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Lichenismus — asociace houby a zelené rasy/sinice za
tvorby specificke stélky



Demi-lichenization
castecna lichenizace, volné souziti

Ne vSechna souziti rasy a houby jsou
lisSejniky

choros Trametes versicolor

Zavada & Simoes 2001: SEM showing the loosely arranged
hyphae with ovoid Trebouxia-like cells attached to the hyphae,
X 1,000.




Charakteristika asociace:
Symbidza?

Mutualismus?
Parasitismus?
Kontrolovany parasitismus?
,zemeédeélstvi“?

volné Zijici:

- fotobionti jen zfidka?
- mykobionti nikdy (?)



calcium oxalate deposited water and mineral dust falls on
by the lichen help it dissolved lichen surface and may
survive hostile conditions nutrients become embedded

Jak to funguje?
protective outer
layer containing
polysaccharides,
which absorb

water; light-
screening lichen
substances
shield algae from
excess sunlight

green algae
photosynthesize;
outer layer of
algae coated in
fungal protein
help to keep
sugar alcohol produced algae dry
by the algae is passed
to the fungus where it
is stored as mannitol

Y
A

fungal hyphae
coated by lichen
substances and
proteins, which
repel water; if
lichens are too
wet they cannot
photosynthesize
efficiently; gases
must be able to
enter and leave
the lichen

medulla

brown
pigmented
melanin-like
substance is
water and dissolved nutrients often present



Fotobiont
soucast struktury lisejniku

chraneén mykobiontem (UV, vyschnuti,

herbivori)
rozsireni niky
fotosyntéza

modifikovana struktura (mensi bb,
vetsi chloroplasty)

nepohlavni rozmnozovani (velmi
vzacné i pohlavni)

Mykobiont

tvori strukturu (,telo lisejniku®)
od fotobionta vyziva

vyziva a ochrana fotobionta (UV,
vyschnuti, ....)

rozsireni niky (chladna, sucha
mista)

stavba stélky

pohlavni rozmnozovani




Lichens are fungi that discovered agriculture
(T. Goward)




LiSejniky = lichenizované houby
Jméno dava lisejniku houba, nikoliv rasa:

(Sticta damaecornis f. canariensis) (Sticta dufourii)

Sticta canariensis (Bory) Bory ex. Delise

forma se zelenou rasou forma se sinici



Cladonia rangiformis
+

Asterochloris mediterranea/lobophora/italiana/woessiae

Cladonia rangiformis
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forma se zel. rasou a na ni forma se sinici dohromady — vice
fotobiontii



Cephalodium
Medulla P Algal Layer

Cyanobacteria inside

Fine Tomentum on lower surface

Cephalodia
containing
cyanobacteria

Thallus
containing
green algae

cephalodia — Utvary s jinym fotobiontem (sinici) na stélce



Jméno dava lisejniku houba — ale ktera houba?

Diversita hub v liSejnicich

- parasitické houby

- parasiticke lisejniky

- asymptomatické endothallické/endolichenické houby
- povrchovy biofilm

- treti, Ctvrty, ... symbioticky partner?



7
b 2%

Caloplaca thallincola na Verrucaria maura

vice mykobiontl — parasitické houby, parasitické liSejniky






Endolichenic fungi or ,,endolichenic lichens“?

Muggia et al., 2018: The thallus structure of the lichen symbiosis provides a
fungal shelter for the growth of algal partners. The long-living thallus also
provides a habitat for other fungi, but experimental studies, which could inform
us about the details of their interactions have hardly been conducted.

(J-L) Muellerella atricola (L1993) and Trebouxia sp.1 (L1379) 3 months (J), 6 months (K) and 12 months (L) after inoculation
on malt yeasts medium (MY).



Multiple mycobionts in one lichen thallus?

o Cyphobasidium
(Basidiomycete 1)

® Tremella
(Basidiomycete 2)

@ Letharia (Ascomycete)

@ Aga

Letharia vulpina

| O] Ol

Current Biclogy

Tuovinen et al. 2019



Basiodiomycete yeasts influencing ascomycete lichen phenotype

Differential abundance of
Cyphobasidiales yeasts in B. fremontii
and B. tortuosa.

Bryoria fremontii

Bryoria fremontii — no vulpinic acid, brown, B.
tortuosa — vulpinic acid, yellow colour.

(A) B. fremontii, with (B) few FISH-hybridized live
yeast cells at the level of the cortex. (C) B.
tortuosa, with (D) abundant FISH-hybridized
cortical yeast cells (scale bars, 20 um).

Bryoria tortuosa

Spribille et al. 2016; science.aaf8287



Basiodiomycete yeasts influencing ascomycete lichen phenotype

Fluorescent cell imaging of dual fungal elements in
lichen thalli. (A) Scanning electron microscopy
image of a thallus filament of B. capillaris (scale bar,
200 pum). (B) FISH hybridization of B. capillaris
thallus, showing Cyphobasidiales yeasts (green) and
the lecanoromycete (blue) with algal chlorophyll A
autofluorescence (red). The volume within the two
vertical lines is visualized on the right; the
unclipped frontal view is shown at the top. Movie
S2 shows an animation of the three-dimensional
~100-um z-stack. (C) Detail of yeast cells (scale bar,
5 um).

Spribille et al. 2016




Shrnuti

e LiSejnik ma jméno podle dominantniho mykobionta, nezavisle na
rase/rasach.

* LiSejniky je ekosystém — je zde mnoho doprovodnych hub, nékteré mohou
byt velmi dllezité pro celek




Dililezité vlastnosti liSejnikt :

ze suchého do hydratovaného stavu
- odolnost proti nizkym teplotam:
asimilace az do - 40 °C (naméreny extrém)

- schopnost riist na réiznych (nehostinnych) B @
substratech

- schopnost produkce sekundarnich
metabolitd, z nichz vétSinu houba ani fasa
nejsou schopné samostatné vyrabéet
(barevné pigmenty, lisejnikové kyseliny).

- schopnost tvorby stéelky s dlouhou zivotnosti
(korovité lisejniky radové stovky let).



Rist lisejniku:

korovité zhruba milimetry za rok

upenité desetiny az jednotky centimetrl

kerickovité desetiny az jednotky centimetrl

korovité druhy i desetiny mm rocné
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mezofytni havnatky az nékolik cm za rok



/ 100 years = 6 mm diam.

Hallett

(about 100 times for lichens)
Bancho, L- G., Green, T. A, & Pintado, A. (2007). Slowest to
W amm range in lichen growth rates supports their use as

an for of climate chengo in Antarctica. Flora202(8), 667-673.
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Fungi - mykobiont

Chytrids
Zygomycetes

© 2007 Thomson Higher Education

Glomeromycetes

B

Common
flagellate
ancestor

Basidiomycetes

@ Ascomycetes

basidiospo

lution of
aryotic stage

Loss of flagellumy

es

- MICROSPORIDIA D
Kickxellales
Dimargaritales Kickxellomycotina
Harpellales
Asellariales
— Zoopagales Zoopagomycotina
- Entomophthorales = Entomophthoromycotina »
I :
. Blastocladiales
( = Mucorales
Endogonales Mucoromycotina

\ L Mortierellales

6 ; : NEOCALLIMASTIGOMYCOTA \>
Neocalimastigales Neocallimastigomycetes
I Monoblepharidales Monoblepharidomycetes

L Chytridiales
Spizellomycetales Ch C:LTTNDK:MYCOTA
N Rhizophydiales ytridiomycetes ) e
po Archaeosporales N
|: Diversisporales GLOMEROMYCOTA
': Glomerales Glomeromycetes
& Paraglomerales 4
[ A
BASIDIOMYCOTA
DHEARN A ———
ASCOMYCOTA
\

Traditional Traditional
Zygomycota Chytridiomycota

Hibbett & al. (2007)



Fungi

http.//science. kennesaw.edu/~jdir
nber/Bio2108/Lecture/LecBiodivers
ity/31_Labeled Images/31_UNO6-

Summary-L.jpg

Fungal Distinguishing Features of

Phylum Morphology and Life Cycles

Chytridiomycota Flagellated spores )

(chytrids) _,

Zygomycota Resistant |

(zygote fungi) zygosporangium " 0
as sexual stage

Glomeromycota Form arbuscular

(arbuscular mycorrhizae

mycorrhizal with plants

fungi) -

Ascomycota Sexual spores (ascospores)

(sac fungi)

borne internally in sacs
called asci; ascomycetes
also produce vast numbers
of asexual spores (conidia)

Basidiomycota

» (club fungi)

Elaborate fruiting body -
(basidiocarp) containing
many basidia that produce =
sexual spores (basidiospores)

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.




Fungi — obecné

- eukaryotické jednobunécné / mnohobunécné; bunécna sténa z
chitinu nebo B-polyglukanu

- hyfa tvorici mycelium (+ nekde nékdy kvasinkovité pucici bunky),
sporangia

- vyziva absorbcni, heterotrofni, zasobni latkou glykogen

- energie oxidaci organickych latek (nebo fermentativni metabolismus)

- pohlavni proces od gametogamie, gametangiogamie, somatogamie
- pohlavni rozmnozovani sporami z gametangii, plodnic

- nepohlavni rozmnozovani - tlomky hyf, puceni, spory (sporangia,
nepohlavni struktury)



=

': Schizosaccharomycetales, Schizosaccharomycetes
Taphrinal hrinomycetes

Neolectales, Neolectomycetes
Pneumocystidales, Pneumocystidomycetes

Taphrinomycotina

— Saccharomycetales, Saccharomycetes Saccharomycotina
Orblliales, Orbllomycetes
Pezizales, Pezizomycetes
----------- Lahmiales i
----------- Medeolariales Receomyooling
----------- Triblidiales
r apnodiales \
Dothideales Dothideomycetidae <€
Myriangiales

N\

Pleosporales, Pleosporomycetidae
Botryosphaeriales

Hysteriales

Patellariales

Jahnulales

Dothideomycetes

Arthoniales, Arthoniomycetes

&

~

D

Chaetothyriales
Pyrenulales
Vi

Chaetothyrlomycetidae

urotiales

Cnygenales Eurotiomycetida

Coryneliales

Mycocaliciales, Mycocaliciomycetidae Eurotiomycetes /
e )

Laboulbeniales
Pyxidiophorales

Laboulbeniomy )
: /

Lichinales, Lichinomycetes

s

Acarosporales, Acarosporomycetidae
Candelariales
Umbllicariales

Lecangrbmycgfes

(=
=

Lecanorales
Pelligerales Lecanoromycetidae
Teloschistales

Agyriales
Baeomycetales

Ostropales Ostropomycetidae

J

=

b

Cyltariales
Erysiphales
Helotiales
Rhytismatales
Thelebolales

N

Leotiomycetes

W,

;

Calosphaeriales
Lulworthiales

Meliolales

Phyllachorales
Trichosphaeriales
Xylariales, Xylariomycetidae

T

Sordariomycetes

(B

Hypocreales
Microascales
Melanosporales

0phios}omatales

Coronophorales

Hypocreomycetidae

oliniales

Chaetosphaeriales
Coniochaetales

Diaporthales

Sordariomycetidae

mycobiont:
Ascomycota

40 % of known
fungal species are
lichenized (schoch et al. 2009)

Hibbet et al. 2007



-------------- Wallemiales, Wallemiomycetes
—————————————— Entorrhizales, Entorrhizomycetes

Classiculales, Classiculomycetes
— Cryptomycocolacales, Cryptomycocolacomycetes
Mixiales, Mixiomycetes
— Atractiellales, Atractiellomycetes

; — Spiculogloeales 1o ciatt )
—-6: Aaddcostibales Agaricostilbomycetes

( —— Cystobasidiales i) W
Erythrobasidiales Cystobasndlomycetes |

:k—— Naohideales A
/" — Helicobasidiales N
—— Platygloeales 5
Septobasidiales Pucciniomycetes

: k— Pucciniales
- \——Pachnocybales /
—— Heterogastridiales
—— Leucosporidiales
— Microbotryales
idiobol

Microbotryomycetes

A

Pucciniomycotina

(s Urocystales
Ustilaginales

— Malasseziales
— Doassansiales
—— Entylomatales

T Exobasidiales  gyohasidiomycetes
L— Georgefischeriales

Ustilaginomycetes )

; —— Microstromatales
AL Tilletiales

i
T

Ustilaginomycotina

Filobasidiales
L— Tremellales
— Dacrymycetales, Dacrymycetes

& —— Cystofilobasidiales
AR AT ( Y Tremellomycetea

/T Auriculariales N

Sebacinales Agaricomycetes
Cantharellales

——— Trechisporales
( |: Geastrales
— Gomphales  phajiomycetidae
k Hysterangiales
— Phallales
Hymenochaetales
Corticiales

Gloeophyllales

r— Polyporales
L— Thelephorales
Russulales

— Agaricales’ :
A Atheliales  Agaricomycetidae
e —— Boletales 8

AgariCbmyéotiné‘

mycobiont:
Basidiomycota

ca 100 species
lichenized

Multiclavula mucida Lichenomphalia umbellifera

more than 99 % of
mycobionts are
Ascomycetes



Ascomycota




Kde v systému se nachazime?
LImpérium": Eukaryota
,INadrise": Opisthokonta
JRise": Fungi
Ascomycota

© A. Kubatova



Conidia; Ascomycota - obecné

ating type (-
Haplclid spores (conidia) g gtype () Key
@ e @ @ g e Haploid (n)
@@@ @@@@a @ = 1 ikaryotic (n + n
@ @ & T
{ @ Y Diploid (2n
Dispersal  Germ natio|| Mating - ploid (2n)
ASEXUAL @ -~ type (+) AF
@@ REPRODUCTIONSSS D ha ... | PLASMOGAMY
A\ | .
- - =S . = —Ascus
Conidiophore ' < =il BN/ (dikaryotic)
T : 2 > ...
pr— Mycelia Dikaryotic .
R ‘Mycelium g} - - hyphae
Germinatiod &, SEXUAL
e REPRODUCTION KARYOGAMY

9 .
) _'o,:., Dispersal
) [

Teleomorfa e s Eight —Diploid nug¢leus
w7/ ascospores .

Ascocarp. | /"7 D (zygote)
(sexual stage) (/f m | .
i
4 Four
Ve e’ haploid
tol
Anamorfa f nucil{ MEIOSIS
(asexual stage) N Nl

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

http://science.kennesaw.edu/~jdirnber/Bio2108/Lecture/LecBiodiversity/31_Labeled Images



Ascomycota

3 \ v b e '*‘

-pohlavni proces v plodnici

- gametangiogamie, gametogamie nebo somatogamie

-dikaryoticka faze kratka

€ Ascogenous

-na askogennich hyfach mlada
hypha

vrecka (ascus), uvnitr
karyogamie, R! a
konjugovana mitoza Ascogonium

i Trichogyne

- vifecko s 8 askosporami . € Antheridiym



(A) Ascogonium (ac) of the Sordaria macrospora, which is just starting to be enwrapped by
an enveloping hypha (ev).

Bloemendal S. et al. Eukaryotic Cell 2010;9:1856-1866

- Eukaryotic Cell

JoumaIS.ASM.Org ’ Copyright © American Society for Microbiology. All Rights Reserved.



Ascomycota

zakladni pocCet askospor ve vrecku je 8

- mozna redukce az na 1 nebo dalsi mitdzy
a az stovky askospor

- otevirani prasknutim stény (primitivnéjsi skupiny),
vickem a nebo vytlacenim askospor pres
askoapikalni aparat

askoapikalni aparat

Niesslia sp.

Anthostomella formosa



Ascomycota
Teleomorfa

- viecka rlizny zpUsob otevirani

unitunikatni operkulatni

prototunikatni bitunikatni



Ascomycota

askospory 1-vice bunécne, svetle Ci tmave ornamentovane,
slizové obaly,... By

Propolis versicolor

Mytilinidion mytilinelum



Basidiomycota




Kde v systému se nachazime?
Eukaryota
Opisthokonta
Fungi
Basidiomycota




Basidiomycota
- nejpokrocilejsi skupina hub
- vegetativni stélka - septované mycelium,

septa (prehradky) s doliporem

- bunécna sténa z chitinu
- primarni mycelium (jednojaderné€) kratkodobé
- nepohlavni rozmnozovani malo casté

- zivotni cyklus haplodikaryoticky




dikaryotic

. 1e compartment
Basidiomycota
- pohlavni rozmnozovani somatogamie —_—=
(splyvani hyf) °
- nebo gametosomatogamie recepfive ypha
’ T s spermatium,
(splynuti specializovane spory a hyfy) i

or oidium

- Casove oddalena karyogamie

= sekundarni dikaryotické mycelium
. 7 .y 7 . s (4 -\.-_—
- konjugovane mitozy jader a rozchod pomoci prezek https//wwonfungionline.org.ukq/7sexual/Sdi

karyon.html|
i D)

a
e O
a b b
A\
e % D)
C
_(%
S e %
d -
i R I D aba
£ SR
http://www.botany.hawaii.edu/faculty/wong/Bot201/Basidiomycota/C http://www.apsnet.org/edcenter/illglossary/Pages/A-D.aspx

lamp_connection _formation.htm



Haploid mycelia

SEXUAL

REPRODUCTION Basidiocarp

(n+n)
Q
Dispersal and ¢
germination
000 0
Q 1] .
o o Ui —
Basidium with Basidia < o8
= _gm I I L/
four basidiospores ( nafn‘)j a ~¢ =
4

Basidium containing
four haploid nuclei

KARYGAY
MEIOSIS
Key
Haploid (n)
=» Dikaryotic (n+n)
1 pm Basidiospore nuclei Diploid (2n)

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

http.//science.kennesaw.edu/~jdirnber/Bio2108/Lecture/LecBiodiversity/31_Labeled _Images/31_19BasidiolLifeCycle_4-L.jpg



Basidiomycota

- karyogamie az v bazidii
= bazidie jedinou diploidni burikou
- R!

- Ctyri haploidni bazidiospory na sterigmatech
(mUze byt redukce na 2)

- bazidie u vsech Basidiomycota

bazidiospora

" =5 ==sic pattern of the spore formation by a basidium of an agaric. A: Young basidium with
= nuclel. Chromosomes already present. B: Karyogamy. C: Diploid nucleus in the

sterigma

first division. D: Division I, nucleolus excluded. E: Interkinesis I. F: Meiosis
= Nuclear migration. Perinuclear ER present. H-K: Sterigmata and apophyses bud from
= znd the nuclei enter the young spores. Nucleoli are excluded at the base of the
- = . L: Third nuclear division, a mitosis. M: Formation of a spore wall.
baZ|d |e s==matic reticulum. ERV = Vesicles formed by the ER. SPB = spindle pole body, shown
=.z=olus shown in A-J. — From Clémengon 1997, modified.

Clémencgon (2004)

http.//www.apsnet.org/online/Archive/1998/sem088.htm



Kde v systému se nacha2|me'?
Eukaryota LT
Plantae (Archaeplastida)
Chlorophyta
Trebouxiophyceae
Ulvophyceae

Trebouxia

Kde \'; systemu se nacha2|me'-’
Eukaryota
SAR
Chromista (Chromalveolata)
Stramenopila
Xanthophyceae (Heterococcus)
Phaeophyceae (Petroderma)

Trentepohlia



Kde v systému se nachazime?
Prokaryota
Bacteria
Cyanobacteria (Cyanophyta)
Cyanophyceae
e AT ]
- /,/ s Gloeocapsa

three or more planes

e S
} s cell division in

NIES-530 Stichococcus bacillaris 10 pm



Fotobionti:
3 nejbéznejsi

sinice Nostoc

rasa Trentepohlia



fotobionti sinice: Nostoc, Gloeocapsa, Chroococcus

& | i

7’

Gloeocapsa ‘
Chroococcus






&

Collema




fotobionti: Trebouxia, Asterochloris, Myrmecia Asterochloris

Trebouxia (dole vyvoj chloroplastu)

-
-

Myrmecia




liSejniky s 7rebouxia

‘% e .

zelene havnatky (Peltigera)

Usnea

Parmelia s. lat.



fotobionti: Trentepohlia

NI
3

(L u




liSejniky s 7rentepohlia

Dirina




Anatomie, morfologie

Typy stélek dle anatomie:
heteromericka

homeomericka

Typy stélek dle morfologie:
korovita

lupenita

kerickovita




Heteromericka stélka

Obecné schéma pricneho rezu
heteromerickou stélkou

svrchni korova vrstva (epidermis)

rasova vrstva (vrstva fotobionta)

drenova vrstva

spodni korova vrstva

rhiziny




algal zone

upper cortex

lower cortex

4 {
/ﬁ medulla b

rhizines

stélka




Homeomericka stélka (Collema sp.)

(A4

vrstvy nejsou rozliseny
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ita s

korov




a stéelka

lupen




télka

)]
1)

rickovi

ke




Dimorficka, smisena stélka

kerickovita podetia
(kminky)

korovité Ci lupenité
prizemni supiny



Leprosni (praskovita) stélka

rasové bunky
obalené hyfami
houby bez
kompaktni
struktury




Rozmnozovani a rozmnozovaci Utvary lisejniki:

Rozmnozovani:

pohlavni — plodnice jako u hub (apothecia, perithecia,
plodnice basidiomycet...)

nepohlavni — konidie (nepohlavni spory) nejcastéji v
pyknidach

— vegetativni Utvary



kladni typy plodnic

4

V 4

y

| rozmnozovani - za

V 4

Pohlavn

(Ascomycota)

diskovita plodnice

APOTHECIUM

g

)

e
\

w\\\m{

lodnice

ap

14

PERITHECIUM — hruskovit



ium

Apothec




Thelotrema lepadinum

- !2 ')"cé,l'x' \.:.
e T . A

Apothecium e € S NS

a

Peltigera horizontalis

Cladonia callosa



thalloid

hymenium exciple

with
paraphyses

asci and
ascospores |

<
N

-

Lecideine Apothecium . Lecanorine Apothecium



lekanorovitée - stélkovy okraj lecideovité - viastni okraj
karbonizovany
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viecka a spory lisejnikd

Pertusaria — viecka a spory

]
vw-s Simple @
Ot >N
e

Transversely

septate @ \
4 %
g

Polarilocular

[ e | I | —

.
™~
. —

1-Septate

Y

Muriform _

g
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o
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Cladonia — viecka a spofy






o parihe i oA o
l': “&0'» .q" ’
ms
-

’ > F ' .-".
i © W.P. Armstrong 2003 [, %
TR gy e

B N
-

AN f T - © W.P. Armstrong 2003

ﬂ" L J . - ‘v -

Rhizocarpon geminatum



Rinodina lecanorina



Scoliciosporum chlorococcum



Perithecium




Perithecium, spory

Halda J. (2003):A taxonomic study of the calcicolous endolitic
species of the genus Verrucaria Ascomycotina, Verrucariales)
with the lid-like and radiately opening involucrellum. — Acta
mus. Richnov. 10:1-148.

Gueidan et al. 2009: Generic classification of the Verrucariaceae (Ascomycota) based on molecular and morphological evidence: recent
progress and remaining challenges. — Taxon 58.:184-208.



Rozmnozovani a rozmnozovaci Utvary lisejniki:

RozmnoZovani.:
pohlavni — plodnice jako u hub (apothecia, perithecia,...)

nepohlavni — konidie (nepohlavni spory) nejcastéji v
pyknidach

— vegetativni Utvary:
sorédie
izidie (isidie




Pyknidy (pyknospory = konidie)

Nepohlavni rozmnoZzovani houby



Pyknidy (pyknospory = konidie)
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Nepohlavni rozmnozovan

fhouby






Vegetativni rozmnozovani - soraly a sorédie

Skrze praskliny v klre se uvoliuji
Fasove bunky obalené hyfami
mykobionta - sorédlie. Casto v
utvarech zvanych soraly.
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sorédie Physcia
adscendens
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SEM of soredia of
Cladonia sp.
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Vegetativni rozmnozovani - izidie

Izidie

svrchni kdra
vrstva fotob.
dren

vyrustky, které zachovavaji strukturu stélky, tzn. maji kdru,
rasovou vrstvu i dren (popr. maji strukturu jako homeomericka

stélka).



Izidie
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