MODULARIZACE VYUKY EVOLUCNI A EKOLOGICKE BIOLOGIE
CZ.1.07/2.2.00/15.0204

OBECNA MYKOLOGIE

(misty se zvlastnim zfetelem k makromycetim)

Vymezeni pojmu ,houby”“ a ,mykologie” « Historicky vyskyt a teorie o plvodu hub
» Stavba houbové buriky (cytoplazma, organely, jadro a bun. cyklus, bun. sténa)
 \/yZiva a obsahové latky hub * Vegetativni stélka hub (nemycelialni houby, hyfy,
hyfové utvary, pletivné utvary, stélka liSejniku, rast houbové stélky)
* Rozmnozovani hub (vegetativni, nepohlavni, pohlavni) « Genetika hub
* Plodnice hub (sporokarpy, askokarpy, bazidiokarpy, anatomie plodnic,
hymenofor, hymenialni elementy) « Spory hub (typy a stavba, Sifeni a kliCeni)
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ROZMNOZOVANI HUB

ReprodukEni struktury jsou vSe, co neni vegetativni stélka:

konidiofory s konidiemi, sporangiofory a sporangia, plodnice a spory,

u hlenek sporokarpy nebo sorokarpy.

Vlastnimi rozmnozZovacimi burikami jsou spory (vzniklé nepohlavni cestou
v/na specializovanych utvarech anebo v navaznosti na pohlavni proces),
které pak za prihodnych podminek kli€i nejCastéji hyfou (u nékterych primitivnich
skupin z odpocivajici spory vyrusta sporangium nebo vyrejdi zoospory).
Vznikajici diaspory mohou mit dvoji ulohu — bud’ slouzi k Sifeni houby nebo

k pfeCkani nepriznivého obdobi:

— roli pouze rozSifovaci maji biCikaté bunky (monady u hlenek, zoospory

u dalSich oddéleni "houbovych organismua");

— roli hlavné rozSifovaci (ale pfezivaci neni vylou€ena) maji sporangiospory,
konidie, asko- a bazidiospory;

— roli hlavné prezivaci maji cysty (hlenky, oomycety), pripadné téz askospory;
— roli vyhradné prezivaci maji makrocysty a sklerocia (hlenky), oospory
(oomycety), zygospory (zygomycety) a chlamydospory.



Spory slouzici hlavné k Sifeni jsou malé a tvorené ve velkém mnozstvi (jen

mala Cast z nich se "uchytne" ve vhodném prostredi). Jejich uvoliovani byva
naCasovano do co nejpriznivéjSich podminek pro rychlé "uchyceni" (eliminace
moznosti setkani s nepfiznivymi podminkami, na jejichz preCkani nejsou
Vybaveny), napfiklad | do urcité faze dne. M. J. Carlile et S. C. Watkinson: The Fungi.

S or F‘ei |’V3C|’ Academic Press, London, 1994.
pory p Table 4.1 The role of spores and analogous structures in the dispersal and dormant

byvajll Obvyk|e survival of representative fungi
vetsi (d ostatek Group and species Role*
Zésobn |'Ch Iéte k), ' Dispersal, with ~ Predominantly = Predominantly  Survival, with

o ) no capacity for  dispersal survival dispersal
kulovité (nejeko- dormancy sxiiprobabis
nomictejsi tvar il s |

) Dictyostelium - Sporangiospores - Macrocysts
z hlediska tvorby Pc;iscofdeum
v , ysarum polycepbalum  Flagellates S i Cyst Scleroti
stény) a malokdy " gel porangiospores Cysts cleoti
vy er es
se OddellJJI od Phytophthora infestans ~ Zoospores Sporangia Cysts ~ Oospores
mycelia (neni-li Other lower fungi
. Allomyces macrogynus Zoospores, ~ Meiosporangia -
toto rozruseno). zygotes
Mohou se vytvaret e i RO DgOreti Sl
0 e , Higher fungi
| ruzne typy Spor g'spt‘;;‘gﬁlus nidulans - Conidia Ascospores Hiille cells?
. Saccharomyces cerevisiae - Vegetative cells  Ascospores -

u jednoho druhu Copriniis cinerens - Basidiospores, . - Chlamydospores
v zavislosti na pidia
podm inkach “Deduced from spore morphology, physiology and behaviour.

. X -”"Hiil_le cells are produced singly at the tips of hyphae associated with developing ascocarps. They have
prostred . very thick walls and resemble chlamydospores.



Table 3.10 Examples of exogenous stimuli which induce initiation of multihyphal

structures

Structure

Fungus

Stimulus

Myecelial strands®

Rhizomorphs

Synnemata (coremia)

Sclerotia®

Fruiting bodies

Serpula lacrymans

Armillaria mellea

Penicillium claviforme
Penicillium isariiforme

Sclerotium rolfsii

Coprinus cinereus
Morchella esculenta

Coprinus cinereus

Lentinus edodes

Agaricus bisporus

High C/N ratio in substratum

Inorganic nitrogen source

Bridging between nutrient
resources

Presence of competing fungi

Lowered water potential

Critical C/N ratio in substratum
Ethanol

Indoleacetic acid

Aminobenzoic acid

Glutamic acid in substratum
Light

Critical C/N ratio
Threonine
Lactose

Ammonium

Bridging between poor and rich
nutrient resources

Dark — light transfer
30 — 20°C temperature change

Proteinase inhibitors in
substratum

Dark — light transfer

Temperature drop to 16°C

Temperature drop
Removal of carbon dioxide

@ Also termed mycelial cords.

M. J. Carlile et S. C. Watkinson: The Fungi. Academic Press, London, 1994.

Signaly pro spusténi tvorby
prezivacich nebo reprodukcnich
struktur (sporulaci, fruktifikaci)
jsou obvykle zmény podminek

v prostredi nebo dostupnosti
vody a zivin (uhlik, dusik, fosfor,
pfipadné zména poméru C:N);
téz nékteré sekundarni metabo-
lity mohou pusobit jako hormony
stimulujici tvorbu téchto struktur.
Rada druhi ma i specifické
pozadavky na prisun
konkrétnich zivin pro
nastartovani reprodukce.

Hojny vyskyt vegetativniho

a nepohlavniho rozmnozovani
Cini z hub principialné klonalni
organismy — jednotlivi jedinci
tvofi spoustu "klonu" a produkuiji
diaspory (fragmenty stélky nebo

nepohlavni spory) geneticky shodné s materskou stélkou.



VEGETATIVNIi ROZMNOZOVANI

RozmnoZzovaci ¢asteCky (oznacované pro zjednodusSeni t€z konidie) nevznikaji
na specialnich nosicich, ale na prostém myceliu. Fragmentaci hyf (pfeménou
normalnich vegetativnich bunék) vznikaji tzv. artrokonidie (téz artrospory;
nékteré houby mohou tvofit artrokonidie /primitivnéjSi zpusob/ i pravé konidie):
» Tenkostenné oidie jsou u vreckatych hub haploidni, u stopkovytrusnych se
oidie tvori v haploidni i dikaryotické fazi (zatimco dalSi 2 typy artrospor pouze

v dikaryofazi).

Oidie vznikaji obvykle na hyfach, které jiz prestaly rist => sekundarni sténa
vytvori dvojité septum => nasleduje rozpad na jednotlivé bunky. DalSi moznosti
je tvorba "mezibunky", ktera se nasledné rozpadne nebo jeji sténa zeslizovati;

pfipadné muze zeslizovatét sténa celé hyfy, z niz se oidie tvofi. http://www.mycolog.com
[CHAP4a.htm
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Vzhledem k tomu, Ze Oidium je jménem anamorfniho rodu, odmitaji néktefi autofi pojem
oidie jako morfologicky termin a pouzivaji obecng&jSi termin artrokonidie nebo artrospory.


http://de.wikipedia.org/wiki/Arthrospore
http://botany.upol.cz/atlasy/system/gallery.php?entry=Oidium
http://www.mycolog.com/CHAP4a.htm
http://www.mycolog.com/CHAP4a.htm
http://www.mycolog.com/CHAP4a.htm
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Makroskopicky se oidie jevi jako
popraseni povrchu ("suché" oidie)
nebo jako sliz ("mokré" oidie, maji
slizovou vrstvu v bunécné sténé;

sliz muze pusobit i jako atraktant pro
jinou hyfu => v pfipadé fuze této hyfy
s oidii dochazi k heterokaryotizaci).
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http://www.mycolog.com/CHAP4a.htm
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Figure 4.3: Time sequence (minutes)
of the formation and perilytic liberation
of arthroconidia in a presomatogamic
mycelium of Polyporus badius. The
hypha stops growing, septa are
formed, the cytoplasm retracts slightly
and produces conidial walls. The wall
of the mother hypha gelifies. — From Figure 4.4: Historical drawings of arthroconic
Ingold 1986. From Brefeld 1889.

Phiebia radiata

Hypholoma fasciculare

Figure 4.8: Slimy drops (A,B) of curved mitospores born in spiral chains (C) conglomera:=
small heads (D) produced by Simocybe sumpiuosa show a fur-like cover of pili (E) som=
visible in the light microscope (some indicated by arrows in F, G). B: Tip of a slime drop d==
on a cover glass. F, G: Microtome sections through a slime drop. Glutaraldehyde, methzc
aluminiumn zirconium haematoxylin; contrast electronically enhanced.— Original photograpahs.

Z.narimental evidence of mutual dikaryotization of monokaryotic mycelia of Coprinus
rocomdla carried by Drosophila-flies from one mycelium to the other. Left figure:
twp; right figure: a fly feeding on the slimy conidial heads. — From Brodie 1931,

Clemengon Cytology and Plectology of the Hymenomycetes, 2004.
Ruzné formy oidii stopkovytrusnych hub — vlevo nahofe slizové ,kapky“ obsahujici shluky oidii
(,mokré® oidie), vpravo dole detaily dvojjadernych oidii ve spole€ném slizu a jejich kliceni.

Vlevo dole schéma experimentu s pfenosem oidii a jejich naslednou fuzi s kompatibilnimi hyfami.

«=ryotic arthroconidia of Pholiota squarrosoadiposa. Top left: Brown slimy droplets on
= Top right: Part of the slime with conidia. Bottom left: Germinating conidia, Bottom
= nuclei stained with DAPI, UV-fluorescence. — Original photographs.




Pojeti pojmu artrokonidie se ruzni —
bud' je pouzivan pouze pro oidie
(pak je mezi tyto terminy v zasadé
mozno polozit rovnitko) nebo je bran
v SirSim pojeti i pro tlustosténné bunky,
jez se mohou uvolnit rozpadem hyf,
ale nemusi k tomu bezprostrednée
dochazet (jejich hlavni uloha netkvi
v Sifeni, ale v prezivani — viz hyfy

a jejich modifikace):

» bunky oddélujici se z terminalni
pozice — aleuriospory;

* buniky tvorici se v hyfach mimo
terminalni pozice — chlamydospory.
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W= 225 Change of the dolipare and differentiation of the conidial wall in Pleurotus cystidiosus.
-* the mother hypha breaks. Dolipore unchanged. B: Conidial wall initial stage (arrow) within
-=. C: Dolipore reduced and plugged up. Conidial wall with two layers. D: Mature conidial

“= nner layer with numerous radial canals only 6-12 nm wide. — From Moore 1977b.

Tvorba stény a oddéleni chlamydospory

Pleurotus cystidiosus.

Heinz Clémencon: Cytology and Plectology of the Hymenomycetes.
Bibliotheca Mycologica, vol. 199. J. Cramer, Berlin-Stuttgart, 2004.

Arthroconidia («oidia=
are formed by cell divisiors
and segmentation of &=
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Chlamydospores without
a loose mantle. The wa
of the spore mother cell =
fused with the wall of the
chlamydospore.

THALLIC MITOSPORES

Aleuria. Swelling growi
often accompanied by
mitotic nuclear divisions
Terminal or lateral on
hyphae (one-celled latera
ramification turns into an
aleurium). The wall thick-
ens (often only slightly).

Blastokysts. The cyio-
plasm (incl. the nucleus) of
the mother cell flows into
the bud, condenses, forms
storage products and =z
thick wall.

Blastoconidia. Cell forma-
tion by vegetative budding
without or with repetition
(and then also with bud-
rngs).

BLASTIC MITOSPORES

1 @

Figure 4.1: Summary diagrams of the mitospores of the Hymenomycetes and of their =
formation.



http://www.ne.jp/asahi/mushroom/tokyo/tricholoma/yagura/yaguratake.htm

Tlustosténné buriky mohou prezivat déle nez mycelium — houba tak do jisté miry
nepotrebuje asko- nebo bazidiospory, jez touto cestou "nahrazuje"; tvorba téchto
bunék je vzacngjSi u vieckatych, CastéjSi u stopkovytrusnych hub.

Uvedené "prezivaci spory" se vytvareji na vegetativnim myceliu (Phanerochaete
/anamorfa Sporotrichum/, Rhodotus, aleuriospory na vzdusnych hyfach Botryo-
basidium), na plodnicich (Asterophora lycoperdoides, A. parasitica, Pleurotus
dryinus, viz té€zZ modifikace hyf) nebo dochazi i k tvorbé specialnich "chlamydo-
sporokarpu" (aneb "anamorfni plodnice", jaké vytvari napfr. rod Ptychogaster, zahr-
nujici anamorfy od Oligoporus/Postia Ci Laetiporus). K uvolnéni téchto bunék dojde

rozpadem mycelia, pfip. oddélenim z povrchu pIodnlc nebo chlamydosporokarpu

na kterych se vytvorily. Clémengon: Cytology
and Plectology ..., 2004

= £.15: Sporotrichum versisporum anamorph of the polypore fungus Laetiporus sulphureus.

~ous growth of aleuria-producing aerial hyphae on malt extract agar after 1 month. B: Young

C: Mature aleuria. D: Intercalary chlamydospores from the mycelium. E: Aleuria in Baral's

£ = =olution, some with clearly visible mother cell wall («mantle=). F: Aleuria in the scanning

Blas OKYSTS DFOdUCEd by the ”WCE“UW of Volvariella volvacea var. masseei. - From microscope, showing the rupture of the wall prior to liberation. — A-E original photographs; F
1975, modified. cers 1984,

Specifickym pfipadem jsou tzv. blastocysty (viz obr. vlevo), majici obdobnou
ulohu jako predchozi dva typy, ale odliSny vznik: vytvofi se (jakoby odpuci, proto
"blasto-") dcefina burika, ale (oproti blastokonidiim, viz dale) do ni prejde cely
obsah materské buriky a obali se tlustou stenou.


http://www.doctorfungus.org/thefungi/Sporotrichum.htm
http://users.skynet.be/jjw.myco.mons/Rhodotus_palmatus_2.html
http://www.mycokey.com/MycoKeySolidState/species/Botryobasidium_aureum.html
http://www.mycokey.com/MycoKeySolidState/species/Botryobasidium_aureum.html
http://www.mycokey.com/MycoKeySolidState/species/Botryobasidium_aureum.html
http://botit.botany.wisc.edu/toms_fungi/dec2005.html
http://botit.botany.wisc.edu/toms_fungi/dec2005.html
http://botit.botany.wisc.edu/toms_fungi/dec2005.html
http://www.nybg.org/bsci/res/hall/asteroph.html
http://www.nybg.org/bsci/res/hall/asteroph.html
http://www.nybg.org/bsci/res/hall/asteroph.html
http://www.mushroomexpert.com/images/nadon/nadon_pleurotus_dryinus_01.jpg
http://www.mushroomexpert.com/images/nadon/nadon_pleurotus_dryinus_01.jpg
http://www.mushroomexpert.com/images/nadon/nadon_pleurotus_dryinus_01.jpg
http://houby.humlak.cz/popis.htlm/belochoros_pychavkovity_popis.htm
http://www.hlasek.com/laetiporus_sulphureus_aa8413.html

Figure 4.13: Prychogagrer pulverulentus (= Pt. albus; Ceriomyces albus). Left: The hemi
chlamydosporocarps \'.n.rnh_ hairy surface is the anamorph of Postia ptychogaster (= Ol
ptychogaster, Q. ustilaginoides; Tyromyces ptychogaster). Right: Chlamydospores. — O-

photographs.  Clémengon: Cytology and Plectology of the Hymenomycetes
Bibliotheca Mycologica, vol. 199. J. Cramer, Berlin-Stuttgart, 2004

Ptychogaster ciirinus Ptychogaster pulverulers

Figure 4.14: Chlamydospores of two Piychogaster species. — From Brefeld 1889, modified.

Asterophora parasitica

Figure 4.12: Chlamydospores produced in the basid-
iomes of Asterophora. Both species grow on fruit bodies
of Russula and Lactarius species.

Top: Identification of the chlamydosporogenic zones:
pileus context in A. lycoperdoides; gill trama in A. para-
sitica (with fertile basidia near the gill edge).

Bottom: Developmental stages during chlamydospore

formation, showing the withdrawal of the cytoplasm from Figure 4.26: Mycelial chlamydospores _of

Rhodotus palmaius in laboratory culiure. The

the mother cell wall and synthesis of a new wall. FOtO Al ! : .
Photograph: Chlamydospores from Asterophora lyco- : i P thin mantle is easily observed during ger-
perdoides (microtome section). Two spores show two GregThorn -7 .. = #  mination (arrow). — From Doguert 1856.

nuclei (in one cell indicated by an arrow), but in the  http://www.uoguelph. ca/%7Eqbarron/GILL%20FUNGI/PINK/rhodotus htm
upper left spore only one nucleus is visible. Glutaralde-

hyde, me late, aluminium zirconium xylin. - z vr s
D{cajwingsﬂ}?(fr? as{SnnEriwl T80 rg:dccaomerhfgesrgémor}ifgénal StOpkOVytrusne hOUby tvorici Chlamydospory
photograph. na plodnicich, anamorfnich utvarech a myceliu.



http://www.uoguelph.ca/%7Egbarron/GILL FUNGI/PINK/rhodotus.htm
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=17169

Kromé popsanych jednotlivych bunék se mohou u nékterych hub odlamovat
vicebunécéné fragmenty ("ramified conidia") — tvorba diaspor se zvétSenym
povrchem a pfipadné vétvenych do ruznych sméra se vyplati pfi Sifeni vodou
("vodni hyfomycety", pfip. druhy rostouci na zaplavovanych stanovistich).

Zvlastnim pripadem vegetativnhiho rozmnozovani je tvorba stilboidd (nazev podle
Stilbum flavidum, anamorfy od Mycena citricolor) — tvofi je multihyfalni "stopka",

na niz se vytvofi a nasledné je odmrsténa "hlavicka" (téz pro tuto "hlavicku" byl
mykology pouzivan termin gema), P—— - >
ktera se po dopadu pfichyti na substrat & <

and Plectology ..., 2004

o
i

o= 2.32: Diagram of the development of the stilboids and the release of the apokybium from the
< e far right relative sizes of stilboid and basidiome of Mycena citricolor. — Scale applies to
~ most figure only. From Buller 1934, modified.

/
ﬁ i ﬁ:ﬂa i {f 7
Jamified q/;_/ 100 um
con Id ia“ Sistofrema hamata Taeniospora graces

Figure 4.35: Development of multicellular hyphal fragments from iwo corticiaceous
mycetes. — Sistotrena from Nawawi 1985; Taeniospora from Marvanova 1977.

= 72 mycelium. — Original photographs.



