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PaspeneHue cemeuctea Trichocomaceae Ha Tpu

Ascomycota, Pezizomycotina, Eurotiomycetes, Eurotiomycetidae, Eurotiales

Aspergillaceae Link, Abh. dt. Akad. Wiss. Berlin 1824: 165. 1826.
= Eurotiaceae Clements and Shear, Gen. Fung. 50. 1931
= Monascaceae J. Schrater, Nat. Pflanzenfamilien 1: 148, 1894,
= Hemicarpenieleaceae Locquin, Tribune Méd. (Paris) 1. 1972. nom. inval,

Trichocomaceae E. Fischer, Nat. Pflanzenfam. 1: 310. 1897. (as

Trichocomataceae)
= Talaromycetaceae Locquin, Mycologie générale et structurale: 176, 1984,

(Art. 36). nom. inval. (Art. 36).

= Penicilliaceae Vuillemin, P1. Jungh. 10: 172. 1910. (as Penicilliacées nom. = Dendrosphaeraceae Ciferni ex Benny & Kimbrough, Mycotaxon 12: 22,
inval. Art, 32.1b), 1980.

= Penicilliopsidaceae Locquin, Tribune Méd. (Paris) 1. 1972. nom. inval. (Art.

36).

Type: Trichocoma Junghuhn
= Phialomycetaeae Locquin, Mycologie générale et structurale: 212. 1984.

nom, inval. (Art. 36),

= Warcupiellaceae Locquin, Mycologie générale et structurale: 167. 1984,
nom. inval. (Art. 36).

= Xeromycetaceae Locquin, Tribune Méd. (Paris) 1. 1972. nom. inval. (Art
36).

Paecilomyces (incl. Byssochlamys)

Thermoascus (syn. Coonemeria, Dactylomyces)

Aspergillus (incl. teleomorphs, syn. Stilbothamnium)

Type: Aspergillus FU:FT. pamigera (incl. Merimbla) Thermoascaceae Apinis, Trans. Br. Mycol. Soc 50: 581. 1967.

Leiothecium
Monascus (incl. Basipetospora)
Penicilliopsis

Type: Thermoascus Miehe

Dendrosphaera (tentatively, fide Malloch 1985b)

Penicillium (syn. Chromocieista, Eladia, Eupenicillium, .
Rasamsonia

Hemicarpenteles, Thysanophora, Torulomyces)

Phialomyces Sagenomella
Phialosimplex Talaromyces (syn. Sagenoma, Erythrogymnotheca)
Polypaecilum

Thermomyces
Sclerocleista

Warcupiella (incl. Rapenia)

Trichocoma

Xeromyces
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Thermoascaceae
= Trichocomaceae
- === Elaphomyces,
Pseudotulostoma

) [——“Core Onygenales”
e === Ascosphaeraceae
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- EreMascus
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Cyphellophoraceae
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= Pyrenulaceae
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EUROTIALES

ONYGENALES

CHAETOTHYRIALES

wm-mO<<S0-—-0>XxCm

MYCOCALICIALES

Fig. 5.26 Phylogenetic tree representing current state
of knowledge regarding phylogenetic relationships
within Eurotiomycetes. Taxa of uncertain or poorly
supported phylogenetic position are represented as
dashed lines. “Core Onygenales” refers to Onygenaceae,
Gymnoascaceae, Arthrodermataceae, and Nannizziop-
siaceae (Sect. L.A.2.a). “Unnamed lineages” refer to
unnamed lineages 1 and 2 in Gueidan et al. (2014).
Phylogenetic positions are inferred based on the stud-

- C]rrospoﬂum novae-zelandiae

ies of Berbee and Taylor (1992), Bowman et al. (1996),
del Prado et al. (2006), Diederich et al. (2013), Gargas
et al. (1995), Geiser and LoBuglio (2001), Geiser et al.
(2006), Gibas et al. (2002), Gueidan et al. (2014), Henkel
etal. (2001), Houbraken and Samson (2011), Hyde et al.
(2013), Klinger et al. (2013), Réblov and Seifert (2012),
Stchigel et al. (2013), Tibell and Wedin (2000), and
Untereiner et al. (2002)




Aspergillus sensu lato

Penicilium  Aspergillus sensu stricto
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Fic. 1. Bayesian ind maximum likelibood phylogenetic anabvses of Aspergilfus and related noan made with four genes: the
RPE1 and RPBZ subunits of RNA polymerase 1L Tw/l, o putitive ribosome biogenesis protein and  CctS, the putative
chaperonin complex component, TCP-1. Nombers above internal ranches are Bayesian probabilities: numbers below ave
taximum Bkelihood bootstrap percentiages. Tason mames correlate with those i TAne 1L An astenisk marks the end of the

John I.Pitt & John W.Taylor
(2014)

Aspergillus, its sexual states and
the new International Code of
Nomenclature

Mycologia, 106:5, 1051-1062,
DOI: 10.3852/14-060




A B C D

NO Aspergillus
ICN exceptions -0
Non-monophyletic - 0
Generic info - highest

Narrow Aspergillus
ICN exceptions - 2
Non-manophyletic - 1
Generic info - high

Broad Aspergillus  Very Broad Aspergillus
ICN exceptions - 6 NO Penicillium
Non-monophyletic - 3 ICN exceptions - 9
Generic info - low Non-meonophyletic -0
Generic info - lowest

Penicillium

Emericella
Aspergillus

Aspergillus

Neosartorya

Penicillium

Emericella

Fennellia

Petromyces

Neosartorya

Penicillium

Aspergillus
Aspergillus

Aspergillus

Aspergillus

Aspergillus

Aspergillus
Aspergillus

Aspergillus

Aspergillus

Chaetosartorya Aspergillus

Chaetosartorya Aspergillus

Eurotium Eurotium Aspergillus Aspergillus

Phialosimplex
Polypaecilum

Phialosimplex
Polypaecilum

Phialosimplex
Polypaecilum

Aspergillus
Aspergillus

FiG. 2, Effect of the choice of wleomorph or anamorph mmes on appeals for exceptions wo the TON proriw rile, non-
monophyly of genevs and information content of the genenc mames. Phviogencric cartoon with saongly-supported hranches
thickened, based on the phylogeny presented in FIG 1, AL A maavowly defined genus Aspergilius. The TON must be asked for
approval to apply the name Agpergelius 1o the non-monophyletic grade embracing Petromyees and Fennellia, The information
content of the genera would be high becanse each name embraces one monphyletic clade or, in the case of Aspeagedlus, w small
grade. B Abandon the genus Aspergiliuy by applying the telcopmorph name 1o every clade. This approach is fully compliant
with the TON. and all mames would be applied w monophyletic clades, The imformation conent would be high. Howeser, the
name Aspengedius would be lost 1o mycology, Co Apply the ninme Aspergilius broadly to all clades having Asperglius anamorphs.
Stx excepuons o the TN would he needed. Aspergillus would be made nonamonophvlete by the mclusion of Peasallinm,
Phialoytmplex and Polypaesstom. The mlormanion content of the name Aspergilhes would be low due (o the Lrge phenotyp:
variation found among the six clades bearing the name Aspergellis, D, Make Aspesgalins hroad by applying the same 1o species
i the genera Peaeddlioem, Phiclosimplex and Polypraeciluom, Nine exceptions to the TON wouldd be needed, bur Asfrergillus would
be monophvletc, The information content of the name Aspergaiius wonld be low, due to the extreme phenotvpic varition in
the broad genus, The name Pencillium would be lost 1o mycology.
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ot CBS 172.66 Aspergilius aculsatus
CBS 513.88 Aspergilus niger
R C8S 260.73 “Aspergikss flavipes”
NIH 2624 Aspergiis termsus
0.9 CBS 108.08 Aspergiius ochraceus
._l ! CBS 566.85 Aspergiius candidus
CBS 649.93 Aspergilus robustus

- 2l = CBS 272 89 Aspergilus togoensis
_‘E— NRRL 3357 Aspergilus favus
CBS 109 46 Aspergilus avenaceus

" rggl————CBS 245,65 Aspergilus versicakr

FGSC A4 Aspergdlus nidulans

'_| e CBS 121611 Asporgiilus calidousfus
CBS 116.56 Aspergius fumcilosus
e 085 139,61 Aspergilus sparsus

) CBS 157 66 Asporgilus cejpi (= Dichalomomyces coipi)
I NRRL 1 Aspergilus clavatus

= Asperg

) CBS 516.65 Aspergiius glaucus
e cos Sk s i
—_— CBS 117.33 Aspargiius restrictus

CBS 130294 Aspergilus penicifioides
2 _:snmmlmwmrmwxv,
CBS 380.74 Aspergifus mam 3
‘ccasmnkmmsmu ualos:
C8S 384 61 Aaporgmsmalm(lﬂwpuaam' 5
pgar 8 CBS 525.83 Asperglius anll (= Cristaspora andl)

CBS 682,70 Penicillium inflatum (= Aspergillus inflatus)

_'—cas 105.07 MONAscus purpumeus
CBS 238.71 Xeromyces bisporus

= CBS 124 53 Sciorocieista omata

“{CBS 22066 Psnicllium arencola
CBS 430 .64 Phialomyces macrosporus

CBS 124 .68 Penicilium fracturm
C8S 251.56 Panicillum ramusculum
CBS 206.57 Penvciliven taxi
CBS 489.66 Peniciiium ochrosalmoneum
CBS 315.67 Peniciium stokiae
CBS 340.48 Penicilium janthinellum
CBS 367 .48 Panicllium restnctum

EC&S 336 .48 Penicilium herquel

CBS 125543 Ponicifium glabrum

CBS 304 48 Peniciliwm charlesd

C8S 112082 Penicilium digitatum

CBS 325.48 Penicilium expansam

CBS 39048 Fenicilim vindicatum

CBS 30648 Penicillium chrysogsnum
CBS 527 65 Penciliurn paradoxum

CBS 139 ‘45 Peniclium citninum
C8S 185.65 Penicillum lagena
CBS 310.38 Talaromyces flavus

Fig. 4, Comtined phylogeny of tha RFB2. Ca8 and TarT gene regions showing the pidogenstic postion of P nffalum (® A nflads) n Agpergius sed. Cremey. Tha ise was

rooted 1o Tabvomycss fovus Branches wih bootsyap support above 80 % andlor postenior protabiity above 0.95 are gven above thicksoed branches.

— CBS 256.55 Pencilium megasporum
‘:m 205 48 H;nigo;;”;velma > =
N e — g o 7 Miscellaneous
CBS 76168 Penicillopsis clavariformis P
1= CBS 105 25 Sclerockista thaxfer Aspef gillaceae

Samson RA, Visagie CM, Houbraken J,
Hong SB, Hubka V, Klaassen CHW,
Perrone G, Seifert KA, Susca A, Tanney
JB, Varga J, Kocsubé S, Szigeti 6,
Yaguchi T, Frisvad JC (2014)
Phylogeny, identification and
nomenclature of the genus Aspergillus.
Studies in Mycology 78: 141-173.

Aspergillus P. Micheli ex Haller, emended description
Generic type: Aspergillus glaucus (L.) Link

Vegetative mycelium hyaline % brighty pigmented, Co-
nidiophores (aspergilum) consisting of thick-walled basal cells
(foot cell) producing stalks, usually aseptate and unbranched,
terminating in inflated apex (vesicle) which can be ghobose,
ellipsoidal to clavate; conidiophores In some species may be
septate, lack a foot cell, lack a veiscle, or consisting of single
conidicgencus cells with one to several loci. Conidiogencus cells
phialidic, producing dry conidial chains bome direclly on the
vesicle (uniseriate) or on metulae (biseriate), in a few spedes,
appearing % be annellidic or pofyphialidic. Conidia greatly vanng
in colour, size, shape and ornamentation. Cleistotheca of various
structuras produced by some species with mostly a thin ascoma
wall consisting of a single layer of hyphal networks, sometimes
covered by layers of Hiille celis or sclerotium-fike. Asci globose
usually containing esght ascosperes. Ascospores often lenticular,
hyaline or coloured, varying in size, shape and ornamentation
Sderctia or scleratium-like structures regularly present in some
spedes, varying in colour, size and shape, consisting of thick-
walled cells, sometimes containing ascigerous structures. Hiille
cells sometimes covering cleistothecia or occurning in compact
masses in the mycelium, varying in shape and size, but mostly
thick-walled and hyaline




Visagie CM, Houbraken J, Frisvad JC, Hong SB, Klaassen CHW,
Perrone G, Seifert KA, Varga J, Yaguchi T, Samson RA (2014)

Identification and nomenclature of the genus Penicillium.
Studies in Mycology 78: 343-371.

Penicillium Link, Mag. Ges. Naturf. Freunde Berlin 3: 16.

1809. MycoBank MB9257.
= Caremium Link, Mag. Ges. Natur, Freunde Berlin 3: 19. 1809, fide
Raper & Thom 1949, Seifert & Samson 1985. [MB7782]. anamorphic
synonym.
= Fioccana Grev., Scott, crypt, fi: pl. 301, 1827, fide Sefert & Samson
1985. [MB8260). anamorphic synonym.
?= Homodendrum Bonord,, Handbuch alig. Mykel.: 76, 1851 fide de
Hoog & Hemanides-Njhof 1977, but see Hughes 1958. [MBB558].
anamorphic synonym.
7= Walzia Sorokin, Trudy Obshch. Ispyt. Prir. Imp. Kharkov: 47. 1871,
fide Constantin 1888. [MB10429]. anamorphic synonym.
= Pritzebetia Hann., Hedwigia Beibl.42: 88, 1903, fide Clements & Shear
1931, [MBS529). anamorphic synonym.
= Eupenicillun F. Ludw., Lehrbuch der Niederen Kryptogamen: 263.
1892, fide Houbtraken & Samson 2011, [MB1933]. teleomorphic
synonym.
= Citromyces Wehmer, Ber. Deutsch. Bot. Ges. 11; 333. 1893, fide
Thom 1530, [MB7672]. anamorphic synonym.
= Aspergillopsis Sopp, Skr, Vidensk.-Selsk, Christiana Math.-Nat. KI, 11
204. 1912, non Aspergiiopsis Speg. 1910, fide Pt 19749, [MB22043),
anamorphic synonym.
= Carpentefes Langeron, Crypt. Fr. Exs.; 344, 1922, fide Stolk & Scott
1967. [MBS26]. teleomorphic synonym (= Eupenicilium).
= Torulomyces Delitsch, Systematik der Schimmelpilze: 91, 1943, fide
Stolk & Samson 1983 and Houbraken & Samson 2011, MB10252).
anamorphic synonym.
= Eladia Smith, Trans. Bril Mycol. Sec. 44: 47. 1961, fide Samson
1981, Houbrakan & Samson 2011, [MBB134). anamorphic synonym.
= Thysanophora Kendrick, Can. J. Bot. 39 820, 1961, fide Houbraken &
Sameon 2011. [MB10230]. anamorphic synonym.
= Hemicamentedes Sarbhoy & Elphick, Trans, Brit, Myool. Soc. 51: 156,
1968, fide Houbraken & Samson 2011, [MB2279). teleomorphic
synonym,
= Penicitium Link ex Gray sensy Pitt, The Genus Penrciliurm: 154, 1979
(nom, inval., art 132). anamorphic synonym iy g o el
= Chromocieista Yaguchi & Udagawa, Trans. Mycol. Soc. Japan 34: Ul 18 ot S K PR o e
101. 1993, e Houtraken & Samson 2011, [MB25856]. eleomorphic B Bt

Synonym. colony i P comewberd ¥, sderosa i 2 ol Gl taciculane colosies of 2 erponveses. ). crmes of conidial sames of 4
10 day obd colony wf . cruonumm, K-L . synacomatou gromth s P v aud 2 selpisen
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Yilmaz N, Visagie CM, Houbraken J, Frisvad JC, Samson RA (2014)
Polyphasic taxonomy of the genus Talaromyces.
Studies in Mycology 78: 175-341.

Talaromyces C.R. Benj., Mycologia 47: 681. 1955.
= Lasioderma Mont. In Ann. Sci. Nat, Bot, ser. 3, 4: 364. 1845, nom. Q @ Q
rej. prop.

= Penicillium Link subgenus Biverticillium Dierckx apud Biourge Cellule
33: 31. 1923, e © @ ®@ O

= Penicillium subg. Biverticillata-Symmetrica Thom, The Penicillia: 158.
1930.

= Sagenoma Stolk & G.F. Om, Mycologia 66: 676. 1974. —_——

= Erythrogymnotheca Yaguchi & Udagawa, Mycoscience 35: 219. 1994. () rd 2 : @
= Paratalaromyces Matsush., Matsush. Mycol. Mem. 10: 111. 2003 - \

(2001). ‘ | | 1

Typus: T. vermiculatus (PA. Dang.) C.R. Benj. (= Talaromyces ‘ .' . | @ @
flavus (Klocker) Stolk & Samson) '

Colonies on CYA commonly produce yellow or red reverse and/
or soluble pigments, on CYAS no growth to very restricted
growth, sometimes determinate or indeterminate synnemata
produced. Conidiophores having smooth or rough-walled ele-
ments, characteristically symmetrically biverticillate, with a mi-
nor proportion having subterminal branches (in some species
with a single subterminal lateral branch that afterwards repeats
the branching pattern of the main axis), some species mono-
verticillate or with solitary phialides. Stpes usually hyaline,
terminating in a whorl of metulae of 3-10, appearing sym-
metrical in face view. Conidiogenous cells phialidic, approxi- T Y ol 2 /

mately equal length to metulae, typically acerose, rarely flask-
shaped. Conidia aseptate, green en masse, in basipetal chains, \ ' . ; vy
usually ellipsoidal to fusiform, rarely globose to subglobose or ’ / ) K
ovoidal. Ascomata cleistothecial when produced, usually with a | |}
distinctly hyphal exterior soft wall, often yellow, occasionally . / '
white, creamish, pinkish, orange, reddish or green. Asci pro- r

duced in chains, containing eight ascospores, rarely two. As- ! {
cospores one-celled, ellipsoidal to globose, rarely smooth- ‘ ' d i | -

walled, but often with spines and/or less commonly ridges, E | F 3 G H 4
hyaline to yellow, occasionally red. A e 1E8 o EA B, oy n VEA e 1 1 i £58 115U . Coon o 0 VEA Mt 4 P £8 2. 1 O
miowes | Cneda Saedes EC D e Dr 0y e £




Table 2. Overview of sectional classification in different studies of Talaromyces.

Cekuuum poaa Talaromyces

Stolk & Samson (1972)

Section

Talaromyces sect.
Emersonii
Talaromyces sect.
Purpurea
Talaromyces sect.
Talaromyces
Talaromyces sect.
Thermophila

Type species
T. emersonii

T. purpureus

T. flavus
( =T. vermiculatus)
T. thermophilus

Pitt (1980)
Section/Series

Penicillum subgenus Biverticillium sect.
Coremigenum ser. Dendritica

Penicilium subgenus Biverticillium sect.
Coremigenum ser. Duclauxii

Talaromyces sect. Purpureus ser. Purpurei

Penicilium sect Simplicium ser. Islandica

Penicilium sect Simplicium ser. Miniolutea
Talaromyces sect. Talaromyces ser. Flavi
Talaromyces sect. Talaromyces ser. Lutei
Talaromyces sect. Talaromyces ser. Trachyspermi
Talaromyces sect. Thermophilus ser. Thermophili

Type species
P. dendrniticum

P. duclauxi
T. purpureus
P. islandicum

P. minoluteum
T. flavus

T. luteus

T. trachyspermus
T. thermophilus

Current study

Section

sect Bacillispon
sect Helici
sect. Islandici
sect Purpurei

sect Subinflati
sect Talaromyces
sect Trachyspemi

Type species
T. bagillisporus

T. helicus
T. islandicus
T. purpureus

T. subinflatus
T. flavus
T. trachyspermus




Aspergillus
Mycobank — 1072 3anuceii
Index Fungorum — 983 sanuceii
Species Fungorum — 741

nN3BeCTHbIX BUAOB U pG3HOBMAHOCTeﬁ

ICPAY— 339 npuHsatbix suaos
(Samson et al. 2014)

Penicillium
Mycobank — 1390
Index Fungorum — 1259
Species Fungorum — 880
ICPA — 354 (visagie et al. 2014)

Talaromyces
Mycobank — 167
Index Fungorum — 148
Species Fungorum — 191
ICPA — 88 (Yilmaz et al. 2014)




PexomeHAOBAHHLIU ANrOpUTM UAEHTUPUKALIUU
Bupos Asperaqgillus

4 N\

Spore suspension

« 30 % glycerol + 0.05 % agar + 0.05 % Tween 80
(store at -80 *C)

» 0.2 % agar + 0.05 % Tweean80 (store at 4°C)

.

l Micropipette (0.5—1 pl/spot

\

Media

+ Recommended: CYA & MEA

» Optional: CZ, YES, DG18, OA, CREA, MEADI,
CY20S5, ME20S

« 90 mm polystyrena Petri dish

« 20 ml media per plate

4
(o O (oo - )

Morphological characterisation ncubate Extrolites

« Macromorphology 7 da_ys, 25°C + CYAand YES

mmmmm mdm 1 * Additional CYA at 30, 37 & 50 °C « 5 plugs pooled in one vial

+ Plates unwrapped » Extraction; ethyl acetate/dichloromethane/methanol
* In the dark (3:2:1) (viviv) with 1 % (v/v) formic acid
* Allow for sufficient agration « Filtered and analysed by HPLC (Frisvad & Thrane
10987, 1993, Smedsgaard 1297, Klitgaard et al.

/

; » \2014) j
Characters: shape of conidial Deads, the number of branching ponts ' _ L
between vesicle and phiatides (e uniseriate or biseriate), colour of Molecular identification
stipes, and the dimensions, shapes and textures of stipes, vesicles, » Sequencing

metulae (when present), phialides, conidia, Hille-cells (when :
present), cleistothecia_asd and ascospores J * Genes for identfication: ITS, CaM

+ Genes for piwlogeny” Bend, RPBZ
» Compare ITS/CaM to refarence database

= BLAST (1 unreliable sequences)

« RefSeq-BLAST (Verfied ITS sequences)

+ Local BLAST (ICPA reference sequences)

Fig. 2. Flow diagram summansing recommended methods for the identification and characiensation of Asperpifus. Frsvad & Thrane (1967 1063) Smedsgaard (1897) and ¥ligaard af &' (2014, refer to methods descnbed for detecing extrolites in fungl.




PexomeHAOBAHHBIU aNroputM UAEHTUPUKALUU
supos Penicillium

Morphological characterisation
= Macromorphology
« Characters. Colory dusemeler, lexiure, colour of comdia, mycelia, soluble pigmenis
oxudstes and roverses Degree of grow®, acd or possible base produchon on
CREA
* Mcromarphology
« Preparafions stade fom MEA
* Mouniing fwd 60 % lscic aad
« Wash exorss corda away with 70 % EIDH
« Characters. numrber of branchng pomnts batwesn sdpe and phiahides (1Le. soldsy
phidhides b guaterverticliale) dmension, shage and lexture of sipes wesdies
melubwbranches (when presen() phishdes condia, desiobecs 20 and
ascospores (whon presant)

Spore suspension

= 30 % glycerol + 0.05 % agar + 0.05 % Tween80
(store at -80 °C)

» 1.2 % agar + 0.05 % Tween80 (slore at 4 °C)

Micropipette (0.5-1 pl'spot)

Media

* Recommended: CYA (x3), MEA,

» Optionad: CZ, YES, OA, CREA, DG18, CYAS
MEAbI

* 50 mm venled Peln dish

» 20 mi media per plato

Incubate

« 7 days, 25 °C
+CYAal30°C & 37°C

« Plales unwrapped

« In the dark

* Allow for sufficcent aerabon

Molecular identification
» Sequencing
* Genes for identficabion: ITS, Band
= Gones for phyfogany CaM, RPE2
» Compare ITS/BenA lo reference database
» BLAST [T unrelnble sequences)
* RefSeq8LAST (Venfied ITS sequences)
= Local BLAST (ICPA reference sequences)

Extrolites

« CYAand YES

* § plugs per moedium pooled in ono vial

* Extracbon ethyl acelale/dichioromethane/methanal
(3:2:1) (viviv) with 1 % (wv) formic and

» Filtered and analysed by HPLC (Frisvad & Thrane 1987,
1993, Smedsgaard 1997, Kiilgaard &f af 2014)

= Ehrlich reachon using filker paper method (Lund 1995)

Fig. 1. Flow diagram summarising recommended methods for the identification and characterisation of Penicillium. Frisvad & Thrane (1987, 1983), Smedsgaard (1997) and
Klitgaard et al (2014), refer 1o methods described for detecting extrolites in fungi. Lund (1295) introduced the Ehrlich reaction that tests for production of indole metabolites.
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