-22335
R lapponica SAV F-22335 Norway

R.almpiana UBC F31326 USA Washirgion
iana UBC F31325 Holotype USA Wastinglon
R, oympara UBC FA0310 US Weshingin
R, dfmpian TENN-F-076333 USA Nontana
1 oympiana UBC FAU313 USAWashingon
R ojmpiana UBC FAL316 USA Wisshingon

ot

R. madrensis TU AK3421 Mexion
R madrensis § (59168) USA Colorado
R TOM,

0531, R yerampefina UPS (UE14.09.2004-03) Sweden

0871058 R xerampelna S (HK 182402) Sweden

R xerampefina SAV F-22239 Spain
073096 = R xerampelina SAV F-3236 Spain
R sanctpau TLXM K438 Mexi
R. serissima O (BE-R1-19) Sweden
R. serssima $ (HK 184332 Sweden
o R semissima S (HK 18253) Sweden
R serissima SAV F-1335 Norway
10 R.senssima UPS (UE0G.092003.09) Sweden
R seissima UPS (UEQ3.07.2003-10) Sweden
R serissima SAV F-5442 USA New York
R faginea C (PH00-083) Denmark
R fagiea C (IV02-388) Dennark

R

r
L R oohvoptyla SAV 4580 USA New York
0991 R rids UPS (UEO.07 2004-42) Snecen

USANonta

Ry p. TENN-F-070341 USANew York

R decobrans TUB y
1]

0561 R subsect Xerampelinae SAV F-3715 USA North Caroina
05T

MYCOLOGIA (&) 7

R. graveolens
Complex

R subsect. Xerampelinag SAV F-3705 USA North Carolina

R subsect USANorth Carclna

R.

R. fucosa

R. neopascua

R. pascua

R. olympiana

R. faginea



Estimation of species distribution workflow for data mining
using eDNA metadata and data processing

Aquire reference database
from multilocus phylogenetic
analysis for selected species

Build fasta files with relevant
metadata using R statistical
software or excel

Search ITS sequence variants using
massBLASTer on UNITE to retreive
the 30 most similar sequences
sorted into species hypotheses

(SHs) at a 1.5% threshold
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Estimation of species distribution
using eDNA metadata

sorting of Unite
sequences by
phylogenetic
algorhitm

1.5% SH

SH0956595:10FU
— SH0956670.10FU

[ ] SH0957080.10FU

|| SH0956621.10FU

— SH0956348.10FU

- SHO0956177.10FU

1.0% SH

- §H1327385.10FU
— SH1327994.10FU

I 5H1327869.10F0

— SH1327347.10FU
SH1327524.10EU
— SH1327276.10FU

——SH1327085.10FU

I sti328013.10FU

SH1327703.10FU
— SH1327752.10FU
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0.5% SH

e==-SH1831863.10FU
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— SH1831466.10FU
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— SH1831440.10FU
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distribution estimation
for 13 boreal and arctic ymmlr[s
Russula species

Estimation of species distribution
using eDNA metadata

CNP @R. flavobrunnescens ®R. katarinae @R. lapponica @R. madrensis ©R. nuoljae

R.olympiana @R. sancti-pauli * R. serissima @R.subrubens @R. xerampelina






