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Fylogeneze mechorostu
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< Viridiplantae & Stomata present
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(<3 Stomata absent

Haploid gametophyte
Zhang et al. 2022

Diploid sporophyte or zygote



Bryophyta s.l. > Anthocerotophyta

2 tridy
, 5 radu/éeledi
hleviky - Anthocerotophyta gz

215 druhtu

e s 0w o, . ., , Anthoceros neesii
* lupenite ruzicovité/pentlicovite stelky

* veétSinou jen 1 velky chloroplast

* rhizoidy hladké, jednobunécné

* sporofyt tvori valcovité zaspicatélé
sporangium bez §tétu a s prliduchy

* dozravani postupné, otvirani odshora, 1-2

podélnymi liniemi

Anthoceros agrestis

Parithar 1970

Frangedakis et al. 2020



Bryophyta s.l. > Marchantiophyta

3 tridy
s o 21 fadu
Jatrovky - Marchantiophyta EI=T

5000-6000 druht§

e listy u listnatych jatrovek ve 2-3 fadach (amfigastrie)

* Casto lalo¢naté, bez stredniho zebra (vzacné ,falesné
zebro® - vitta)

* u lupenitych jatrovek naopak zebro Casto prfitomné

Ptilidium ciliare Metzgeria violacea

L
G. Shepherd



Bryophyta s.l. > Marchantiophyta

3 tridy
s o 21 fadu
Jatrovky - Marchantiophyta EIZT

5000-6000 druhti e

* bunky listl ¢asto izodiametrické, s rohovymi ztluSténinami a silicnymi télisky

* rhizoidy jednobunécéné, nevétvené

Frullania dilatata Nardia scalaris Lunularia cruciata




Bryophyta s.l. > Marchantiophyta

3 tridy
21 fada

Jatrovky - Marchantiophyta [EIET

* sporofyty efemérni ale Casto vytrvalejsi
receptakula (gametofyt) : B b 4
tobolky bez priducht a kolumely, otvirani
obvykle 4 chlopnémi, pfi dozravani chrani tobolku
periant/involukrum

e pfitomny sterilni bunky - elatery

Marsupella sp. Haplomitrium hookeri



Bryophyta s.l. > Bryophyta

45 fadu
115 celedi

Mechy - Bryphyta 900 rod

12000 druht

* protonema dobfe vyvinuto

* gametofor listhaty

* listy Casto s mnohovrstevnym stfednim zebrem,
nelaloCnaté

* silicnatéliska chybi

* rhizoidy mnohobunéc¢né, Casto pigmentované

Entosthodon attenuatus




Bryophyta s.l. > Bryophyta

45 fadu
115 celedi

Mechy - Bryphyta 900 rod

12000 druht

« §tét pomeérné vytrvaly (tlustosténné bunky,

N  papillose mitrate
: calyptra

vodiva pletiva)

A v 7 s ??5{ > ; ;;;" asymmetric
e AN capsule,
* prodluzuje se pred dozranim spor \\(}\&y&j\) o
A :
* tobolka kryta cepickou diplolepidous

> e L& alternate peristome '
, JOH, st /

* chybi(pseudo)elatery 4 %
D ( endostome ',-'"-:;[,5'

* sténatobolky mnohovrstevnd, s praduchy

e otvirani tobolky obvykle vickem na vrcholu

e spory se z tobolky uvoliuji postupné -

haplolepidous,

typicky diky hygroskopickému obusti "“f;‘l’i'f{j;‘t‘,;““* ”‘jL,‘
memoprane

(peristomu)

B. J. Crandall-Stotler & S. E. Bartholomew-Began



Symbioézy mechorosti
1. Mutualisticke interakce
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Mutualistické interakce

Mykorhiza u mechorostu




Bryophyta s.l. > Marchantiophyta

Jatrovky — symbidza s houbami

. Haplomitrium hookeri
Fungal associates @9_'. Jungermanniales
o
Q) Nore —&9 Porellales S
@ Mucoromycotina - E
@ Aneura &
Glomeromycota _
@ Basidiomycota ﬁ Pleurozia ]| =
© Ascomycota —-O Pallavicinaceae | o
F—— Peliia -
o
QO avisonia a
GMarchanﬁa Mylia anomala »
QO preissia = .
K ” l?\-*‘ & v
”Lunulana é ok : 4
. —
@O Neohodgsonia 3
L——& sphaerocarpales g
- Blasiales
Cyanobacteria —
(OQ Haplomitriopsida

Field etal. 2016

Moerckia blyttii




Bryophyta s.l. > Marchantiophyta

Jatrovky — symbidza s houbami

e prokazan prenos uhliku a fosforu mezi partnery (Kowal et al. 2018)
* vinvitro podminkach pozitivni efekt na biomasu jatrovky

A 25 . 500 = A
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—_— E L3
£ __ 204 E 400 =
B @
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S o Q
g7 £
2 1.0 2 200 =
SE e
c O =
= 054 © 100 =
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0 T O 0 -—+
Cephalozia . _ '
Liverwort only Liverwort with fungus
B
B 0.05 0109 -
S 0.04 4 0.08 =
- — —_—
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£ 2 0.03- E 0.06
O 9 <
T D =
e (=]
5
0 - 0 T T

Pezoloma ericae Liverwort only Liverwort with fungus



Bryophyta s.l. > Marchantiophyta

Jatrovky — symbidza s houbami

* Neékteré druhy dualni kolonizace s Mucoromycotina a Glomeromycotina
* Prisoucasné koncentraci CO:2 se zda efektivnéjsi symbidza s Mucoromycotina

1,500 CO. 440 CO,1
I 1500 ppm a[CO;] [ 440 ppm a[CO; I 1,500 ppm a[CO;] [ 440 ppm a[CO,]

b |
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Field etal. 2016



Bryophyta s.l. > Marchantiophyta > Haplomitriopsida

1(2) rad
2 celedé

Haplomitriopsida 3 rody

~20 druht

e plazivé rhizomy kolonizovany mykorhiznimi Mucoromycotina

Haplomitrium hookeri



Bryophyta s.l. > Marchantiophyta > Haplomitriopsida

1(2) rad
2 celedé

Haplomitriopsida 3 rody

~20 druht

* plazivé rhizomy kolonizovany mykorhiznimi Mucoromycotina — klubicka hyf, vezikuly

Haplomitrium hookeri
i .. >

)




Bryophyta s.l. > Marchantiophyta > Haplomitriopsida

1(2) rad
2 celedé
3 rody
~20 druht
98/99/1]1C107350 JPN IE"doqonz corticioides
L Lc107347 1pn | £ pifornis
?952220 MEX I E. incrassata

ndogone sp. JF414199 MEX

Endogone sp. JF414200 MEX

MB of Haplomitrium gibbsiae JF414208 NZL

JF414196 USA | E. oregonensis
UDB018869 AUS I

Haplomitriopsida

LC107353 JPN

\
=t

E. magnospora (nom. nud.)
E. aggregata

MB of Haplomitrium hookeri JF414213 SCO
MB of Haplomitrium mnioides 15-6
M8 of Hap

mitrium mnioides 1S-1
MB of Haplomitrium mnioides 15-11

MB of Haplomitrium mnioides 15-10
MB of Haplomitrium mnioides 15-4
MB of Haplomitrium mnioides 15-8

97/98/1

itrium mnioides H1-7
rium mnioides 15-3
MB of Haplomitrium mnioides 15-14

/-/0.99- MB of Treubia pygmaea JF414220 NZL

65¢86/0.927

MB of Treubia lacunosa JF414216 NZL
MB of Treubia lacunosa JF414217

NZL
MB of Haplomitrium gibbsiae JF414212 NZL
+—MB of Treubia lacunosa JF414218 NZL

MB of Treubia lacunosa JF414215 NZL

5
MB of Treubia lacunosa K1921770 NZL
Endogone sp. KC70

88/83/1

Endogonaceae
MB of Hoplomitrium blumei JF414211 MYS
MB ﬂi Haplomitrium mnioides HI-1
7'MB of Haplomitrium mnioides HI-11
LéF140174323%51 %Ex ' Jimgerdemannia flammicorona

de/93/1.00| JF414201 MEX lj' lactiflua
83/95/p.93 MB of Haplomitrium mnioides UW-7

Endogonales ool TIMB o Haplomiriam mloides W8

69/60/0.94

MB of Haplomitrium mnioides UW-2
|- d
87/81/1]

MB of Haplomitrium mnioides UW-4
M8 of Haplomitrium mnioides UW-14
MB of Haplomitrium mnioides UW-5
MB of Haplomitrium mnioides UW-13
MB of Haplomitrium mnioides UW-15
MB of Haplomitrium mnioides UW-10

53/-/0.77

85/89/0.95| |MB of Haplomitrium mnioides UW-12
MB of Haplomitrium mnioides UW-9
MB of Haplomitrium mnioides UW-6
MB of Haplomitrium mnicides UW-3
'MB of Haplomitrium mnioides UW-
Endogone sp. KC708390 AUS
MB of Treubia lacunosa JF414214 NZL

MB of Haplomitrium mnioides KY-15

MB of Haplomitrium mnioides KY-6
100/99/1'MB of 'muronmnum n'm(‘rdn’s KY-24

B of Haplomitrium mnioides NA-24
Wb of Haplomitrium mnioides NA-

28
MB of Haplomitrium gibbsiae K1921774 NZL
MB of Haplomitrium mnioides KY-25
S‘”"/“_"’(:bxe of Haplomitrium mmut(les KY-1
97/98/0.95L- M8 of Haplomitrium mnj

les KY-4
MB of Haplomitrium glbbslae JF414222 NZL
MB of ifoli

JF414223 NZL
MB of Treubia tasmanica JF414234 AUS
MB of Treubia tasmanica JF414233 AUS

MB of Treubia tasmanica JF414235 AUS

9/1r- AB755407 JPN

+/ore) 8752295 JpN | SPhaerocreas pubescens
MB of Treubia lacunosa F414226 NZL
MB of Haplomitrium gibbsiae K)921776 NZL
1001551, UDBO18861 AUS

5 AUS I Densospora solicarpa
MB of Treubia pygmaea JF414230 NZL

MB of Treubia pygmaea JF414232 NZL
M8 of Treubia pygmaea JF414231 N2L
100/99/1; MB

Densosporaceae
mnioides KY-17

MB of Haplomitrium mnioides KY-9

MB of Treubia lacunosa JF414227 NZL
- MB of Treubia lacunosa KJ921771 NZL

MB of Treubia lacunosa K1921773 NZL

MB of Haplomitrium mnioides NA-30
MB of Haplomitrium mnioides H1-13
MB of Haplomitrium mnioides HI-16
MB of Haplomitrium mnioides IN-2
0/ MB of Treubiq lacunosa KJ921772 NZL

MB of Treubia lacunosa JF414228 NZL
MB of Haplomitrium mnioides IN-11

MB of Haplomitrium mnioides IN-12
MB of Haplomitrium mnioides IN-4
M8 of Haplomitrium mnioides H1-8

MB of Haplomitrium mnioides HI-14
MB of Haplomitrium mnioides IN-3
100/93/1  p— Echinochlamydosporium variabile EU688964

IN-
MB of Haplomitrium mnioides IN-10
Calcarisporiella thermophila AB597205
AF157143

Yamamoto et al. 2019

Hirose et al. 2013—



Bryophyta s.l. > Marchantiophyta > Jungermanniopsida > Pallaviciniales

5 celedi

‘ Pallaviciniales 13 rod

80 druhu




Bryophyta s.l. > Marchantiophyta > Jungermanniopsida > Pallaviciniales

5 celedi

‘ Pallaviciniales 13 rod

80 druht

* pfiklad symbidzy s Glomeromycotina - arbuskuly, mikrosklerocia

Moerckia blyttii




Bryophyta s.l. > Marchantiophyta > Jungermanniopsida > Metzgeriales > Aneuraceae pg,e. &#ﬁ.‘.r,’g. oo calicad
. . v s \ "‘L.‘?
}.’, . e . o 48 {4, .
Aneura 800) arunci (KNSR R
Gbif " ' :

mykorhiza s rodem Tulasnella (ECM Basidiomycota)
Aneua piguis

> N

#

L. Zibarova



Bryophyta s.l. > Marchantiophyta > Jungermanniopsida > Metzgeriales > Aneuraceae

Aneura mirabilis

Gbif
nezelena podzemni mykoheterotrofni

jatrovka

parazit na Tulasnella sp.

casto pod vrstvou raSeliny pod Betula




Bryophyta s.l. > Marchantiophyta > Jungermanniopsida > Metzgeriales > Aneuraceae

@ Aneura mirabilis



Bryophyta s.l. > Marchantiophyta > Jungermanniopsida > Jungermanniales

35 celedi
ca. 150 rodu

e symbidza se zastupci Ascomycota ktefi tvori erikoidni mykorhizu (napf. Pezoloma ericae)
* muzou slouzit jako ,inokulum® pro Ericaceae Mylia anomala

(Kowal et al. 2016)

Fungal associates . - -
@ N _( D Jungermaniidae
one including:
. Mucoromycotina Myliaceae
Amelliaceas
@ Glomeromycotina Calypogeiaceae
Basidiomycota "
O 4 CDCephalozuneae ®
O‘Ascomycota including: =
T | 8
ephaloziellaceae ’__% =2
() Scapaniaceae E =
() Geocalycaceae o L s
| &
S
S| 2
S
3

—O Lophocoleineae

including:
Lepidoziaceae

O Personiellineae
including:
Schistochilaceae

&S Filidiales
ePoreIIales
Aneura |
Pleurozia .
Y Pallavicinaceas ]
3 Pellia r
Allisonia

Marchantia
Preissia

Lunularnia
Nechodgsoma

Marchantiopsida Palllidae Metzgeriidae

Cyanobacteria

Haplomitriopsida o Kowal et al.. 201 8



Bryophyta s.l. > Anthocerotophyta

Hleviky — symbidza s houbami

* symbidza s Mucoromycotina a Glomeromycotina u vétsiny skupin hleviku

A B

Megaceros pellucidus
Megaceros sp.

Megaceros leptohymenius
Dendroceros crispus
Dendroceros validus
Nothoceros vincentianus
Nothoceros aenigmaticus
Nothoceros fuegiensis
Nothoceros giganteus
Phaeomegaceros hirticalyx
Phaeomegaceros coriaceus

O 1]
O1T1T1]
=
1111
EELCLE]
]
11 1]
11717
11717
111
__u_u
I T I 1] Phaeoceros carolinianus China
] Ph.carolinianus New Zealand
I 1] Ph.carolinianus Panama
9 I W] Ph. carolinianus Ascension Island c
J (W] Phaeoceros laevis %
O]
(.
(-
CEEEY ]
1]
OmC1 1]
__EEN
[ [ | [ B
1
I
(.
-]
OI1T1T1]

O FUNGUS ABSENT R
@ FUNGUS PRESENT

1

C
&

Phaeoceros dendroceroides
Notothylas javanica
Notothylas orbicularis

Paraphymatoceros pearsonii

Anthoceros sp.
Anthoceros lamellatus
Anthoceros laminiferus
Anthoceros punctatus
Anthoceros agrestis
Anthoceros fusiformis
Folioceros fuciformis
Folioceros glandulosus
O
1

Leiosporoceros dussii

Frangedakis et al. 2020

OUTGROUP 1
GLOMEROPHYTA Villarreal & Renzaglia 2015 MUCOROMYCOTINA



Bryophyta s.l. > Bryophyta > Takakiopsida
Mechy — symbidza s houbami

zfejme jen u rodu Takakia

symbidza s Glomeromycotina, mozna i
Ascomycota (P. ericae)?

systémem rhizomU (bez rhizoid(), slizové
papily

Takakia lepidozioides

S A

1fad

1 celed

1rod
2 druhy




Bryophyta s.l. > Bryophyta > Bryopsida > Buxbaumiales

1 celed

Buxbaumiales 1rod

14 druht

uvazovalo se o mykoheterotrofii ale zadné dkazy ,
Buxbaumia aphylla

gametofyt redukovany

jen Supinovité brvité listy bez chlorofylu

e asimilacnifunkci zfrejmé plni vytrvalé protonema

Buxbaumia viridis
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Rikken 2013 . =



Rikken 2013



Symbioza se sinicemi - hleviky

* Nostoc ve vétvenych svazcich nebo kulovitych koloniich (ventralni péry a dutinky)

* vyskytuje se u vétsiny druhl hlevikd

Leiosporoceros dussii Anthoceros punctatus Phaeoceros carolinianus

&y 3

i S e
“ Ny 34;(3 S TR \
Frangedakis et al=2020= %



e 7

Symbioza se sinicemi - jatrovky

* jenudvou druht lupenitych jatrovek z ¢eledi Blasiaceae

e vspecializovanych dutinkach na spodni strané stélky

Blasia pusilla




Symbioza se sinicemi - mechy

* Bez specializovanych organu, ,epifyticky“ na povrchu listl a vevnitf hyalocytu
Experimentalné prokazany prenos N

Sphagnum, Pleurozium, Hylocomium, Racomitrium...

d by N2-fixing cyanobacteria, albeit to a varying degree. (a) Pleurozium schreberi, (b) Hylocomium
splendens, (c) Racomitrium sp., (d) Sphagnum sp. Pleurozium schreberi and H. splendens are cosmopolitan species and have been studied
most in regard to associated N2 fixation. Different morphology of the moss host leads to differences in cyanobacterial colonization and thereby
N2 fixation activity. Epiphytic cyanobacterial colonies (in red) on a moss leaf of (e) H. splendens, and (f) inside water-filled cells of Sphagnum

“'?é"l@g,!ftma WRousk 2082 _ ‘ e
B : W B Nas 7 4
ot A

el

‘h . .;

v, .
¥
¥ e

-




Symbioza se sinicemi

* Rlzna mira specificity - jeden kmen mUze tvofit symbidézu s nékolika rlznymi druhy

rostlin nebo naopakjen s jednim druhem, podobné plati i pro hostitele

Nostoc sp. Moss2

200 pm

xg Aphanzomencn fios-aquas MDT13
w ¥ Antanzomencn flos-aquae UKL13PB
Aptanzomenon flos-aquas MDT 14
Inzomenon fias-aguae WA102
P~ ﬁp'mzma-m fios-agquae WA113

op. CRKS33
- Anabaena sp. AWQC3OF
Anateena sp. AWQC131C
Anabsena sp. WA102
Anabaend sp. ';‘/Ae(i’m KHDS
*| aguae
NIESB1

i
) Anahsens sp.
45 # Anabaena s.) 39&35
Ansbaena sp. 80
pnm'zunerm flos-aguae MOT 1ab

«J Cylndrosparmepsis racborski CS-508
{ng\'nspslrrons.s 'acbnfskv CsS-505
- E‘/\Mnspenmxm ranhnmﬁn MvCCci4
G masamq:sts racorskd TEPA1
r eNopSIS

BCCUSPSE
Nestoc azolae 0708
5p. NMCT
Anabaena sp. PCC 7108
Anabagna C/A'ma PCC 122
= Cykndrospermum stagnase PCC 7417
Nostoc sp. KVJ2
Intra/Extra
w
| Extral
Toypotfvix sp. TE0
g Anstisens variablis ATCC 28413
o p. 36855
| Extrall

Nosios sp.
Noduana spumigens CENASGG
Amwm spumgens CCY 94

um cmaaspmm stran UAM-MAO

%ﬁ'
Hassala byssodea VBS12170

Scytonemna hofmanvy UTEX 2349
Fischeralla major NIES-532
Fusr,nsmm sp. NES-3754

Wa thermals POC 7521
Fischerala sp. JSC-11
Fischerals muscicos PCC 7414

Warshan et al. 2018

Fischereda sp. PCC 9339
Masfigocladus laminasus UUT74

Fischerela muscicola PCC 73103

Hapaloaphon sp. MRB220

.s%wormm $p. HK:
olypothin cs-nnylcammviea VB511268
Mastigoclsdopsis rapens PCC 10914

VBE1278
Tolypalfvix boutede VB521301
tonems hofmann POC ?110

r\'rar‘e\\ﬂsns H) 101
Rehela mrvsoe«h‘arks RO
Rividaria sp, PCC 7116
restarum BOXS
Casttinix sp. PCC 7100
Caltffvix sp. HK-05

S el VBS11263

Azolla

Pleurozium
Blasia

sp. WHS102

;_marinus MED4



Symbiodza se sinicemi

* vySSi pomér heterocytl nez volné Zijici Nostoc

Vv H

H
Free-living Nostoc W PRE-INFECTION

¢ <— HIF <« ;
Hormogonium S I
¢ <«— Chemoattractants <€ I
Chemotaxis it
v e
Recognition at the entry of the host ":Sgg (;l']gl:f
¢ «— HRF < B T
Differentiating Nostoc oo

¢ <€— Unknown signals «¢—

Multiple singular
heterocysts with high
nitrogen fixation

symbiotic tissues

I
o Young I
I
I

Multiple contiguous
heterocysts with low
nitrogen fixation

Ageing
symbiotic tissues
Santietal. 2013 i

SYMBIOSIS

=




