Mykologie: védni obor zaméfeny na studium hub [ESEE—.
a houbovych organisma gl




Proc studujeme houby?

eNedilna soucast ekosystému — energetické cykly, preména organické a

7

6. Produkce metabolitu



«Siroka geograficka valence — od severniho pdlu po tropy, adaptace na
vysokou nadmorskou vysku, tlak, vysoké teploty, zasoleni, sucho, kyselé pH,
aerobni podminky

Dactylario gallopava —termalni prameny, 60°C

Talaromyces flavus - 80°C



*Nutricni adaptace — symbionti, parazité rostlin, parazité obojzivelnik(, ryb,
ptakud a savcd, saprofyté

.
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Scleroderma citrinum -
ektomykorhiza

A, -

priklady

Microsphaera
penicilliata

eParazité hub

Spinellus fusiger




1.organické a anorganické transformace vznikaji
enzymatickou ¢innosti hub a plsobenim
metabolitl

2. Absorpce, metabolismus nebo degradace
organického substratu

3. Absorpce, akumulace, sorpce a metabolismus
anorganickych substrat(

Houbové organismy

4. Produkce organickych metabolit(i, exopolymer(
a biomasy

5. Produkce anorganickych metabolitd,
sekundarnich mineral(i a transformovanych
metaloidU

Anorganické substraty

6.Chemicka interakce mezi substraty



Houby v ovzdusi — aeromykologie (alergologie, hygienické stanice, fytopatologicka
progndza a signalizace)




Mykologie na PrF

Obecné cile kurzu KBO 135:

eseznamit studenty houbovymi organismy

eBiologii a fyziologii HO
eEkologii HO

eDiverzitou HO

Pfedpokladané cile studentu:

Bylo by dobre znat:

2. Kam s nim? Samostatna riSe — jak to? Hm — to se budu muset naucit dalsSi systém
a spoustu novych latinskych slovicek —bude to mit alespori néjakou logiku?



Tri prani k zapoctu:

_
Terénni kurz, seznam druh( a poznavacka

Pisemné odpovédi na zvidavé otazky béhem prednasek (cca 13) (Strucné,
jasné a pravdivé, 1 prednaska —1-3 zvidavé otazky)

Skupinova prace — prezentace v ppt. v zapoctovém tydnu




CHATEAU -(”]-ONTIER
Houby a ¢lovék &Y

Vztahy pozitivni a prospéiné e

1989
el U

eLesnictvi a zemeédélstvi - vyuziti mykorhiznich hub k produkci rostlin




Hniloby a kazivost — potraviny, organické produkty



Uloha hub v historii lidstva-Etnomykologie

6. Severoamerické narody — Fomitopsis officinalis, Piptoporus betulinus —hubky pfi
rozdélavani ohné, zastaveni krvaceni



Asie — Sibirské narody -A.muscaria- halucinogenni &inky

Cina — tradini medicina -Ganoderma, Shitake, Penizovka,

Tremella fuciformis



eStredoveéka Evropa — ergotismus — Claviceps purpurea — namel,
Palickovice nachova — postizeni nervové soustavy -Tanec svatého Vita

(stredni a severni Evropa)

Vredovitd gangrendzni forma — svaty ohen (zapadni Evropa)

Pieter Breughel The cripples
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sclerotium
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Ascoéenous
hypha

Figure 12-2 Life cycle of Claviceps purpurea. [(G-1) Redrawn
from O. Brefeld, in A. A. Engler and K A, E. Prantl. 1897. Die
Natiirlichen Pflanzenfamilien, Teil |, Abt. |. Wilhelm Engelmann,

Leipzig]

i7" Plasmogamy

Claviceps purpurea — namel,
Palickovice nachova




Phytophtora infestans

N bramborova
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Historie hub a houbafstvi v Cechach

eDalimilova kronika (1314) sbér hlivy ze stromU — rod VrSovcl(

eJagellonci — tfi Iékarské spisy (1355) Nova vinea seu custodia sanitas (Frank Jan) —
pojednani o pojidani hub: eubolet, eufungi, bukové houby, morchinla...

eJmenovaci listiny Karla IV — dovoluje prostému lidu sbér hub

¢16. Stoleti — Jan Kop z Raumentalu (Iékar Ferdinanda 1) ,, hub se v téchto krajich pojida
mnoho, vsechny jedovaté nejsou ale i jedlé Skodi Zaludku.”

e17. Stoleti — smrze pro panstvo

Lékopisné knihy: Taxa pharmaceutica Posoniensis (1745): , dfjnowa bjla hauba“ —Fungus
laricis - (Lariciformes officinalis), ,bezowa hauba“ (Hirneola auricula-judae), Hrijb gelejn
(Elaphomyces granulatus) a diwoka prachata hauba (Langermannia gigantea)



Evoluce houbovych organisni

Fosilni nalezy a geologické sta

Zkamergly roh (Rhynie chert) —
Devon (Skotsko, Aberdeen)-

Paleomyces

Obdobi Tretihor:

Miocén — perithecium (Francie)






Prubéh evoluce u hub — znaky




Prtibéh evoluce u hub — trendy




common moulds

mushroom and filamentous
group  yeasts ascomycetes
L] A
chytrids basidiomycetes  ascomycetes
g
=
w
S T
E 5 = g, B 2
S8, =& B8 SEX & £ milli
S5z 5 = z =< 5E Z £ millions
= £ = E-E = 1] -3"-2"5 2 = of
2358 § £ 588 % %
CEICS & & U&= = Q yeas
Now| genus Homo appears
! grasses & grazing mammals
Tertiary  ahundant
birds, mammals & flowering
plants continue to diversify
dinosaurs become extinet
asteroid impact?
m Cretaceous
major radiation of flowering
9 plants
dinosaurs abundant
Jurassic  first birds
first mammals
— continents move apart
2004 Triassic first dinosaurs
cycads and conifers abundan
ice age causes massive
Permiagn  extinctions
mammal-like reptiles appear
land forms a single continent
m primitive forests widespread
Carboniferous
coal deposits
reptiles appear
continents move together
Devanian land plants & arthropods
abundant
— — first amphibians & insects
400 Silurian 20% atmospheric oxygen
first fishes with jaws
eukaryotes invade land
Ordovician
earliest vertebrates appear
\_@ 500
1 | \ 2% atmospheric oxygen
Cambrian )
trilobites & brachiopods
abundant
- all metazoan phyla present
600

oldest known metazoans
(coelemerates, annelids,

arthropods)




Tradicni klasifikace hub




Fylogeneticka a kladisticka klasifikace




Znaky, které se pouzivaji pri klasifikaci hub v systému

e Nukleové kyseliny (PCR, sekvenace)
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'HOMOBASIDIOMY CETIDAE

Laetisaria arvalis

Schizophyllum commune

Panellus stypticus

Auricularia auricula-judae

! Tremellodendropsis tuberosa
TREMELLOMYCETIDAE

Tremella globospora
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Allomyces macrogynus

Fig. 7. Cladogram from morphological character analysis of selected taxa in the Basidiomycota illustrating variation in the septal pore apparatus of uniper-
forate septa in the three classes. The tree is a 50% majority-rule of 336 equally imonious trees of 17 steps using a character matrix of equal
weight and rooted using Allomyces macrogynus. Values above branches indicate frequency of branch recovery in all equally parsimonious trees. The following
septal pore variations are illustrated: simple septum with or pore occlusions and with (Uredini or without (Ustacystis
ini i i ies (MB), septal pore swelling without pore.caps (Tilletia barclayana), septal pore swelling with two variations of elaborated
septal pore caps (Tremellomycetidae), and septal pore swelling with simple pore cap with or without perforations (Homobasidiomycetidae). Scale bars = 0.25
pm except where indicated. Illustrations from top to bottom interpreted from Hoch and Howard (1981); Miiller et al. (1998); Lii and McLaughlin (1991);
Berbee and Wells (1988); Adams et al. (1995); Bauer et al. (1997); Bauer et al. (1995); Boehm and McLaughlin (1989); D. McLaughlin, University of Minnesota.
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Doména

EUKARYOTA

Doména Bakterie

Doména Archea "

Univerzalni
predek




Outline classification of Fungi in 21st Century Guidekdo fungi. Moore D.,

hl’ge: FUNG' Robson D.G., Trinci P.J, 2011

Phylum:

Subphylum:

eEntomopthoromycotina
eZoopagomycotina

eKiclxellomycotina

Rige: EUMYCOTA (Fungi, pravé houby)
eChytridiomycota (706 species in 105 genera)
eBlastocladiomycota (179 species in 14 genera)
eNeocallimastigomycota (20 species in 6 genera)
eMicrosporidia (1300+ species in 170 genera)
eGlomeromycota (169 species in 12 genera)

e Ascomycota (64 163 species in 6355 genera)
eBasidiomycota (31 515 species in 1589 genera)

eMucoromycotina (insertae sedis)

drive phylum Zygomycota

Ri%e: Chromista
Phylum: Oomycota

Ph: Hypochytriomycota

Ph: Labyrithulomycota

Ri%e: Protozoa*
Phylum: Plasmodiophoromycota
Ph: Acrasiomycota

Ph: Myxomycota

Ph: Chanozoa




STRAMINIPILA

EUMYCOTA
(TRUE FUNGI)
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PROKARYOTES

The phylogenetic relationships of Fungi and fungus-like organisms studied by mycologists (printed in bold), with other
groups of Eukaryota. The analysis is based on comparisons of 185 rDNA sequences. Modified and redrawn from Bruns etal. (1991) and

Berbee and Taylor (1999).

In:Webster J. and Weber W.S. (2007) Introduction tggfyp 841 Cambridge
University Press.




Fungal genomics
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Figure 1. Phylogeny of the fungal kingdom. Major fungal groups colored as indicated by text to right. Diamonds indicate evolutionary branch points,
and their approximate dating (bottom), captured by fungal genomes sequenced in or in progress.

Galagan J.E. te al., 2005. Genomics of the fungal kingdosights into
eucaryotic biology. Genome research 15: 1620-1631



Table 2.2

Important groups of fungi

Features that may be shared by several groups

Group

Kingdom

Trofick& faze — nemé pravou

Trophic phase’ lacking cell walls.
Able to ingest particulate food.
The slime moulds

Trophic phase with
cell walls; nutrition
exclusively absorptive.
The fungi

(in the

informal sense)

Many
species
produce
Z00Spores

Zoospores
not
produced

1. Cellular slime moulds.
Amoebae aggregate to
form a ‘slug” which gives
rise to a fruit body.
Example: Dictyostelium

2. Plasmodial slime moulds
(Myxomycetes).
Amoeboid phase followed
by a multinucleate
plasmodial phase.
Example: Physarum

3. Oomycetes. Zoospores
biflagellatet, sexually
produced spores are oospores.
‘Walls contain cellulose.
Example: Saprolegnia

{

4. Chytridiomycetes.
Zoospores uniflagellater.
Sexual process may involve
fusion of motile gametes,
walls contain chitin.
Example: Allomyces

bung¢nou sénu — améby —
plasmodium

Spory — bs obsahuje chitin

Fagocyt6za

Hlenky

*Hyfa bez pepazek — coenocyticka

Biflagelatni zoospory vyvojoy
odvozerjSi skupiny — sporangia a
sporangiospory

*Bunécné stna obsahuje chitin

GLOMEROM

YCOTA new!!!

5. Zygomycetes. Sexually
produced spores are zygospores
Example: Mucor

6. Ascomycetes.
Sexually produced spores are
ascospores. Example: Pyronema

7. Basidiomycetes (mushrooms,
toadstools, rusts and smuts).
Sexually produced spores are
basidiospores. Example:
Agaricus

8. Mitosporic fungi. No
sexually produced spores.
Example: Penicillivm

Fungi

¢ The phase concerned with nutrition and growth.

" Having two flagella.
¢ Having a single flagellum.

In: Carllle M.J., Watkinson S.C., Gooday G.W. (2p01
(reprint[2007) The fungi. Elsevier Ltd.
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672 I Review

Plantae Streptophytes Discicristates Excavates
Heterolobosea .
Land plants Kinetoplastids Acrasiomycota
Green Algae Sherophyies Diplonsmids
Chlorophytes Euglenids
Trebouxiophytes Core jakobids
Ulvophytes Trimastix
Prasinophytes Oxymonads
Mesostigma Trichomonads
Hypermastigotes
Red Algae Floridiophytos Carpediemonas
Bangiophytes Retortamonads
Cyanidiophytes Diplomonads
Glaucophytes Malawimonads
Cercomonads
Euglyphids
Apicomplexa Phaeodarea beroed
Colpodella Heteromitids
Dinoflagellates ; Z::'“'“am:‘?“a:;
Oxyhrris o orarachniophytes
Alveolates Pk :hytlomw:?
Ciliates apgsponcia i
e Forindiara Plasmodiophoromycota
Ellobiopsid Polycystines (]
llobiopsids Acantharia Rhizaria| |
Diatoms :
Raphidiophytes mycetes
Eustigmatophytes Basidiomycetes >
Chrysophytes
Phaeophytes Microsporidia
Bolidophytes
Blastocystis
- Actinophryids 4
Stramenopiles abyrinthulids Choanofiagellates .
Thraustrochytrids e Opisthokonts
Oomycetes
Bicosoecids
Haptophytes
Cryptomonads Myxomycota
Chromalveolates ‘Unikonts’
= TRENDS in Ecology & Evolution

Figure 1. A tree of eukaryotes. The tree is a hypothesis composed from the various types of data discussed in the text, including molecular phylogenies and other molecular
characters, as well as morphological and biochemical evidence. Five ‘supergroups’ are shown, each consisting of a diversity of eukaryotes, most of which are microbial
(mostly protists and algae). Relationships are left unresolved (i.e. where several branches emerge simultaneously) when there is little or no evidence for the branching order.
Other branches are shown dotted when there are only preliminary indications for this relationship. A handful of ‘orphan’ genera and two groups, Apusazoa and centrohelid
Heliozoa, are not shown. There are few data from these organisms and they are not yet associated with any of these groups.




Zygomycota

Zygomycota

Neocallimastigales NESCALHMASY* GOMYCOT

idi f Monoblepharidales Monoble
Chytridiomycota _:, f“" C:;?%Eea?esan ales N0 IR
Spizellomycetales i C*i?i’TR Ez (o0}
\k—— Fthlzophydiales ytridiomycetes J

Traditional 1
Chytridiomycota

Fig 1 - Phylogeny and classification of Fungi. Basal Fungi and
Dikarya. Branch lengths are not proportional to genetic
distances. See Table 1 for support values for clades. It

Hibbett D.S et al., 2007. A higher level of phylétetic
classification of the FUNGI. Mycological researds547




Ribosémy cytoskeleton bunécnou sténu

Chromosomy spindle bodies Eukaryoticka
burika

e: FUNGI

p v
wne

Ma tyto sub-organely

bunecnou membranu

Centralni vakuola Hladké endoplasmatické

Golgiho aparat retikulum

Drsné (granulatni)
endoplasmatické
retikulum

mitochondrie



Bunka houbového organismu a organizace hyfy

septum lipid body hyphal wall

/ \‘ crysTal nucleus

' ||© M(@ \ o) vesicles
ff. "Ses

nF
vucunles ( f rlbosomes '\ / plasma membrane
endoplasmic mitochondrion

reticulum Golgi apparatus




Houby jsou organismy.....
eMnohobunécné (vyvojoveé nizsi skupiny i jednobunécné)

eheterotrofni

e Absorbtivni -ziviny pfijimaji extracelularné enzymatickym stépenim substratu

neseptovana a mnohojaderna (coenocyticka).

Hyfa je charakteristickd apikalnim rlstem, vétvi se a
vytvari 3D sit - MYCELIUM.



Mycelium je zakladem pletiv pro plodnice (AskomycatBasidiomycota) a
pro mizné vegetativni utvary jako jsou rfapklerocia (namel) a rhizomorfy

viz. Prednaska 2).




Obecné charakteristiky risSe Fungi

Zakladni vyvojové skupiny
Phylum:
Chytridiomycota: (800)

eCoenocytické mycelium

Subphylum:
eMucoromycotina (insertae sedis)
eEntomopthoromycotina
eZoopagomycotina

e Kiclxellomycotina



Ri3e: Fungi:

PodiiSe: Dicarya

Basidiomycota: (22.500)
eSeptatni mycelium

‘A LB c D E

Figure 166 Successive stages in development of a basiium and basidiospores. (A)
ploi

lei to migrate into the spore initials. (E) Migration of nucei into basidiospore initials.
(F) Highly late, maturing basidium bearing four ycung uninucleate basidiospores. (Drawing by
Carol Gubbins Hehn,)

PODTUNY vVoroninove B KcS
emonokaryotické, haploidni mycelium
eAskospory v asku (endospory)
eAskokarpy (plodnice)

eNepohlavni rozmnozovani - konidie



1. Charakteristika stélky STELKA=HYFA

Y east

&>

Stelka kokalni
Hyphae

Septate Asc%

Stélka vlaknita




Rozmnozovani:

1.Fragmentace hyfy 2. Spory — pohlavni a nepohlavni
Phyllum hyfa Nepohlavni Pohlavni
-mycota rozmnozovani rozmnozovani
Basidio Vyvinuta septa Konidie Tvorba plodnic
dvoujaderné useky Blastospory basid'*karp
chlamydospory basidiospory




-BASIDIOMYCOTA

i



Coenocyticka hyfa — hyfa bez sept

Chytridiomycota, Zygomycota




Zvidava otdzka:1.Vyhledejte a popiste klasifikacni systémy organism( se zifetelnym vyznacenim pozice hub od 19-21.stoleti.

Pouzité zdroje informaci:

www.fungionline.org.uk

Jennings D.H. & Lysek G. (2000) Fungal biology: Undansling
the fungal life style, Springer, pp.165

Alexopoulos C.J., Mims C.W., Blackwell (1996) Introdoiy
Mycology pp 868

Webster J. and Weber W.S. (2007) Introduction to fyopg841
Cambridge University Press




