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Ekologie hub

- z Ceho a jak houby rostou?
- kdy a za kterych podminek houby rostou a tvori plodnice?

- jak svym rustem ovliviiuji substrat, jiné houby a ostatni
organizmy v prostredi?



Kdyz houby rostou ...

Mycelium — systém hyf prorUstajicich substrat, ziskavani zivin v daném misté,
rist za zivinami v ramci substratu




Kdyz houby rostou ...

Mycelium — modifikace v evoluci

=

plodnice



Kdyz ma rust nejen mycelium ...

Vzduch, kyslik
Voda a vihkost
Teplota

Sveétlo
Gravitace
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:
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Voda

Mycelium potrebuje pfijimat vodu
- udrzeni turgoru (tlaku) uvnitf hyf nutné pro rust hyf i plodnic (stopkovytrusé
houby — primordium), transport latek

Amanita vaginata (Agaricales, Basidiomycota)



Voda

Mycelium potrebuje pfijimat vodu
- udrzeni turgoru (tlaku) uvnitf hyf nutné pro rust hyf i plodnic (stopkovytrusé
houby — primordium), transport latek

- plodnice dokaze prorazit i asfalt

- v prepoctu by jedna plodnice ,
uzvedla 133 kg! =—————————p

Phallus impudicus (Phallales, Basidiomycota)




Voda

Odstrelovani bazidiospor

- ;,odcvrnknuti“ do prostoru
mezi lupeny (v rource)

Mycena viridimarginata (Agaricales, Basidiomycota)
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Voda

Odstrelovani askospor
- spory vystfeleny 2-25 m s

- pro lepsi Sireni vzduchem

.._‘- -"'.\ . ;_

Peziza vesiculosa (Pezizales, Ascomycota)




Voda

Odstrelovani sporangii
- u nékterych zastupcd Mucoromycota
- zrychleni 20.000 — 180.000 g, dostrel az 2,5 m

Pilobolus kleinii (Mucorales, Mucoromycota)

- nejvétsi zrychleni, koprofilni druh

- snaha dostat sporangia na stébla trav
(spasena)

Pilobilus, avi




Voda

Xerofilni (osmofilni) druhy
- optimum rustu v suchych podminkach ¢&i koncentrovanych roztocich

Halofilni (halotolerantni) druhy
- snasi vysokeé koncentrace soli

Schizophyllum commune (Agariales, Basidiomycota)



Teplota

Mezofilni druhy
- vétSina druhd, dokaze rust 4°C - 30°C, optimum 20 - 25°C

Termotolerantni a termofilni druhy
- typické pudni druhy v teplych oblastech

Fig. 9. Thermomyces lonuginosus, conidia with coarsely warted walls (K(M] IMI
197411). Bar = 10 pum.



Teplota

Psychrotolerantni druhy
- optimum  20°C, dokazi rust i pfi £ -3°C

- temperatni a borealni zona = Cast sezény mraz
(puda pod snéhem nezamrza = mycelia rostou)

Geobiology

Geobiology (2011),9, 266-279 DOL 101111/ 1472-4669 201 1.00274 x

Pioneering fungi from the Damma glacier forefield in the
Swiss Alps can promote granite weathering
I.BRUNNER,' M. PLOTZE,* S. RIEDER,' A. ZUMSTEG,' G. FURRER* AND B, FREY!

"Swiss Federal Institute for Forest, Snow and Landscape Reseaveh, WSL, Bivmensdorf, Switzerland

Tnstitute for Geateclmical Engineering, Depavtment of Civil, Envirenmental and Geomatic Enginecring, ETH Zitvich, Ziivich,
Switzerfand

*Institute of Biogeochentistryand Pollution Dynamics, Department of Envivonmental Seiences, ETH Ziivich, Zirich, Switzserland

Fungi were kolated from fine granitic sediments, which were collected at 15 sampling points within a
20 m = #0 m area in front of the Damma glader In the central Swiss Alps. From the 45 fungal isolates grown on
nudrient-rich agar media at 4 7C, 24 isclates were sedected for partial sequencing and ident#ication based on the
small subunit nbosomal DMA. Seguendng data revealed that the isolated fungi represented three fungal phyla
and 15 species, The weathering polential of 10 of the 15 hengal species was tested with dissolution expenments
using powdered granite materal (<63 pm). The results showed that the zygomyceteous species Mucor hiemalis,
Limibeloptis mabelling end Mortiarells alping disslved the grarde powder modt effiently die bo the elease of
& wanety of organic acids, malnly dirate, malate and oxalate. tn particular, the high concentrations of Ca, Fe, Mg
and Mn in the solutiens clustered well with the high amownts of exuded citrate. This is the first report on fungl

that were ksolated from a non-vegetated glacier forefield in which the fungi's capabilites to dissolve granite
mineritls wene examined,

Mortierella alpina (Mortierellales, Mucoromycota)



Teplota

Psychrotolerantni druhy
- optimum  20°C, dokazi rust i pfi £ -3°C

- temperatni a borealni zéna = Cast sezon
(puda pod snéhem nezamrza = mycelia rq
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Teplota

Psychrotolerantni druhy
- optimum  20°C, dokazi rust i pfi £ -3°C

- temperatni a borealni zona = Cast sezény mraz
(puda pod snéhem nezamrza = mycelia rostou!)

Flammulina velutipes (Agaricales, Basidiomycota)




Teplota + vihkost

Piceomphale bulgarioides (Helotiales, Ascomycota)
CiSovka SiSkova

Sclerotinia sclerotiorum (Helotiales, Ascomycota)
hlizenka obecna



effects. For example, elevated Jul. temperature and Aug. rainfall
resulted in earlier fruiting on average of spring fruiting species
in Norway and the UK, whereas elevated Oct. temperature was
correlated with delayed fruiting the following spring (Kauserud

et al , 2010). Different studies have shown different effects,
e Hovwsy presumably relating to differences between ecological groups,

Teplota + vlhkost

«—— Earlier fruiing Later fruting ——

Austria

i Sw_ltzerlénd ecosystems and types of data available. No clear pattern
L loadom emerges, 50 we just present examples for saprotrophs here. In

i southem UK, over 30% of all saprotrophs that normally fruit

Mean early in the autumn season (In Sep.) showed a significant

Qﬁﬂﬁ;ngal ::T;::End relationship between average fruiting date and late summer

ne United Kingdom temperature and rainfall (Moore et a1, 2008). In years when Jul.
and Aug. temperatures were high and rainfall low, fruiting was
delayed, concurring with other single-season studies (Salerni

Austria
End N
orwa
of Y
SEason Swilzerland
United Kingdom
80 éﬂl ‘;ﬂ J_;D 6 JElD 4lﬂ B;J Blﬂ 100 Table 4 — Long-term dataset analyses of dimate change effects on basidiocarp yields
2 : L : o Locatis Period f dat: Facti lated with high yield Refe
Proportion of species (%) with earlier/later fruiling it SE0 perddat bt bt sy il
, 0 x  as - v r - Yunnan, China 2000—2010 Counts of Tricholoma Positive correlation: high temperature Yang et al. (2012)
- podil druhu, jejichz zacatek, stfed a konec matsutake (4578) and high precipitation in Aug.
r [ v . Negative carrelation: high temperature in
obdobi fruktifikace se zménil mezi lety 1970 - 2007 Jums and high hamdity in Now/Dec
{the preceding year) to May.
Yukon, Alaska 1993—2007 Counts and biomass of Positive correlation: Jun. rainfall {current year) Krebs et al. (2008)
epigeous basidiocarps and previous year May rainfall.
(8 650)
Catalonia, Spain 1997—2001 Weights of epigeous Positive correlation: mean annual Martinez de Aragon
v labib ol v R sl i basidiocarps (16 103) precipitation; and predpitation minus et al (2007)
ScienceDirect (ECM  some saprotrophs) Sep./Oct, evapotranspiration phis minimum
Aug. soil temperature,
France, Italy, Spain  1970-2006  Truffle {Tuber melanosporum) Positive correlation: summer precipitation. Bintgen et al. (2012a)
harvest data Negative correlation: summer temperature,
lowarndl homapegd: www. skaavier. com/looatsMunsce La Chanéaz, 1975—2006 Counts of epigeous ECM Positive correlation: summer precipitation. Bintgen et al. (2017h))
Switzerland basidiocarps (65 631) Positive correlation: Aug. maximum
= e 2 g temperature and weighted week of appearance.
Climate variation effects on Eungﬂ.] frui nng La Chaneaz, 1975—19589" Counts of epigeous Positive: correlation: precipitation in jun.—Oct Straatsma et al (2001)
Switzerland basidiocarps (71 222)
Lynne BODDY™", Ulf BUNTGEN", Simon EGLI", Alan C. GANGE®, La Chanéaz, 1977—2006 Counts of epigecus Positive correlation: tree growth (tree ring width). Egh etal (2010)
Emar HEEGAARD", Paul M. KIRK!, Aqilah MOHAMMAD", Switzerland basidiocarps
Havard KAUSERDD? Northern Ireland 1974—1987  Counts of epigeous fruit Positive correlation: temperature 2—4 months Eveling et al. {1930)

= Cesky rozhlas

* Exchading 1980—1983.

bodies

prior to recording dates over a 10-yr-period;
precipitation in the prior 5 months except if
immediately before fruiting.




Kdy a za kterych podminek houby rostou a
tvori plodnice

aneb

Smerovane podnety a reakce hub



Svétlo

Stridani svételné / temnostni faze
- nutné pro tvorbu plodnic u nékterych druhu
- nutné pro sporulaci, rist smérem ke slune¢nimu zareni




Svétlo

Stridani svételné / temnostni faze
- nutné pro tvorbu plodnic u nékterych druhu
- nutné pro sporulaci, rist smérem ke slune¢nimu zareni




Svétlo

Bioluminescence

- reakce kysliku s latkou hispidin za uCasti enzymu luciferaza

= dosud znama pouze u dfevokaznych a opad rozkladajicich bazidiomycetu
(Panellus, Pleurotus, Mycena, Armillaria mellea, ...)

Mpycena chlorophos
https.//sites.google.com




Kombinace ruznych faktoru

- u plodnic bazidiomycetu je rast tfené negativné gravitropicky, zatimco rourky a
lupeny rostou pozitivné gravitropicky

- Uzce souvisi i s reakci na svétlo a vysledek Casto vychazi z jejich kombinace
(stfidani)
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Mycena viridimarginata (Agaricales, Basidiomycota)



Kombinace ruznych faktoru

- u plodnic bazidiomycetu je rast tfené negativné gravitropicky, zatimco rourky a
lupeny rostou pozitivné gravitropicky

- Uzce souvisi i s reakci na svétlo a vysledek Casto vychazi z jejich kombinace

(stfidani)

- klobouk souvisi i s ochranou pfed destem i vyschnutim (fungivory, apod.)
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Gravitace

- gravimorfogeneze, zcela se zméni
rust plodnice

- nova plodnice orientovana
spravné (viceleté choroSovité houby)

Fomes fomentarius (Polyporales, Basidiomycota)
troudnatec kopytovity




Z ceho a jak houby rostou

a co pro to delaji



Vyziva hub

- saprotrofové = dekompozice mrtvé organické hmoty
rostlin
zivocichu
jinych hub

- paraziti
rostlin
zivocichu (v€. Clovéka)
jinych hub

- mutualisti¢ti symbionti

s rostlinami
s zivoCichy
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Vyziva hub - saprotrofove

Zdroje uhliku:
- rozkladem pletiv rostlin Skrob (a-amylaza), celuléza (celulolytické), lignin
(ligninolytické houby)

Zdroje dusiku:

- rozkladem prevazné zivoCisné hmoty aminokyseliny a proteiny, chitin
(chitinolytické houby) a keratin (keratinofilni houby), recyklaci vlastniho
mycelia
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Drevokazne houby

hnéda hniloba bila hniloba




Drevokazne houby

houby hnédé hniloby (BR, brown rot)
- rozkladaji pouze pektiny, celulozu a hemicelulozu, lignin zanedbatelné,
podobné jako SR

@

- malo druhu, bazidiomycety
Serpula, Gloeopyllum

- lamani v kostickach

http.//forestpathology.coafes.umn.edu/microbes.htm



Drevokazne houby

houby bilé hniloby (WR, white rot)
- nejsilngjSi enzymaticka vybava, rozkladaji lignin, ale pouze spolecné s
celulézou nebo hemicelulézou

- pfredevsim bazidiomycety (Stereum,
Trametes, Pleurotus, Phanerochaete,
Pycnoporus, Daedalea, Ganoderma)

- dale askomycety Cel. Xylariaceae
(Xylaria, Kretzschmaria, Daldinia,
Hypoxylon, ...)

Ganoderma applanatum (Polyporales, Basidiomycota)



Drevokazne houby

houby bilé hniloby (WR, white rot)
- nejsilngjSi enzymaticka vybava, rozkladaji lignin, ale pouze spolecné s
celulézou nebo hemicelulézou

- pfredevsim bazidiomycety (Stereum,
Trametes, Pleurotus, Phanerochaete,
Pycnoporus, Daedalea, Ganoderma)

- dale askomycety Cel. Xylariaceae
(Xylaria, Kretzschmaria, Daldinia,
Hypoxylon, ...)

Xylaria hypoxylon (Xylariales, Ascomycota)



Rozklad zivocCisnych tkani

Keratin
- zastupci fadu Onygenales (Ascomycota)

http://wwwabiolib.cz/IMG/GAL/BIG/76587 jpg

Onygena equina
- keratinofilni saprotrof na kostech

Onygena corvina
- keratinofilni saprotrof na trusu dravcl



Rozklad zivocCisnych tkani

Keratin
- zastupci Chytridiomycota

Batrachochytrium dendrobatidis
- keratinofilni obligatni parazit obojzivelniku

SR ST |
sporangia (Sipka) B. dendrobatidis v epidermis (E)



Ziviny ze symbidzy

s autotrofnimi organizmy



Symbiozy (nejen) s rostlinami ...

Mykorhiza (Ektomykorhiza, Arbuskulani, Orchideoidni)
Endofyti

LiSejniky

Mykoheterotrofni rostliny

Parazité(!)



Kolik rostlin mykotrofnich?

- 90 - 95 % vsech druhd rostlin (225 000)

- alespon ¢ast druht z kazdé vétsi taxonomické jednotky fiSe Plantae tvofi AM
(tedy napt. i jatrovky, kapradiny, dreviny, ...)

- cca 2/3 druhu maji arbuskularni mykorhizu (AM)
- cca 8.000 druht ma ektomykorhizu (ECM)



EVOI uce myko rh izy Cordaites g

Archaeopteris Lycopsida

Paramycorrhizas Cladoxylales

407 385 360

Fig. 3 Evolution of the endomycorrhizal symbioses during the Palaeozoic, from early plants to trees. Left to right, early life on land was mostly microbial.
Elements of the common symbiotic signalling pathway developed firstincharophycean algae (courtesy Jean-Michel Ane and Anthony Bortolazzo, University of
Wisconsin, USA). The first window onto the evolution of mycorrhizas is the exceptional preservation of the 407 million-yr-old Rhynie chert. Paramycorrhizas
(i.e. mycorrhizal-like structures) involving Mucoromycotina and Glomeromycotina were well developed in small (c. <20 cmtall) rootless stem group vascular
plants (Aglaophyton majus, Horneophyon lignieri). Soil depths were of the order of millimetres to centimetres. By c. 385 million yr ago (Ma), tree-like growth
forms (c. 8 m tall) evolved in the fern stem group (Cladoxylales) and by 370 Ma arborescence had evolved independently in several groups, including
progymnosperms (Archaeopteris, which were > 30 m tall). Soil depths were of the order of decimetres to a metre. The second window on the evolution of
endomycorrhizas is the preservation in 315-303 million-yr-old deposits. Glomeromycotina developed in the rooting systems of large swamp-dwelling tree
lycopods (Lepidodendron > 30 mtall) and trees in the conifer stem group (Cordaites c. 20-40 mtall). Soil depths could exceeded several metres. Atmospheric
O;increased from 0.9 present atmosphericlevel (PAL) c. 400 Matoc. 1.3 PAL c. 300 Ma. Models of atmospheric CO; indicate that the Early Palaeozoicinterval
commenced with an exceptionally high CO, atmosphere; concentrations during the latter part of the Carboniferous Period were close tomodernvalues (Royer,
2014; Glasspool et al., 2015; Wilson et al., 2017. Partof the figure adapted from Fig. 1, Montanez, 2016 and Fig. 4, Wilson et al., 2017; courtesy Royer, 2014,
reprinted with permisssion from Elsevier). AM, arbuscular mycorrhizas; CMm, coil-forming mycorrhizas in Mucoromycotina.



Evoluce mykorhizy

Palaeoglomus boullardii (Rhyniophyta)
- devon (407 mil let), arbuskuly v kofenu




Arbuskularni mykorhiza

- arbuskuly, vétvené utvary vrastajici do bunék kofene; vyména zivin
s rostlinou (styk membrany arbuskule + rostliny)

- mimo koren tzv. extraradikalni mycelium

- zasobni latky ve vezikulech

http.//mycorrhizas.info/resource.htmi#photos



Arbuskularni mykorhiza

- rody Glomus, Gigaspora (Glomales, Mucoromycota)
- minimalni saprotrofni schopnosti
= zcela zavisli v prijmu organickych latek na svem hostitel

= obtizné kultivovatelné — pouze v ,kulture” s hostitelskou rostlinou

- uchovavani kultur a pokusy FEaeis
napf. s kulturou kukufice B

Foto: David Puschel



Arbuskularni mykorhiza

v v s

- vySSi prijem P a vody pro rostlinu; pro houbu vyluCny zdroj organickych latek

- ochrana rostliny pred stresem ze sucha, pred tézkymi kovy

il




Arbuskularni mykorhiza

- vySSi prijem P a vody pro rostlinu; pro houbu vyluCny zdroj organickych latek

- ochrana rostliny pred stresem ze sucha, pred tézkymi kovy

normalni nizka zavlaha

Foto: D. Puschel




Antiguity of genomic traits related 7 Oldest known fossils
to mycorrhizal evolution based on

Evoluce mykorhizy = moesesme £ RS-

5 < Ercaceae (Leucothoe)

Origins of soil and |itter decomposers:
loss of lignin oxidoreductases;
CAZYmes expanded :
Multiple origins of edtomycorrhizas and orchid,
mycorrhizas: maintenance of PCWDEs

100

Cretaceous

= Angiosperms

e Pl —

145

Muttiple origins of ectomycorrhizas: .
losses of PCWDES; diversification of MISSPs

2m
Muttiple origins of brown rots -P'

Id— Podocarpaceae

Origin of white rot g

Diversification of saprophytic cellulalytic apparatua
expansion of CAZymes (e.g. GHE, GH?'}

g
Early saprophytic or parasitic Agaricomycotina; I
limited ligninoltic peroxydases and CAZymes =i 249 .
Loss of plant cell wall-degrading = I Pannsyvanian ¥ ﬁﬂ”ﬂ;ﬂf;ﬁ —

enzymes in Glomeromycoting
Mississippian = Occurrence of Basidiomycota
(based on damp connection)

353
Late

Middle = Trees and forests

AM and CMm paramycorrhizas
¥*
Early - Occurrence of Ascomycota

< Stratfied lichens
4= Terrestrial plant remains
and Charophytes

418

Possible origin of the common
symbiotic signalling pathway (CSSP)

Late
Middle Spores attributed to terrestrial plants
Spores and hyphae attributed to

Early Glomeromycotina




Ektomykorhiza

- pro rostlinu transport P, N a vody; pro houbu vyznamny pfijem organickych latek

- chrani rostlinu pred korenovymi parazity, pomaha rostliné ziskavat mineralni ziviny

s L - = O3 : g v -
"|_ ¥ L o - b’ =’ - y ]




Ektomykorhiza

- rostliny tvofi zkracene, tupé zakoncené, Casto dichotomicky vétvené koreny

- houbovymi symbionty bazidiomycety a askomycety, hlavné z radt Russulales,
Boletales a Agaricales, a dalSi (Pezizales, Helotiales z askomycetu)

- bez symbiotické rostliny houby netvori plodnice

Boletus edulis (Boletales, Basidiomycota)



Orchideoidni mykorhiza

- vSechny orchideje (30 tis. druht) alespon z poc¢atku zcela zavislé na houbé
(semena nemaji zasobni latky, organické latky od houby)

= {j. forma parazitizmu, houba neziskava z rostlin zadné organické latky

kofenové bunky Goodyera oblongifolia obsahuijici klubicka hyf,

pravdépodobné mykorhizni houba Rhizoctonia (Basidiomycota)
http.//www.mycolog.com/orchid_mycorrhiza3.jpg

ooy % '
Goodyera pubescens
http://www.missouriplants.com/Whitealt/Goodyera _pubescens_plant.jpg



Erikoidni mykorhiza

- zastupci fadu viesovcotvaré (Ericales) rostouci v prostfedi s chudou padou
bez anorganickych zivin, anorganické latky od houby

= houby z fadu Helotiales (Ascomycota), maji silné saprotrofni schopnosti

klubicka hyf v kofenech Leucopogon verticillatus




Mykoheterotrofni rostliny

- cca 400 druhu rostlin (jatrovky, kapradiny, orchideje, Ericaceae, Pyrolaceae,
Monotropaceae, Gentianaceae)

v s o=

Sciaphila sp. Gymnosiphon minutum
http.://phytosoc.h.kobe-u.ac.jp/~hyogobio/ http.//staff-www.uni-marburg.de/
seibutu/plant/photo/uematsusou.JPG ~b_morpho/gallery.html



Mykoheterotrofni rostliny

- nekteré nezelené po cely zivot, jiné jen zpocCatku, nékteré druhy maji i jedince
fotosyntetizujici / nefotosyntetizujici

Fic. 1 Examples of myco-heterotrophic and partially myco-heterotrophic plants from different angiosperm families: (A) Prerospora andromedea, (B) Sarcodes
sanpuinea (both Plerosporeae: Monotmpoideas: Ericaceae), (C) Vovela clawnta (Gentianacess), (D) Cephalanthern damasonium (Orchidaceae), (E) Kupea

martinetugei (Trivridacese), and (F) Afrothismia hydra (Thismiaceas ),
Merckx & al. (2009)



Mykoheterotrofni rostliny

Pterospora andromedea
= symbiontem Rhizopogon salebrosus
(Boletales, Basidiomycota)



Endofyti

- nesymptomaticti kolonizatori mezibunéénych prostor v kterémkoliv Zivém pletivu
rostlin (vysSich, ale i mechorostu a kapradin!)

= na rostlinach nejsou vidét zadné znamky kolonizace
- omezeni na par hyf, metabolicky neaktivni
X i kolonizace celé rostliny, produkce bioaktivnich latek

- nizka az vysoka druhova diverzita (stovky az tisice kmenu od desitek druht), rizné
Casti zivych rostlin (kofeny, listy, jehlice, stonky, vétvicky, ...)

FIGURE 12.3 Hypha of an unidentified endophyte in epider- FIGURE 124 Hypha of Stagenespora innumeeross in an epl-
mal cells of Picea pumgens. Heedles were cleared in 10% EOH and dermal cell of Juncss sffiwesvar pacifions. The epidermis was excised
with a razor blade, cleared by boiling in lactophencl-cthanol (1:2
v/, and stained in acid fuchsin-malachite green (Cabral et al.
o T W AR R el 1903

FHIRE LI Ssoueiae D el
e g i Seeswess rermea prdine - cdE

stained with 0L05% trypan blue in lactoglyeercl.

VFUER 12D Iiaiins Mt micd g |, s



Bertioga-summer Berboga-winter Canangla-summer Cananela-winter

Endofyti -

- kolonizace neni patrna, jejich detekce bud izolaci
nebo pomoci metod analyzy DNA

= skryta diverzita

GrS




Endofyti

- bioaktivni latky, napf. sekundarni metabolity s ruz
funkci napf. proti herbivorim

Phialocephala scopiformis (Helotiales, Ascomycota)
- producent rugulosinu toxického vuci
obale¢im rodu Choristoneura




Endofyti

- bioaktivni latky, napf. sekundarni metabolity s ruznou
funkci napf. proti herbivorim

x ve stresu mohou rostlinu oslabit

Epichloé typhina



Endofyti

- mohou se z nich stat patogeni
- po opadu kolonizovaneho organu jsou prvnimi
kolonizatory — dekompozice

Lophodermium corconticum (Rhytismatales,
Ascomycota)
- slaby patogen na jehlicich kleCe v KrkonoSich




Lisejniky
- symbiéza hub (askomycety, bazidiomycety) a fas (nebo sinic, pfipadné obou)

- vétSinu stélky tvofi houba, fasa pouze v tenké vrstvé pod svrchni kiirou

Xanthoria parietina Omphalina hudsoniana



Ligejniky

Jedine¢né schopnosti
- fotosyntetizovat i pfi nizkych teplotach (az -40°C)
- rust na nehostinnych substratech, prvni kolonizatofi

- rychle prechazet z vyschlého do aktivniho stavu

- dlouha Zzivotnost stélky

- produkce specifickych sekundarnich metabolita
= ochrana pred herbivory

antibiotické ucinky

= mykotoxiny

= ochrana prfed UV

= arkto-alpinska tundra, tajga, temperatni
destné lesy, ....




Ligejniky

- houba tvofi plodnici (miskovité apotecium u askomycetu), klobouk a tren
u bazidiomycetu
- rozmnozovani i nepohlavni pomoci specializovanych utvaru

= sorédie (houbova vlakna obalujici fasy), vznik v soralech

= izidie (Casti stelky urCené k odlomeni
soredie

Asmcarphui fungus

svrchni korova vrstva e o
gonidiova vrstva =8

spodni korova vrstvg— > — =




Ligejniky
Vyznam pro €lovéka

- zdroj pfirodnich barviv (Evernia, Roccella)
- doplnék potravy (Bryoria, Aspicilia)

- [éCiva (antibiotika, Cetraria islandica)

- vyroba jedu (Letharia vulpina)

- esence do vonavek (Evernia prunastri)

sl A |

el

:2-»:3.)i

pastilek




Liejniky
Vyznam pro €lovéka

- Casti kolonizatofi ovocnych dfevin v sadech a zahradach

rovivy a piireell Jreatnem proaPeidl 8 ssologh

ekolist.cz
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Ruzné symbiozy

s bezobratlymi a obratlovci



Bezobratli zivici se plodnicemi

Mykofagni hmyz - obligatni mykofagove (mycetobionti)

- larvy i dospélci se zivi pouze plodnicemi, napr. drabCikoviti (Staphylinidae)

Copyright & 2000 Stanislav Krejék

Mycetophagus quadripustulatus
http://www.biolib.cz/cz/taxonimage/id11251/?taxonid=14086

;W
e s

=3 I . ‘ ;
Gyrophaena boleti
http://www.commanster.eu/commanster/insects/Beetles/SuBeetles/Gyr
ophaena.boleti.html



Hmyz zivici se sporami

iy L

- Sifeni spor, napf. u Phallus impudicus (Phallales, Basidiomycota




Hmyz pestujici houby

- mravenci tribu Attini, tropicka skupina (stf. a J Amerika)
- hnizda (mravenisté) ohromna (nékolik ha), hloubka az 6 m, klimatizované chodby

Atlta mex:cana
http://blog.lib.umn.edu/denis036/
thisweekinevolution/Ant.jpeg

http:.//www.zi.ku.dk/personal/
drnash/Atta/Pages/lcd.html




Hmyz péestujici houby

- mravenci rozdéleni na kasty: stfihaci, nosici, porcovaci, zahradnici ¢

- kralovna prenasi inokulum do nového hnizda




Hmyz péestujici houby

- symbidza s bazidiomycety druht bélohnojnik pali€konosny Leucocoprinus
gongylophorus, Attamyces bromatificus a druhy Celedi Pterulaceae

- houba roste na pfinesenych listech, na myceliu tvofi vyriastky (gongylidia)
obsahuijici proteiny, steroidy, lipidy, které mravenci okusuji

- zaroven chrani pred dalSimi parazitickymi houbami a bakteriemi, Cisti
mycelium a zajistuji optimalni teplotu a vihkost

- houba vzacne tvori plodnice, ale prevazné
se necha jen rozSifovat mravenci do novych
kolonii

Foto: M. Piepenbring



Hmyz péestujici houby
- houbové symbiosy pouze u Macrotermitinae v Asii a Africe

- houbu péstuje na vykalech (zbytkova celuldéza, lignin) kde tvori gongylidia
bohaté na N, cukry, enzymy

- termiti sice sami stépi celulozu, ale houba notné vypomaha

- termiti stale pridavaji vykaly na vrch zahradky a ze spodu zerou houbu, Ci
jednou za Cas sezerou celou Cast zahrady




Hmyz pestujici houby

- houbovymi symbionti rody Termitomyces
(Agaricales, Basidiomycota) S

- jedlé a velmi chutné houby

T. robustus (Agaricales, Basidiomycota)
http://content.herbalgram.org/wholefoodsmarket/

Termitomyces heimii



Interakce s obratlovci

| mrtvi obratlovci prispivaji k tvorbé novych habitat

- fada druhd hub vazana tvorbou plodnic na mista s mrtvolkama

. Hebeloma vinosophyillum Hebeloma spoliatum
Hebeloma spoliatum Hebeloma sp.

= corpse finder

VARIOUS
ANIMAL WASTES

GROUND (R BTN e
SURFACE | | A
ECTOMYCORRHIZAS

5¢cm



Interakce s obratlovci

Horse Hair anus {Marqm:us
androsaceus) on Balsam Fir, ML Mansfield, .
Blackpoll Warbler nest Mt. Mansfield, VT VT Bicknell's Thrush nest, Mt Washington, NH
Gymnopus androsaceus (Agaricales, Basidiomycota)
- rhizomorfy v hnizdech drozda newfoundlandského




Mykofagni obratlovci

Mykofagni obratlovci - obligatni mykofagové
- Clethrionomyces californicus
- Zivi se podzemnimi plodnicemi ECM hub; kdyz nejsou, tak liSejniky spadlé na zem

- musi mit plodnice po cely rok
= pobrezni vihké lesy v Oregonu a S Kalifornii

http.//www.flickr.com/photos/terryandchristine/ §
2699639823/ W



Mykofagni obratlovci

Mykofagni obratlovci - obligatni mykofagove
- Potorous longipes
- Zije vzacné v eukalyptovych lesich JV Australii

- plodnice hub tvofi >90% denni stravy

http://www.arkive.org/media/EE/
Presentation.Large/photo.jpg




Mykofagni obratlovci

- velmi Sikovni ve vyhledavani
= ve vykalech nalezeny spory cca 50 druht hub s podzemnimi plodnicemi,
fada z nich vubec nenalezena pfi mykologickych pruzkumech

- vuné obsahuji alkoholy, ketony a estery (dimethyl sulfid)
- nékdy je dulezita smés, nez jednotlivé latky

- mechanizmus lakani neni vzdy jisty, mohou to byt analogy pohlavnich hormonu



Mykofagni obratlovci

Mohou savci pomahat pfi rozsirovani houby?
druhy s podzemnimi plodnicemi nemohou rozSifovat své spory vétrem

X jsou v teplotné a vlhkostné stabiln€jSim prostiredi, lakaji své konzumenty
vuni — vyhrabavani Setfi energii houby na rozSifovani spor

Glaucomys sabrinus X Elaphomyces granulatus

http.//www.eichhoernchenfreunde.de/



Mykofagni obratlovci

Prilezitostni mykofagové

- hfibovité (Suillus spp.), holubinkovité (Russula spp.), druhy s podzemni plodnici
(Rhizopogon) a pychavka (Calvatia)




Mykofagni obratlovci

Prilezitostni mykofagové

- vliv na Sireni, stimulaci kliceni spor?

Eutypa maura (Xylariales, Ascomycota) Vuilleminia comedens (Corticiales, Agaricomycota)
- ohryzana stromata na vétvi¢ce



Mykofagni obratlovci

Prilezitostni mykofagové

- vliv na Sireni, stimulaci kliceni spor?

¢
S Py
& b Cryptostroma corticale (Xylariales, Ascomycota)
: __": - sazna nemoc javoru klent



Vyznam hub pro Cloveka



Historie a prvni zobrazeni

http://www.jamtan.com/

jeskyné Tassili N'Ajjer (Alzir) nasténné skalni malby z 9000 — 7000 p¥. n. I.

- podobné mallvky i jinde po Africe z neolitickych dob, kdy byla Afrika husté osidlena
http://www.wikipedia.org



Historie a prvni zobrazeni

Feka Pegtymel, Cukotka (Rusko)
nasténné malby v jeskynich z 1000 — 2000 pf. n. I.
pravdépodobné Amanita muscaria

Drawing of Siberian Petroglyph (A. muscaria related?)
from Plants of the Gods, @ 1992 Schultes & Hofmann 3

http://www.erowid.org/plants/amanitas/

Approximations of Petroglyphs from the Pegtymel River (proposed A. muscaria depiction)

Image frem imaginaria.org 194



Historie a prvni zobrazeni

Soma

- hinduisticky

welixir zivota® a ,napoj nesmrtelnosti®

L = ) R . -1

Mahabalipuram (Indie),
5. — 8. stol. n.l.

Indie, pfiblizn& 1 000 pF. n. |.



Historie a prvni zobrazeni

Houbové kameny, El| Salvador, 300 - 600 n. .

Mexiko, 1000 - 500 pfr. n. I.

http.//physics.lunet.edu/~snow/stone.html



Historie a prvni zobrazeni

Teonanactl
- prostfednik k Bohim, psychedelicka latka uzivana ritualné Samany od 3. stol. n.l.

Codex Magliabechiano (Mexico), pol. 16. stol.
ritualni pouzivani Psilocybe caerulescens nebo P. mexicana, Panaeolus
campanulatus a nebo Stropharia cubensis

http://knarkkorven.magiskamolekyler.org/svampinfo/historia.php



Historie a prvni zobrazeni

Teonanactl
- prostfednik k Bohtim, psychedelicka latka uziva

i Ps:locybta‘caerulescens '
(Agaricales, Basidiomycota)

Codex Magliabechiano (Mexico), pol. 16. stol.
ritualni pouzivani Psilocybe caerulescens nebo :
campanulatus a nebo Stropharia cubensis e Y

Panaeolus comﬂanulatus.
http://www.funghiitaliani.it http://knark (Agaricales; Basrdlemyc



Historie a prvni zobrazeni

Lactarius deliciosus (Agaricales, Basidiomycota)
freska z Herculanea (ltalie)

- 79 n. |. pohfbeno po erupci sopky Vesuvu

- patrné nejstarsi vyobrazeni jedlych hub v Evropé



Historie a prvni zobrazeni

Podzim, Giuseppe Arcimboldo
(1527-1593)




Historie a prvni zobrazeni

The Greengrocer, Giovanni Francesco Barbieri, early 17th century



LES LORETTES,

f Lo - - e

Historie a prvni zobrazeni.

~Jesus, How do you Dare Eat the Mushrooms!
Mushrooms, My Dear, are Like with Men. Nothing
Resembles the Good Ones as Much as the Bad Ones!* e comoent qus W ases mavans fes Champinna) s Craineens. ma ke o ekt

TETSEA R AN '-.-:'-.'_ ALY T LIR

Les Lorettes: Jésus! comment que tu oses manges les champignons!! Les champignons, ma belle, c’est
comme les hommes, rien ressemble aux bons comme les mauvais), Gavarni, Paul. 1804-1866



Historie a prvni zobrazeni
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Lesni porost. Ruysch, Rachel 1664-1750



Historie a prvni zobrazeni

- Viktorianska Anglie (19. stol)




Historie a prvni zobrazeni

T e | =4
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Veselé shirani hub
NiSikava Sukenobuo (1674-1754), Japonsko



Historie a prvni zobrazeni

Sbér hub v Arashiyania
Kawanabe Kyosai (1831-1889), Japonsko




Historie a prvni zobrazeni

Ganoderma lingzhi

- v Ciné povazovana za Ling Chih (Linghzhi, ling-chi), neboli svatou houbu z
niz Ize ziskat napoj nesmrtelnosti

- nejedla, tuha, Ize konzumovat pouze extrakty/vyluhy




Historie a prvni zobrazeni
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- ¢asto zobrazovana na malbach
bud’ detailné nebo symbolicky

- ruzné vyobrazeni G. lingzhi na malbach a
Cinském porcelanu



Historie a prvni zobrazeni

Lady Xuanwen Jun Giving Instructions on the Classics
Chen Hongshou (1598 — 1652), Cina




Houby a technologie
- co nam houby davaji?

- co se ziskava z hub za latky?
- jak vyuzivame houby?

- jak budeme houby vyuzivat v budoucnu?



Houby a techno

State of the
* World’s Fungi

2018

TABLE 1: AN OVERVIEW OF THE HUMAN APPLICATIONS OF FUNGI

AGRICULTURE

Species of Trichoderma are used to enhance the growth of crops and as a source of enzymes added to improve animal
feedsH**=, Fungi are also the source of an important class of agricultural fungicides called strobilurins==, Aspergilius
fiavus is used as a biocontrol agent on peanut crops to out-compete afiatoxin-producing fungi==,

BEVERAGES Yeasts underpin alcoholic drink production from beer to wine to spirits. Soft drinks contain citric acid that is
produced from the fermentation of Aspergillus niger=3, Glucoamylase from species of Aspergillus is used to
convert starch to high-fructose corn syrup. which is used as a sweetener in soft drinks!™1L

BIOFUELS Secondgeneration bioethanol makes use of species of Trichoderma to break down agricultural waste such

as maize straw into sugars that can be fermented using yeast to produce ethanol<l,

BIOREMEDIATION

White rot fungi, including Pleurotus ostreaius and Trametes versicofor, can degrade toxic polychlorinated biphenyl
{PCB} chemicals in soil and poliuted wastewaters===l,

COTTON Catalase enzymes from species of Aspergilius are used to break down excess bleach in the wastewater from

PROCESSING cotton processing®’l. Trichoderma cellulases are used to remove fine cotion threads, which prevenis the fibre
apgpregating into pillst,

FOOD At least 350 edible mushroom species are known to be collected for food®, The meat substitute Quorn™ is

manufactured using a fungus (Fusarium venenatum)®. Moulds such as Penicillium camemberti and P roqueforti
are integral to the ripening process in many types of cheese®. Live yeast and fungal enzymes are used in
breadmaking™. The food colourings lycopene and betacarotene are now produced from the fungus Biakesiea
trispora™, Soy sauce is produced using koji (Aspergilius oryzae) and the Asian snack tempeh makes use of
Rhizopus microsponus!==1,

HALLUCINOGENS

Worldwide, 216 species of fungi are believed to be hallucinogenic — of these, 116 species belong to the
genus Psifocybe®™t,

LEATHER
PROCESSING

Leather hides are degreased with lipase enzvmes from Aspergillus oryzasts54,

MEDICINES Many drugs come from fungi. Penicillin from Peniciilium rubens revolutionised the treatment of bacterial infections
and cyclosporine from Tolypocladium inflatum made organ transplantation possiblet*-*3l, Gestodene is an active
ingredient in thirdgeneration contraceptive pills; a key step in its synthesis is achieved using fungal fermentation
with Penicillium raistrickii==,

PAPER Cellulase enzymes produced by species of Trichoderma and Humicola are used to speed up the pulping process

MANUFACTURING

thereby reducing water usagel’=8,

PLASTICS AND
BIOMATERIALS

Flastic car parts, synthetic rubber and Lego™ are made using itaconic acid derived from species of
Aspergiifus==£71. Additionally, fungal mycelium-based products are now being used as replacements for
polystyrene foam, leather and building materials!=-"

RESEARCH Since 2010, more than a guarter of MNobel prizes for physiology or medicing were awarded Tor work based on yeasti™.
VITAMINS The vitamin B2 used for vitamin supplements is produced by fermentation of the fungus Eremothecium gossypiil™l,
WASHING Cellulase enzymes produced by the themnophilic fungus Humicola insolens are added to washing powders and
DETERGENTS liquids, They trim the fine cotton threads on the surface of cotton fabric to produce a smoother, newer fegf*s™=,

Lipase enzymes from the same species are also added to break down fat stainsi®*,




Houby a technologie

potravinarstvi

- pivo, vino, chléb, pecivo, fermentace jidel, péstovani na plodnlce plisnové syry,
kys. citronova,

farmacie

- antibiotika, 1é€iva, probiotika




guardian.co.uk

News  Sport | Comment | Culture | Business | Money | Life &

[ews ) World news ) Tiay

Ttalian mountain mushrooms claim

ariimrs s mpel e g

At least 18 ltalians have died in the past 10 days in the shadow of the
Alps and Apennines — not because of rock falls or mountaineering
dents, but for the love of mushrooms.

Recent weather conditions have brought about an explosion in the
number of edible fungi clinging to tree stumps and undergrowths in
northern Italy. Coming after weeks of dearth, the sudden abundance has
caused a correspondingly abrupt surge in the number of pic

ioli" — many of whom seem willing fo tz xtraordinary




Houby a technologie

- narody mykofilni a mykofobni




Houbové enzymy =y

lacte 1.~ = ¢
- v detergentech (proteinazy, lipazy, celulazy) o Z
- v krmivech pro zvirata /
- pfi peCeni a vyrobé cerealii (endoxylanazy) .
- Uprava tukl a masa %’l

- transformace laktozy z mléka (laktaza)

- Cisténi vod (lakazy)

- dzusy, stavy, keCupy (pektinazy, celulazy)

- zpracovani kuze

- textilni pramysl (pektinazy, celulazy, xylanazy)

FIGURE 4: FUNGAL ENZYMES IN INDUSTRY

Nearly 70% of all industrially esed fungal enfymes

are derived from just seven species of fungl.

|Data fram the Association of Manulaciurers and 3

Formulalors of Enzyme Products®] Aspergilius
specias
BT enpmes

Trichodernma

30 orzwmes




Houby a technologie

- biologicky boj

- v zahradnictvi a lesnictvi

- rekultivace a bioremediace
- biodegradace

— ——

Beauveria bassiana (Hypocreales, Ascomycota)



Houby vs. technologie

- i ve vodé z kohoutku a balené vodé

- nebezpecné pro zdravotnickeé zarizeni

- kontaminace, znehodnoceni

= vyrobky, potraviny, budovy, ...

Fig. 1 Examples of tvpical dark pigmented biofilms ot water
outlet fithngs in indoor envirenments; 1A, 1B biofilm hanging
from water tap: 24, 2B davk biofilm growing on o shower head:
3A, 3B dark biofilm growing on seralor

Fig. 5 — Wet Lap contaminated with mold.



Houby vs. technologie

- poprve objeveno v Belize, dalSi zaznamy Mexika, Panamy, Hong Kongu, ...

- askomycet druhu Geotrichum candidum (Saccharomycetales, Ascomycota)
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Houby vs. pamatky

- nebezpecli pro muzea, archivy (knihy, obrazy, sochy, filmy, ...)
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Fig. 1
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- nebezpecli pro muzea, archivy (knihy, obrazy, sochy, filmy, ...)

. B} Marhbe facade of the Cobsus library in Ephesos (Turkey) with blopining covsed by microrolondal fungi (C, D)
atnrmination of archeclogical bndings and historical helimets due to storape in tight cardbossd boxes (B} Fungal

1 toxtile wpestty on museum wall coused by wall temperature filing below the dew-point level. {F]) The dght

of racles for storge of paintings does nat sllow suBeiont ventilntion and s neroasss the sk of fungsl groweh

o

EE )

- A, B) Part of a wood ceiling with 12th century paintings. The paint layer was deteriorated by Aspegillus sp. (0 Pastel

painting with fungal contamination due to packing in plastic foil. (D) Mould on mperial Austrian horse tappings made of
textiles. (E) Historical frames with gold leaf strongly contaminated by fungi. (F) Dense lawn of Trichederma sp. on historical

book.



Houby vs. Clovek

- kontaminace, znehodnoceni

= vyrobky, potraviny, muzea, archivy, budovy, ..
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Houby a technologie v budoucnosti
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Houby a technologie v budoucnosti

- stavebni, izolac¢ni a obalové materialy
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