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A few years ago....

Kingdom Fungi

Sub-kingdom
|
| |
Gymnomycota Oomycota Eumycota
{Myxomycota) Mycelium Mycelium
Slime  Moulds now  aseptate septate
excluded from fungi and
placed under Protista
|
| | Mycophycophyta
Phycomycetes Zygomycetes {Dual organisms)
(Comycetes {Conjugation fungi) lichens, e.g.,
Algal fungi) e.g. Rhizopus, Mucor Lsnea, Parmelia
FPhytophthora,

Albugo, Pythium

Deuteromycota
{(Fungi imperfecti)

Sexuval reproduction absent,

e.g., Alfemaria,
Cercospora, Microsporum,

Trichophvton.

Ascomycota
{Sac fungi)
Aspergillus,
Panicillivm,
Nevrospora

Basidiomycota
{Club fungi)
Puedining,
Ustilage,
Agaricus



The Kingdom FUNGI:
Systematic organization based on genome sequencing into 6
phyla (James et al., 2020):

Ascomycota, Basidiomycota (Dikarya)

Zygomycota, Glomeromycota, Blastocladiomycota,
Chytridiomycota

Kingdom Fungi

Dikarya Basal fungi

Phylum Basidiomycota  Ascomycota Mucoromycota Zoopagomycota Blastocladiomycota Chytridiomycota

Mucoromycotina r_l Entomophthoromycotina |_—|
Class

Mortierellomycotina Glomeromycotina Zoopagomycotina Kickxellomycotina

Previous Zygomycota



Organization of ,,Fungi”

* Unikonta (inkl. Opisthokonta)
Fungi = Eumyceten (chitin)
<100.000 described species

Chytridiomycota
Zygomycota
Glomeromycota (AMF)
Ascomycota
Basidiomycota

 Chromalveolata (inkl. Chromista = Straminipila)

Oomyceten = Peronosporomycetes (cellolosa)
~1000 described species
Oomycota

« Myxomycota (Protista)




Fungi (,Chitin fungi”)

 Chytridiomycota

— Holokarpic to eukarpic, planospores (= Zoospores)
[+ Zygomycota T T 7
« Glomeromycota
« Ascomycota

« Basidiomycota




Fungi (,Chitin fungi”)

« Chytridiomycota

— holokarp bis eukarp, Planosporen (= Zoosporen)
e Zygomycota
« Glomeromycota

| ° Ascomycota Dikarya, Eumycetes
* Basidiomycota "filamentous fungi"




Fungi: phylum Basidiomycota

Agaricomycotina (jelly fungi, yeasts, and mushrooms)
Lstilaginomycotina (smut funai)

Pasidiomycota (njusll« Pucciniomycotina (a diverse group of fungi, including rusts
Aszcomycota (zac fu ‘m Entorrhizomycetes

Glomeromycota (arky 7= Wallemiomycetes

Zygomycota (bread molds, Rhizopus, Mucor, etc))

Fung | Blastocladiomycota
Chytridiomyecota (zoosporic fungi)
Meocallimastigomycota
m Microsporidia
Rozella spp.



Fungi: Basidiomycota

Agaricomycotina:
mushrooms and jelly fungi, Hefen

Ustilaginomycotina:
smut fungi, yeasts

Agaricomycetes (mushroom-forming fungi)
Dacrymycetes
Tremellomycetes

Pucciniomycotina (= Urediniomycetes):

rust fungi, yeast, jelly fungi,
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Basidiomycota, Agaricomycotina: doliporus
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comparison Ascomycota - Basidiomycota

Gametangiogamie:

1x P!'>D!>K!>M!

> 1 (small) fruitbody

Somatogamie:

1x P!'>D!

> 00 (big) fruitbody




ASCOMYCOTA, Pezizomycotina: dikaryotic generation of
ascogenous hyphae
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Ascogonium

© Webster (1983)




Ascomycota, Pezizomycotina: ascocarps




young ascus (2n)
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ASCOMYCOTA, Pezizomycotina: Apothecium

paraphyses
(parafisi)
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ASCOMYCOTA, Pezizomycotina: Perithecium
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BASIDIOMYCOTA, Agaricomycotina

cystidia types
© Miiller & Loeffler (1992)

a

Hymenium with basidi
and sterile cystidia

© Bresinsky (2002)

haploid
dikaryotisch
diploid

Basidiomycet: Schema eines Fruchtkorpers



BASIDIOMYCOTA, Agaromycotina: dikaryotic generation of ascogenous hyphae

hymenium
A

fruiting body

pileus

lamellae

stipe

basidium

somatogamy

P!

1n

basidiospores

&
Vo

germination
O
mono-
karyotic
hyphae
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© M. Piepenbring, CC BY-SA




BASIDIOMYCOTA, Agaricomycotina: clump formation
(Dikaryon)

© Esser (2000)
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BASIDIOMYCOTA, Agaricomycotina: development of
a holobasidium

© B. Kendrick
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Typic holobasidia and and example of other types of basidia

© Webster & Weber (2007)

© Webster (1983)

Type Holobasidium T = Teleutospore
(Agaricomycotina) (Teliospore, Probasidium)
meiosporangium



BASIDIOMYCOTA, Agaricomycotina: hymenophor and types of carpophre

crustouse

© Bresinsky (2002)

Surface enlargement of the
hymenophore to enhance spore
production: lamelle (+ pseudolamellae),
pores/tubes, needles.

© Pilz-Tom



BASIDIOMYCOTA, Agaricomycotina: hymenophor and types of fruitbodies

agaricoid boletoid polyporoid hydnoid gasteroid
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Agaricomycotina: simple, crust-forming fruitbody




Agaricomycotina: carpophore with velum (velum parziale)




resto del velo universale

volva (velo universale)

; Schuppen
¥ (Velum universale) T
Amanita phalloides Lamellen
Manschette
(Velum
Velum partiale // \\ =' partiale)
Velum universale 2

2 N\ Volva

- 4 (Velum
universale)

Primordium basaler Bulbus

© M. Piepenbring & Zhu-Liang Yang, CC BY-SA



Agaricomycotina: ,tree-sponges”

© B. Kuznik

©) P. Kaminski
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Agaricomycotina: Gasteromycetes

GASTEROMYCETATION
agaricoid secotioid gasteroid gasteroid
hypogeous
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Agaricomycotina: Gasteromycetes

Laternea
& | 50 um Staheliomyces
&
Phallus
&
. =
( ) receptaculo
Clathrus \
receptaculo
peridio
gleba

receptaculo
joven

Clathrus ruber

© M. Piepenbring, CC BY-SA



Agaricomycotina: Gasteromycetes

Clathrus archeri (octopus fungus)

© www.mykoweb.com

Geastrum saccatum

Polyphyletic group of Basiodiomycota

Basidia with basidiospores develope
inside the fruitng bodies and are later
passively dispersed (insects, e.g. flies).




Basidia with spores

Dyctiophora indusiata, skirt
syn. Phallus indusiatus

gelatinous zone



Fungi (,Chitin fungi)

Chytridiomycota
— holokarp bis eukarp, Planosporen (= Zoosporen)

Zygomycota Basal, not septate,
Glomeromycota chitin Fungi
Ascomycota

Basidiomycota

Mannoproteins

Membrane Proteins




Chytridiomycota

holocarpic

spo

eucarpic monocentric

epibiotic P
RaRa  rhizoids

.....
R

endobiotic




Chytridiomycota




Zygomycota

Spnrangium o spnrangiospores

germination
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T l sexual ‘ ﬂ};l asexual W
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Zygospore
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Zygomycota

Sporangium

Sporangiophore

Rhizoid RhiZOpUS stolonifer

(@) (b)



Pilobolus crystallinus

- oS 0 . . '_.." » *y.
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On Manx sheep dung, January
. Ardivachar Headland, South Uist - 740 459




Glomeromycota

« associate with plant roots
also with high secificity to
their host plant

« form arbuscular
mycorriza (AMF)

appressorium

J

hyphal coil

\

chlamydospore

N

coenocytic hypha

vesicle

RN

endodermis with cortical cells
cylinder Casparian stripe

/

central

/

© M. Plepenbring, CC BY-SA

100 pm

100 ym



Geosiphon pyriformis does not
form AM, instead it forms an
endocytobiotic association
with Nostoc cyanobacteria

heterocyst
symbiosome-
membrane




