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1.5 million species, estimated based on a fungus to plant ratio
of 6 : 1 (Hawksworth, 1991).

« 2to 11 million species have been estimated existing on Earth
(Hawksworth & Licking 2017, Baldrian et al. 2021, Ltcking et al. 2021).

 About 155 000 species have been formally described Banki et al.
2023).

« About 2 000 new species have been described each year in the
past two decades (Cheek et al. 2020, Bhunjun et al. 2022).



B 77 R E R KTz

o ESYHE RHEE, JUHEZ KA LM A

o HIRFHFE ARIFERASTINI KRS N A FRER BRSSP R FH BE 71
B e AR KR RS R AR 4 A 2 AR R P 5

o LEFSRIFE HilEQ (Coenzyme Q). HENTRSE

o YMAMEE{LIFEH S UNE A 2 E B R A iR, AL B RN
JUT 5

o ERR 2EAFEIIE R Bk ERE . B[R TR (isozymes) HEL vk B 3%

o &R
— DNATBHFEEA AL DNA-DNAZSZEHE R EAE MR 45

— FERRNA (rRNA)ZEE (rDNA)F 5143 87: ITSH 51 Okt T B YR 4 2 18
DNAZ A

— P IIEAmIGEIN: EF1-a, B-tubulin, actin, RPB1, RPB2, MCM7), calmodulinZs
— ZRRIAR AT rRNAZE KRN 4 8 H 2L A




HE R (Kingdom Fungi) it &a9;E3
° EHHE;?&UH)\*E#@ﬁ i Rinnias FLi 7 Fungi A4 ¥t Animalia

» Whittake (1969)EFHLIKF iz,
=S —t —T—H ? - 2 3 AT e
*D %7}5 i} \V ﬁ \gfé '{% 2 % ® L o & / ;-fE

EEMEnRRRans N\ 1 LA 127

- i ‘;_ B =T .
/ = . %‘t% el E ’ 2 E 5 o T
AN SRR g1 8 g £, N2 £
25 \\\Z MBSy v I F
- S~ AR LY el =Y 7S fFF - ) £ #
2z %8 \ 5 \° Gy | FE F S U
S W L} Oy =|03F &4 {‘f FS o
e l-.:{ V Mrx A0 Ny s ag
e NB M TR £
o % ﬂ >N \ ‘l 1 o b &3 015 g at
> ~ ‘\-'L -_,Q: A H 'I 25555
- |: =] 'ﬂ"h n ?_: *?jfﬂ
B.\S 5 Bf .0 F -
A 5 3 g “ D At
~ ZeEI)(Chytridiomycota NG\ e,
o \8 2 3.7 5. ";‘\\'ﬁ
-%‘t g a g (_'-:'\'0

- EAHIJ(Zygomycota) | ——a
— FEH&| J(Ascomycota) Protista
— B & J(Basidiomycota)

— IPEIJ(Oomycota)

_ EEEskas ETHAKFEMERAFANLFRS
FERTF ’
AR (Whittake, 1969)

8% 1 A
Monera




HE 5 (Kingdom Fungi)fiELSRYETS

- NN

. TEETONARFINS FRAEFISESLER & & &8
Y S —— nies —— . NS % D& o ;
AR A EERIDOPE (oomycetes)FIZ5E (slime ‘,,oo‘*@ﬁgo@ ﬂﬁo@@eﬂw““&q\@*‘j Foat 8 & &

&£ s . ,\,o{(‘ O » o ,,,F?h SESE o &
Br; c;fulgd ?; Z‘ﬁ REREESEIEERR, W o8 oo o o oS ISl
- UPE, LTRSS

— P ERITREE, AR AERREYIR (Kingdom

Chromista, XFR/9E5).
- Hit¥ERETFIREEENI(Protozoa),
. ﬁ%&%%ﬁﬁﬁ@%&ﬁﬁﬁm,ﬁﬁfﬁ

HESE, BRDIWESFEFNIESHEEX

IDSEEHEUL, DARHEAT X ENEEHER

\\'%'_‘_IHE‘ ,E):l:a_br\qo Bacteria & Archaea

- TH. EEE. FERMHEFEER—1EIT o )
NP2 kY LSRN ——g— \ > 2 \é 5"‘_' 3 . 7 \E E3 - E =4 o3 A % S
KBt W NERENEOER. ZGgRUR, RTEEANBEEFEERRNSZSEEY

(FE4K) [B]RHEE X FR (Berbee & Taylor, 1999)



Assembling the Fungal Tree of Life

http://aftol.org/



http://aftol.org/

natre Vol 443(19 October 2006 |doi:10.1038 /nature05110

ARTICLES

Reconstructing the early evolution of Fungi
using a six-gene phylogeny

Timothy Y. James', Frank Kauff', Conrad L. Schoch?*, P. Brandon Matheny™*, Valérie Hofstetter'*, Cymon J. Cox'%,
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Phylogeny of the kingdom Fungi using bayesian
analysis of the combined six-gene data set (18S,
28S and 5.8S rRNA; EFla, RPB1 and RPB2).

James et al. 2006. NATURE 443:818-822
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Assembling the Fungal Tree of Life (AFTOL) Classification

Hibbett DS et al. (67 authors). 2007. A higher-level phylogenetic classification of the

Fungi. Mycol Res 111: 509-547

Kingdom FUNGI
(basal fungi)
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LETTER

Discovery of novel intermediate forms redefines the
fungal tree of life

Meredith D. M. Jones"?, Irene Forn®, Catarina Gadelha®, Martin J. Egan"®, David Bass®, Ramon Massana® & Thomas A. Richards"*

2011, Nature

doi:10.1038/nature09984

Discovery and Identification of the Cryptomycota

A highly diverse form of eukaryotic life that branches
with the Fungi, using environmental DNA analyses
combined with fluorescent detection via DNA probes.

This clade is present in numerous ecosystems
including soil, freshwater and aquatic sediments. The
cells are small eukaryotes of 3-5 pm in length,
capable of forming a microtubule-based flagellum, but
do not produce a chitin-rich cell wall.

Phylogenetic analyses using multiple ribosomal RNA
genes place this clade with Rozella, the putative
primary branch of the fungal kingdom.
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The Fungal Tree of Life: from

Chytridiomycota

Blastocladiomycetes

Neocallimastigomycetes

Molecular Systematics to
Genome-Scale Phylogenies

JOSEPH W. SPATAFORA* M. CATHERINE AIME,? IGOR V. GRIGORIEV,?
FRANCIS MARTIN,* JASON E. STAJICH,> and MEREDITH BLACKWELL®

Ascomycota

In the current classification, 8 phyla, 12 subphyla,

and 46 classes within the fungal kingdom are
recognized.

Microbiol Spectrum 5(5): FUNK-0053-2016, 2017.
DOI:10.1128/microbiolspec. FUNK-0053-2016.
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The Fungal Tree of Life (2018)
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Fungal Diversity (2018) 90:135-159
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High-level classification of the Fungi and a tool for evolutionary
ecological analyses

Leho Tedersoo™*? - Santiago Sanchez-Ramirez* - Urmas Kéljalg™? - Mohammad Bahram®” -
Markus Déring® * Dmitry Schigel®” - Tom May® + Martin Ryberg® + Kessy Abarenkov’

 Nine subkingdoms
accommodating 18 phyla
are accepted.
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The Current Status of the Fungal Tree of Life
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Described species of
fungi in each phyla

Ascomycota Basidiomycota
83,837 species 48,405 species

» Most of the described species
(~97%) are concentrated in
Ascomycota (FEH)|J) and
Basidiomycota (85| ))

Microsporidia _I
1,222 species
Chytridiomycota

940 species
Zoopagomycota
888 species
Mucoromycota
744 species

Cryptomycota

31 species
Neocallimastigomycota

26 species [l

Entorrhizomycota
17 species

Aphelidiomycota

13 species

Monoblepharidomycota
34 species

Blastocladiomycota

Zoosporic lineage :
215 species
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Nuclear ribosomal internal transcribed spacer (ITS)
region as a universal DNA barcode marker for Fungi

Conrad L. Schoch®’, Keith A. Seifert®>", Sabine Huhndorf<, Vincent Robert?, John L. Spouge?, C. André Levesque®,
Wen Chen®, and Fungal Barcoding Consortium?®2

Fungal Barcoding Consortium: &3k
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Bai, Feng-Yan Guo, Liang-Dong
Cal, Lel Wang, Qi-Ming
Cai, Qing Yang, Zhu L.

Ge, Zai-Wei Zhuang, Wen-Ying
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available online at www.studiesinmycology.org Stubies IN MycoLoay 85: 91-105.

DNA barcoding analysis of more than 9 000 yeast isolates contributes
to quantitative thresholds for yeast species and genera delimitation

D. Vu"', M. Groenewald’, S. Széke®, G. Cardinali®, U. Eberhardt®, B. Stielow”, M. de Vries', G.J.M. Verkleij’, PW. Crous’,
T. Boekhout', and V. Robert"
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Diversity in the C. gattii/C. neoformans species complex inferred from

a concatenated data set of 11 loci (Hagen et al., 2015).



Current and proposed species in the
C. gattii/C. neoformans species complex

Current species name MLST/AFLP PCR/RFLP  Proposed species hame
C. neoformans var. grubii Clade F, AFLP1 VNI C. neoformans

Clade G, VNII

AFLP1A/VNB VNII

Clade H, AFLP1B
C. neoformans var. neoformans Cladel, AFLP2 VNIV C. deneoformans
C. neoformans intervariety AFLP3 VNIl C. neoformans x C.
hybrid deneoformans hybrid
C. gattii Clade D, AFLP4 VGI C. gattii

Clade C, AFLP5 VGl C. bacillisporus

Clade A, AFLP6 Yell C. deuterogattii

Clade E, AFLP7 VGIV C. tetragattii

Clade B, AFLP10 vaeiviveiie  C. decagattii

Hagen et al., 2015
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The Case for Adopting the “Species
Complex” Nomenclature for the Etiologic
Agents of Cryptococcosis

Kyung J. Kwon-Chung,? John E. Bennett,? Brian L. Wickes,* Wieland Meyer,<9
Christina A. Cuomo,® Kurt R. Wollenburg,’ Tihana A. Bicanic,®

Elizabeth Castaneda,” Yun C. Chang,? Jianghan Chen,' Massimo Cogliati/

Francoise Dromer,* David Ellis,' Scott G. Filler,™ 2’ Matthew C. Fisher,"

Thomas S. Harrison,? Steven M. Holland,? Shigeru Kohno,® James W. Kronstad,?

Marcia Lazera,® Stuart M. Levitz," Michail S. Lionglds-'a ftHiorsMa 3

Popchai Ngamskulrongroj,t Peter G. Pappas,“ John R. Perfect,” Volker Rickerts,*

Tania C. Sorrell,9* Thomas J. Walsh,Y Peter R. Williamson,2 Z Jianping Xu,z

Adrian M. Zelazny,?@ Arturo CasadevallPP

K. J. Kwon-Chung Jianping Xu

Wieland Meyer

January/February 2017 Volume 2 Issue 1

e00357-16

Recommending using

» Cryptococcus neoformans species complex
and

» Cryptococcus gattii species complex
as a practical intermediate step

Disadvantages in adopting the new classification system:

(i) An insufficient number of isolates was studied.

(i) More of the genome needs to be represented

(ili)) Models applied for species delineation may not be
appropriate

(iv) Species designations are too complex (i.e., routine
identification is impractical)

(v) Species names are confusing

(vi) Names for hybrid and aneuploid strains are not

readily accommodated
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Importance of Resolving Fungal
Nomenclature: the Case of Multiple
Pathogenic Species in the Cryptococcus
Genus

Ferry Hagen,>P H. Thorsten Lumbsch,© {©'Valentina Arsic Arsenijevic,9

Hamid Badali,® Sebastien Bertout,” {*'R. Blake Billmyre,® (' M. Rosa Bragulat,”
F. Javier Cabaries," Mauricio Carbia,! ' Arunaloke Chakrabarti,/

Sudha Chaturvedi,X (©Vishnu Chaturvedi* Min Chen,'™

Anuradha Chowdhary,” ' Maria-Francisca Colom,® = Oliver A. Cornely,P9"

Pedro W. Crous,>%*Y Maria S. Cuétara,” "' Mara R. Diaz,"* Ana Espinel-Ingroff,y

Hamed Fakhim,” Rama Falk,22"" (' Wenjie Fang,"™ (*) Patricia F. Herkert,a<c
Consuelo Ferrer Rodriguez,® James A. Fraser,99 (' Josepa Gené,®®

Josep Guarro,®® (2 Alexander Idnurm, 2’ Maria-Teresa llinait-Zaragozi, 99
Ziauddin Khan,h" (2 Kantarawee Khayhan,"# (2 Anna Kolecka)

Cletus P. Kurtzman/)) Katrien Lagrou,*®!" Wanging Liao,"™ Carlos Linares,®

Jacques F. Meis,*P Kirsten Nielsen,™™ (U Tinashe K. Nyazika,""-©o.ppP
Weihua Pan,"™ Marina Pekmezovic,99 {©'Itzhack Polacheck,®?

Brunella Posteraro,”™ “'Flavio de Queiroz Telles Filho,*s Orazio Romeo,t:uu
Manuel Sanchez,® Ana Sampaio,"v U’ Maurizio Sanguinetti,"*" Pojana Sriburee, ™
Takashi Sugita,YY ' Saad J. Taj-Aldeen,Z2 Masako Takashima,?®@ John W. Taylor, bbb
Bart TheelenJ) Rok Tomazin,c<c Paul E. Verweij,>999 Retno Wahyuningsih,=eef

Ping Wang,999:nhh (5} Teun Boekhout! (CO—authorS: 60)

July/August 2017 Volume 2 Issue 4 e00238-17

Advantages of the seven species system:

— Stimulating search for further phenotypic and
genetic differences and similarities between
the recognized species, yielding new features,
including differences in drug susceptibility.

— The species can be identified using molecular
diagnostics and MALDI-TOF MS.

— Ignoring the species impedes deciphering the
differences among them, which may delay
future clinical advances.

— More species seem to occur within
Cryptococcus.




Discrimination between Molecular Types of Cryptococcus
neoformans and Cryptococcus gattii using MALDI-TOF MS

Molecular Species, variety.
MSP Dendrogram l)"'pt? SEIONES
,7 Cryptococcus ganii Ywmz79
[- Cryptococcus galti NIH118 VGV
——{Cryptococous gattii NIH114
Cryptococcus gattii NIH312 C. ganii serotype C
l Cryplococcus galtii WM137 ] Vil
: Cryptecoccus gattii NIH191
[ Cryptococcus gattii NIH444 ) Vil
| - Cryptococcus gattii NIH198 ) VGIN : .
C. gartii serotype B
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| | 1 | | 1 | -

§_

|
1000 = 1l1] 800 700 &00 500 400 300
Distance Level

100 ]

Cluster analysis of MALDI-TOF MS spectra of C. neoformans
and C. gattii isolates (Posteraro et al., 2012, J. Clin. Microbiol)



MALDI-TOF MS Enables the Rapid

Identification of the Major Molecular Types
within the Cryptococcus neoformans/C. gattii
Species Complex (Firacative et al., 2012. PLoS

One 7:e37566)
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MALDI-TOF MS 547 B4 4t

Matrix-Assisted Laser Desorption/lonization
Time of Elight Mass Spectrometry

B e AR R &= K TR 8] B

Linear flight tube
1r| ;l’ Detector
Drift path
A To
mass spectrometer
- .
Focusing lens e _/olztrizmg
3 = Accelerating  Laserbeam -
Electric cceleraling Laser beam o
field ¢ electrodes — Matrix ions
Sample tr{ 3 '0\7 Cations
..
Analyte wl ¥&:. Analyte/ matrix
. -.er'td:!_./ complex
Sample tray
Principle (Wieser et al., 2012)
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& Aspergillus flavus
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KEHE Aspergillus oryzae

Q E5LERm (>30005F5H%) -
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=N Koji (H) , i&if5. KIE. &,
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i = >|< % A. flavus A. oryzae

Himess _ _ DTO 258-C9 CBS 100925T

Aspergillus flavus Aspergillus oryzae

Link, 1809 (Ahlb.) Cohn, 1884
CYA
CYA 37°C
CYA 42°C
YES
MEA
DG18

Samson et al. 2019 Frisvad et al. 2019



FASAEHIEMELAX 95 A. flavus F0 A. oryzae

A. flavus BB B EESSHENE

Stram 1 Strain 2 Strain 3 Strain 4 Stram 5 Strain 6 Strain 7 Strain 8 Stram 9 Strain 10 Strain 11
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TA. flavus 1 A. oryzae

ITS Aspergillus cerealis
Aspergillus pipericola
Aspergillus austwickii

Aspergillus aflatoxiformans

Aspergillus oryzae
Aspergillus flavus

Aspergillus minisclerofigenes
0.001

Aspergillus parasiticus

—Aspergillus aflatoxiformans

CaM %

L_Aspergillus austwickii

L ___Aspergillus minisclerofigenes

spergillus flavus
spergillus oryzae

L_Aspergillus pipericola
Aspergillus cerealis
-y Aspergillus parasiticus
BenA ——=Aspergillus aflatoxiformans
88 p——Aspergillus austwickii
Aspergillus cerealis
L Aspergillus pipericola
% Aspergillus flavus
|Aspe rgillus oryzae
Aspergillus parasiticus
ey Aspergillus minisdlerotigenes

Houbraken et al., 2021

A. cerealis

A. austwicki BenA+CaM+RPB2
A. aflatoxiformans

A. pipericola

A. texensis (= A. minisclerotigenes)
A

A

A

A

. minisclerotigenes
. oryzae
. flavus
. Sojae
A. parasiticus
A. novoparasiticus
A. arachidicola
A transmontanensis
A. sergii
A krugeri

i

94/* F

A. caelatus
e A. pseudocaelatus
A. pseudotamarii
74

- A. mottae

A. subflavus ser. Flavi

sect.

A tamarii ser. Kitamyces

75/~

85/ | {[ - ;
A. luteovirescens
._|: A. togoensis
A. coremiiformis
89/-~ A. vandermerwei
89/0.96 - A_ alliaceus (syn. A. albertensis)
A. neoalliaceus

A. lanosus
LA magaliesburgensis

A. bertholletiae
A. pseudonomiae

ser. Bertholletiarum

A. nomiae
ser. Nomiarum

ser. Coremiiformes

ser. Alliacei

 A. aspearensis

L A leporis
A. hancockii
A. avenaceus

ser. Leporum
ser. Avenacei

Houbraken et al. 2020
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85/
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A. flavus

\[777
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DTO 276-H8 A. flavus
CBS 133263 A. flavus
NRRL 20521 A. flavus
DTO 285-14 A. flavus
DTO 258-D6 A. flavus
CBS 117638 A. flavus
DTO 276-13 A. flavus
DTO 276-14 A. flavus
™ CBS 118.62 A. flavus
DTO 258-C9 A. flavus
- DTO 281-E2 A. flavus
= DTO 087-A3 A. flavus
DTO 087-A4 A. flavus
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NRRL 3357 A. flavus
DTO 285-F6 A. flavus
DTO 215-E5 A. flavus
NRRL 4998 A. flavus
CBS 143688 A. flavus
>l DTO 062-C7 A. flavus
CBS 143689 A. flavus

BenA+CaM+RPB2

= CBS 117637 A. flavus

AF70 A. flavus
CBS 542.69 A. flavus, TYPE of A. kambarensis
NRRL 3751 A. flavus
DTO 281-H8 A. flavus
- CBS 120.51 A. fiavus, TYPE of A. thomii

NRRL 4822 A. flavus

NRRL 1957 A. flavus, TYPE

NRRL 4818 A. flavus

NRRL 447 A. orgzae TYPE
CBS 485.65 A. flavus, TYPE of A. flavus var. columnaris and var. asper
DTO 016-15 A. flavus
NRRL 458 A. oryzae
RIB40 A. oryzae

DTO 281-H8 A. flavus
NRRL 3518 A. flavus
[N DTO 276-H7 A. flavus

DTO 276-H9 A. flavus
DTO 285-G3 A. flavus
DTO 066-C3 A. flavus

- DTO 300-C7 A. flavus
DTO 300-D7 A. flavus
DTO 276-18 A. flavus

A. oryzae ;jBZYE
A. flavus EfkH

NRRL 506 A. flavus

DTO 276-15 A. flavus

CBS 110.55 A. flavus, TYPE of A. fasciculatus
DTO 276-16 A. flavus
CBS 119368 A. flavus

DTO 276-17 A. flavus
=~ Strain 100-8 A.

ae
_r DTO 062-C8 A. flavus
92/*' DTO 062-H7 A. flavus

Frisvad e{dl. 2b19



A. flavus/A. oryzae

R REEREDNT
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AL BYA. oryzae

?F/EJZ PMERRD,

i%,jjA. fIavus g
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TA. oryzae oA,
IXEERAMAER?

Watarai et al., 2019

Mating type
MAT1-1
MAT1-2
Undeteched
Contaminated

ﬂ uuuu qualit ¥
IW{BUSCM %)
very low (BUSCO=92%)

ndustrial
sake
miso
W shoyu

other

I A. flavus

~A. oryzae




Aspergillus oryzae FIEN

MXBHERRRERFIAA. oryzae
BiFINSRAH

OFB%&EFEE TIVIALR,

% N5

(Frisvad et al. 2019, Houbraken et a/. 2020)

FN: AAE, REZTSHEFEE

Sv http://www.indexfungorum.org
Index Fungorum

Record Details:

Aspergillus oryzae (Ahlb.) Cohn, Jber. schles. Ges. vaterl. Kultur 61: 227 (1884) [1883]

Basionym:
Eurotium oryzae Ahlb. 1878

Citations in published lists or literature:
Saccardo's Syll. fung. XI: 592; XII: 38; XIX: 121; XXII: 1257 Page Image for Protologue

Position in classification:
Aspergillaceae, Eurotiales, Eurotiomycetidae, Eurotiomycetes, Pezizomycotina, Ascomycota, Fungi

Species Fungorum current name:
Aspergillus flavus Link 1809

IAHA. oryzae 2 A. flavus BI543




Food Microbiology 119 (2024) 104435

Contents lists available at ScienceDirect

Food Microbiology
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ELSEVIER

journal homepage: www.elsevier.com/locate/fm

Comparative pangenome analysis of Aspergillus flavus and Aspergillus oryzae
reveals their phylogenetic, genomic, and metabolic homogeneity

Dong Min Han, Ju Hye Baek, Dae Gyu Choi, Min-Seung Jeon, Seong-il Eyun, Che Ok Jeon

Deparment of Life Science, Chung-Ang University, Seoul 06974, Republic of Korea

“Collectively, these findings challenge the
conventional differentiation of A. flavus and
A. oryzae as distinct species and highlight
their phylogenetic, genomic, and metabolic
homogeneity, potentially indicating that they
may indeed belong to the same species.”
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W Crops (plants)
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¢ Teleomorph HER
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T HR-BMHRE Anamorph-Teleomorph Connections

TR Anamorph B3R Teleomorph
Candida guilliermondii Pichia guilliermondii
Meyerozyma guilliermondii
Candida krusei Issatchenkia orientalis
Pichia kudriavzevii
Candida lusitaniae Clavispora lusitaniae
Cryptococcus neoformans | Filobasidiella neoformans
Cryptococcus gattii Filobasidiella bacillispora

S—ITAMBZEAL—, ARTRE—1TM

BEREXMWFHRAINET R RS GIETXFZTHEEEMZH
E%ﬁ%%ﬁﬁ%%?ﬁ\&m&m
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F3-2 FAEEHEXEESEMATBID32C BN EFLTER

Table 3-2 Morphological characteristics of yeast strains present on wine grapes

Wi ATB ID 32C %845 FLEE (%) N TEMFEELSR

M1 AR {8 B% & Saccharomyces cerevisiae 99.9 BRI BE £} Saccharomyces cerevisiae

M2 H A58 5i 88 Koeckera japonica 92.7 W %A RPUBBEEE Hanseniaspora uvarum
M3 PR B4 B8} Candida pulcherrima 99.8 FK G AT BEEE Metschnikowia pulcherrima
M4 [ EK B2 B2 B Candida sphaerica 99.4 KRB 5B Zygasaccharomyces fermentati
M5 F B2 EKBE B} Cyptocococcus laurentii 99.9 &M BAEREEEE Cryprococcus flavescens
M6 TWERBR LB Candida krusei 98.3 R B FRBEEE Pichia fermentans

M7 & E1BaBkEEBF Cryptococcus albidus 98.7 BB LB} Candida quercitrusa

M8 RSB £ B2 B Candida holmii 84.3 Candida zemplinina

M9 ¥R LB Candida valida 66.3 WL e 7 B2 B} Pichia norvegensis

M10 & B BaERBEEE Cryprococcus albidus 99.9 & H B EKBE£F Cryptococcus albidus

MI12 Iﬁféﬁﬁ@ﬁ Candida krusei 97.9 RITREEBEEE Issatchenkia orientalis

M16 K =B LB £ Candida magnoliae 96.7 REWE {5 £ B2 £} Candida bombi

e NAEIHMNMHLA—K, PrAEZINARTE G
o EFRLECMAR—#6) TR Ffoy b A L AR



The Amsterdam Declaration on Fungal Nomenclature

David L. Hawksworth', Pedro W. Crous?, Scott A. Redhead?, Don R. Reynolds?*, Robert A. Samson?, Keith A. Seifert®, John W.
Taylor®, Michael J. Wingfield® *, Ozlem Abaci’, Catherine Aime?, Ahmet Asan®, Feng-Yan Bai'?, Z. Wilhelm de Beer®, Dominik
Begerow™, Derya Berikten', Teun Boekhout?, Peter K. Buchanan®, Treena Burgess', Walter Buzina™, Lei Cai'®, Paul F.
Cannon', J. Leland Crane?®, Ulrike Damm?, Heide-Marie Daniel’®, Anne D. van Diepeningen?, Irina Druzhinina', Paul S. Dyer?,
Ursula Eberhardt?, Jack W. Fell?', Jens C. Frisvad??, David M. Geiser®, Jézsef Geml?, Chirlei Glienke?, Tom Grafenhan?,
Johannes Z. Groenewald?, Marizeth Groenewald?, Johannes de Gruyter”, Eveline Guého-Kellermann?, Liang-Dong Guo',
David S. Hibbett?®, Seung-Beom Hong?*’, G. Sybren de Hoog?, Jos Houbraken?, Sabine M. Huhndorf3', Kevin D. Hyde*?, Ahmed
Ismail?, Peter R. Johnston®, Duygu G. Kadaifciler®, Paul M. Kirk*, Urmas Kéljalg®, Cletus P. Kurizman®, Paul-Emile Lagneau®,
C. André Lévesque®, Xingzhong Liu', Lorenzo Lombard?, Wieland Meyer®, Andrew Miller*®, David W. Minter*®, Mohammad
Javad Najafzadeh*!, Lorelei Norvell2, Svetlana M. Ozerskaya“?, Rasime Ozi¢*, Shaun R. Pennycook'3, Stephen W. Peterson?,
Olga V. Pettersson®, William Quaedvlieg?, Vincent A. Robert?, Constantino Ruibal', Johan Schnirer*, Hans-Josef Schroers?,
Roger Shivas*’, Bernard Slippers®, Henk Spierenburg?, Masako Takashima*, Evrim Tagkin®®, Marco Thines®, UIf Thrane?, Alev
Haliki Uztan®!, Marcel van Raak?’, Janos Varga®?, Aida Vasco, Gerard Verkley?, Sandra |.R. Videira?, Ronald P. de Vries?, Bevan
S. Weir®, Neriman Yilmaz2, Andrey Yurkov®, and Ning Zhang®>®
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Fungal nomenclature 3.
A critical response to the ‘Amsterdam Declaration’

WALTER GAMS™, WALTER JAKLITSCH
& 77 SIGNATORIES™

H 79 g2 &
e A[E 8 1E
—Hh X[k 2 i, 87& 61

\of {
Secretary of the Special
Committee for Fungi, ICBN

Chairperson of the MSA
Nomenclature Committee
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XV international botanical congress

VELBOURNE AUSTRALIA 23-30 JuLy 2011 B KA ER KX, 2011. 7. 23-30

¢ The title of the Code will be changed

— New title: the International Code of Nomenclature for algae, fungi, and plants (ICN)

¢ Electronic publication of new names will be permitted

— Publication online in PDF in a electronic publication with an ISSN or ISBN is
permitted on or after 1 January 2012.

¢ Latin descriptions no longer required

— Either a Latin or an English description or diagnosis on or after 1 January 2012 is
required

¢ One fungus, one name

— Article 59 will be changed, so that different names applying to asexual and sexual
morphs of the same fungus compete for priority in the same manner.
 An additional new set of rules will allow lists of widely used names to be protected.

¢ Registration of fungal names will be required

— Publication of a new fungal name must include a citation of “an identifier issued by
a recognized repository”, at present the MycoBank number, in order to be validly
published
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* # o= B % (Candida) + #4215 (albicans)
¢ Species name = Genus name + Specific epithet




Saccharomycetales

Candida spp. |

1

Ascoideaceae

Cephaloascaceae

Debaryomycetaceae

Dipodascaceae

Endomycetaceae

Lipomycetaceae

Metschnikowiaceae

Phaffomycetaceae

QlOo(N|jO(O|~|WI|DN

Pichiaceae

[
o

Saccharomycetaceae

=
=

Saccharomycodaceae

[
N

Saccharomycopsidaceae

=
w

Trichomonascaceae

=
NN

Wickerhamomycetaceae

incertae sedis

he heterogeneous nature of Candida

>400 Candida species scatter in
~15 clades covering at least 9
families of the
Saccharomycetales

In medical mycology, Candida is
the synonym of pathogenic
yeast

Only —~20 Candida species are
opportunistic pathogens

Many other Candida species are
of industrial significance; but a
name bearing Candida may be a
obstacle for the application and
commercialization of the
products of the species

Reclassification of Candida
would be welcome from applied
fields



SIAET(Candida species)
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Phylogenetic tree constructed based
on LSU D1/D2 domain sequences

Aot LRSS | |

gaster_NARL_YITAET_

<+—Candida albicans

ABATAR Imezenterica_NRAL Y1484 UASTIO0

B 02230 _MHZ19852 1

extype_ AF350243.1

Tl

Candida_sorbeniosa_NRAL_Y17665_USZ314.1
ba_cas_sose_ps_ossa071
:fv-m:ma 1

<= Candida auris

e o o D




Candida (ZH%ER):

the most polyphyletic genus of ascomycetous yeasts

434 species in 15 clades covering >10 families.

Candida clade: 30 Candida species.

The other 400+ Candida species must be re-named.

92 Candida parapsilosis Y-12969
Lodderomyces elongisporus YB-4239
Candida sojaeY-17909

90 1 [ Candida tropicalisY-12968 (type species)
70 Candida neerlandicaY-27057 :

58 100 Candida viswanathii Y-6660 Candida clade

L Candida lodderaeY-17317

81 Candida maltosaY-17677

100 —— Candida albicans Y-12983

L Candida dubliniensis Y-17841

99

(Also see Daniel et al., 2014, Antonie van Leeuwenhoek 106:67—84)



H A ¥kECandida auris

e First described from a patient in Japan in 2009 (Satoh
et al., 2009)

e Resistance to FLU and variable susceptibility to other
azoles, AMB, and echinocandins

e« Emerging as a global nosocomial pathogen, causing ss|3'33?3‘?3@?3?4?3135’?39?5355’33%

C. auris_C3310_South_Korea (EU8B84176)
C. auris_KCTC17810_South_Korea (JX459679)

healthcare-associated invasive infections [rcr auris MRLIS07_South_Afica (KY657034)
28 C. auris_MRL9282_South_Africa (KY857033)
C. auris_MRL4832_South_Africa (KYE57014)

—C. auris MRL209 South_Africa (KJ126759

 Reported in 27+ countries on five continents, including PR oy i el
H | 8 ( )

- C. aurs_CDC_B11101_Pakistan (SRR3883460)

C h | n a C. auris_CDC_B11099_Pakistan (SRR3883449)
C. auris_VPCI|_669/P/12_India (KC892039)
C. aurs_VPCI_670/P/12_India (KC692040)

 Often misidentified as C. haemulonii and Rhodotorula © aurs 8icho0 coina G141

C. auris_UZ1447_14_Malaysia (KP326583)

glutinis by VITEK and AP1-20C AUX, respectively | et

C. auris CBS14918_Oman (MF167536)

S
I

C. auris_CBS14916_Oman (MF167535)

 Robust identification methods: pig syl vl

C. auris MRL293_South_Africa (KJ126761)
C. auris_UKR-1_Germany (MG672051)

- C. auris_MRL31103_Germany (KY514058)
— 26S rDNA D1/D2 or ITS sequencing G auris TADR-14_erael (451834)
1 | ¢ auris_TA003-14_Israel (KU898949)
C. auris_TAQD4-14_|srael (KUB9E950)
— MA L D I —TO F M S C. auris_L470/2015_Venezuela (KT305968)
C. auris_L469/2015_Venezuela (KT305869)
C. auris_L467/2015_Venezuela (KT305870)

- - Il 81 o= - -

 Phylogenetically not belonging to the Candida clade, °' e T

implying its name will inevitable be changed L i ostions ety
C. haemulonis_CBS5149" (NR130669)

Clavispora jusitaniaeATCC42720

C. tropicalis_MYA-3404

82 C. dubliniensis_strain_CD36
25, C. albicans_SC5314
99 — C. parapsilosis_CDC317

C. orthopsilosis_Co90-125
Schizosaccharomyces pombe_ATCC38366 (NR121563)

Wang et al., 2018

98
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0.01
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011

ica
% Geotrichum candidum CLIB 918
0.21 Saprochaecte clavata
Blastobotrys adeninivorans
Candida apicela
Starmerella bombicola

®
0.06

Pachysolen tannophilus

Kom lla pastoris

=
w

Kuraishia capsulata
Candida boidin

Candida arabinofermentans
Ogataea polymorpha
Ogataea parapolymorpha
Bretianomyces bruxetlensis
Brettanomyces anomalus
Pichia membranifaciens
Pichia kudriavzevii

Babjeviella inositovora

Candidu tenus
Hyphopichia burtonii
Candhida auris
Clavispora ﬂ'uulrmmv
Merschnikowia bicuspidata
Merschnikowia fructicola

Suhomyces tanzawaensis

Scheffersomyces stipiis
,\;mma\pnm ari Ml ariae
Spatha:

Candida parapsilosis
Cuandida orifopsitosis

Cemelida maltosa
( am.’m’a sojac

feonienli

A scoideda rubescens
Wickerhamomycees ciferrii
Wickerhamomyces anomalus

Cyherlindnera fabiemii
Cyberiindnera jadinii
Hanseniaspora vineae

Hanseniaspora uverum
Hansentaspora valbyensis
Lachancea kiuyvert

024

Lachancea lanzarotensis
Lachancea waltit
Lachancea thermetolerans
Eremothecium corvli

Eremothecium cymbalariae
Eremothecium gossypii
‘Ashbya aceri

Kluyverom) vees aestuarii

Kluyveromyces marxianus
Klupveromyces dobzhanskii
Klupveromyces lactis
Torulaspora delbrueckii

*
0oL Zyvgosaccharomyces bailii

0.81 Zygosaccharomyces rouxii
. —— Tetrapisispora blattae

Vanderwaltozyme polys,
.51 !uhcquu\pma phaffi

Naumovozyma castellii
* ’m: Naumovozyma dairenensis

*
IEES 0.27L
Previously supported
Newly supported L
Yy suppol 007
— — — - Unresclved WGD

0.08 E Kazachstania afvicana
0.33 Kazachstania naganishii
Canelicla castellii
Nakaseomyees bacillisporus
Candida glabraia
Comdida hracarensis
Nakaseomyces delphensis
Candida nivariensis
VCes uvartm
'ces enbayanus
vees arboricola
Saccharomyces kudriavzevii
Saccharomyces mikatae
Saccharomyces paradoxus
Saccharomyces cerevisiae

Lipomycetaceae
Trigonopsidaceae

Yarrowia clade

- Pichiaceae
| Kemagaiaella clade

Pichiaceae

<«—— Candida auris

Debaryomycetaceae
Metschnikowiaceae

Candida clade

Ascoideaceae

Phaffomycetaceae

Saccharomycodaceae

Saccharomycetaceae

Backbone of the
Saccharomycotina Yeast
Phylogeny Based on
Genome-Scale Data

(Shen et al., 2016)



Available online at www studiesinmycology.org

Stupies INn MycoLogy 105: 1-22 (2023).

A genome-informed higher rank classification of the biotechnologically important
fungal subphylum Saccharomycotina

M. Groenewald", C.T. Hittinger?, K. Bensch', D.A. Opulente??, X -X. Shen*, Y. Li°, C. Liu*,A.L. LaBella®, X. Zhou’, S. Limtong?, S. Jindamorakot?,
P. Gongalves'®", V. Robert!, K.H. Walfe'?, C.A. Rosa®, T. Boekhout™, N. Cade?'s, G. Péter's, J.P. Sampaio'”, M.-A. Lachance ™ A.M. Yurkov',
H.-M. Daniel?®, M. Takashima?', K. Boundy-Mills??, D. Libkind?, K. Aoki?!, T. Sugita*, A. Rokas?

The Saccharomycotina consist of more than 1 200 known

species which were previously divided into 1 class and 1
order.

Using genome-scale phylogenetic analyses analyses in _
combination with relative evolutionary divergence and Mg
genome content analyses, an updated classification for the b

Saccharomycotina, including 7 classes and 12 orders is
proposed. [

Orders

Neolectales

Taphrinales
Pneumaocystidales
Schizosaccharomycetales
Lipomycetales

Trigonopsidales
Dipodascales

Alloscoideales
Sporopachydermiales
Serinales

Fichiales

Alaninales
Ascoideales
Phaffomycetales
Saccharomycetales
Saccharomycodales
Pezizales

Orbiliales
Helotiales+Erysiphales
Xylariales
Microascales
Hypocreales
Glomerellales
Sordariales

Coniochaetales
Togniniales
Diaporthales

Magnaporthales

Ophiostomatales
Xylonales
Symbiotaphrinales
Umbilicariales
Teloschistales
Lecanorales
Phasomonieilales
Verrucariales
Chaetothyriales

Onygenales

Eurotiales
Arthoniales
Cryomyces
Capnodiales
Myriangiales
Dothideales
Venturiales
Botryosphaeriales
Coniosporium
Mytilinidiales
Gloniaceae
Pleosporales

Hysteriales

Classes
Neolectomycetes
Taphrinomycetes
Pneumocystidomycetes
Schizosaccharomycetes
Lipomycetes

Tii i
Dipodascomycetes

Alloascoideomycetes
Sporopachydermiomycetes

Pichiomycetes

Saccharomycetes

Pezizomycetes
Orbiliomycetes

Lectiomycetes

Sordariomycsetes

Xylonomycetes

Lecanoromycetes

Eurotiomycetes

Arthoniomycetes

Dothideomycetes



KVASNY PRUMYSL

Kvasny prumysl (2023) 69: 707-718
https://doi.org/10.18832/kp2023.69.707

Brewers lost in wild yeast nomenclature
(EREE R EERERENGRE)

Lucie Kyselova, Katarina Hanzalikova, Dagmar Matoulkova, Petra Kubizniakova®

Research Institute of Brewing and Malting, Lipova 511/15,
120 00 Prague, Czech Republic corresponding author: kubizniakova@beerresearch.cz



Journal of 61(11): e00873-23, 2023
Clinical Microbiology ~ DOI: 10.1128/jcm.00873-23

updates

1 AMERICAN
=gl SOCIETY FOR

MICROBIOLOGY

3 | Human Microbiome | Commentary

A conceptual framework for nomenclatural stability and validity
of medically important fungi: a proposed global consensus
guideline for fungal name changes supported by ABP, ASM, CLSI,
ECMM, ESCMID-EFISG, EUCAST-AFST, FDLC, IDSA, ISHAM, MMSA,
and MSGERC

Sybren de Hoog,'***** Thomas J. Walsh,5"#9101112131415 Garah A. Ahmed,'*® Ana Alastruey-lzquierdo,*'*'” Barbara D.
Alexander,’®'®* Maiken Cavling Arendrup,'®?® Esther Babady,'*' Feng-Yan Bai,******?%?” Joan-Miquel Balada-Llasat,'**®* Andrew
Borman,” Anuradha Chowdhary,'?° Andrew Clark,'*' Robert C. Colgrove,**** Oliver A. Cornely,*'7?*** Tanis C. Dingle,''?*
Philippe J. Dufresne,'®"** Jeff Fuller,'®*® Jean-Pierre Gangneux,'*** Connie Gibas,* Heather Glasgow,'®"' Yvonne Graser,*? Jacques
Guillot,®** Andreas H. Groll,'* Gerhard Haase,*” Kimberly Hanson,'*® Amanda Harrington,'®’ David L. Hawksworth,*?4°%31.5233
Randall T. Hayden,'*'**' Martin Hoenigl,""'>***>*® Vit Hubka,*’ Kristie Johnson,'*® Julianne V. Kus,'***° Ruoyu Li,>*'*""?** Jacques
F. Meis,"'**** Michaela Lackner,®®' Fanny Lanternier,’* Sixto M. Leal Jr.,'%'""3®* Francesca Lee,'®*' Shawn R. Lockhart,'*** Paul
Luethy,'**® Isabella Martin,'® Kyung J. Kwon-Chung,*® Wieland Meyer,>®” M. Hong Nguyen,'®""'*% Luis Ostrosky-Zeichner,''**
Elizabeth Palavecino,’’® Preeti Pancholi,'®*® Peter G. Pappas,''®* Gary W. Procop,'®*’"7? Scott A. Redhead,”’® Daniel D.
Rhoads,’*’’® Stefan Riedel,'’”” Bryan Stevens,'®®® Kaede Ota Sullivan,'®’ Paschalis Vergidis,'®” Emmanuel Roilides,®''7#°
Amir Seyedmousavi,'®'"**®! Lili Tao,'”® Vania A. Vicente,” Roxana G. Vitale,*** Qi-Ming Wang,®* Nancy L. Wengenack,'"” Lars
Westblade,'*®*® Nathan Wiederhold,'*'"'*'*%° Lewis White,*” Christina M. Wojewoda,* Sean X. Zhang®'*®



Recommended names of partial pathogenic yeasts for clinical use

Classical name

Candida albicans
Candida auris
Candida glabrata

Candida guilliermondii

Candida haemulonis (?)

Candida krusei

Candida lusitaniae
Candida parapsilosis
Candida rugosa

Candida tropicalis
Cryptococcus gattii
Cryptococcus neoformans
Trichosporon asabhii
Trichosporon dermatis

Torulopsis glabrata, Nakaseomyces
glabratus

Pichia guilliermondii, Meyerozyma
guilliermondii

Torulopsis haemulonis, Candida haemuloni,
Candida haemuli

Issatchenkia orientalis, Pichia kudriavzevii
Clavispora lusitaniae

Diutina rugosa

Cutaneotrichosporon dermatis

Alternative name Recommended name

Candida albicans
Candida auris

Candida glabrata or
Nakaseomyces glabratus

Candida guilliermondii or
Meyerozyma guilliermondii

Candida haemuli
(member of C. haemuli complex)

Candida krusei or Pichia kudriavzevii
Candida lusitaniae or Clavispora lusitaniae
Candida parapsilosis

Candida rugosa or Diutina rugosa
Candida tropicalis

Cryptococcus gattii

Cryptococcus neoformans

Trichosporon asabhii

Trichosporon dermatis or Cutaneotrichosporon
dermatis
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Answer to Kidd et al.

We would like to thank Kidd et al. for their thoughtful comments on our manuscript about a proposed
global consensus guideline for fungal name changes published in the Journal of Clinical Microbiology. We
would also like to take this opportunity to further explain our position and clarify the intent of this work.
The proposed International Nomenclature Committee for Clinical Fungi neither wishes to impede name
changes, nor prescribe or arbitrate nomenclatural questions.

Our main goal is to achieve broad acceptance of changes that are beneficial to science and patient care.
We strongly believe that the best means to achieve this important objective is to involve the clinical user
part of the process, providing understanding of the reasons for the change, and how this could improve
clinical management. In particular, the needs of clinical laboratories, which are important stakeholder
dealing with the consequences of fungal name changes on a daily basis, have been largely neglected to
date. Early and collaborative involvement leads to faster acceptance, while sudden and unexplained
name changes, even when necessary, lead to reluctance and clinical risk. We acknowledge different
viewpoints toward fungal nomenclature and taxonomy. This underlines the proposal to form an open,
international nomenclatural Working Group / Committee for clinical fungi which will provide the clinical
user with the rationale for name changes and their relevance to patient care.

The nomenclatural database is made with the same intention. Existing databases such as MycoBank,
Species Fungorum, and Index Fungorum cover the entire fungal Kingdom, and follow the latest
taxonomic literature. The clinical database was founded to bring taxonomy closer to clinical needs, which
may occasionally deviate from existing databases. An illustrative example is Trichophyton indotineae (1).
From a strictly phylogenetic perspective, this is a member of the Trichophyton mentagrophytes complex.
Complexes, as used in clinical routine practice, are composed of sibling lineages with identical biology,
having epidemiological rather than clinical significance. Trichophyton indotineae, although just a few
barcode SNPs remote from other Trichophyton mentagrophytes lineages, is clinically different due to its
high virulence and a high degree of antifungal resistance, and is phenotypically often urease negative. It
is therefore recommended to be identified as an individual species. This certainly is a dilemma, and the
decision of Tang et al. (2022) may be debatable; we are open to anyone’s opinion.

We respectfully disagree with the statement from Kidd et al that includes “continue using prior (now
obsolete) Candida names”. These new names, while may be valid, do not make old names obsolete,
particularly within a clinical context where antifungal susceptibility testing and treatment guidelines
maintain the continuity of patient care. Another misunderstanding concerns the statement about
“recommending two names is against established One Fungus One Name rule”. The “one fungus one
name” concept addresses unification of the anamorph and teleomorph phase of a fungus. Our proposal
of reporting both old and new names (irrespective of life phase) will simply enable the smooth transition
and connection of knowledge affiliated with the old and new names. Furthermore, the statement about
“affiliation with the International Mycological Association Nomenclature Committee for Fungi” is not
accurate. The Nomenclature Committee for Fungi is not part of the International Mycology Associations
(IMA).

Our proposed global consensus guideline for fungal name changes is endorsed by 11 professional
societies that are involved in medical mycology, laboratory diagnosis, and fungal diseases. The
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endorsement was achieved through a rigorous review process by representatives from each society. The
upcoming International Nomenclature Committee for Clinical Fungi (https://www.isham.org/working-
groups/nomenclature-clinical-fungi) includes taxonomists, medical mycologists, clinical microbiologists,
infectious disease physicians, pharmacists, pathologists, and veterinary mycologists, representing 18
professional societies as well as industry partners who provide fungal databases for identification
through their commercial platforms. Therefore, this committee is thus far the most internationally
inclusive committee that represents global efforts to address name changes in clinical fungi. In fact, we
note that several lead authors from the letter from Kidd et al. are already members of this committee,
and thus we anticipate that the different viewpoints on fungal nomenclature and taxonomy will be
robustly discussed within the committee. Moreover, development of evidence-based multifactorial
criteria to guide the discussion and determination of fungal name changes for clinical usage is in process
and will be reviewed and commented by all committee members.

In summary, we hope that the different disciplines involved in medical mycology will come together in an
atmosphere of open discussion. We remain aware that any recommendation made by the committee
will continue to evolve as new data or viewpoints become available.

Reference

1. Tang C, Ahmed SA, Deng S, et al. Detection of emerging genotypes in Trichophyton mentagrophytes
species complex: A proposal for handling biodiversity in dermatophytes. Front Microbiol.
2022;13:960190. doi:10.3389/fmich.2022.960190.



How to find or verify the current scientific name of a
fungus

Simply enter a name or synonym in one of the databases:

« MycoBank

— https://www.mycobank.org/page/Basic%20names%20search
« NCBI Taxonomy

— https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi
e Species Fungorum

— http://www.speciesfungorum.org/Names/Names.asp
* The Yeasts

— https://theyeasts.org/
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» Meyerozyma guilliermondii ATCC 6260 LinkOut

Disclaimer: The NCBI taxonomy database is not an authoritative source for nomenclature or classification - please consult the relevant
scientific literature for the most reliable information.
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