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

4

~ -® JERS;
* ® SN Z
- * * ®
* *
evropsky [N
socialni ey

fondvCR EVROPSKA UNIE

OP Vzdélavani
pro konkurenceschopnost 474 NA ?’%

INVESTICE DO ROZVOJE VZDELAVANI



Zakladni typy hyfovych utvaru (tedy ¢asti houbového téla tvofenych hyfami)
predstavuiji:

* mycelium — vegetativni struktura, zajiStuje vyménu latek a energie mezi
houbou a prostfedim;

 reprodukcéni struktury — sporangiofory, konidiofory, stromata, plodnice.

Neni mycelium jako mycelium — je mozno rozlisit nékolik typu:

* normalni mycelium je monokaryotickeé, haploidni (odpovida primarnimu myceliu
u stopkovytrusnych hub);

» subnormalni se od predchoziho liSi opozdénou tvorbou sept, kliCici hyfa je tedy
zpocatku neprehradkovana;

* heterocytickeé je vicejaderné (malo nebo zadna septa) a tento stav trva az do
pohlavniho procesu;

» astatocenocytické: septa se nemusi tvorit ani po pohlavnim procesu (typicky
somatogamii, kdy vznika sekundarni mycelium) v zavislosti na CO, v prostredi
(vzdusné mycelium pfehradkované, v substratu zanorené bez prehradek);
 holocenocytické: neprehradkované pred i po pohlavnim procesu (Stereum
hirsutum ma i hyfy plodnic bez sept);

* prekvapeni pro mykology: diploidni mycelium — dosud znamo jen u vaclavek

(u Armillaria mellea pozorovan haplo-diploidni zivotni cyklus namisto bézného
haplo-dikaryotického), ale predpoklada se Sirsi vyskyt.



Morfologicka diferenciace
rostouciho mycelia: na vrcholu
probiha prodluZovaci rust,

o kus dal se zacCinaji tvorit
septa, jeSté dale anastomozy,
prip. prezky (jde-li o dikaryo-
ticke mycelium) => zralé
mycelium vytvori v kulture
(kde toto bylo sledovano)
hustou sit' hyf riznych typu —
vegetativni hyfy mohou byt
rozdéleny do nékolika
hyfovych kategorii: hlavni,
vmezerené a ,exploiting”.

Figure 3.21: Differentiated marphology of a mature mycelium of Phlebia radiata in cul
1: Growth front without septa, without anastomoses. 2: Beginning of septation: no anastomos
surface mycelium with arthroconidia. 3: Beginning of anasiomoeses: sepla more numerous; suriz
with arthroconidia and some pseudoclamps; submerged hyphae with true clamps. 4: Septa =
numerpus and almost always with true clamps; with anastomoses: surface mycelium with excre=
cystidia. Scale bars approximate. — From Boddy & Rayner 1983b, slightly madified.

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




* hlavni hyfy (leading hyphae)
jsou silné (4,8-6,6 um v priméru),
rovné, mirné tlustosténné,
prochazeji napfi€¢ médiem;

* vmezerené hyfy (interlacing
hyphae) jsou tenci (2,8-5,4 ym)
tenkosténné, bohaté se vétvi
(obvykle pravouhle od hlavnich hyf)

a tvofi sit mezi hlavnimi hyfami na S
povrchu substratu; > tom r .
* exploiting hyphae . o o Vg e Tl iy et et ST DN 8 Pon
(aC Vyznam Je Zrejmy, nenaChaZ|m =sh under cover glass. — Original photograph.

pro né Jed nOSIOVn)'/ ces k)'/ termin.. ) | [] Exploiinghyphae [ Interlacing hyphae B Leading hyphas

jsou nejtenci (1,2-3,2 um)
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a pronikaji do substratu. z
Poznamka: Doslovné preklady pro prvni ; 15
dva typy by byly ,vid&i hyfy“ a ,prolozené  © -

hyfy“, nicméné domnivam se, ze vySe uzité
terminy jsou snaze pochopitelné.
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Figure 3.23: The diameters of the three categories of vegeiative hyphae of the mycelium of =

H. Clemengon. CytOIOQy and PIeCtOIOQy of the Hymenomycetes' derma prastermissum overlap, but they ara clearly distinguishable. — Original.

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



Ve starSich ¢astech mycelia se mohou tvofit i hyfy sekretorické (pfip. s inkrustaci
krystalky anorganickych latek), resp. exkretorické (vylu€uji pryskyficnou hmotu).
—_— S— —— - Deuteroplazmatickeé hyfy se tvori
pozdeji, misty, ale ve starsich
castech mycelia byvaji hojne
zastoupeny. Stejné tak az
v prubéhu rlstu se zacinaji tvofit
(a s postupem Casu se jejich
zastoupeni zvySuje) sklerifikované
hyfy, pfip. mycelialni krusty
ze ztlustlych tenkosténnych hyf.

Figure 3.24: Excretory and secretory hyphae from the mycelium of Hyphoderma praetermis
Top: Two excretory hyphae with excreted colourless incrustations. Bottom: Five secretory b

with heterogenous deuteroplasm. The two hyphae on the lower left covered with colourless ir Heinz C|émengon: Cyto|ogy and P|ecto|ogy of the Hymenomycetes_

tations. Stained with amido blue black in 50% ethanol. — Original photographs. Bibliotheca Mycologica, vol. 199. J. Cramer, Berlin-Stuttgart, 2004



. . , - Clémengon: L3 /i .
Specializované bunky Cytology ..., 2004. ||\ )
a vybézky hyf: .

« Vyb&zky hyf s heteromorfickou H o A= sroam 7 2\ Fius a2 Lot tocss o troe
. W - L/ ages from a mycelial culture of Coprinus

deuteroplazmou jsou allocysty, \ T~ ¥ o [ Ssconcay sopa dovciop In GO
) \ .ﬁh;__i,l\)_\;__kv& ‘{\« N cystc; and the oldest allocyst is ceat"

s trombomorfickou deuteroplazmou N W I\ T ieorts o Srolots gummoss o

pak trombocysty (oba typy byly
pozorovany v kulturach
stopkovytrusnych hub). — =

Figure 3.28: Allocysts of mycelial
cultures of Pholiota squarroso-adi-
posa. A: In alkaline solution, show-
ing the general aspect of the
deuteroplasm and clamp connec-
tions. B: The wall stained dull blue
in toluiding blue. C: Cyanophilous
wall stained blue in cotten blue. D:
Glycogen is revealed in Baral's
iodine solution. E: Walls slightly
stained in SDS-Congo red. F: Lipid
drops weakly stained in Sudan lI. -
Original photographs.
10 pm

* U korticioidnich (kornatcotvarych)
hub byly zjisStény tvarove zvilastni
bunky "sedici" na bufikach mycelia:
stefanocysty (polokulovité burky
lemované na bazi véncem ostnu),
echinocysty (podobné, jen s ostny
nepravidelne rozesetymi po bunce),
malocysty (jen jeden apikalni osten)
a drepanocysty (podobné, jen
apikalni vybeézek je delSi, trnovity).
Vzhledem k adhezivnhimu povrchu
ostnu stefanocyst je predpokladana

10 im

Patent blue Melzer SDS - Congo red Cotton blue Acid fuchsin

IapaCi fu N kce (V|Z daléi bOd) = 3.29: Thrombogysts in the mycelium of Stropharia rugosoannulata. In the Congo red mount

=-aplasm does not fill the lateral pegs (arrows). — Original photographs.



F_igure 3.30: Stephanocysts in the mycelium of Hyphoderma prastermissum, observed in the Pefri
dish under coverglass and in the scanning electron microscope. — Original photographs.

Figure 3.31: Stephanocysts of Hyphoderma prastermissum observed in squash mounis. The left
—ost photograph shows spine initials issued from the upper cell (the future stephanocyst). The two
~—ddle photographs clearly show that the hollow spines originate from the upper cell. The right most
chotograph shows the clamp connection of the cell supporting the stephanocyst (arrow). — The con-
~=st in the photographs has been enhanced by electronic treatment of the video recording. —
Criginal photographs.

Stephanocyst

Spare

Empty part
of the Spore

Figure 3.32: Left: The germinating spores
of Hyphoderma praetermissum may develop
stephanocysts. Note that the spines are
drawn as if they arose from the spore. Top:
This figure shows the correct morphology
(redrawn after an electron micrograph by
Hallenberg 1980).

Figure 3.34: Echinocysts from basidiomes of Hyphoderma pallida. Top row photographs: A o2

ing series through a single echinocyst. Bottom row photographs: three different echinoc
Original photographs. Drawings: Echinocysts labelled “irregular stephanocysis” by Boidin 1954

10 pm

Hyphaderma guttuliferum Crepidotus applanatus Figure 3.35: Echipocysts in the hy_menium of Figure 3.36: Drepanccysts (D) and ms
Sizure 3.33: Stephanocysts sitting directly on the hyphal cell. — Hyphoderma from Lentz & McKay ~ Hyphoderma echinocystis. — From Eriksson cysts (M) from a mycelial culiure
* =72, modified; Crepidotus from Senn-Irlet & Scheidegger 1994. & Ryvarden 1975, modified Chaetoporelius lafitans. — From Hass

Kasim & David 1883, modified.



» Souhrnné jako tentakule jsou oznaCovany modifikace hyfy (vybézky hyf),
lapaci zafizeni pro lapani drobnych Zivodichu, jimiz disponuiji "dravé houby":
— oka vytvareji rizné druhy imperfektnich vieckatych hub, jsou bud fixni
("non-constricting ring", nepfilis efektivni, obvykle se vedle nich tvofi i lepkave

struktu ry) . http://www.masozravky.com
[rody/drave houby/dactylel.htm

o~ % SR

Vlevo: prifez tfibunéénym okem Dactylella
leptospora s detailnim zabérem septa (u néj
dvé Woroninova téliska).
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Vpravo: fixni oka Dactylellina candida
(syn. Arthrobotrys candida).


http://www.mycolog.com/chapter15.htm
http://www.masozravky.com/rody/drave_houby/dactylel.htm
http://www.masozravky.com/rody/drave_houby/dactylel.htm
http://www.masozravky.com/rody/drave_houby/dactylel.htm
http://www.mycolog.com/chapter15.htm

... hebo stahujici ("constricting ring"), jejichz buriky jsou schopné béhem 0,1 s
zvetsit objem a sevrit korist; ?'em‘? S———

Stahujici oka
na hyfach
Drechslerella
(nahofe, dole)
a sporach
hyfomycet

i 8
Dowsett et al, The National Research Council of Canada

Prirez burikami oka
Dactylaria brochopaga
pfed a po expanzi

(V = vakuoly . Ly
IP = priinik do t&la KOFiSti |\ s mesmpumt it s
IB = infekcni bU|bUS). http://www.masozravky.com/rody/drave _houby/dactylb4.htm http://www.mycolog.com/chapter15.htm



http://www.mycolog.com/chapter15.htm
http://www.masozravky.com/rody/drave_houby/dactylb4.htm
http://www.masozravky.com/rody/drave_houby/arthr

— lepkavé terciky (oznacované obecné "adhesive knobs") se pfilepi na hlista

a do jeho téla pak vrostou dalSi hyfy a travi jeho obsah; lepkava zakonceni hyf
mohou byt u riiznych druhu pfisedla ("sessile adhezive knobs", u druhd rodu
Hohenbuehelia [resp. anamorfy Nematoctonus/ znamé jako gleosfexy), stopkata
("stalked adhezive knobs") nebo se vytvareji specialni vétve hyf s lepkavym

Pét prisedlych terCiku Dactylelllné’ cand/ yP povrchem (,adhezive columns®);

(Arthrobotrys candlda) "
.
s
[Awww. mycolog.com/chapter15. htm or.tg A : . CIemengo,n &
/. uoquelph.ca/~gbarron/Misc2009/semknob. ﬁtm = Cﬁology

http://www.masozravky.com [eaties /A e o‘zvavk .

/rody/drave_houby /rodv/drave houb\f
/dactylec.htm /monacros htm
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~- Glososphexes. A: Hohenbuehelia reniformis, mycelium, small and big gloeosphexes,
~~==t B: Hohenbuehelia geogenia, basidiome, gill edge with a gloeosphex and a thick
= =um. Congo red. C-E: Hohenbuehelia unguicularis, small and big gloeosphexes, myceli-

= === blue, D Congo red. — Scale valid for all photographs. — Original photographs.

Stopkate terC|ky Dactylell/na copepodii (vIevo)
lepkavé vétve Monacrosporium ellipsosporum



http://www.masozravky.com/rody/drave_houby/monacros.htm
http://www.masozravky.com/rody/drave_houby/monacros.htm
http://www.masozravky.com/rody/drave_houby/monacros.htm
http://www.masozravky.com/rody/drave_houby/monacros.htm
http://www.masozravky.com/rody/drave_houby/monacros.htm
http://www.mycolog.com/chapter15.htm
http://www.uoguelph.ca/~gbarron/Misc2009/semknob.htm

— u spajivych hub (Zoopagales) se vytvareji svazky lepkavych vybézkl bunky
(Cepy, "pegs") nebo nepravidelné "rozlité" adhezivni oblasti na povrchu hyf;

. %@f a Vlevo nahore:
gt 45‘\;_ azygospora Zoophagus

cornus s Cepy na vrcholu
(celkova délka 140 um).

Vlevo dole: Cepy
Cephaliophora muscicola
(12—-21 um vysoké).

Ostatni zabéry: Cep

%.. Zoophagus insidans

. (délka cca 10 pm),
detail jeho apikalni Casti
(vrstva lepkave
latky mezi vnéjsi
a vnitfni sténou
cepu) a pranik
Cepu do téla
vifnika (Sipky
oznacuji travici
hyfy houby).

tp://www.masozravky.com/rody/drave houby/zoophagc.htm

Ht;tb://‘_\/vww.masozravkv.com/rodv/drave houby/zoophagi.htm

‘Ch, Morikawa & ‘The British Mycological
Society, 1993



http://www.masozravky.com/rody/drave_houby/zoophagc.htm
http://www.masozravky.com/rody/drave_houby/cephalio.htm
http://www.masozravky.com/rody/drave_houby/zoophagi.htm

— nékteré imperfektni houby tvofi "sité" (nad substrat vystupujici splet hyf
s lepkavym povrchem) nebo lepkavé konidie, z nichz vrustaji hyfy do téla kofisti;

f

Sité Arthrobotrys
oligospora

(orig. zvétSeni
detailu cca 4000x).

http://www.masozravky.com
[rody/drave houby
[arthrobo.htm

Ostatni zabéry:
http://www.mycolog.com
[chapter15.htm

: Vpravo nahofe konidiofory Verticillium sp. vyrastajici z téla hlista, dole
lepkaveé konidie Meria coniospora pfichycené na predni ¢asti téla hlista.



http://www.masozravky.com/rody/drave_houby/arthrobo.htm
http://www.masozravky.com/rody/drave_houby/arthrobo.htm
http://www.masozravky.com/rody/drave_houby/arthrobo.htm
http://www.masozravky.com/rody/drave_houby/arthrobo.htm
http://www.masozravky.com/rody/drave_houby/arthrobo.htm
http://www.mycolog.com/chapter15.htm
http://www.mycolog.com/chapter15.htm
http://www.mycolog.com/chapter15.htm

— sekreéni bunky (toxocysty u rodu Pleurotus, Stigmatolemma) vyluc€uji kapky
toxinu, ktery hlisty zabiji nebo paralyzuje (do jejich tél pak opét vrostou hyfy ...)

a dokonce se zda, ze toxin hlisty pritahuje jako atraktant;

na podobném principu funguji toxické hyfy, jejichz obsah hlist vysaje a znehybni;
Sekrec¢ni buriky
(toxocysty)

na hyfach hlivy
Pleurotus

ostreatus
(skute€na

Figure 3.38: Toxocysts in a mycelial culture of Pleurofus cystidiosus. A: A young toxocyst.
mature toxocyst with its toxic droplet (contrast enhanced). C: Two mature toxocysts, one grow:
a clamp connection. D: A toxocyst that has lost its droplet, only a basal rim is preserved. — =
Clémencon 2000.

http://
WWW.masozravky.com

10 pm

Figure 3.39: Toxocysts in the mycelium of Pleurotus eryngii (left) and on the basidiome of Stigr

lemma poriagforme, two of them on a clamp connection (right). — Pleurotus from Hilber 12 [rody/drave_houby
Stigmatolemma from Thorn & Barron 1386, modified. [pleurot1.htm

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

Toxické hyfy Hyphoderma mutatum kolem znehybnéného hlista
(prdmeér hyf 1—1,5 uym).  http://www.masozravky.com/rody/drave_houby/toxickem.htm



http://www.masozravky.com/rody/drave_houby/pleurot1.htm
http://www.masozravky.com/rody/drave_houby/pleurot1.htm
http://www.masozravky.com/rody/drave_houby/pleurot1.htm
http://www.masozravky.com/rody/drave_houby/pleurot1.htm
http://www.masozravky.com/rody/drave_houby/pleurot1.htm
http://www.masozravky.com/rody/drave_houby/pleurot1.htm
http://www.masozravky.com/rody/drave_houby/pleurot1.htm
http://www.masozravky.com/rody/drave_houby/toxickem.htm

— mozna k lapani hlistt slouzi i digitocysty (buriky s vSesmérnymi prstovitymi
vybézZky u rodu Resupinatus) nebo vySe zminéné stefanocysty.
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Heinz Clémencon: Cytology and Plectology
of the Hymenomycetes. Bibliotheca Mycologica,
vol. 199. J. Cramer, Berlin-Stuttgart, 2004.

(Viz podrobnéjsi popis ruznych typu lapacich zafizeni v ¢estiné na strankach
http://www.masozravky.com/rody/drave houby/pasti.htm).

3 40: Digitocysts from a mycelial culiure of Hesgpmafus poriaeforme. — From Thorn & Barron


http://www.masozravky.com/rody/drave_houby/pasti.htm
http://www.masozravky.com/rody/drave_houby/pasti.htm
http://www.masozravky.com/rody/drave_houby/pasti.htm

» Mycelialni cystidy (cystidy jsou jinak buriky typicky se vyskytujici v hymeniu):
krystalky pokryté lagenocysty, deuteroplazmatické gleocystidy (u hub z radu
Russulales) a silné vétvené akantocyty (ty jsou znamy jen u rodu Strophatria).

Figure 3.43: Young acanthocytes from the mycelium of a culture of Stropharia rugosoannulaiz.
stained with iron-aceto carmine to show the nuclei. Three stem cells already incrusted, but the &
ing spines still without incrustations. — Original photographs.

Crystal covered, thin walled cystidia (left) and resin coated excretory cells (poss'!bly
fmm = mycelial culture of Hyphoderma prastermissum. Inset: In a close-up view
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L} 7 e D& vizwre acanthooytes from base of the stipe of a basidiome (left) and from a mycelium
1y ,'!!' ij - == o of Strapharia rugosoannulata culiured on a nutrient agar. The long and pointed
f 1{’ I 5 - = == =1y thin walled but almost unifarmly and smoothly incrusted. They are very fragile
fod & ‘1 5 1 = ===y under the cover glass. The central body (the stem cell) is densely covered with
Li 3 / @ | @& ows) - Left photograph from Clémengon 1897, centre and right photographs original
i | - /) t =
Iﬁ{\" E{L '__ k] I F.-a:"_
. !
S/J’Q{ 7 N Heinz Clémencon: Cytology and Plectology of the Hymenomycetes.
Hericium Hericium Laxitexium Lentinellus Amylostereum  Amyloss Bibliotheca Mycologica, vol. 199. J. Cramer, Berlin-Stuttgart, 2004.
erinaceum coralloides bicolor castoreus areolatum chai

Figure 3.42: Some examples of mycelial cystidia. — From Boidin 1954, Didier-Fichet & Kiithner
Hassan Kasim & David 1983, Siepmann 1970, Siepmann & Zycha 1968.


http://www.mtsn.tn.it/russulales-news/in_characteristics.asp

» U nékterych resupinatnich klackomycetu ("poblita dfeva") tvorbé plodnic
predchazi tvorba husté sité hyf vystupujicich nad substrat (tedy dfevo) a na
tomto "vzdusSném myceliu" se za¢nou tvofit mycelialni bazidie (tvorba bazidii
tedy predbéne tvorbu plodnic); prekvapivé byla tvorba takovych utvaru zjiSténa
i u hub jinak tvoficich normalni plodnice (Gloeophyllum, Armillaria, Lyophyllum)
a je pro né navrzen termin "mycelialni plodnice”.

\\\\g\{? f/{/ \3} . \I\I\' Xenasma pulverulentum @Q ;ﬁ

%}) ‘\‘\ .
f b I\ ) \%Q B \|| &
/ J,J'[ be ] e i }w{)’o H
// I\ | : Sl !-
y B> = =
Gloegphylium abistinum Trechispora farinacea Penioptoss
eichler=ss

Figure 3.45 : Mycelial basidia from cultures of four Hymenomycetes. Gloeophylium and Pen o
also with mycelial cystidia. — From Falck 1909 and Boidin 1958.

Figure 3.47: Mycslial basidiome in a culture of the agaric Lyophylium tylicolor grown on malt exs
agar, fixed with osmium tetroxide. The basidia contain siderophilous granules (characteristic
Lyophyllum and related genera) stained dark by the fixation. — Original photographs.

Figure 3.46: Development of the mo
basidia of Armillaria cf. mellea. Note th=
sub-basidial cell contains only a single o=
nucleus (arrow) as did the young baso
even before meiosis. — From Kniep 1917

had already censidered the possibility =
diploid myeelium in Armillaria. See alsop =

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

+— infection
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X | = hauslonum
%, 4 /
Hyfy klicici z konidii Colletotrichum

coccodes s tvoricimi se apresorii.

http://www.apsnet.org/edcenter/illglossary/Pages
IN-R.aspx; http://www.apsnet.org/edcenter
fillglossary/Article%20lmages/appressorium.jpg

Specializované typy hyf a mycelii zejména
parazitickych (pripadné téz symbiotickych) hub:
» Apresorium (pfisavka), Casto rozSifené ("terCek")
— modifikace hyfy zajistujici pevné prilnuti

k povrchu, pfichycuje se i kK mrtvym €astem bunék.
Adhezi umoznuiji glykoproteiny fibril bunécné stény,
které specificky reaguji s proteiny konkrétniho
partnera nebo hostitele.

» Specifikem nékterych parazitl je "praraznikova
hyfa", ktera pronika skrz celuldézni bunécnou stenu
(ma na to enzymy), navic musi prorazit vrstvu
kutikuly: zten€i se na minimum a pronika tlakem
(kolem 1 atmosféry). Tésné pred mistem prorazeni
se konec kli¢ni hyfy (vykliCila z konidie) pfilepi ke
kutikule vazkou tekutinou vzniklou v interakci
hostitel-houba. VyluCovani této latky souvisi

s fotosyntetickou Cinnosti — rostlina v dobrém
fyziologickém stavu vice asimiluje => je tim padem
napadnutelnéjsi, vice "laka" houbu.

Poznamka: ve fylosféfe (povrch listu) byva pH 7-8 a houby jsou zde tomu pfizptsobeny —
eliminace takovych hub je mozno dosahnout snizenim hodnoty pH zhruba pod 6. Naproti

tomu v rhizosfére je reakce kysela a obranu proti vétSiné hub predstavuje provapnéni.


http://www.apsnet.org/education/IllustratedGlossary/PhotosA-D/appressorium.htm
http://www.apsnet.org/edcenter/illglossary/Pages/N-R.aspx
http://www.apsnet.org/edcenter/illglossary/Pages/N-R.aspx
http://www.apsnet.org/edcenter/illglossary/Pages/N-R.aspx
http://www.apsnet.org/edcenter/illglossary/Pages/N-R.aspx
http://www.apsnet.org/edcenter/illglossary/Pages/N-R.aspx
http://www.apsnet.org/edcenter/illglossary/Article Images/appressorium.jpg
http://www.apsnet.org/edcenter/illglossary/Article Images/appressorium.jpg
http://www.apsnet.org/edcenter/illglossary/Article Images/appressorium.jpg

 Tvorba apresoria obvykle byva predstupném pro tvorbu haustoria.
Haustorium je vybézek do zivé burky slouzici jako Cerpadlo; tyto utvary se
uplatnuji u parazitickych a mykorhiznich hub. Dovnitr hostitelské buriky pronikaji
prorazenim bunécné stény a invaginaci plazmatické membrany => pfes ni pak
dochazi k prenosu zivin (houba hlavné potrebuje ziskavat organicky uhlik,
pripadné téz slouceniny dusiku, siry nebo fosforu). O haustoriich hovofrime

u biotrofnich hub, kde predstavuji dlouhodobé fungujici utvar; vniknuti hyfy

do bunky, kterou houba nasledné zahubi, za haustorium povazovano neni.
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» Obdobou haustorii jsou arbuskuly u endomykorhiznich hub — bohaté vétveni
zvetsuje povrch pro vyménu latek mezi bunkami; postupem casu mohou byt
rozlozeny i membrany (proces postupného "straveni" arbuskuld burikou
mykorhizni rostliny).


http://www.myko.cz/include/slovnik/haustorium.htm

Struktury slouzici k prezivani:

* Perenujici (pfezimujici) mycelium preziva vétSinou v obnovovacich pupenech
cévnatych rostlin (u vytrvalych) nebo (u jednoletych) ve sténach semene, plodu,
az v embryu — tento pripad je znamy napr. u prasnych snéti, ale peren. mycelium
maji témér vsechny infekCni houby, u nichz vidime na jafe systémovou infekci.

« Gemy (jiny vyznam nez v bryologii) — také modifikace mycelia, jakasi obdoba
akinet u sinic: urcita Cast mycelia se odcleni, nahromadi se Ziviny, ztloustne

sténa a organismus preziva.

* Hypnospory (odpocivajici spory — chlamydospory, zygospory) — na rozdil
od jinych typu spor jejich hlavni funkci je pfezivani a nikoli rozmnoZovani.

http://botany.upol.cz/atlasy/system
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Vlevo:

tmavy povlak
na bazi trené
hlivy Pleurotus
dryinus je
tvoren chla-
mydosporami
(stfed. detail);

vpravo:
chlamydo-
spory rovetky
Asterophora
lycoperdoides.


http://botany.upol.cz/atlasy/system/gallery.php?entry=Nyctalis%20asterophora
http://botany.upol.cz/atlasy/system/gallery.php?entry=Nyctalis%20asterophora
http://botany.upol.cz/atlasy/system/gallery.php?entry=Nyctalis%20asterophora

Multihyfalni atvary (systémy) nalezneme u zastupct oddéleni Ascomycota a
Basidiomycota, resp. t€zZ Deuteromycota (jsou tvoreny prehradkovanymi hyfami).

http://www.botany.hawaii.edu/faculty/wong/ Rhizoidy (netVO‘ﬁ Jeété pi‘l’mo mU|t|hyfa’|n|, L’]tvar)
Bot201/Zygomycota/zygo_spo.jpg ’ - o o ’ . v ’

: mohou mit funkci jen prichycovaci, ale i vyzivovaci,
napr. u spajivych hub (viz foto Rhizopus stolonifer).
(Naproti tomu rhizomycelium, napf. u polycentrickych
druhd z odd. Chytridiomycota, je komplikovangjsi
utvar spojujici sporangia.)



http://www.agromanual.cz/cz/rubriky/vykladovy-slovnik/rhizoidy.html
http://www.botany.hawaii.edu/faculty/wong/Bot201/Zygomycota/zygo_spo.jpg
http://www.botany.hawaii.edu/faculty/wong/Bot201/Zygomycota/zygo_spo.jpg
http://www.botany.hawaii.edu/faculty/wong/Bot201/Zygomycota/zygo_spo.jpg
http://www.botany.hawaii.edu/faculty/wong/Bot201/Zygomycota/zygo_spo.jpg

» Mycelialni provazce nebo thalorhizy (u nékterych stopkovytrusnych hub,
napf. Hypholoma fasciculare) vznikaji, kdyz se z centralni hyfy vétvi pod ostrym
uhlem boéni hyfy, které se pak pfipoji a pokracuji v rustu podél centralni hyfy
(tento rust bo¢nich hyf musi byt geneticky podminén; jinak hyfy rostou smérem
od sebe). Rovnhobézné hyfy mohou byt spojené anastomézami a vylouCenou
hmotou (extracelularni matrix), v odvozeném pripade (pak uz se jedna spiSe o
rhizomorfy, viz dale) mohou byt rozriznény na hyfy zakladni, zpevrnovaci (silna
bun. sténa, tvori obvykle obal provazce, zaroven zabranuji ztratam vody a Zivin)
a vodivé (zajistuji transport vody a Zivin, provazce ¢asto vedou daleko od zdroju),
neni zde meristém. Vyznam ma tvorba hyfovych provazcu pro prekonani delSich
vzdalenosti k dosazeni vhodného substratu, ale i pro kompetici anebo parazitické
houby — maji tak vétSi Sanci napadnout hostltele ktery byjednotllvou hyfu nebo
kliCici sporu snaze eliminoval. - = FAYE ™

== vermicularis Marasmius rotula
“hizomorphs Mycelial rhizomorphs Hyphal cords on aga r(ln the centre a sclerotium)

L= 3.43: Some examples of the macroscopical aspect of rhizomorphs (arrows) and hyphal
- Clitocybe vermicularis the rhizomorphs originate from the basidiome and penetrate into the

n Marasmius they are produced by the mycelium and grow out of the substrate fo

~=w substrates and to make basidiomes. — From Josserand 1983 and Jacques-Felix 1867. |

-oignalphoogeeh. oy vpravo: mycelialni provazce



http://www.agromanual.cz/cz/rubriky/vykladovy-slovnik/thalorhiza.html

VAND 4D &4

— tlustosténny soubor hyf (hyfovy provazec),
nejznaméjSi u vaclavek (dfive popsany jako
Rhizomorpha subcorticalis z imperfektni tridy
Mycelia sterilia = Agonomycetes), ale tvofici
se i u jinych druhu.

b e

B =oorziory A cepistipes, laboratory A. ostoyae, in nature, under bark

= cTh submerged rhizomorph subcortical rhizomorph

i - ==zl rhizomorphs of Armillaria species from laboratory cultures (with hairs) and
o~ = bark of a fallen Pigea trunk (naked). The white parts of the rhizomorphs of A.
. = =2ons where they closely adhered to the woed. — Original photographs.

1cm

. % ~-=omy of a young cortex with hair-like hyphae; and basidiomes on rhizomorphs of

==l=="— From Hartig 1874.

“)_. S '"‘."
1mm A&

http://vaw.apsnt_,on;g:‘e’J('_:ente rLire .~.; /Béges/N-R.a8H

http://www.apsnet.org
/edcenter/illglossary/Article%20lmages/rhizomorph.jpg

Anatomicka stavba rhizomorfy
na prikladu vaclavky:

— navrchu je vrstva tlustosténnych
tmavych bunék (obsahuji melanin),
jez nepropoustéji vodu ani ziviny;
je-li rhizomorfa tésné pfitisknuta
na dfevo pod klrou, muze byt tato
vrstva redukovana a obnazena
bé&lava dief (pravé horni CB foto);

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


http://www.apsnet.org/education/IllustratedGlossary/PhotosN-R/rhizomorph.htm
http://www.forst.uni-muenchen.de/EXT/LST/BOTAN/LEHRE/PATHO/PICEA/armill.html
http://www.apsnet.org/education/IllustratedGlossary/PhotosN-R/rhizomorph.htm
http://www.apsnet.org/education/IllustratedGlossary/PhotosN-R/rhizomorph.htm
http://www.apsnet.org/edcenter/illglossary/Article Images/rhizomorph.jpg

— dfen uvnitf tvorfi tenkosténné

bélavé bunky (nejprve fysalohyfy

/primarni dren/, postupné stfidany

tenkymi generativnimi hyfami, z nich

se dale tvori skeletové a 10-30 um

Siroke tubularni hyfy /sekundarni

dren/) a dutinka slouzici k rozvodu

latek a plynu (mUze zafungovat i

jako pfivadéc kysliku pro vrcholovou - - .

. . Figure 3.84: The generative hyphae of the secondary medulla eriginate from hyphal cels

CaSt I'hIZOmOI"fy, pokud ta Vroste do p'rimarly medulla. Am?iﬂarfa rlmc:u’.fea in laboratory culture. Glutaraldehyde, methacrylate, alu
i . - zirconium haematexylin. — Original photographs.

anaerobniho prostredi).

e

Armillaria mellea

Armillaria gallica
Figure 3.83: Multinucleate cells in the primary medulla of Armillaria-rhizomorphs grawn in lzoes
cultures. Glutaraldehyde, methacrylate, aluminium zirconium haematoxylin. — Original photog==s

0um

Figure 3.85: Rhizomorphs of Armillaria ostoyae collected in nature. Longitudinal sections of 2.8
hyphae (top left) with cross-walls in various degrees of reduction (middle left) and secretory
(botiom left). Cross section of tubular hyphae and fibre (right). Glutaraldehyde, methas
~ aluminium zirconium haematoxylin. — Original photographs.

Struktura primarni a sekundarni dfené
rhizomorf vaclavek (obr. nahore)

a pro srovnani struktura stfedni ¢asti
rhizomorfy Psilocybe cyanescens (vlevo).

Clémengon: Cytology and Plectology of the Hymenomycetes, 2004.

B D 5 =

Figure 3.64: Subregular arrangement of almost uniform hyphae in the central part of the
rhizomorph  of Psifocybe cyanescens. Glutaraldehyde, methacrylate, aluminium =
haematoxylin. — Original photographs.



Vrchol rhizomorfy je diferencovany na 3 zény: vrcholovou CepiCku s apikalnim
meristémem bez melaninové kury, prodluzovaci zénu a zénu vstfebavani Zivin

(zde zacina vnitfni dutinka, obvykle 2-3
mm za vrcholem). Kolmo na podélnou
osu rhizomorfy rostou lateralni hyfy,
které prostupuji korovou vrstvu a umoz-
nuji propojeni vnitfni vrstvy s vnejSim
prostfedim (v€etné vymeény latek).

Figure 3.80: Anatomy of the development of the rhizomorphs of Armillaria mellea s.1.

Left: Longitudinal section, tip of a rhizomorph grown in the laboratory showing the cortex w
hairs and the physalohyphae of the primary medulla, as well as the central cavity. — From ==
1877, as Agaricus melleus. Right: Four cross sections illustrating the maturation of the coriss
the medulla. The coriex is at first composed of three layers (upper left), but later the
gelatinous layer disappears. The inner most layer is very thick and consists of pale, thin w8
physalohyphae. The walls of these hyphae become brown and thus form a secondary cortes
outer layer is brown and sclerified. Later it breaks up into scales. The medulla at first consisis
of thin walled, colourless physalohyphae (the primary medulla). Later thin generative hyphas
longitudinally between the primary physalohyphae and gradually replace the primary medulla &
secondary medulla composed of some vegetative hyphae, many fibre hyphae and many
hyphae (lower right). — From Goffart 1903.

100 um CE
- » & Median longitudinal section through the apex of a omorph o
-~ = nuirient agar. The dense apical dome of very small cells is sometimes called a
oo The primary medulla has no cavity yet, and the cortex is still colourless. The agar is
iy e wih of the rhizomorph. Culture in malt extract agar. Glutaraldehyde, methacrylate,

S

Longitudinal section Transverse section
The cortex of a young rhizomorph of Armillaria meflea grown in nutrient agar stil
~ = colourless hyphae from which numercus hairs are branching off. Glutaraldehyde,
.~ == zluminium zirconium hasmatoxylin. — Original photographs.



U rdznych druhu hub

je mozné rozlisit tfi typy rhizomorf —
mycelialni, mykorhizni a plodnicové:
— mycelialni rhizomorfy prorustaji
substratem (puda, drevo, rostlinné
zbytky, ale jsou schopné pronikat

i dosti tvrdym substratem, napfr. zdi),
byvaji bohaté vétvené, rozrustaji se
do okoli (az nékolik metrd) a mohou
se na nich tvorit plodnice ve vétsim
mnozstvi; mohou byt tvoreny tlusto-
sténnymi hyfami bez zfetelné kury
(max. hnédé hyfy vyrustajici z jejich
povrchu, Coprinus disseminatus), ...

Figure 3.55: A: Mycelial rhizomorphs of Coprinus disseminatus penetrate the substrate in a =
late fashion and produce basidiomes. About natural size. B: The mycelium grows in a wa
board at the left of the wall. The rhizomorphs penetrate the wall in the mortar between the =
and produce basidiomes on the other side of the wall. — From Buller 1924, modified.

Wi 55 Dark brown mycelial rhizomorphs of Coprinus disseminatus, partially naked, partially
== “ur of brown walled hyphae. — Original photographs.

- Left: Naked mycelial rhizomorph of Coprinus disseminatus in cross section.
current hyphae with nuclei. Glutaraldehyde, methacrylate, aluminium  zirconium
= — Original photographs.

e 1 5E: Brown mycelial rhizomorph of Coprinus disseminatus in longitudinal section. This is a
=== corresponding to the left-most part of the mycelial rhizomorph of fig. 3.56. Note the
= = coriex. — Original photograph.

shotograph.




... nebo maji zfetelné diferencovanou .+  ouerlagercismal

spherocysts. Pale

ktru (Megacollybia platyphylla), ... e ,_ | oo

gelatinous.

Middle layer of loosely
arranged hyphae and
crystalline deposits
surrounded by amor-

B

phous polysaccharides. g

10 um

Inner layer composed
of longitudinal, slightly
thick walled hyphae.

Figure 3.73: Anatomy of the normal cortex o
rhizomorph of Megacollybia platyphylla. _
=nall resources scattered in the leaf litter. A =acorn, B = basidicmes, C = pine cene, L = dead Left: Microtome section. Glutaraldehyde, methacey

=aves, R = roots, W = wood. The rhizomorphs produce several basidiomes (arrows). — From.Buller aluminium zirconium haematoxylin. Right: Thres
=271, modified; and from Patouillard 1883. . Vviewsin sguash mounts. — Original photographs.

Cortex with three layers:
Outer layer, ofien gelatinous
Middle layer, often with crystals

Inner layer of thin, compact hyphae

Medulla of hyphae 1.5-15 n thick. Some
! — sgepta are incompletely broken down
{arraw) t

Figure 3.72: Anatomy of the mycelial rhizomorph of Megacoliyhia platyphylta with complete but  Figure 3.74: Fibre hyphae (some marked by arrows) in the inner layer of the cortex (left) and &=

simple cortex consisting of three layers. Glutaraldehyde, methacrylates, basic fuchsin. — Original medulla (right) of the rhizomorph of Megacollybia platyphylla. Glutaraldehyde, methac
shotograph. aluminium zirconium haematoxylin. — Original photographs.




... pfipadné je na povrchu gelatinézni vrstva (Psilocybe cyanescens, viz Sipky);
rhizomorfy dfevomorky Serpula lacrymans maji uvnitf tenkosténné 10-50 pm
tlusté hyfy témeér bez pfehradek pro vedeni roztoku zivin => pfebytena voda

muZze byt vyluCovana formou gutace (odtud epiteton lacrymans);

Figure 3.77: Anatomy of the rhizomorph of Serpula lacrimans. A: Flat ends on the surface
substrate. B: Longitudinal section showing fibre hyphae (f), vegetative hyphae and wids *
hyphae, some with protein crystals. C: Hyphae from the surface with crystals. D: Cross secios
vegetative hyphae 3-8 um wide, fibre hyphae and wide tubular hyphae 30-50 um wide. —
Hartig 1885, modified.

= 753: A general view of the mycelial rhizomorphs of Psilocybe cyanescens in longitudinal
-.=rz2 sactions. Note the absence of wide inflated hyphae and the presence of gelatinous . )
Heinz Clémencon: Cytology and Plectology of the Hymenomycetes.

-= loose cortex (arrows). Glutaraldehyde, methacrylate, aluminium zirconium haema-
- Driginal photographs. Bibliotheca Mycologica, vol. 199. J. Cramer, Berlin-Stuttgart, 2004.

Neprehlédnutelné
mycel. rhizomorfy
americké Phanero-
chaete chrysorhiza :.
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— mykorhizni rhizomorfy

obvykle preklenuji vzdalenosti mezi
sousednimi kofeny, do nichz houbovy
symbiont vnika jednotlivymi hyfami;

Mycorrhiza””

Figure 11.21: Diagram showing sheathing mycorhizal associations of an agaric with tree roots.
lantles drawn thick black. From Jackson & Mason 1884,

Heinz Clémencon:
Cytology and Plectology
of the Hymenomycetes.
Bibliotheca Mycologica,

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

= 257 Longitudinal and transverse sections of basidiomal rhizomarphs of Baletus erythropus.
L Wi Is are strongly gelatinous. A few very wide hyphae and also some thromboplerous

v oy ko e PIOUMICOVE

Coprinus disseminatus. — Original photographs. rh iZ omo rfy
jsou jen linearni svazky tenkych hyf,
vyrustajici na bazi jednotlivych plodnic
(Spl’é Se jedné jen o OdebU rhiZOidﬁ :5;. Transverse section..s of a basidiomal rhizomarph of Boletus erythropus showing the
u mikromycetl — nerozristaji se dal, —

=nd gelatinous hyphal walls and the polyhedral form of the central hyphae (left). Some

= ~yohae are incrusted with a crystalline substance (arrow). Glutaraldehyde, methacrylate,

netvo‘r"l’ Se na n |Ch dalél’ pIOd n Ice) ~ -~ zZrconium haematoxylin. — Original photographs.



« Syrocium, tvofici se napf. u Fomes, je sterilni blanity utvar mycelialni povahy
rozrustajici se v substratu (typicky na povrchu dfeva pod kurou).
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http://houby.humlak.cz/big_htlm/troudnatec_kopytovity_2.htm
http://www.biolib.cz/cz/image/id36410/

