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Kingdom Fungi

Albugo, Pythivm

Deuteromycota
{(Fungi imperfecti)
Sexuval reproduction absent,
= g., Alfemarnia,
Cercospora, Microsporum,
frichophvton.

Sub-kingdom
|
Gym nmIlyrcmﬂ Dc:hrr|r3.r cota Eu m!rcctu
(Myxomycota) Mycelium Mycelium

Slime Moulds now = aseptate septate

excluded from fungi and

placed under Protista

|
Mycophycophyta

Phycomycetes Zygomycetes {Duwal organisms)
-:D:-r"l"}-' cetes {Conjugation fungi) Llichens, e.g.,
Algal fungi) e.g. Rhizopus, Mucor Usnea, Parmelia
FPhytophthora, I

Ascomycota
{sacfungi)
Aspergillus,
FPenicillium,
MNevrospora

l
Basidiomycota
{Club fungi)
Pucdinina,
Lstilogo,

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 W

Dikarya Basal fungi

Phylum Basidiomycota  Ascomycota Mucoromycota Zoopagomycota Blastocladiomycota Chytridiomycota

Mucoromycotina r_l Entomophthoromycotina |_—|
Class

Mortierellomycotina Glomeromycotina Zoopagomycotina Kickxellomycotina

Previous Zygomycota



Stramenopiles (Heteroconta; stiff
tripartite external hairs on cell or flagella)

Alghe brune : .
Chromista Plants Fungl | Animals

Straminipila
Oomycetes

Myxomycota

Archaea

Plasmodiophoromycota \
~X ?

Bacteria
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Plantae

Green Algae

fikd Agde Bangiophytes

Cyanidiophytes
Glaucophytes

Apicomplexa
Colpodella
Dinoflageliates
Oxyhrris
Perkinsus
Ciliates
Colponema
Ellobiopsids

Alveolates

Diatoms
Raphidiophytes
Eustigmatophytes
Chrysophytes
Phaeophytes
Bolidophytes

Stramenopiles

Chromalveolates

Chiorophytes
Trebouxiophytes
Ulvophytes
Prasinophytes
Mesostigma

Floridiophytes

Blastocystis
Actinophryids
Labyrinthulids
Thraustrochytrids
Oomycetes

Streptophytes

Land plants
Charophytes

Discicristates Excavates

Heterolobosea

Kinetoplastids

Diplonemids

Euglenids

Core jakobids

Trimastix

Oxymonads

Trichomonads

Hypermastigotes
Carpediemonas

Retortamonads
Diplomonads
Malawimonads

Cercomonads
Euglyphids

PhasodAes Cercozoa

Opalinids
Bicosoecids

Haptophytes
Cryptomonads

Heteromitids
Thaumatomonads
Chlorarachniophytes
Phytomyxids

Rhizaria

' Haplosporidia
Foraminifera
Polycystines
Acantharia

Ascomycetes
Basidiomycetes
Zygomycetes
Microsporidia

Chytrids
Nucleariids
Animals
Choanoflagellates
Capsaspora
Ichthyosporea

Dictyostelids
Myxogastrids
Protostelids
Lobosea
Archamoebae

Opisthokonts

‘Unikonts’

Amoebozoa

TRENDS in Ecology & Evoiution



OOMYCOTA (Heterokonta)

* 00 (grrek) = egg, mykita = fungus = large round oogonia containing female gametes
 "water mold" = earlier classification as fungi preferring conditions of high humidity
and running surface water (characteristic for the basal taxa of the oomycetes).




OOMYCOTA: affini alle alghe brune (non ai funghi!)
ife non settate con pareti cellulosiche




antheridium oogonium
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OOMYCOTA (Heterokonta)

—— Peronospora

—— Phytophthora

Plasmopara

—— Bremia

—— Sclerospora

Pythium
Albugo

— Saprolegnia

—— Achlya

Peronosporales

Albuginales

Saprolegniales

1) Peronospora della vite - Plasmopara viticola
2) Peronospora della patata - Phytophthora infestans
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Plasmopara viticola
Peronospora della vite- grapewine downy mildew




Plasmopara viticola — Peronospora della vite — life cycle

Zoospores with two flagella
are released from sporangium.

T S
c%g\

Zoospore encysts near stoma
and the germ tube penetrates.

"Oilspot"
lesion
develops
on top of
leaves.

Asporangium i
produced from the
oospore in spring.

/

Zoospore differentiate Ea& infectian

in s porangium

Haustoria

Fruit infections
Oospores are released

from decaying leaves
on the vineyard floor.

Sporangium z
are dispersed

by wind or rain —
splash.

a0 Sporangia are produced onthe
Fotherkdium berries and the undersides

Cross-section of |eaf of leaves through stomates.

tissue with oospores.

Oogonia are formed and
fertilized in the leaf.



Sporangia







Innesti di Vitis vinifera
(europaea) su V. lambrusca
(americana)
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Phytophtora infestans
Peronospora della patata — potato blight










,@00s " early 1900s (yg
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P. infestans origin

potato origin




Phytophtora infestans — Peronospora della patata — life cycle







Myxomyceti

| Myxomyceti si nutrono di batteri, protozoi, spore,
miceli, corpi fruttiferi di funghi, sostanza organica.

Hanno un ruolo biostatico nei confronti di funghi
e/o batteri, impedendone la proliferazione

incontrollata.

Se ne conoscono circa 1500 specie.
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Mature Fruiting Bodies & / 4
Germm?n

Immature Fruiting Bodies

Myxamoeba
o\ = F.
&\ /
o\ E @ ? s
o\ o : ﬁ
o\o / Microc;;‘
}\j- o (resting stage)/ .
Posterior Veins > EE .
w\ & Cell Division
S\2 Swarm Cells
= e (do not divide)
Plasmogamyl
Anterior G. i
Fan '
Mating of \_-
K Gametes
(i L (sex cells)
pﬁqhﬁ
b
bsav
Sclerotium

Young Plasmodium
(resting stage)

Karyogamy
(zygote)

Life Cycle of a Myxomycete
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Pseudoplasmodium

a multicellular structure
formed by the aggregation
of numerous uninucleate
amoebae.

Plasmodium - a single multi-
nucleate amoeba, capable of mo-
ving by protoplasmic streaming,
often attaining macroscopic size.

/\ /‘7 ?‘ &

Plasmodiocarp - a fruiting body
that maintains the initial shape of
th%glasmodium from which it Is de-
rived.

& BRBRUBERNEIS 5y
B :

Sorocarp

- afruiting body formed
from a pseudoplasmodium.
It consists of spores and a
stalk, which usually shows
a cellular or, more rarely,
an acellular (Acytostelium
and Fonticula) structure.

Pseudoaethalium - a compo-
und fructification, formed by accre-
ted, but still discernible sporocarps.

Cortex

- covering that surrounds
an aethalium, formed from
the merged peridia of indi-
vidual sporothecae and/or
additional amorphous,
often mineralized deposits.

Pseudocapillitium

— threads or plates that
represent remnants of the
peridia and/or columellae
of merged sporothecae
inside an aethalium or
pseudoaethalium.

Aethalium - a compound fructifi-
cation, formed by merged and hardly
discernible sporocarps.

Pseudocolumella
- amorphous, usually miner-

rotheca, similar to the colu-
mella but having a different
nature and not connected to
the stalk.

alized structure inside a spo-

Stalked sporocarp:

Capillitium

Spore

Columella

Peridium

Stalk Sporotheca

Hypothallus

Fruiting body (or sporophore) - spore-forming structure in slime molds.

Sporocarp - a fruiting body formed from a plasmodium. It consists of spores and
auxiliary acellular structures (stalk, peridium, capillitium, columella, etc.). A large
plasmodium usually splits into several (sometimes tens to hundreds) fragments,
each forming one sporocarp.

Sporotheca - spore-bearing portion of the fruiting body. It consists of a spore
mass, covered by a peridium, and may contain auxiliary structures (capillitium,
columella, etc.).

Capillitium - a system of solid or hollow threads, interspersed within the spore
mass inside the sporotheca. It serves to facilitate and regulate the spore dispersal.

Spore - microscopic reproductive unit formed in the fruiting body.
Columella - continuation of the stalk inside the sporotheca.
Peridium - fugacious or persistent covering that surrounds the sporotheca.

Stalk - a structure that elevates the spore-bearing portion of the fruiting body
above the substrate.

H"y|t)othallus - a structure which serves to attach the fruiting body to the sub-
strate.

Subhx{pothall,ic development - a type
of stalk formation in which the latter is
formed from the outer slimy sheath of the
plasmodium. A mature stalk can be filled
with refuse matter, sporiform vesicles or
amorphous, often mineralized material.

E‘pihy’()othallip development - a type

of stalk formation in which the latter is
formed internally by secretion of material
into vacuoles. A mature stalk is solid or
hollow but does not contain refuse matter.

Primary development - a type of stalk
formation in which the stalk material is
secreted from the cytoplasm of the plasmo-
dium, but the mature stalk contains a large
amount of refuse matter.







Physarum polycephalum




Fuligo septica
(var. candida)



Lycogala
epidendron




Acyria
Incarnata
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Diderma brooksii (nivicolous species)

: S

(phots by R. Cainelli)




Diacheopsis_pauxilla_1Q031966
Lamproderma_ovoideumn_JQ031984
— Lamproderma_pulveratum_JQ031988

19

94|[ Lamproderma_arcyrionema_3031973
Lamproderma_cristatum_3Q031977

LAY MILM_Sp_FRAJY_EFre30s /L

Didymium_dubium_K15_AM231235
Didymium_dubium_K7_AM231294
Mucilage_crustacea_DQ303679
Didymium_squamulosum_CR10_AM231293

Didymium_sp_0OX13P5_GQ249857

17

30271711 |Pretophysarum_phloiogenum_PVe4

Outgroup: Stemonitales

PHYSARALES

Ml g5 499[' Didymium,_iridis_HA4_A1938143
agl Didymium_sp_Hpl_AY321114
AY321111|Didymium_sp_E28
62 AJ938151 | Didymium_iridis_CR191
AY207466 | Didymium_cryptomastigophorum H H
EF118758 Didmiom. sp. ECHL 1 Didymiaceae
AYD62881 | Didymium_dachnayum N EW
Diachea_subsessilis_1Q031964 e
MZ604997 | Diderma_ochraceum_Sc2
83 OR783679|Diacheopsis_nannenga 57
|| 97 = MT386336|Diacheopsis_sp_NS 40
78l Q300772 |Uncultured_Di e_clone_CD_58
Diderma broksii
qg, — Lepidoderma_carestianum_AM331296 R
63 - b— Lepidederma_crustaceum_HEG14619 Lepidoderma
Lepidoderma_tigrinum_DQ903678
100 =0 HEG14615| Diderma_niveumn Diderma
Diderma_globosum_var_eurcpasum_DQS03677
Ly —
100 l— MK336174|Physarum_pusillum_RC14091001
MK3236175|Physarum_pusillum_RC16072004
— Physarum_didermoides_HES14602
20—l 100 Physarum_didermoides_AY183449
3%'5'_:P|wsamm cinereum_HEG143599
69 59 Physarum_compressum_HE&14601
100 = Physarum_leucophaeum_LE47431_)X035989
_ Physarum_nomblle_LE4?4‘31_D(ﬂ35938
sl HEG14611 | Physarum_flavicomum
70 ©0Q727533|Badhamia_utricularis_MdH1510013_XBU12
57 53 MT246401| BadhaTiaijh i Iaris_ﬂl.lschina
HE&14597 |Badhamia_utricularis_USA - -
95 3} 1Q898087 |Badhamia_utricularis_MM29371 B. utricularis
99 48 KC759100|Badhamia_foliicola_69058
¥13160|Physarum_pelycephalum
37 Badhamia nitens
MF352451|Badhamia_nitens MAFungiS7836
HE614604|Physarum_rigidum
19 3898100 |Physarum_albescens
Badhamia bispora_12
Badhamia bispora_7
00658943 |Badhamia_nitensLE325663
= Fuligo_septica_AJSB84697
13 Fuligo_leviderma_DQ903676
MK336177|Physarum_gravidum_MM36753
—| il 336178|Physarum_gravidum_RC16042007
28 K336179|Physarum_gravidum_ Bw2014 Physaraceae
JX035985|Physarum_pssudonotabile_LE255712
92 1¥025986 |Physarum_pseudonotabile LE255437
1478431 |Physarum_pseudonotabile_LE255438
J%035987 | Physarum_pseudonotabile LE255714
y DQ303680|Physarum_nivale_MM_23328
24 b KC759102|Physarum_vemum_70193
AY321115|Physarum_sp_W2i
HEG14610[Badhamia_gracilis_Az41
J%035984|Physarum_pusillum_LE55721ProbablyBadhamia
Physarum_sp3
a1 8611 T670495 | Physarum_pseudonotabile_LE284666Dahl
Physarum_sp7
MN128954|Badhamia_sp_FYZ2019a_SM2015091702
I Badhamia gracilis_1
H Badhamia gracilis_&
KC759110| Badhamia_melancspora_18091
1 KC739107|Badhamia_melanospora_15555
a1 KC759108|Badhamia_melancspora_15652
HES14603| Physarum_pusillum_probablyB_melanospora B. melanospora
96 g HEE14596| Badhamia_gracilis_Prl_probably_melanospora
0.08 JX035983|Physarum_sp_LE255719 probablyB_melanocspora

fﬁ-IEGl-i-GﬂslBadhamla sp_Curl
KC?E'B:[GSlBadhamla melanospora_14734









