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Food is a specific substrate for
specific fungi
About 120-150 species

Taxonomy and the biodiversity used
to be based on phenotypic
characters

The introduction of the polyphasic
taxonomic concept has changed the
species delimitation

There is a trend to use the
phylogenetic species concept
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New taxonomic schemes

= The use of molecular data have

resulted in a better understanding of
the genera

m Polyphasic taxonomy which also
includes chemical data is useful for
food mycology because the extrolite
profiles are often specific for the
species

m The single nomenclature has a great

impact for naming of the genera and
species
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Important genera
* Asperqillus
* Penicillium
* Fusarium
* Cladosporium
T * Alternaria
-’.lﬁ“‘éh




Fusarium taxonomic and nomenclature problems

Molecular phylogenetic data

ﬁ Division of the genus into sections
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Phylogenetic species concept = Number of species > 800
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Aspergillus, Penicillium and Talaromyces

m These are important genera have been studied for centuries
= Phenotypical characters were used

= The pioneers were Charles Thom and Kenneth Raper and most of their
taxonomy is still valid

= Since two decades the polyphasic taxonomy started combining
phenotypical, physiological, chemical and genotypical characters



NEW TAXONOMIES OF PENICILLIUM

= Current species concept in
Penicillium show that each species
has its specific metabolites e.g.
mycotoxins

= More than 430 are now described
and accepted

= Correct species identification will
provide information on the
mycotoxin production

@ Molecular typing is not always
supported by phenotypic
differences




New taxonomies of Penicillium

Visagie et al. (2014) with
good overview

Phylogenetic analysis shows
that Penicillium in
monopheletic

Phenotypic identification is
possible for the majority of
species

For identification beta tubulin
can be used a second barcode

Many new species are or will
be described

avalatie onine al www.studesinmycokgy o Snoes m Mycaocy 78: 343-371.

Identification and nomenclature of the genus Penicillium

CM. Visagie', J. Houbraken", J.C. Frisvad”", S.-B. Hong®, CH.W. Klaassen®, G. Perrone®, KA Seifert’, J. Varga’, T. Yaguchi®, and
RA. Samson’

' CBS-KNAW Fungal Biodversity Cane, Lppsadaan 8, NL-3584 CT Wecht The Nelhertands: *Department of Systems Biology, Buiiding 221, Technical Universty of
Denmark, DK-2800 Kgs. Lyngby, Denmark: *Koman Agrcuturd Cukure Collection, Mabonal Academy of Agricdturd Sosnce. RDA, Suwon Koma; *Medicd
Microbiclogy & hfecious Diseases, C70 Canisivs Wihdmim Hospibl 532 SZ Nimegen, The Nothodands; *insflite of Soiences of Food Production, Nationa!
Resoarth Counc, Wa Amendods 122/0, 70126 Bari, Maly; “Biodversty (Mycology), Agricuiure and Agn-Food Caroda. Ofawa, ON K1AOCS, Canada; "Degadment
of Mcrtidogy, Facdly of Soence and Iformatics, Universty of Szegoed, H-6726 Szegod, Kézip fasor 52 Mungary; *Medcal Mycology Ressarch Conter, Chiba
Universly, 1-6-1 Inchara, Chuokv, Chite 2608673 Japan

*Carmspondence: J. Houbraken, | houbraken@cbs knaw.rf; J.C. Frsvad, [c'@Ebio du.dk

Abstradt: Peniciium S a diverse genus coouring worddwide and its speces play mpoariant rokes as decomposers of onganic malerals and cause dastuchve rots n the
food ndustyy where they produce @ wide range of mycotoxns. Other speces are considered enzyme facdones o are conmon indoor ar alergens. Athough DNA
sequences are essentidl for sobust identfication of Pemialium speces, here s currently no comprehensive, verfied reference database b the genus. To conade wih
the move to one fungus coe name in he Inkematonal Code of Nomenclatre bor algae, fngi and planls, the geresc conoept of Perclium was redefined o
accommodate species from other genera, such as Chromecke s Elsda, Eqpeniolbum, Tondomyces and Thysancphara, whieh logeher compese a large monoptylelic
dade. As aresul of his, and the many rew species descrbed inrecent years, il was necessary to updale the Ist of acceptad species in Peniclium. The genus currently
conlans 354 accepled speces, inchudng new combinations for Aspempifus crystalinus, A. malodoratus and A paradous, which belong 1o Penicdlum section Paradoxa.
To add to the Bxonomic value of he kst we dso provide nbrmation on each acoaped speces MycoBank number, ling exdype srans and provide GenBark
accession numbers 1o TS, Btubuln, calmaduln and RPE2 saquences, hareby supplying a verified sat of sequences for each speces of he genus. In addten o the
nomenchtiral ksl, we recommend a standard warking method for species descripions and identifications o be adopled by lbomtaries working on this genus.
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= Current species concepts in

NEW TAXONOMIES OF Aspergillus show that each species
ASPERGILLUS has its specific metabolites e.g.
mycotoxins

= More than 420 are now described
and accepted

= Correct species identification will
provide information on the
mycotoxin production

= Molecular typing is not always
supported by phenotypic

differences




Benchmarks in Aspergillus taxonomy

e online at www.studiesinmycology.org

LlSt Of d | I kn OoOwhn an d acce ptEd & Phylogeny, identification and nomenclature of the genus Aspergillus
S p e C i e S Of Asp erg iIIUS RA. Samson'’, C.M. Visagie', J. Houbraken', S.-B. Hong’, V. Hubka®, C.H.W. Klaassen®, G. Perrone”, K.A. Seifert®, A. Susca®,

J.B. Tanney®, J. Varga’, S. Kocsubé’, G. Szigeti’, T. Yaguchi®, and J.C. Frisvad’

L] [ ] L] L] L]
R e C O m m e n d a t I O n S fo r' I d e n t I fl C at I O n 'CBS-KNAW Fungal Biodiversity Centre, Uppsalalaan 8, NL-3584 CT Utrecht, The Netheriands; Korean Agricultural Culture Collection, National Academy of Agricultural
Science, RDA, Suwon, South Korea; *Department of Botany, Charles University in Prague, Prague, Czech Republic; *Medical Microbiology & Infectious Diseases, C70
Canisius Wilhelmina Hospital, 532 SZ Nijmegen, The Netherlands; *Institute of Sciences of Food Production National Research Council, 70126 Bari, ltaly; ®Biodiversity
(Mycology), Eastern Cereal and Oilseed Research Centre, Agriculture & Agri-Food Canada, Ottawa, ON K1A 0C6, Canada; "Department of Microbiology, Faculty of

L] L] [ ]
I n C I u d I n fl r St a n d S e CO n d b a rCO d e Science and Informatics, University of Szeged, H-6726 Szeged, Hungary; ®Medical Mycology Research Center, Chiba University, 1-8-1 Inohana, Chuo-ku, Chiba
260-8673, Japan; *Department of Systems Biology, Building 221, Technical University of Denmark, DK-2800 Kgs. Lyngby, Denmark

*Comespondence: RA. Samson, rsamson@cbs knaw.n|

A llus is m heleti
Sp e r gl US I S O n O p e et I C Abstract: Aspergillus comprises a diverse group of species based on morphological, physiological and phylogenetic characters, which significantly impact biotechnology,

food production, indoor environments and human health. Aspergillus was traditionally assodated with nine teleomorph genera, but phylogenetic data suggest that
together with genera such as Polypaecilum, Phialosimplex, Dichotomomyces and Cristaspora, Aspergillus forms a monophyletic clade closely related to Penicilium.

o L] L] L
Th e n a m e AS er Illus I S m a I nta I n ed Changes in the Intemational Code of Nomenclature for algae, fungi and plants resulted in the move to one name per species, meaning that a decision had to be made
whether to keep Aspergillus as one big genus or to split it into several smaller genera. The International Commission of Penicillium and Aspergillus decided to keep
Aspergillus instead of using smaller genera. In this paper, we present the arguments for this decision. We introduce new combinations for accepted spedes presently
lacking an Aspergillus name and provide an updated accepted species list for the genus, now containing 339 species. To add to the scientific value of the list, we include

for all subgenera and sections e B e A A i S o R
The extrolites including mycotoxins

are specific for each species and

well-documented
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Aspergillus afiatoxiformans
A. alliaceus

A. arachidicola
A. aspearensis
A. austwickii

A. avenaceus
A. bertholletius
A. caelatus

A. cerealis

A. coremiiformis
A. flavus

A. hancockii®

A. lanosus

A. leporis

A. luteovirescens
A. minisclerotigenes
A. mottae

A. neoalliaceus

A. nomius

A. novoparasiticus
A. oryzae

A. parasiticus

A. pipericola

A. pseudocaelalus
A. pseudonomius
A. pseudotamani
A. sergii

A. sojae

A. subflavus

A. tamarii

A. togoensis

A. transmontanensis
A. vandermerwei

+ [Aflatoxin Bz,

+ |Aflatoxin G,g,

+ |Cyclopiazonic acid

©+ |3-nitropropionic acid’

+ |Tenuazonic acid

+ |Ochratoxin A

available online at www.studiesinmycology.org

Stupes N Mycoroey 93: 1-63 (2019).

Taxonomy of Aspergillus section Flavi and their production of
aflatoxins, ochratoxins and other mycotoxins

J.C. Frisvad"’, V. Hubka®*, C.N. Ezekiel’, S-B. Hong”, A. Novakova®, A.J. Chen®®, M. Arzanlou’, T.O. Larsen’, F. Sklenar*~,
W. Mahakamchanakul®, RA. Samson®, and J. Houbraken™

' Department of Biotechnology and Biomedcine, DTU-Bicengineering, Technical University of Denmark, 2800 Kongens Lyngby, Denmark; *Department of Botany, Faculty
of Science, Charles Universily in Prague, Benéfska 2, 128 01 Prague 2, Czech Republic; * hstitute of Microbiclogy of the CAS, v.vi, Videriska 1083, 142 20 Prague 4,
Czech Republic; *Department of Microbiology, Babcock University, Nishan Rémo, Nigena; *Korean Agricultural Culture Collection, National Academy of Agricultural
Science, RDA, Suwon, South Korea; ®Institute of Medical Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100193 PR China; "Department of Plant Protection, University of Tabriz, Tabriz, Iran; ®Department of Food Science and Technology, Faculty of Agro-Industry,
Kasetsart University, Bangkok 10900, Thailand; *Westerdik Fungal Biodiversity nstitute, Uppsalalaan 8, 3584 CT Utrectt, the Netherands

*Carrespondence: J.C. Frisvad, jcf@bio.dtu.dk; J. Houbraken, j.houbraken@westerdijkinstitute.nl

Abstract: Aflataxins and ochratoxins are among the most important mycotaxins of all and producers of both types of mycoboxins are presentin Aspergillus section Flavi,
albeit never in the same species. Some of the most efficient producers of aflatoxins and ochraboxins have not been described yet. Using a polyphasic approach combining
phenotype, physiology, sequence and extrolite data, we describe here eight new species in section Flavi. Phylogenetically, section Flaviis spiit in eight clades and the section
currently contains 33 species. Two species only produce aflatoxin By and B, (A. pseudotamarii and A. togoensis), and 14 species are able to produce aflaboxin By, B,, G, and
G;: three newly described species A. aflatoxiformans, A. austwickiiand A. cerealis in addition to A. arachidicola, A. minisclerotigenes, A moltae, A. Iuteovirescens (formery
A. bombycis), A. nomius, A. novoparasiticus, A. parasificus, A pseudocaelatus, A. pseudonomius, A. sergi and A. transmontanensis. Itis generally accepted that A. flavusis
unable to produce type G aflataxins, but here we report on Korean strains that also produce aflatoxin Gy and G,. One strain of A. bertholletius can produce the immediate
aflataxin precursor 3-O-methylsterigmatbocystin, and one strain of Aspergillus sojae and two strains of Aspergilus aliaceus produced versicolorins. Strains of the
domesticated forms of A flavus and A. parasiticus, A. oryzae and A. sojae, respectively, lost their ability b produce aflatoxins, and from the remaining phylogenetically closely
related species (belonging b the A. flavus-, A. tamarii-, A. bertholletius-and A. nomius-clades), only A. caélatus, A. subflavus and A. tamarii are unable b produce aflatoxins.
With exception of A. togoensis in the A. coremiformis-clade, all species in the phylogenetically more distant clades (A. aliaceus-, A. coremiiformis-, A lepons- and
A. avenaceus-clade) are unable to produce aflaboxins. Three out of the four speciesin the A. alliaceus-clade can produce the mycotaxin ochratoxin A: A alliaceus s. str. and
two new species described here as A neoalliaceus and A. vandermerwei. Eight species produced the mycotoxin tenuazonic acid: A. bertholleius, A. caelatus, A. luteo-
virescens, A. nomius, A. pseudocaelatus, A. pseudonomius, A. pseudotamani and A. amarii while the related mycotoxin cyclopiazonic acid was produced by 13 species:
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New Aspergillus studies

= Polyphasic taxonomy of ookt ot sty Suoeswhbcoloor 853135 (07

Polyphasic taxonomy of Aspergillus section Aspergillus (formerly

AS p er g i I I us se Ct i on AS p er g i I I us Eurotium), and its occurrence in indoor environments and food
(fo r m e r I y E ur O ti um ) ) a n d its A.J. Chen"*, V. Hubka™*, J.C. Frisvad®, C.M. Visagie®’, J. Houbraken’, M. Meijer*, J. Varga®, R. Demirel®, Z. Jurjevi¢'°, A. Kubétova®,

F. Sklenar*, Y.G. Zhou"', and R.A. Samson”

[ ] [ ]
O c c u r re n c e I n I n d O o r "Institute of Medicinal Plant Development, Chinese Academy of medical Sciences and Peking Union Medical College, Beijing 100193, PR China; *Westerdijk Fungal

Biodiversity Institute, Uppsalalaan 8, 3584 CT Utrecht, The Netheriands; *Department of Botany, Faculty of Science, Charles University, Benétska 2, 128 01 Prague 2,
Czech Republic; *Institute of Microbiology, Academy of Sciences of the Czech Republic, Videnska 1083, 142 20 Prague 4, Czech Republic; °Department of
Biotechnology and Biomedicine, Technical University of Denmark, Kongens Lyngby, Denmark; ®Department of Biology, University of Ottawa, 30 Marie-Curie, Ottawa,

H t d f d ON K1N 6N5, Canada; "Biodiversity (Mycology), Agriculture and Agri-Food Canada, 960 Carling Avenue, Ottawa, ON K1A 0C6, Canada; °Department of
e nVI ro n m e n s a n O o Microbiology, Faculty of Science and Informatics, University of Szeged, H-6726 Szeged, Hungary; °Department of Biology, Faculty of Science, University of
Anadolu, 26470 Eskisehir, Turkey; °EMSL Analytical, Inc., 200 Route 130 North, Cinnaminson, NJ 08077, USA; "'China General Microbiological Culture Collection
Centre, Institute of Microbiology, Chinese Academy of Sciences, Beichen West Road, Chaoyang District, Bejjing 100101, PR China

IE' A m a n d a C h e n et a | . St u d i e S i n *Correspondence: AJ. Chen, amanda_j_chen@163.com; R.A. Samson, r.samson@westerdijkinsfitute.nl

Abstract: Aspergillus section Aspergillus (formerly the genus Eurotium) includes xerophilic species with uniseriate conidiophores, globose to subglobose vesicles, green

conidia and yellow, thin walled eurotium-like ascomata with hyaline, lenticular ascospores. In the present study, a polyphasic approach using morphological characters,
(] extrolites, physiological characters and phylogeny was applied to investigate the taxonomy of this section. Over 500 strains from various culture collections and new
yC O O g y ° isolates obtained from indoor environments and a wide range of substrates all over the world were identified using calmodulin gene sequencing. Of these, 163 isolates
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Aspergillus porosus Aspergillus zutongqii



Number of species June 2019

Aspergillus 425 species,
Penicillium 429 species,

Talaromyces 141 species.

Aspergillus spp
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International Commission of Penicillium and Aspergillus - O D 3 t 3 b ases | NnC I u d | N g

A Commision of the International Union of Microbiological Soceties

correct species name,
author(s), type culture and
sequences are available for
each species of the three
genera

= Visit
e ot ipictens www.aspergilluspenicillium.org

in the last century were
ical in combination with

(ginate taxonomic research and wa
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Food borne mycobiota - taxonomy 2019

* Biodiversity in the genera is high and
the number of species will probably
Increase

* Species identification often provides
also information about mycotoxins

* There are a few databases which can
serve as reference material and

identification

* Although the molecular tools are
valuable phenotypic characters
should be emphasized




Food borne mycobiota - taxonomy 2019

* Phylogenetic species
concept is sometimes
problematic for phenotypic
identification

* Many genera contain
cryptic species
* Are taxonomic changes

updated in the databases
of the culture collections?

e |sthere a continuation of
@:’S:Eﬁ“ﬂ’;f: taXOnOmIC Freseaqd rCh?
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Food and Indoor Fungi (second edition)
will be in print at the end of June and
available in July - August
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