Symbiozy

s autotrofnimi organizmy



Symbidzy s (nejen) rostlinami ...

Arbuskularni (AM)
Erikoidni
arbutoidni
monotropoidni tzv. endomykorhizy

Orchideoidni

jungermannioidni

Ektomykorhiza (ECM)
Ektendomykorhizy

Endofytizmus
Lichenizmus

Mykoheterotrofni rostliny
Parazite rostlin (priste)



Mykorhizni vs. mykotrofni

Mykotrofni — rostliny, schopnost tvofit funkéni mutualistické spojeni
s myceliem

Mykorhizni — houby, schopny tvofit mutualistické symbiozy s rostlinami

Mykorhiza — funkéni symbioza rostliny a houby s. |.; morfologie

x mykofagni (zerouci houby)




Kolik rostlin mykotrofnich?

- 86(- 95) % druhu rostlin (225 000)
- cca 2/3 druhu maji arbuskularni mykorhizu (AM)
- cca 8.000 druhd ma ektomykorhizu (ECM)

- zastupci kazdé vétsi taxonomické jednotky fisSe Plantae tvori AM
(tedy napf. i jatrovky, kapradiny, dfeviny, ...)

AM — patfi sem i rostliny vodni (Isoétes), 13&’ ok
ruderalni (Chenopodium) a slanistni 4
(Spartina cynosuroides)

http://www.plantatlas.usf.edu/plantimage/
Spartina_cynosuroides2.jpg










Artrprecrmie VIF

| 1) Pilze im Innern von Zellen,
" " Als ich letzten Herbst die Wurzeln ‘mehrerer Irisariea
zu anderweitigém Zwecke ntersuchte, stiessen mir mickt seh
ten in den alten Zellen Pilzbildungen auf. Die Wurzeln vou
Iris besiehen bekanatlich, wie iiberhaupt diejenigen der Mo«
nocotyledonen, ans einem ecentralen Gefissbiindel und aos
ciner Rindenschichte ‘von grossmaschigem Parenchym, It
diesen parenchymatischen Zellen leblen 8 verschiedene' Aren
von Pilzen, . e Tt
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Mykoheterotrofni rostliny
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Arbuskularni mykorhiza

- hyfy pronikaji pres bunéénou sténu bunék primarni kary

- arbuskuly

- extraradikalni mycelium

Agrostis tenuis kofinky
© David Puschel



Chlamydospore .

Epidermis
Arbuscule

Endodermis

\:"""- ,
Root hair e

mycelium

® 1998 Sinauer Associales, Inc.



Arbuskularni mykorhiza

- Glomeromycota (Glomus, Gigaspora, ... )
- minimalni saprotrofni schopnosti

= prijem organickych latek z rostliny

= obtizné kultivovatelné

© David Puschel



Arbuskularni mykorhiza — funkce

Houba Rostlina
- vySSi pfijem P a vody - asimilaty

- ochrana pred stresem ze sucha

- ochrana pred tézkymi kovy
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Ektomykorhiza

- hyfy v mezibunéénych prostorach primarni kury (Hartigova sit)
- plast’ hyf
- extraradikalni mycelium

- zména morfologie korene

Picea abies kofinky




Xylem

Epidermis

Cortex

Hartig
net

Fungal
sheath

B 1998 Sinaver Associates, Inc.




Ektomykorhiza

- Agaricomycotina (Russulales, Boletales, Thelephorales, ...)
- Pezizomycotina (Helotiales, ...)
- vétSina organickych slouc¢enin od rostliny

- nékteré kultivovatelné na agaru

X jen zaklady plodnic
Boletus edulis (Boletus reticulatus)

rr
e F:,
—

http://upload.wikimedia.org/wipedia/commons/a/aB/BoIetus_eduIis_(TiIIegem).jpg



Ektomykorhiza — funkce

Houba Rostlina
- transport P, N a vody - asimilaty
- ochrana pred korenovymi parazity - fruktifikace

- mineralni ziviny

R
3‘.:5-" 3




Specifika ECM

- Ziviny z pudy pouze extrarad. myceliem, hyfalni plast ,nepropustny*
= izolace od pudy

- vétSinou 100% kofenového systému s vytvorenymi mykorhizami

- mykorhizosféra

- zivotnost mykorhizy (1 kofenové Spicky) radové meésice, max. 2 roky
- dynamicky systém

- vice hub souc¢asné (az desitky drunhd ECM hub na 1 stromé)

+ plasticita u ECM symbiontu

- vznik ECM az 66x v evoluci!
= rlzné enzymatické schopnosti ECM hub



Specifika ECM

- fruktifikace pouze s hostitelem
- indukce pec. latkami?

- organické latky pro plodnice
= hyfalni plast jako zasobarna zivin

= pro jednu plodnici potfeba cca 3 — 14 mil. Spicek (!)
odpovida ploSe cca 1-2 m?

Russula vesca
http://botany.upol.cz/atlasy/system/

Boletus edulis &
http://www.naturfoto.cz/ (%







Erikoidni mykorhiza

- Ericaceae

- vlasové koreny (tenké kofinky )

- klubka a smy€ky (rhizodermalni bunky)
- extraradikalni mycelium

http://myc



Erikoidni mykorhiza

- Pezizomycotina (Rhizoscyphus ericeae)

- saprotrofoveé

- silnd enzymaticka vybava (proteazy, fenol oxidazy)
- rust a rozklad humusu pfi nizkém pH

Rhizoscyphus ericeae Rhododendron hirsutum
http://www.devonian2.ualberta.ca/uamh/ http://flora.nikde.cz/view.php?cisloclanku=2004082003

<



Erikoidni mykorhiza — funkce

Houba Rostlina
- rozklad organickych latek a

transport N a P - asimilaty

e
i

comiphotography/-photos/lapo0972.jpg:. . AT TR T

T T RSTTR TS iy T e

Phyllodoce caerulea
http://www.funet.com/pub/sci/bio/life/plants




Orchideoidni mykorhiza

- Agaricomycotina (Rhizoctonia)
- vSechny orchideje (30 tis. druht) klicové pro ontogenezi
- ze zaCatku organické i anorganickeé latky od houby

- pozdéji vymeéna latek

kofenové bunky Goodyera oblongifolia s klubiCky hyf

http://www.mycolog.com/orchid_mycorrhiza3.jpg

Goodyera pubescens
http://www.missouriplants.com/Whitealt/Goodyera_pubescens_plant.jpg



THE ROYAL
SOCIETY

Symbiotic fungal associations in
‘lower’ land plants

. J. Bead', J. G. Duckenr’, K. Francis', B. Ligrone' and A, Russell’
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Heterobasidiomycetes form symbiotic associations with

hepatics: Jungermanniales have sebacinoid mycobionts

while Anenra pinguis (Metzgeriales) is associated with a

Tulasnella species bl ity o oph i bngerye g gt
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K ¢emu |sou mykorhizy

Mobilisation of N & P from organic
polymers from microbial biomass,
micro- & meso-fauna and plant litter
intervention in microbial mobilisation- 3
immobilisation cycles

B2-48%

1T Wanee 6 €
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= New

- Ph}'tulugist Research

Culturing and direct DNA extraction find different fungi

from the same ericoid mycorrhizal roots

Tamara R. Allen?, Tony Millar!, Shannon M. Berch? and Mary L. Berbee!
"Department of Botany, The University of British Columbia, Vancouver BC, V6T 1Z4, Canada; *“Ministry of Forestry, Research Branch Laboratory, 4300 North
Road, Victoria, BC V8Z 5]3, Canada




Postupny vyvoj studia

Sebacina spp. (Agaricomycotina)

- rod s nejvétSim spektrem mykorhiznich asociaci

Sebacina incrustans
http://lydeneyer.ifrance.com/sebacina_incrustans_(yd) 1.jpg
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Arbuskulani (AM)
Erikoidni
arbutoidni
monotropoidni

Orchideoidni

jungermannioidni

Ektomykorhiza (ECM)
Ektendomykorhizy
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Parazite rostlin (priste)



Mykoheterotrofni rostliny
- cca 400 druhu rostlin (jatrovky, kapradiny, orchideje, Ericaceae, Pyrolaceae,
Monotropaceae, Fabales, Gentianaceae )
- epiparazitické
- symbionty pfevazné Agaricomycotina

- pfisna vazba druh hostitele + druh houby

Sciaphila sp.
http://phytosoc.h.kobe-u.ac.jp/~hyogobio/
seibutu/plant/photo/uematsusou.JPG http://www.parasiticplants.siu.edu/images/Parasitaxus3.jpg




Mykoheterotrofni rostliny

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

% -
Gymnosiphon minutum
http://staff-www.uni-marburg.de/
~b_morpho/gallery.html

Dictyostega orobanchoides
http://staff-www.uni-marburg.
de/~b_morpho/gallery.html

Diapensia laponica
http://www.parasiticplants.siu.edu/Mycotrophs/images/
Diapensiaceae/DiapensiaLapponica3.jpg



Mykoheterotrofni rostliny

- asociované predevsim s mykorhiznimi druhy hub

Merckx & al. (2009)



Mykoheterotrofni rostliny

- i jatrovky nezelené, organickymi latkami i mineralni vyzivou zavislé na houbé

Tulasnella sp. (Agaricomycotina) + mykoheterotrofni jatrovka Cryptothallus mirabilis
(+ ECM s Betula)

. .\‘ l,: L
http://rbg-web2.rbge.org.uk/bbs/Resources/gallery/cryptothallus%20mirabilis%203.jpg



Mykoheterotrofni rostliny

- asociace i se saprotrofnimi druhy hub
Wullschlaegelia aphylla + opad rozkladajici Gymnopus sp., Mycena sp.
Gastrodia similis + drevokazna Resinicium sp. (vSe Agaricomycotina)

Fig. 1 Morphology of Wullschlaegelia
aphylla (a—d) and Gastrodia similis (e—g)

(a) Inflorescence of W, aphylla. (b) Ramified
mvearrhizal rooks (e and short uberous rooks
(t) in beat litter. {c) Fungal rhizomonphs (M)
linking mycomrhizas and decaying leaves
(rhizamorphs are dark on the left and pale on
the right). (d) Contact bebtwesn a rhizomaonph
and a mycorrniza. (e) inflorescence of G
cirmilis. (f) Thick starch-filled rhizomes (rz) and
long mycormrhizal roots (r) in dead wood MartOS & al. (2009)
(g} A rhizome with emanating mycorrhizas
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Endofyti

- nesymptomaticti kolonizatofi pletiv rostlin
- zadné znamky kolonizace

- po vétsinu sezbény zadné projevy

Zakladni rozdéleni.
= u travin (Hypocreales, Ascomycetes)

- klasickym pfikladem jsou travy a Neotyphodium (teleom. Epichloé)

= u ostatnich rostlin a drevin (rizné Pezizomycotina, vzacné Agaricomycotina)
- stovky az tisice kmenu od desitek druht

- v riznych Castech (kofeny, listy, jehlice, stonky, vétvicky, ...)



Epichloé typhlna
Mduller & Krauss (2005)
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Fig. 1 - Assortment of ascomycetous endophytic fungi recovered from foliage of angiosperms and conifers in North America
and Panama. These diverse lungi grow readily in culture and can be maintained in culture collections at Little cost. With
recent technological advances, the growing papularity of culture-free methods promises o diseover ever-greater diversicy
and to expand our understanding of the structure of the fungal tree of life. One particularly useful aspect of culture-free
methods may be to show that particular fungi are present in an environment, thus leading endophyte researchers 1w
optimize culturing conditions as a means o caprure thase fungl in vitra, Such effarts are erirical for establishing voucher
specimens, which in turn can be used to empirically assess species interactions, as raw materials for bioprospecting or
bivlogical control, and as the basis for future research in systematics or genomics. Because many endophytes do not
aporulate in culture, and thus are classified only as myecelia sterilia, they are not welcome at maoat established colture
collections. Depositories are needed to house and maintain vouchers of these fungi, and to curate their ecological data (site of
origin; host plant; season; tissue type). Both the specimens themselves and the data reganding their recovery have
rremendous inmrinaic valoe,




FIGURE 1211 Inmacellular Réwbdocline parieri hyphae
{@rrews) in Douglas fir ( Pradomwgs raxifdia) necdles {500, FIGURE 12.2 Intracellular Pwiosricra abienis hyphae | arraer)
in Giant fir (Akies grandis) needles (<500,

FIGURE 12.3 Hypha of an unidentified endophyte in spider- FIGURE 124 Hypha of Stagenespern innsmscrosa in an epi-
mal cells of Pieea pargens. Meedles were cleared in 10% EOH and dermal cell of Trencus effuses var pacifens The epidermis was excised
stained with 0L05% trypan blus in lactoglyeerol. with a razar blade, cleared by boiling in lactophenol-ethanaol (1:2

v/vi, and stained in acid fachsin-malachite green (Cabral et al
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Thermotolerance Generated by
Plant/Fungal Symbiosis

Regina 5. Redman, ™ Kathy B. sheshan,™ Richard G. stout,**
Russell |. Rodriguez,"** Jean M. Henson™®
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were protected from thermal siress.

We also field-tested srmbiotic and non-
symhb edlings in pasteurized geother-
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theater ‘-pnng! |‘EN'P] in May 2001 (Fig.
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l:llm thrived. The beneficial effeat of fungal
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A novel plant—fungal mutualism associated with fire
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Porras-Alfar & Bayman (2011)



DSE

- dark septate endophytes
- nesymptomaticka kolonizace korenu bylin (travy) a Ericaceae
- tmavé mycelium, tvorba mikrosklerocii

- saprotrofni askomycety, Phialocephala fortinii, Meliniomyces variabilis, Cadophora
finlandica (Pezizomycotina)

- v chladnych oblastech chudych na ziviny

1'&';

e
]
- vyskyt zfejmé& podhodnocen {4
- uCinek mutualisticky — neutralni — paraziticky, a !
|ze je povazovat za mykorhizy s. I. (?) P 4

Schadt & al. (2000)







Symbiozy s (nejen) rostlinami ...

Arbuskulani (AM)
Erikoidni
arbutoidni
monotropoidni

Orchideoidni

jungermannioidni

Ektomykorhiza (ECM)
Ektendomykorhizy

Endofyti
Lichenismus

Mykoheterotrofni rostliny
Parazite



Lichenismus

- symbidza fas (sinic) a hub (Pezizomycotina, Agaricomycotina)

- vétsSinu stelky tvori houba,
- Fasa pouze v tenké vrstvé pod svrchni klrou

Xanthoria parietina Omphalina hudsoniana



Lichenismus

- unikatni symbidza

- pohlavnée se rozmnozuje pouze houba

- liSejnikové fasy mohou ruast i volné, houby nikoliv (?)

- vznik fady jedine¢nych sekundarnich metabolita (liSejnikové kyseliny)
- kolonizace novych substratu (skaly)

- odolné proti stresu (chlad, nedostatek srazek, svétla, ...)

- malo odolné vuci znecisténi = moznost bioindikace

- potrava pro mnoho druht zivodichu

- ukryt a prostor pro mnoho zivo€ichu

-vice viz prednaska Davida Svobody v Botanice bezcévnych rostlin



Symbidzy s (nejen) rostlinami ...

Arbuskulani (AM)

Erikoidni

Ektomykorhizy
Ektendomykorhizy

mutualistické

arbutoidni
jungermannioidni

monotropoidni

orchideoidni
Mykoheterotrofni rostliny
Parazite

Endofyti
Lichenismus



Symbiodzy s autotrofnimi organizmy - shrnuti

- které typy mykorhiz rozeznavame
- jak je mykorhizni symbi6za rozsSirena v rostlinne risi

- co skryvaji rostliny uvnitr pletiv

Naméty pro vyuku, domaci ukoly, zamysleni ...

Které rostliny jsou zcela zavislé na symbiotickych houbach?
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