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

OBECNA MYKOLOGIE

(misty se zvlastnim zfetelem k makromycetiim)

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 obsahoveé 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 kli¢eni)
* Nomenklatura hub ¢ Sbér, ur€ovani a konzervace hub
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SPORY HUB

Jako spory (Cesky vytrusy) jsou oznacovany bunky slouzici k reprodukci
(pFipadné téz k prezivani urcitého obdobi), z nichz mize po vykliCeni vzniknout
novy jedinec (na rozdil od semen vysSich rostlin nejsou tvofeny specializovanymi
strukturami a jsou jednobunécné — sporou muze byt nazvana kazda burika,
odpovidajici uvedené charakteristice); charakteristickymi znaky téchto bunék

(ve srovnani s vegetativnimi) byva siln€jsi sténa, hustSi cytoplazma a pomalejsi
metabolismus.

Podle zpusobu vzniku Ize rozliSit dva zakladni typy — mitospory (zoospory,
sporangiospory, konidie, viz kapitolu rozmnoZovani hub) a meiospory (zygo-,
asko-, bazidiospory).

Rozmeéry spor jsou mikroskopicke, v rozsahu zhruba od 2 do 200 mikrometru.
Tvar a ornamentika vytrusu a barva stény (ur€ujici pak barvu vytrusného prachu)
jsou druhové stalymi znaky, slouzicimi jako dobra pomucka pro urcovani.

V pfirodé hraji spory hub ulohu pfi Sifeni druhu a obsazovani novych stanovist
=> pfinosem muze byt geneticka vyména s jinymi jedinci tam rostoucimi,
pripadné velky "nalet" spor muze byt zakladem k prosazeni v kompeticnim "boji"
S jinymi organismy.
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TYPY A STAVBA SPOR

Jednoduché organismy se rozmnoZzuji a Sifi nejcastéji nepohlavné vznikajicimi
zoosporami:

» Oomycota vytvareji akrokontni
(s biCiky na predni strané bunky)
primarni zoospory, ty se encystuji _ :
a z cyst nasledne vyrejdi sekundarni / fl T. Kalina et J. Vafia: Sinice, fasy, houby, 0

zoospory, které jsou pleurokontni e e e
(S b|é|’ky Vychézej icimi na boku), Fongos i liquens. Barcelona, 1991)
vzhledem k pfibuznosti s heterokontnimi fasami maji i Oomycota dva ruzné
biCiky, delSi périty (se dvéma fadami tubularnich mastigonemat) a kratsi hladky
(obdobny par bi€iki maji zoospory labyrintul). Tato dvé biCikata stadia v Zivotnim
cyklu maji druhy diplanetické (bézné mezi Saprolegniales), redukce primarnich
zoospor vede k monoplanetismu a nakonec u suchozemskych aplanetickych
druhu Zadné zoospory nevyrejdi a sporangia kli€i pfimo hyfou; Sifeni
Peronosporales zajistuji odlomena sporangia, typicky monosporicka — vzhledem
k podobe a kliceni hyfou oznacovana mylné za konidie (prava konidie vSak ma
jednu bunécnou sténu, zatimco zde jsou dve: vnejSi vrstva patri sporangiu,
vnitini pak obsazené spore).

* Dva rtzné biCiky maji i zoospory nadorovek (Plasmodiophoromycota).



* Naproti tomu na zoosporach

odd. Chytridiomycota (v SirSim, jiz
opusténém pojeti Chytridiomycota
sensu lato, tedy vCetne Blastocladi-
ales a Neocallimastigales, hodno-
cenych dnes na urovni samostat-
nych oddéleni) Ize demonstrovat
pfibuznost hub a Zivo€ichl — pravé
u téchto organismu se totiz tvori
pohybliva stadia s jednim opisto-
kontnim (na zadni strané bunky
umisténym) neboli tlacnym bicikem
(vyjimkou jsou Neocallimastigales
s vice biciky). V posledni dobé bylo
uznavano pét radu a u kazdého Ize
najit specifickou ultrastrukturu zoo-
spor; u radu Chytridiales a Mono-
blepharidales byl na zoosporach
pozorovan tzv. rumposom, propo-
jeny mikrotubuly s kinetosomem

a povazovany za fotoreceptor.

lip

mbd

T. Kalina et J. Vana:

Sinice, fasy, houby, mechorosty ..., 2005.
Obr. 119. Ultrastrukturalni diagnostické znaky zoospor u jednotlivych fadi oddéleni Chytridiomyco-
ta (Fungi, A—E) a u oddéleni Hyphochytriomycota (Chromista, F). A — Catenaria (Blastocladiales),
B — Monoblepharella (Monoblepharidales), C — Spizellomyces (Spizellomycctales), D — Rhizophydivim
(Chytridiales), E — Neocallimastix (Neocallimastigales), F — Rhizidiomyces (Hyphochytriales). er — en-
doplazmaticke retikulum, /g — hydrogenozomy, j — jadro. jc — ¢epicka jadra (ribozomy), kf — kinetozom,
lip — tkové kapky, m — mitochondrie, mbd — ,microbody®, mr — mikrotubuly, #f¢ — nefunkéni centriola,
pd -, posteriorni ddm®, 7 — ribozomy, 7z — rumpozom. (Podle MarcuLisove etal., 1991, a McLavuciLmNa
etal., 2000, piekresleno.)



Pohlavné vzniklé silnosténné utvary (cysty nadorovek, oospory u oddéleni
Oomycota, trvala sporangia chytridii) slouzi hlavné k preckani urCitého obdobi
v prostredi (v naSich podminkach obvykle prezimovani) pred vyklicenim hyfy
nebo vyrejdénim zoospor.

Hlenky vytvareji silnosténné spory, které se pasivné uvolnuji ze sporokarpu
a nasledné z nich vyjdou myxomonady.

Zygospory spajivych hub (principialné se jedna o zygosporangium obsahuijici
jednu zygosporu, ale bézné jsou tyto pojmy sluCovany) se uvolnuji pasivné

a jejich velikost a silna sténa je predurcuje k preziti delsiho obdobi, ne vSak

k Sireni na velké vzdalenosti. http://www.uoguelph.cal~gbarron/MISCELLANEQUS pilobolu.htm
K aktivnimu uvolfiovani a Sifeni muze dojit v pfipadé A™

nepohlavnich spor vznikajicich ve sporangiich. W
Prikladem je Pilobolus (Cesky méchomrst), jenz ma
pod sporangiem ztlustlinu (subsporangialni vak),
pusobici jako ¢oCka, ktera soustfeduje svétlo =>
natoCeni sporangia za svétlem; pri dostatku vody
(srazejici se kapky, typicky rosa v pfirozeném pro-
stfedi houby) ve ztlustiné vzrusta turgor, az nakonec
dojde k odtrzeni a odmrsténi celého sporangia
(vlastni odmrsténi asi primo nezavisi na svetle — pravé tato houba
v pfipadé "zatemnéni" uplatni své "biologické hodiny", viz dale).



http://www.sci.muni.cz/botany/studium/nr-houby.htm
http://www.uoguelph.ca/~gbarron/MISCELLANEOUS/pilobolu.htm
http://herbarium.usu.edu/fungi/FunFacts/pilobfct.htm
http://www.uoguelph.ca/~gbarron/MISCELLANEOUS/pilobolu.htm

Askospory vieckatych hub (poznamka: ve striktnim pojeti by se nemély
oznacovat jako meiospory, protoze pri typickém poctu 8 jejich vytvoreni primo
predchazi "dodatecna"” mitdza a nevznikaji tedy primo meioticky — nicmémé
bézZné se o nich mluvi jako o meiosporach) se tvofi ve vieckach, z nichz
vychazeji ven riznymi zpusoby:

e pasivni uvolhovani u primitivnich skupin — rozpad stén prototunikatnich vrecek;

* naproti tomu u odvozenéjSich typu je uvoliovani aktivni (viecka unitunikatni a
bitunikatni): s dozravanim stoupa turgor cytoplazmy uvnitf viecka => na vrcholu
praska sténa nebo se odtrhne vicko, sténa viecka se smrsti => spory jsou
vytlaCeny ven; protoze spory vieckatych hub pfi svém uvolneni smérem nahoru
museji prekonavat odpor vzduchu i gravitaci, je potfeba znacné sily na jejich
vystreleni (také maji znacny "dostrel" — v extrému az 3 metry) a jsou obvykle
vétSi a tezSi nez spory hub stopkovytrusnych.

Podzemni plodnice (napf. Tuberaceae) vydavaji intenzivni vuni, jez laka
zivocichy, ktefi pak mechanicky rozrusi pevny obal plodnice (tu obvykle sezerou
a spory Sifi ve svych utrobach, viz dale u endozoochorie).

Pudni houby jako napf. Fusarium nebo Trichoderma jsou pfikladem hub tvoficich
slizké spory (resp. konidie), které pak na sebe mohou nalepit rizné organismy.



http://www.sci.muni.cz/botany/studium/nr-houby.htm
http://www.biolib.cz/cz/gallery/dir723
http://www.botany.utoronto.ca/ResearchLabs/MallochLab/Malloch/Moulds/Fusarium.html
http://www.botany.utoronto.ca/ResearchLabs/MallochLab/Malloch/Moulds/Trichoderma.html

Spory jsou bézné jednobunécne,
neni vSak vzacnosti tvorba mnoho-
bunécnych spor — napf. u jazourku
(Celed Geoglossaceae) se tvori
mnohobunécné jehlicovité spory az
200 um dlouhé (kazda bunka muze
vyklicCit vlastni hyfou).

145 um

ZEO)JFI’]

= &=, [lrichoglossum hirsutum. a. Ascomata on soil. b. Section through
ﬂ‘” portion of hymenium with setae, asci, paraphyses, and excipulum.

vubig, c. Paraphyses, and ascus with ascospores. d. Thickened ascus

http //botanv upol. cz/atlasv/svsterﬁ/déiié;v php’)en‘trv Tr|choqlossum%20h|rsutum apex. e. Mature ascospore. Richard T. Hanlin:
lllustrated Genera of Ascomycetes, vol. 2.
U nékterych hub dochazi k prerustani zralych viecek APS Press, St. Paul, 1997.

nad uroven thecia (= hymenia, u plodnic typu apothecium)
nebo k prorustani viecek ven z ostiola (v pfipadé perithecii).

/Konidie a artrospory (nepohlavni spory vieckatych a vzacnéji i stopkovytrusnych
hub) a jejich vznik byly popsany v textu o nepohlavnim a vegetativhim
rozmnozovani./



http://botany.upol.cz/atlasy/system/gallery.php?entry=Trichoglossum%20hirsutum
http://botany.upol.cz/atlasy/system/gallery.php?entry=Trichoglossum%20hirsutum
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Apex

Pleurotus
ostreatus

Bazidiospory stopkovytrusnych *
hub (ani zde to neni s terminem (— coprossion

‘—— Apiculus

meiospory jednoznacneé, protoze —

HEum Hilum

bU ﬁ kaml VZﬂ | klyml pFimO meIOZOU Figure 5.36: Basic geometry of the heterotropic

basidiospore of the Hymenomycetes. The hilum

vlastné nejsou spory, ale haplocyty) =iz e s s 2l

JSOU typ|Cky Jeanbunééné a Za’klad_ |the sterigma. — From Clémengon 1997.
ni tvar je elipticky, obvykle drobné

prohloubeny (supra-apikularni 4 3cx C
deprese) nad apikulem ("stopecka" 7‘5

v misté, kde spora vyrlsta ze ““ ’\
sterigmatu), kde po odlomeni * Q Vg 5‘("@ A
zustava "jizva" - hilum (mnohdy _ §
je jako hilum oznacovan apikulus). =5 @‘ /0
Rozmeéry jsou drobné (fadové |

nékolik mikrometrt), vzhledem -
k vypadavani z hymenoforu nebo P Q @ O Q Q

vyfoukavani z tefichu nepotrebuji B

= =mall sample of basidiospores to illustrate their morphological diversity.
4 4 ry L]
byt "delove ko u |e" Ja ko u V‘r"eCkat v Ch - =ncarnata; 2: Coniophora olivacea; 3: Jaapia argillacea; 4: Tomentellastrum alutaceo-umbrinum;
y —=—='z mucidula; 6: Subulicystidium longisporum; 7: Hypochnicium analogum; 8: Hyphoderma
h b k . ’ ’ r =0 wveces subcalceus; 10: Tylospora fibrillosa; 11: Tylospora asterophora; 12: Xenosperma
ub a naopak je vyhodou byt malé
r r 4
a lehké pro snadny prenos.
psaudoasterospora; 31: Inocybe napipes; 32: Inocybe olivaceo-brunnea; 33: Leucopaxillus
consobrina; 35: Lyophylium transforme; 36: Coprinus cinereofioccosus; 37: Hemimycena

Clemengon: Cytology and PleCtOIOQY of the HymenomyceteS, 2004. ) :';-E_: Lepista densifolia; 39: Entoloma rhombisporum; 40: Entoloma sericellum; 41: Entoloma
Foto Merton F. Brown et Harold G. Brotzman,
=18 from Christiansen 1960; 12 from Hjortstam & al. 1988; 20 from Jilich 1%84b; 21 from

http://www.apsnet.org/online/Archive/1998/sem088.htm o 20.28, 30-34, 37-41 fram Favre 1948, 1955, 1960; 29 from Gilberisan & Ryvarden 1986; 35
- -235: 36 from Ortan & Watling 1979.

m vermiferum; 14 Vuilleminia comedens; 15: Aleurodiscus amorphus; 16: Trechispora
=oora farinacea; 18: Trechispora subsphaerospora; 19: Botryohypochnus isabellinus; 20: Galzinia
dineria trachyspora; 22: Clavulina cinerea; 23: Clifocybe gibba; 24: Macrolepiota puellaris;
- 28: Pholiota alnicola; 27: Gymnopilus laricicola; 28: Cortinarius affinis; 29: Ganoderma



http://www.sci.muni.cz/botany/studium/nr-houby.htm
http://www.sci.muni.cz/botany/studium/nr-houby.htm
http://www.apsnet.org/online/Archive/1998/sem088.htm

Nejplvodnéjsi(?) zplsob uvolhovani je repetitivni "puceni spor" u "stopkovytrus-
nych kvasinek" (Sporobolomyces), kde se vytvofi sterigma => spora a po jejim
odlomeni se muze vytvofit z téze buriky zas dalSi sterigma => spora ...

Tvorbé spor u typickych zastupcu
oddéleni Basidiomycota predchazi
meiotické déleni a formovani
sterigmat, do kterych vstupuji vznikla
haploidni jadra => na vrcholcich
sterigmat se vytvari apofyzy (protrzeni
stény bazidie => na povrchu apofyzy
se vytvari nova sténa, odliSna od stén
hyf a bazidii), asymetricky narustaji
(na vrcholcich sterigmat, ale do
strany) a po vstupu jader se z nich
formuiji spory.

l

Young sterigmata with apophyses. Fuchsine. Old sterigmata with apical plugs. SDS Conga =
Tricholoma gausapatum Trichofoma ustale

Figure 5.13: The rupture of the outer basidial wall by the sterigma (arrows) can sometimss
observed with the light microscope. Note the asymmetrical shape of the young apophysis ans
intensely staining sterigmatal plug in the old basidium that has shed its spores. — Trichos
gausapatum from Clémengon 1997, background cleaned electronically; Tricholoma ustale oo
photographs.

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

Golgi vesicles

Microtubuli

s New wall layer
"\ (drawn black)

layer -—«f /

outer wall fayer—
inner wall layer

Figure 5.14: Diagram of the wall structure of the sterigma. Within the wall of the dome ==
sterigma initial (left) a new wall layer appears. Then the mucilage layer and the outer wall lzy=
ruptured. Microtubuli guide the Golgi vesicles charged with wall material to the apical growinh =
of the sterigma. The wall of the tip of the sterigma and of the apophysis is different from the =
the basidium. — Compaosite drawing after the indications given by Mclaughlin 1973 and 1882
Cléemengon 1937, slightly modified.

7= 5.15: Asymmetric growth of the apophysis. The initial spherical stage is placed symmetrically
= -2 of the sterigma. Subsequent growth is restricted to the abaxial side, away from the axis of
-==um located at the left of the drawing. At first, growth is directed at the upper right. then
=rraight up. — Drawn after the indications given by Miller 1988 for Lactarius lignyotelius, from
~con 1997,



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

Zaroven u baze bazidie narustaji
vakuoly (nebo jedna velka vakuola),
ktera vtlaCi cytoplazmu skrz sterig-
mata do tvoricich se spor; ty se tvori
typicky v pocCtu Ctyr na jedné bazidii,
ale u rtznych druht se mohou tvofit
rizné pocty od 2 do 8.

U vétSiny druhu totiz dochazi po
meioze jesté k mitdze ("treti jaderné
déleni"), ale obvykle Ctyfi ze vzniklych
jader zUstanou v bazidii a abortuiji.
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E ; ™ : 3 g (&
.= ==sic pattern of the spore formation by a basidium of an agaric. A: Young basidium with 3 2 ] | 3
~uclel. Chromosomes already present. B: Karyogamy. C: Diploid nucleus in the ] : 3 { I B
w2 first division. D: Division I, nucleolus excluded. E: Interkinesis I. F: Meiosis - = 2 | ‘ét §
== Nuclear migration. Perinuclear ER present. H-K: Sterigmata and apophyses bud from LEJ I% ke S\_/ g _10um
= znd the nuclei enter the young spores. Nucleoli are excluded at the base of the < & | 3 8
= . L: Third nuclear division, a mitosis. M: Formation of a spore wall.
- ==malic reticulum. ERV = Vesicles formed by the ER. SPB = spindle pole body, shown i 5~ 2zsidia with less or with more than four sterigmata. — From Buller 1922, Corner 1972,
“uz=olus shown in A-J. — From Clémengon 1997, modified. 7+ Eriksson & Ryvarden 1973, Oberwinkler 1965, slightly madified.



Ke vzniku bisporické bazidie muze
dojit nekolika cestami: néktera jadra
zUstanou v bazidii a abortuji nebo
se vytvori Ctyfi jadra, ale jen dvé
sterigmata => vzniknou dvojjaderné
spory, které mohou byt i heterokary-

24 cceel e
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A: Six nuclei abort
Each spore receives 1 nucleus

B: One to four nuclei abort
Each spore receives 2 nuclei
For variations see main text

Two-spored basidia with karyogamy (k), meiosis (me) and a subsequent mitosis (mi)

C: No abortive nuclei
For variations see main ==

otické (pripad sekundarnino homo-
thallsmu jako u Agaricus bisporus,
1] viz obr. vlevo), nebo
nedocha2| ke karyo-
gamu a meioze, ale

jen k mitdze.

D: Each spore receives 1 nucleus
Two abartive nuclei in the basidium

E: Each spore receives 2 nuclei
Mo abortive nuclei

F: No karyogamy, only 2 =

Each spore receives 1 nuss
No abortive nucle

Two-spored basidia with karyogamy and meiosis
without subsequent mitosis

http://www.biolog.pl/content-58.html

Figure 5.17: Nuclear behaviour in two-spored basidia, a choice of examples. — From Clém=
1977.

Poznamka: jen vzacné vznikaji spory stopkovytrusnych hub partenogeneticky,
tedy jen v haploidnim cyklu bez plazmogamie, karyogamie a meiozy — jak patrno
vySe, vznik bisporickych bazidii zdaleka nemusi byt disledkem partenogeneze.

Hygrocybe helvolofirma

Hygrocybe firma

Figure 5.43: Examples of spore dimorphism in tropical Hygrocybe-species. Big and sm=
drawn to the same scale. — From Pegler 1983, slightly modified.

Zvlastnosti nekterych tropickych
druht je dimorfismus spor — tvorba
dvou typu spor vyrazné jiné velikosti
na téze plodnici.

Heinz Clémencon: Cytology and Plectology of the Hymenomycetes.
Bibliotheca Mycologica, vol. 199. J. Cramer, Berlin-Stuttgart, 2004.
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Sténa vytrusu je u riznych druht
hladka nebo ornamentovana,
bezbarva nebo zbarvena; sklada
se z nékolika vrstev:

* vnitfni eusporium (vznika

z vnitini vrstvy stény apofyzy)

je obvykle bezbarve, déli se na:
— endosporium — zcela vnitrni
vrstva stény;

— episporium — zaklad steny
spory, pevna a bezbarva vrstva.
Jiné déleni eusporia (na zakladé
elektronové mikroskopie): uvnitf

AT, MYXOSPORIUM :
Ve . \_\\--_‘

Ectosporium

/// EusPoRIUM: 1\

Episporium ——}

Endosporium — 1}

EUSPORIUM : | b
Episporium
Endosporium —

Apictius —( N
Hilum — & e

Smooth, colourless Smooth, coloured

Perisporium

Ectosporium
~— Perisporium
Exosporium

Episporium
Endosporium —}

Episparium ——}
Endosporium —|

/ ' prisvitné corium, vné tmavsi
pase | : coriotunika (u rodu Entoloma

rozliSeno téz epicorium — vnéjsi
vrstva pod myxosporiem, ktera se
podili na formovani ornamentiky;
obr. viz dale spolu s tunikou).

Ornamentad, colourless Ornamentad, colourad

Figure 5.45: Diagrams to illustrate the terminelogy of the spore wall layers of basic o=
elaborated with the light microscope. The myxosporium is soluble in hot KOH, the ==
KOH-resistant. The ornamentations are due to the exosporium, which may be o<

coloured. Smooth, colourless spores lack an exosporium. The ectosporium may disappes
ornamented spores. The perisporium is inamyloid, amyloid or dextrinoid. The plage is ==
reduced exosporium located in the supra-apicular depression. Note the lack of logic =2
sporium is not on the outside, and the episperium is not on fop of all layers). — Az=
Perreau-Bertrand 1867 and redrawn from Clémengon 1997, strongly modified.

H. Clémencgon: Cytology and Plectology of the Hymenomycetes.
Bibliotheca Mycologica 199. J. Cramer, Berlin-Stuttgart, 2004.




Schizophyllum nebo Mycena tvori tenkosténné, hladkeé a bezbarvé spory bez
eusporia — sténou spory zustava sténa apofyzy (protoze ta je odliSna od stén hyf,
projevi se odliSnost ve sténé pfi klieni hyfy, viz dale).

0.5 um

5 um

Cortinarius elegantior Hebeloma latifolium

wur= 5.80: Examples of spores with an apical papilla. They are made from an expanded and very

~o=neous coriotunica covered with a very thin, but continuous epitunica. — Electron micro-

= of permanganate-treated spores, from Clémencon 1997; light micrographs of fresh spores

=4 in alkaline solution, one spore photographed in Congo red, after treatment with 10% NaOH

= for 4 hours. The papilla and the innermost layer of the coriotunica are stained dark red; the
_mica is swollen. Original photographs.

Spory nékterych Cortinariaceae maji
na vrcholu papilu — oblast ztlustlého

eUSporia (CoriOtuniky). Clémencon: Cytology

and Plectology ..., 2004

“Callus”

Pholiota mutabilis

Pholiota lenta Coprinus

xanthatrix

00

Coprinus
flocculosus

Hypholoms=
marginatu—

Panaeolus
antillarum

Lacrymaria
facrymabunda

Figure 5.73: A sample collection of germ pores (including the “callus”), as seen in the
microscope. — Drawings from Meléndez-Howell 1967, Perreau-Bertrand 1967, Romagnesi 152
Malencon & Bertault 1970. Scanning electron microscope pictures from Enderie & Moreno 15
Morena & Faus 1984. Hypholoma original photograph.

Tlustosténné spory fady druht maji na vrcholku zalozZen kliéni por — "otvor" v
episporiu, vyplnény strukturalné i chemicky odliSnou hmotou z endosporia tvorici
"dren", "viCko" (z Cel. Strophariaceae, Coprinaceae, Bolbitiaceae) nebo "zatku"
(bedly aj. Agaricaceae). Malé klicni pory vznikaji lokalnim zten€enim eusporia.



highlandensis MYXOSPORIUM:  Sporothecium (floccose)
2 Sclerotunica (grey)

Unnamed layer (white)
Residual mucostratum (black)

Clémencgon: Cytology
and Plectology ...,
Cytoplasmic . 2004.

secretion
Sclerotunica  Corium

Plug {(moderately opague)

EUSPORIUM
Coriotunica
Corium

o .aradr'cos.um Sie ; malé kll,énl’ péry

Myxosporium

— Coriotunica
Corium

i

Coriotunica

: ; 4 . F'ﬁase conirast Toluidine blue
1= 5.74: The germ pores of Pholiota highlandensis and Hebeloma radicosum have been called
~ = oy Heim 1931, a term rejected by Kuhner (1980) and in this book. — From Clémengon 1997. plug

1: myxosporium
2: coriotunica
3: outer corium
4:inner corium

Sporothecium Tunica

1+2
( 3+4
Figure 5.76: The germ pore of Agrocybe semiorbicularis is an interruption of the sclerofs
(myxosporium) filled with an extension of the coriotunica (eusporium) and topped with a thin lay=
the myxasporium equivalent to a tunica. The sparothecium covers the germ pore, and no differ=
ation can be seen within it. — From Clémengon 1887.
Expanded.myxosponin Jiurica Melzar's solution Toluidine blue

Figure 5.79: Germ pore structure and wall architecture of Macrolepiota procera. The myxospe
is slightly thickened over the germ pore forming both, a thin sclerosporium, and a new, very =
unnamed wall layer limited to the spore apex. - From Clémengon 1977, Locquin 1943, Kiihner 15

Medulla
Sy

dren VIBKO ey Struktura b&Zna u tmavovytrusych
Coriotunica . e it i hUb
el = =

Figure 5.77: The germ pore of Coprinus truncorum is an interruption of the coriotunica, filled
medulla derived from the corium that is resiricted to the apical region of the spare. The myxospas
consists of a thin layer of residual mucostratum so dense that it is equivalent to a tunica.
continuous over the germ pore. The sporothecium closely adheres to the tunica except in the ==
region. There is no differentiation within the sporothecium. — From Clemengon 1997.

Sours B.TE; The germ pore of Coprinws lagopides shows a well devaloped lid {operculus)
ating of & funica limited o the apizal region ol the spare. The medulla is ormed By grancan
s=temation of the coriotunica. The codum iz continweus under the germ pore. The sporcthecium
ached frar (he operculies, The ectosporathaciem and endosparthecum are cleady visibla, Al
~=da it is lined by a spuricus residual mucastratum. — From Clémengon 1887, modifisd.

1pm




* vnéjSi myxosporium (vznika z vnéjsi vrstvy stény apofyzy) — zde se v prubéhu
dozravani tvori mechanicky odolné struktury + pripadna ornamentika; deli se na:
— exosporium — zprvu gelatindzni, posléze chrupavcita a dosti odolna vrstva; zde
se formuje ornamentika a zbarveni stény;
— perisporium — vnéjsi vrstva zralych spor,

gelatinozni a bezbarva, ¢asto rozpraskana; | "
— ectosporium — zcela vné&jsi tenka vrstva, i

za zralosti slizovati a mizi. Clémengon: Cytology
and Plectology ..., 2004

AT YXOSPORIUM |
£ NN
&7 S

Ectosporium

‘ =
/ EUSPORIUM: \\RL_ =

Episporium —= |
Endosporium — 1§

TUNICA (L yophydlium infumaium) EPITUNICA (Cortinarius violaceus) Epas /"
e Apiculus —\ 4 S
e b : - 3 = ; ; Hilum —& & - ‘_4:‘—*__2.—::' A
Smooth, colourless Smooth, coloured
Perisporium

“— Perigporium

TECTUM (Russula adusia)

SCLEROTUNICA {Pholiota tennesseensis)

Exasporium

Sclerotunica e : Interstratum Episparium —--

Endosparium —| Ty

Episporium

Endosporium -
Tectum R

Podastratum

Figure 5.49: The four main types of the myxosporium. Sporothecium not clearly visible. 255
ment with potassium permanganate. Scale bars = 0.1 pm. — From Clémengon 1373, 1857
madified.

Myxosporium se vytvari jako tzv. primarni mukostratum => muze zustat jako
mékka struktura (rezidualni mukostratum), ale obvykle struktura tvrdne =>

meéni se na (podle stoupajici tvrdosti) tuniku, epituniku, sklerotuniku nebo tectum;
pripadné baze myxosporia ztvrdne v podostratum, z nejz se vytvari ornamentika.



'.Ehfb!qﬁa_-bfco:ior .

~ Tunica

- Epicorium —

Figure 5.56 (Diagram 2b): Relation between the tunica and the granular MYyX0Sporium.
myxosporium becomes denser and smoother, and finally turns into a tunica. A new structurs.
epicorium, arises between the coriotunica and the tunica. It takes the form of hemispherical

longitudinal ridges or a regular network of veins. — From Clémengon 1970. 1

Figure 5.62 (Diagram 5): Development of the spore ornamentation of Russula sardonia. A: Yo

and still thin primary mucosiratum, eusporium thin. B: Primary mucostratum well develops
Beginning of the formation of the electron-transparent podostratum and of the clods of the fi=
tectum within the mucostratum. C: Mature spine and residual mucostratum. — From Clémens
1970.

Bondarzewia montana

e Sporothec
_Spol‘.amec.ium ; 3 Interstratum

Interstratum

Figure 5.63 (Diagram 5): Mature spines, composed of clods of the tectum, bearing the amy
interstratum covered with the sporothecium sharply differentiated into an endo- and an ectosges
thecium. — From Keller 1974, Clémengon 1970.

wo=rma lucidum

Exploded view

Epitunica

Coriotunica
with two strata

10 um

Fayodia bisphaerigera Cortinarius triumphans

~w.r= 5.58 (Diagram 3b): Epitunica with cavities on a coriotunica. The podostratum is clearly visible
narius. The residual mucostratum lines the walls of the cavities. Leftmost: Spores of Fayodia
==rigera seen in the light microscope; diameter approximately 8 um. — From Perreau 1973
~oderma), Clémengon 1873 (Cortinarius) and 1997; light microphotograph is original.

Boletellus betula

10 um

Boletellus betula

Figure 5.60 (Diagram 4b): Spores with a sculptured sclerotunica. The spore walls of both spes
are coloured. — Drawings from Perreau 1964; SEM photographs from Grand & Moore 1971.

Boletellus russellii



Zvlastnimi modifikacemi myxosporia jsou expandujici myxosporium (oddéluje se
az

2" (oblast bez ornamentiky

od eusporia, vznika "perisporialni vak") nebo "pl
v supra-apikularni oblasti).

 Myxosporium.

Galerina venenata Galerina triscopa

Galerina hypnorum

10 um

g i ; ; Confluent myxosporia of two
Mechanicall ; :
y separated myxosporia of Hebeloma mesophaeum. Coprinus narcoticus. From %
1935b.

— From Clémengon 1977,

00

Coprinus cinereofloccosus

10 um

Galerina calyptrata

us. tangential section  Galerina badipes =

B g =
~zure 5.71: Spores with a plage in the supra-apicular plain. The abrupt transition from the myxo-
==-um of normal thickness to the plage becomes visible as a thin demarcation line in the light
~roscope. Please note that the plage is not completely devoid of a myxosporial ornamentation. —
=wings from from Smith & Singer 1964; scanning electron micrographs from Gulden 1987;

Coprinus lagopides Coprinus narcoticus
Figure 5.70: Expanded myxosporia forming blisters and “perisporial bags®. — Drawings of Copr

from Kits v. Waveren 1968. Electron micrographs from Clémengon 1997, modified. ==rna badipes from Clémengon 1997.
Heinz Clémencon: Cytology and Plectology of the Hymenomycetes. Bibliotheca Mycologica, vol. 199. J. Cramer, Berlin-Stuttgart, 2004.



Typicke pro rouskaté houby jsou

aktivné odmrstované balistospory.

Na sténé spory (v oblasti supra-
apikularni deprese) se vytvari

plocha kapka a zaroven zformovana

spora vyluCuje kapku v misté, kde
prirista na sterigma (je znama pod
nazvem hilarni nebo Bullerova
kapka — nejedna se o Cistou vodu,
ale hygroskopicky roztok cukru

a proteinﬁ)

b / i

| Sten ma
L o

f

. Hilar droplet|

Heinz Clémencgon: Cytology and
Plectology of the Hymenomycetes.

http://tolweb.org/Basidiomycota/20520; prevzato z:
McLaughlin et al.: Ultrastructure and evolution of ballistosporic
basidiospores. Bot. J. Linnean Soc. 91: 253-271, 1985.

Bibliotheca Mycologica, vol. 199.

==oorus rubinelius Coprinus congragatus Chalciporus rubinellus

wur= 5.83: A-E: Development of the apicular drop, a series constructed by using electron photo-
= from two different fungi. The apicular body (white arrow), appearing dense and black, is
== to initiate the formation of the apicular drop. Note that the drop is surrounded by a thin wall
~zrily visible in D (vertical black arrow) that later disappears (E). The drop is a strong,
==copic solution that is preserved by cytological fixation. F,G: Diagrammatic drawings of the
= F) and mature (G) drop initial of Chalejporus rubinellus. In F the drop initial is still surrounded
zll layer, in E it is naked and ready to expand rapidly. A plug is formed in the apiculus and in
=rigma; they are separated by a dehiscence zone (horizontal black arrow). — Chalciporus
con & MclLaughlin 1979, 1986; Coprinus from Hugueney 1978.

J. Cramer, Berlin-Stuttgart, 2004.

Figure 5.84: Anatomy of the apiculus with the flat water drop and the apicular drop initial neces
for spore release, as summarised in figure 5.85. — Coprinus cinereus; MclLaughlin, Beckett & *
1985.


http://tolweb.org/Basidiomycota/20520

=> soucCasné v oblasti apikulu centripetalné vroste prepazka mezi sporu
a sterigma a v témze misté se zeslabi stena (u tenkosténnych spor se sténa
prosté zborti, u tlustosténnych vznika pod vlastni prepazkou 'zatka", pripadné

jesté bazalni CepiCka)

=> Bullerova kapka postupné narulsta,

ale ve finale rychle nasaje vihkost

z prostredi (priklad: pétinasobné
zvétSeni béhem 5-30 sekund)

=> zvétSena kapka dosahne kontaktu
s plochou kapkou na sténé spory

a dojde k jejich rychlému splynuti

=> prudka zména tezisté odtrhne a
"odstreli" sporu od sterigmatu v misté
prepazky, kde zbyde "jizva" — hilum
(energii doda
téz uvolnéeni
povrchoveho
napeéti pfri

_ splynuti kapek)
wur= 5.86: Basidiospore disharge. Photo- => osirela

:.';_9 and during discharge. The right baZIdIe Se

~—-=oh shows the ghost image of the

=nd its apicular drop (arrows), because néSIGdné "borti"_

=22 occurred whilst the camera shutter
z=n (for 60 ms). Oudemansielia mudica.
= Webster & Chien 1990.

S b hilum \_ :
Cartinarius collinitus Hypsizygus tessulatus L yophyllum decasiss

2 punctum Ny
lacrimans

¥ puncium

calotts lacrimans

Figure 5.81: Different structures of the apiculus of thick- and thin-walled spores. In the e=

photographs, the hilum is visible, but the punctum lacrimans is not (out of the plane of the s==

In thick-walled spores the innermost wall layer is formed last. It lines the apiculus wall and for==
lid. In thin-walled spores the lid is strongly reduced. The calotte below the plug is often miss=

some spores, e.9. in Hypsizygus tessulatus, a cytoplasmic filling material similar to the one fo

the callus accumulates between the lid and the cytoplasm, and a parietal filling material 222

lates temporarily in the hilum. — From Clémencon 1997; Hypsizygus ariginal.

Clémencon: Cytology and Plectology of the Hymenomycetes. f
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drop initial & E oy L’_/
- =
Maturation of the Expansion Confluence and Movement o
apicular drop initial of the drop dislocation of the drop the spors

Figure 5.85: Mechanism of spore release of the Hymenomycetes. The spore jumps fro=
sterigma, it is not projected passively like a stone. — From Clémengon 1397.



200 um

= 3.87: Sporabola of Coprinus sterquilinus. The basidia, spores, apicular drop and flight path
Zrawn to scale. Inspired by Buller 1924, sporabaola based on new calculations. — From
~con 1997.

Heinz Clémencon: Cytology and Plectology of the Hymenomycetes, 2004.

100 pm

|

= 5.88: Spore discharge between two gills of Pluteus cervinus. The initial flight direction is not
=xactly horizontal. The spores sedimenting from above did not jump farther, but they stem
=gion of the gills where the distance between the hymenia is smaller than the one shown in

=wng. because of the wedge-shape of the gills. All elemenis drawn to scale by Buller 1924,

Balisticka draha vystrelené spory

je oznaCovana terminem sporabola;
na rozdil od "extrémnich vykonua"
spor vieckatych hub jsou zde spory
vystrelovany na vzdalenost v radu
desetin milimetru (max. 1,5 mm)

a "dostrel" u riznych druht obvykle
je v primé umere ke vzdalenosti
sousednich lupenu (nebo ostnu,
prameéru porud aj.) — jde o to, aby
spory uspésne vypadly z hymeno-
foru, malokdy se uchyti na protéjSim
lupenu (ostnu, sténé poru aj.).
Podobneé vystrelovani je znamo

i u nékterych konidii (napfriklad

u Tremellales) — tzv. balistokonidie.

Dozravani spor probiha u lupenatych hub viceméné soucasné (izotropické
hymenium) nebo postupné — na jednom lupenu mohou byt spory v riznych
fazich vyvoje (formujici se bazidie, zralé spory i zborcené bazidie po oddeleni
spor — anizotropické hymenium, viz kapitolu Plodnice hub).

Faktory, které ovliviiuji uvolhovani vytrusu z plodnice, jsou na jedné strané
genetické faktory a biologicky rytmus houby a na strané druhé vliv klimatickych

podminek (vihkost, teplota, vitr).



http://www.sci.muni.cz/botany/mycology/mykolog.htm
http://botanika.bf.jcu.cz/mykologie/tremellales.html

Brichatky nemaji balistospory; spory jsou uzavieny

v plodnici a uvolfuji se za zralosti otvorem — peristomem.
Jejich uvolinovani muze napomahat dést nebo narazy
vatého pisku na plodnici => dojde ke stlaceni plodnice

a Vyfouknuti Spor_ Foto Palo °; http://www.nahuby.sk
/obrazok detall php’?obrazok id=143712
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CiSenky a poharovky maiji poharkovité plodnice, kryté ~ - 2
v mladi tenkou blankou — epifragmou (v priubéhu dozravani se roztrha podobne
jako plachetky rouskatych hub). Uvnitf nalezneme drobné peridioly ("plodniCky"
obsahuijici spory), pfichycené na dné poharku vlaknem — funikulem => dopadem
destoveé kapky je peridiola vymrsténa ven a funikulem se uchyti na travé => Ceka
az ji sezere bylozravec => teprve po pruchodu jeho travicim traktem spory Klici.



http://www.anbg.gov.au/fungi/birds-nest-cannonball.html
http://commons.wikimedia.org/wiki/File:Crucibulum_laeve_drawing.jpg
http://commons.wikimedia.org/wiki/File:Crucibulum_laeve_drawing.jpg
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=143712
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=143712
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=143712

Specialni vymrstovani ma hrachovec
(Sphaerobolus): peridiola je uloZzena

v "kalisku", jehoz vrstvy tvori vnitrni i
a vnéjsi okrovka — v bufkach jedns -

z vrstev vnejSi okrovky probiha

hydrolyza glykogenu na glukozu Sphaerobolus stellatus &

— 4 z Kresba: http://www.anbg.gov.au g#

== VySOKa koncentrace QIUkOZy /furr?(;/tirds nest-cannonball.htm| BEE: ; S | YLl
=> prjsobi osmoticky tlak => Foto: L. Hagara, V. Antonin, J. Baier: Houby. Aventinum, Praha, 1999,
pro jeho vyrovnani buiky prudce nasavaji vodu => Batstg‘r/aeiz

vrstvicka nabobtna a vytlaci vzharu vnitfni okrovku,
ktera tak "vystreli" peridiolu (az na vzdalenost 4 metru!).
Uvolnovani spor napomaha i kdyz nekteré casti plodnic
hygroskoplcky nabobtnaji — napf. pohyby viaken (elater)
‘W v okrovce Battarraea —
nebo kdyZ dOJde za sucha Foto Jifi Pol¢ak, http://www.nahuby.sk
ke SVantl ClpU VneJS| [obrazok detail.php?obrazok id=95937
okrovky => vytlaCeni spor u hvézdaku (Astraeus).

Mnozstvi spor vyprodukovanych jednou plodnici
je rizné od fadu miliénd u malych plodnic po 101°
(7 x 10" spor v tefichu Langermannia gigantea,
srovnatelné mnozstvi je 5,5 x 10"° z rouskaté
plodnice Ganoderma lipsiense béhem 6 mésicu).



http://www.anbg.gov.au/fungi/birds-nest-cannonball.html
http://www.nahuby.sk/sources/obrazok_detail.php?id=3628
http://www.nahuby.sk/sources/atlas_detail.php?id=783
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=12978
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=95937
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=95937
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=95937
http://www.anbg.gov.au/fungi/birds-nest-cannonball.html
http://www.anbg.gov.au/fungi/birds-nest-cannonball.html
http://www.anbg.gov.au/fungi/birds-nest-cannonball.html
http://www.anbg.gov.au/fungi/birds-nest-cannonball.html
http://www.anbg.gov.au/fungi/birds-nest-cannonball.html
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