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

OBECNA MYKOLOGIE

(misty se zvlastnim zfetelem k makromycetum)

Vymezeni pojmu ,houby” a ,mykologie”  Historicky vyskyt a teorie o plvodu hub
» Stavba houbové bunky (cytoplazma, organely, jadro a bun. cyklus, bun. sténa)
» VVyZiva a obsahoveé latky hub  Vegetativni stélka hub (nemycelialni houby, hyfy,
hyfové utvary, pletivné utvary, stélka liSejniku, rast houbové stélky)
* RozmnoZzovani hub (vegetativni, nepohlavni, pohlavni) « Genetika hub
* Plodnice hub (sporokarpy, askokarpy, bazidiokarpy, anatomie plodnic,
hymenofor, hymenialni elementy) « Spory hub (typy a stavba, Sifeni a kliCeni)
* Nomenklatura hub « Sbér, urCovani a konzervace hub
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Hymenofor (= struktura, jiz pokryva hymenium) vytvari u rGznych hub razné tvary
pro zvetseni vytrusorodeho povrehu:  Foto artin Rozmos, hto:ibotany.cz [y RSB
» hladky bez specifickych tvarovych struktur ressarcodon-mbnestes KV bR |
(vyskyt u riiznych skupin i rdznych tvart plodnic);
« ostnity u rozlitych (corticioidni houby) i stipitatnich &
plodnic (losaky); E
« zprohybany, lamelovity — puvodné hladky povrch
vytvari lamelovitou strukturu, vice i méne anastomozujici
(u rozlitych, choroSotvarych i canthareloidnich plodnic);

» zvlastnim typem jsou pseudolamely u Schizophyllum,
podélné rozCisnuté a hygroskopicke (za vihka jsou rovné,
za sucha se jejich pulky odchlipnou a stoci); o 0. Routia

http://www.nahuby.sk/obrazok_detail.php?obrazok_id=53535; L. Tabi, http://www.nahuby.sk/obrazok
detail.php?obrazok _id=55827; B. Kuzmova, http://www.nahuby.sk/obrazok_detail.php?obrazok_id=55827 &=
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http://www.messiah.edu/Oakes/fungi_on_wood/gilled fungi/species pages/Schizophyllum commune.htm
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=53535
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=55827
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=55827
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=55827
http://www.nahuby.sk/obrazok_detail.php?obrazok_id=55827
http://botany.cz/cs/sarcodon-imbricatus/
http://botany.cz/cs/sarcodon-imbricatus/
http://botany.cz/cs/sarcodon-imbricatus/
http://botany.cz/cs/sarcodon-imbricatus/
http://botany.cz/cs/sarcodon-imbricatus/

Polyporus ciliatus

* porovity, rourkaty — pory v kompaktni hmoté
(vétSina Polyporales), rourky se zietelnymi
sténami (vétSina Boletales);

* lupenity je nejen nejCastéjsi (vetSina Agari-
cales), ale i ma nejvyhodné&jSi pomer povrch
/objem (zvétSuje vytrusorody povrch az 20x);
» gastroidni predstavuje hymenium uzaviené
v brichatkovitych plodnicich, pokryvajici steny =
dutin, komurek nebo lamel v glebé (vizualné -LerIfg_)?Oﬂ\r s bagius
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Foto Polyporus ciliatus:

:?'h"b"h.;

Gomphidius glutinosus

% F my Véra Svobodova, http://botany.cz
AR \ 39 [cs/polyporus-ciliatus/
A \ tl‘l

Foto Xerocomus badius:
http://pms.wikipedia.org/wiki
[Figura:Rourky.jpg

/Q Weraroa novae-zelandiae
http://mushroomobserver.org/obs/7382?2q=AUZr
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subhymenium

100 um

left photograph a young foild showing disrupted trama and cavities, in the right p 3
cavities in an older fold have been repaired by ingrown hyphae from the pileus com=a

Clémencon 1997. Clémencon: Cytology and Plectology ...
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Figure 9.36: Primordial initiation of the Agaricus type hymenophore; diagram from Clem=s
drawings of Agaricus bisporus from Hein 1930.

Diagram of initiation

100 um

Cyclomyces

= 3.34: orus t f h initi-
34: The Polyporus type of hymenophore initi rabacings

" regular to subregular generative hyphae. The
T2 generative hyphae of the trama of Cyclo-
—=come thickened; the tframa of Poria becomes

= =2 with fibre hyphae. — From Clémengon 1937, uﬂk
253 and Domanski 1973, modified. W)

Foria elongata

RUzné zpusoby zakladani hymenoforu:
narustani pfehradek mezi pory, na jejichz
sténach se tvofi bazidie (choroSe, nahore);
zvinéni hymenia tlakem narustajicich bazidii
(liska, vlevo nahofe); rust lupenu jako samostat-
neé struktury se stavbou tramy odliSnou od tramy
klobouku (typ. pro Agaricales, vievo dole); vznik
mezer mezi lupeny lyzi pavodné kompaktniho
pletiva hymenoforu (muchomurka, dole).

wr= 2.37: Diagram explaining the Amanita type hymenophore initiation by the formation of

=~ palisades. The spaces between the future gills contain degenerating hyphae (arrow) that

-~ —=zppear. The acrophysalides are still lacking. — From Clémencon 1997, modified.



Pletivo hymenoforu |ze smérem
k povrchu rozlisit na jednotlivé vrstvy:
trama-subhymenium-hymenium.

Trama lupenu: obvykle jsou rozliSovany
4 zakladni typy podle usporadani bunek:
regularni, irregularni, bilateralni, inverzni
(obr. dole), pripadné je mozno rozliSovat
vice dil€ich typu (schéma vpravo).
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R. VeSer, F. kotlaba, Z. Pouzar: Prehled
koslovenskych hub. Academia, Praha, 1972
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Typy tramy rourek a Jupent: 1. Trama pravidelnd (reguldrni). 2. Trama
- nepravidelnd  (irregulérnf). 3. Trama rozéisnutd {bilaterdlnt), . 4, Trama
ptevrdcend (inverzni).

Irregular to subcellular ~ © Subregular to pachypodial ! Acrophysalidic

irregular 5 subregular physalo-irregular

bidirectional

intermixed

pachypodial

S

3 > ) ==t : L e
Figure 9.38: A selection of architectures of the hymenophoral trama of gill fungi, viewed in per
sections. The three groups are arbitrary and do not correspond to the traditional types. The irrea
bidirectional, intermixed, subcellular, physalo-irregular, trabecular and pachypodial tramas are &
lumped together in a single type called irregular. The pachypodial trama is a narrow, irregu=
subregular mediostratum with a very wide, horizontally divergent subhymenium, but it may
seen as a very strongly divergent trama. The subcellular trama is sometimes irregularly ps=
parenchymatous. — Based on Clémengon 1997, strongly modified.


http://www.mushroomthejournal.com/ima/Terms/subhy496.html
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 trama regularni (= parallel; Lepiota, Tricholoma aj., fada
lupenatych) — hyfy v mediostratu (stfedni oblast lupenu)
jdou soubezné od baze k ostfi lupenu; trama s ne zcela
rovné jdoucimi hyfami byva odliSovana jako subregularni;
Clémencon: Cytology and Plecto- - _ gdypzené typy: divergentni trama —
hyfy se stacCeji Sikmo k povrchu lupenu;
pachypodialni trama — hyfy se staceji
kolmo k povrchu lupenu;

5 ; T
Entoloma juncinum

i
umbetta

Figure 9.45: Regular gill trama with strongly inflated physalohyphae (Entoloma) and suos
trama with moderately inflated physalohyphae. Perradial sections. — Original photogrant=

s il R Sl S
Trichaloma coll

; e 2
Hygrophorus agathosmus Bolstus pinicola young

wur= 9.47: Divergent hymenophore trama. — Original photographs.

Gymnopilus sapineus

Figure 9.46: Subregular gill trama with moderately inflated and greatly inflated phys==
perradial sections. In Gymnopilus sapineus a central mediostratum made from stronz
physalohyphae and a lateral stratum made from thin generative just beneath the subhyme=s
be distinguished. — Original photographs.

Clitocybe candicans

i

o,bhyﬂa ih radial sections.

- . gill tr f Chrysomphaf} !
~araph shows the irregular mediostratum, the subhymenium and the hymenium, the right
~araph shows the subhymenium only. — Original photographs.




* trama irregularni (= interwoven;
Pleurotus, Hygrophorus) — hyfy tvofi

v mediostratu nepravidelny propletenec;
— odvozené typy: bidirekcionalni trama —
hyfy tvofi "sit" ve dvou kolmych smérech

perradial parahymenial

podél |upenu a Shora dolﬂ, "promichana’" “ur= 9.40: Irregular gill trama of Marasmius oreades. — Original photographs.
(intermixed) trama — vice typu hyf, jsou vmichany hyfy skeletové anebo trombo-
plerni anebo ztlustlé bunky; subcelularni trama — stavba pseudoparenchymaticka,
kratké zakulacené bunky, prostory mezi nimi vyplfiuje sliz nebo vzduch;

Mycena galopus Mycena zephirus

Figure 9.41: Subcellular or cellular gill trama arises from an irregular or a subregular trama &

A ; : : . strong inflation of the hyphal cells. Near the subhymenium a few hyphae have conservec
‘wur= 2.43: Bidirectional trama near the gill edge and in the gill base of otherwise subregular original diameter. Perradial sections. — Original photographs.

= Perradial sections. — Original photographs.

Lyophyllum decastes, near gill edge Clitocybe candicans, near gill base

g

! Russula virescens. Mediostratum only Russula quelstii
s ! = Y= LEL EDORR D Al Figure 9.42: The intermixed gill trama of Russula species consists of the original generative hyp*
‘o= 9.44: Bidirectional gill trama of Panellus mitis in paracial and parahymenial sections. The and spheracysts. The gill trama of Russula queletii is gelatinous to keep the cells and hyphas
=vzrage directions of the hyphae are parallel to and at a right angle with the gill edge, in a place (please note the slightly darker staining of the surroundings of the spherocysis, as compa

= czrallel to the hymenium. — Original photographs. with their interior space). Perradial sections. — Original photographs.



— odvozene typy s rozvolnénymi hyfami: fysalo-irregularni trama — inflatni
fysalohyfy jsou vS8esmérné rozptylené v gelatindzni hmoté; trabekularni trama —
mohutné inflatni hyfy roztahuji vnitfni tramu lupenu a vytlaCuji zbylé hyfy k okraji;
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== 2.51: Primitive acrophysalidic gill trama of Limacella glioderma with rare acrophysalides
— Original photographs.
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Macrolepiota rhacodes

e e

Leucocoprinus cepistipes Leucoagaricus badhamii

: i s : : — 9.50: Trabecular gill tramas in the Leucocoprineas. Some acrophysalides marked by
FlgL!re 403 e acrgphysghd[c plhysalo-wreguiar gil IEETA .Of s o Mol r’Ouc_: ' .—1In Leucocoprfngs cepistipes the more or Ies[,)s transversely orientZd!:t strongly turgescent
e af‘d Al gelatmousl, SHos SOMEISINAINNG generat!ve hyphale e === from the mediostratum that was originally regular. The lateral hyphae of the mediosiratum
strongly mﬂgted hyphag aekebapiysalides: e deatishow dcrdphysalides pus S aE = =~=d aside and form the hymenopodium that later forms more trabeculas and acrophysalides
liyestienoditiL — EXidinal phujontaphe: = the inside and a cellular subhymenium towards the outside (from Buller 1924). — The

= aill frama of Leucoagaricus badhamii shows trabeculae and acrophysalides, a hymeno-
Heinz Clémencon: Cytology and Plectology of the Hymenomycetes.

= znd a subhymeniumn (from Locquin 1942). — The young gill trama of Macrolepiota rhacodes
Bibliotheca Mycologica, vol. 199. J. Cramer, Berlin-Stuttgart, 2004. evelopingtaboe el aRC B kR = e (FOTE - Rine e IEED)



 trama bilateralni (bézné oznaCovana pojmem divergent; Amanita)
— inflatni hyfy (fysalidy) vybihajici Sikmo doli odstfedivé z tenkého mediostrata;

Amanita muscaria from Clémengon 1957

Amanita citrina from Douwes & v. Arx 1985
Figure 9.52: The bilateral gill trama of the Amanifa species consists of a narrow, subregular =
stratum from which the turgescent acrophysalides diverge. The subhymenium is cellular. — =
citrina. Note that not all physalohyphae are free ending acrophysalides, but some coniires
generative hyphae into the subhymenium. — In the young frama of Amanita muscar=
diverging generative hyphae (veg.hy.). some physalohyphae (ph.hy.) and acrophysalides (22
can be seen clearly.

Figure 9.53: Occurrence of generative hyphae among the acrophysalides _in the gill =
Amanita muscaria. Thick, stained microtome section of material embedded in methacry
keeps all structural elements in place. — Original photograph.

 trama inverzni (= convergent;
Pluteaceae) — inflatni hyfy vyristaji

z tenkého hymenopodia Sikmo dolu
do stfedu lupenu.
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= 2.54: Diagram explaining the formation of the inverse gill trama and the hymenopodium from
iial, subregular trama by formation of new cells and their turgescent expansion to become
~w=zlides. The subhymenium is cellular. — From Clémengon 1997, modified.

10 um

Pluteus luctuosus, from Clémengon 1937

=ifzus petasatus, from Bas 1969

“= 2.55: Origin of the acrophysalides and presence of generative hyphae (arrows) in the mid
= = the gill of Pluteus-species.

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


http://sorrel.humboldt.edu/~dll2/bot359b/agar/plutea1.htm

Russula lutea Russula queletii

Figure 9.33: The hymenopodium as originally defined (Russula lutea, grayed), and as s=
microtome section of Russula queletii (arrow). The cylindrical hyphae of the hymens
contrast strongly with the cellular subhymenium and the voluminous spherocysts of the gill =
Drawing by Fayod 1889. Photograph is original.

subhymenium permixtum subhymenium viscosum subhymenium celluies

Tricholoma columbetta Myxomphalia maura Pluteus luctuosus
Figure 9.32: Architectures of the subhymenium in agarics. The subhymenium ramosu=
illustrated, but it resembles the subhymenium viscosum without the gelatinous matrix. — M
sections stained with aluminium-zirconium haematoxylin or with the tannic acid iron reacts
hymenium viscasum). — Original photagraphs.

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

Hymenopodium je Uzka oblast
tenkych generativnich hyf mezi
tramou a subhymeniem — ziejmeé
zbytek primordialni tramy lupenu,
jejiz bunky (na rozdil od bunék
tramy) neztlustly; Casto neni
odliSovano od subhymenia.

Subhymenium je vrstvicka bunék
pod hymeniem, v niz vznikaji
hymeniové elementy — mohou je
tvofit nepravidelné propletené hyfy
(s. permixtum), bunky jdouci
rovhobézné s povrchem, z nichz se
kolmo odvétvuji elementy hymenia
(s. ramosum, pfip. s. viscosum,
jsou-li stény bunék gelatindzni)
nebo ztlustlé az kulovité bunky
tvorici pseudoparenchymatickou
strukturu (s. cellulosum).



Vytrusoroda vrstva na povrchu je rousko neboli hymenium — jsou rozliSovany

tfi typy hymenia podle usporadani bazidii a pfip. dalSich hymenialnich elementu:
» stelohymenium — jednotlivé bazidie
na koncich hyf prorustajicich kolmo

k povrchu, bez dalSich struktur;

» katahymenium — bazidie "utopenée”
ve vrstvé hyfidii (viz dale), mezi nimiz
prorustaji ven;

==lohymenium Catahymenium Euhymenium
% & 77: Diagrams of the three hymenial classes. — From Clémengon 1997.

—oum lundellii

10 um = =73: Two catahymenia with
arious stages of develop-
=20 the hyphidia.

Figure 9.18: Intexiomyces contiguun has a thickening stelo- ~=um by Maser, from Kriegl-

hymenium composed of stalked basidia. Successive stages =21 Vuilleminia by Eriksson, Y
of the thickening process caused by prolonged growth of the =:am, Larsson & Ryvarden e L ) | 10 um
plasma-rich basidial stalks (dotted). The basidiome lacks a ==sidia grayed. Vuillerninia comedens e

candelabrum-like structure. — By Eriksson; from Eriksson &
Ryvarden 1976. : . .
Heinz Clémencon: Cytology and Plectology of the Hymenomycetes.

Bibliotheca Mycologica, vol. 199. J. Cramer, Berlin-Stuttgart, 2004.


http://botany.upol.cz/atlasy/system/gallery.php?entry=hymenium

* euhymenium — bazidie se tvori na vétve-
nych hyfach vyrustajicich ze subhymenia,
— tilaiohymenium — na "vétvich" hyf
svazky bazidii netvorici souvislou vrstvu; _
— leptohymenium — svazky bazidii na Semrmdnee
"vétvich" hyf tvofi SOUVISIOU VIStVU, NOVE S o vasa o aranged 1 2 00 corpanaseton
tvorené bazidie vristaji mezi stavajici; S LR ST oo
— auxohymenium — vrstvu "vyprazdneé-

nych" bazidii preristaji nové tvofené
(pripad "tloustnuti hymenia" hub, jejichz
hymenium byva vystaveno znicujicimu
plilSObenl’ deété) Clémencon: Cytology and Plectology

ymenomycetes, 2004.
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Byssocorticium terrestre Athelia epiphylla

Figure 9.24: The basic structure of the leptohymenium is the candelabrum Ist{pporiing mas
arranged in a single, continuous layer and the placement of the young basidia between =
above the older ones. In primitive corticiaceous fungi this layer may siill be somewhgt im
shown here, but in more advanced fungi, e.g. in agarics and boletes, the leptohymenium =
SRipu I Anylostoreuncpafiell The candelabrum of Athefia is slightly deformed, a consequence of the squashing =
+= 2.23: Auxohymenia with and without formation of layers. Old cystidia become embedded in ~ dimensional structure between slide and cover glass. — Scale bar valid for both iluss
~gly thickening subhymenium. — From Erisksson & al. 1984, Eriksson & Ryvarden 1973. Drawing from Eriksson & Ryvarden 1973, simplified. Photograph is original.




Dle postupu dozravani bazidii Ize rozlisit
typ inekvihymeniferni (bazidie dozravaji
postupné v uzkeé zoéné postupujici od
ostfi k bazi lupenu; nékteré hnojniky)

a ekvihymeniferni (sou€asné dozravani

W= 2.27: Macro-anisotropic hymenium of Panaeolus campanulatus, cross section through a

Bl S RIC S . - . . oo g o e 1 ko o -
V izotropickém hymeniu dozra’vajl’ i :'aseofdevelopmentj—From Buller 1922. I ek bl i
vSechny bazidie zhruba zaraz, zatimco
v anizotropickém se tvofi nepravidelna
mozaika z oblasti "zralych" a "nezralych"

bazidii (tyto typy jsou vzdy ekvihymenif.).

Voyinas aui'sh

‘= 9.30: Isotropic hymenium of the Coprinus type with tetramorphic basidia and hymenial
= Zes. Bemi-diagrammatic section and surface views of a young (left, physalides small} and a
= nymanium (right, physalides expanded). Coprinus micaceus. — From Buller 1924, modified.

B 24 Ak 8, e gt Wt

The leng basidia have developed sterigmata,
T ones have not. short ones develop sterigmata.

W 0
el

Figure 9.28: Isotropic hymenium of the Bolbifius type with monomorphic basidia _bei:.‘.-'
hymenial physalides. Bolbitius vitellinus. Top: Semi-diagrammatic section of the hymemum_a
hymenium. Basidia in all stages of development, including collapsed ones, are represented o=l
the physalides.
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Midnight: Both generations have fully mature spores
ready for discharge.

= 7. The long basidia have larger spores than

1ones.

R . E '-'. > = o
FigL;re 9.29: |sotropic hymenium of the Leucocoprinus type with tetramorphic basidia _and hys 2
physalides. Semi-diagrammatic section and surface view {basidia gray, physalides whitg). Co;
disseminatus. — From Buller 1924, modified.

= 9.31: The long and the short basidia of Coprinus sterguilinus belong to two differant
==tons that mature with only a slight delay in the second generation. — From Buller 1924.



