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635 Ma (Ediacaran)

Fresh water

l

Phragmoplastophyta

Phragmoplast

Streptophytes

Apical cell growth
Cell-cell connections

Branching

Chloroplastida
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0, layer formed

? (600 mil years ago)
Stages c
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O, build-up in the Earth's atmosphere. Red and green lines represent the range of the estimates while time
Is measured in billions of years ago (Ga). Stage 1 (3.85-2.45 Ga): Practically no O, in the atmosphere. Stage
2 (2.45-1.85 Ga): O, produced, but absorbed in oceans and seabed rock. Stage 3 (1.85-0.85 Ga): O, starts to
gas out of the oceans, but is absorbed by land surfaces and formation of ozone layer. Stages 4 and 5 (0.85
Ga-present): O, sinks filled, the gas accumulates.!

De Vries and Archibald (2017)



Co vsechno potrebovaly rostliny k prechodu na sous?



* Main stresses:

* Drought

* Temperature

* Gravity

Water regime + temperature adaptations:

— cuticle, stomata and later in the evolution roots and the conductive
tissues (xylem, phloem; bryophytes are small so capillary action is usually
enough)

— changes in reproduction - protective packaging for gametes and
embryos (attached to mother plant; nutrition provided)

Attachment + support
— specialized supporting tissues (lignin and cellulose)

— 3D body plan - differentiated the body structure to phyloids, cauloid
and rhizoids (leaves, stem and roots)

Shift in the life cycle from predominately gametophytic to one that is
sporophytic - different system of DNA repair in bryophytes



Embryophyta

charophyte green algae
(incl. Charophyceae,

Klebsormidiophyceae,
Zygnematophyceae)

chlorophyte green algae

Bryophytes E I F i Angiosperms
>250,000 spp.

’.’ Gymnosperms

Cycads 1,000 spp.

" ; Ferns 350 spp.

: » 10,500 spp.

e Lycophytes

Mosses 1500 spp.
12,000 spp.

red algae

glucophytes

Liverworts 200 MYA

9,000 spp.

brown algae Hornworts

<300 spp.
|

) . 400-450 MYA
animals, fungi

Charophyte algae 470-550 MYA

Transition to
land

Davies et al. 2020 — Frontiers in Plant Science



STOMATA EVOLUTION

* stomata enable the entry of carbon dioxide and the exit of water vapour - allowing
plants to exist in more arid and variable conditions

Guard cells (swollen) Guard cells (shrunken)
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» Cell walls

Epidermal cells

Chloroplast

Nucleus |

Stoma

Stoma opening Stoma closing



Air pore (not stoma)\ %

Liverworts

Mosses

Hornworts

Lycophytes

Ferns

Horsetails

Gnetophytes

Ginkgoes

Conifers

Cycads

Magnoliophyta

)10 0000

Chen, Z. H., Chen, G., Dai, F., Wang, Y., Hills,
A., Ruan, Y. L., ... & Blatt, M. R. (2017).
Molecular evolution of grass stomata. Trends in
Plant Science, 22(2), 124-139.
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Marchantia
polymorpha

Hypnum
cupressiforme

Anthoceros
agrestis

Huperzia
phlegmaria

Nephrolepis
exaltata

Equisetum
hyemale

Welwitschia
mirabilis
Ginkgo

biloba

Pinus
halepensis

Cycas
revoluta

Magnolia
grandiflora

Hordeum
vulgare

Arabidopsis
thaliana




~ i New signaling genes ® Flowering plants —

4+ ?
Gymnosperms

..
Guard cell-specificity ?
o Ferns
—{ Lycophytes
First stomata
{ Mosses I
Key
gene 4‘St°mata jost Liverworts
families

present
— ¢ | Homworts |

Air pores evolved

Harris, B. J., Harrison, C. J., Hetherington, A. M., & Williams, T. A. (2020). Phylogenomic evidence for the
monophyly of bryophytes and the reductive evolution of stomata. Current Biology, 30(11), 2001-2012.



Kde v systému se nachazime?
Eukaryota

VvI/v

rise: Archaeplastiaa (Plantae) R N
podrise.: Chloroplastida (Viridiplantae) S\ 8
vyvojova linie Streptophyta A\l
Bryophyta - mechorosty
Marchantiophyta - jatrovky
Bryophyta - mechy
Anthocerotophyta - hleviky




Mechorosty

- heterogenni monofyleticka skupina rostlin
- tfi samostatna oddéleni — Marchantiophyta, Anthocerotophyta a Bryophyta

- jedny z nejstarsSich suchozemskych rostlin (ordovik, spodni silur), prvni
fosilie ze svrchniho devonu, 390-360 mil. let staré




dve vyvojoveé linie - Chlorophytae a Streptophytae

New genes involved in
multicellularity

New genes involved
in terrestrialisation

Chlorophyta

To T
A & =

Phycoplast Phragmoplast

chwo l Doi%o




Streptophyta

Preprophase
memory

Mitotic spindle® Phragmoplast

Buschmann et Zachgo 2014: Evolution of cell division, Trends in Plant Science, 2016



Mechorosty

Znaky sdilené se vSemi zelenymi rostlinami
. kombinace fotosyntetickych barviv, stavba chloroplastu
. asimilacnim produktem je Skrob

. ultrastruktura bazalniho aparatu bicikd (hvézdovita struktura)
u pohyblivych bunéek

Znaky sdilené se Streptophyty
. fragmoplast - mikrotubuly vreténka kolmo ke tvorici se bunécné sténé
. chloroplasty maji thylakoidy usporadané v grana

. otevrena mitdza

@
O ? seed

seed

Bryophytes Ferns Gymnosperms Angiosperms



C. Paleozoic to Mesozoic Era:
Carboniferous-Cretaceous Period Freshwater
(approx. 360-65 MY ago) + Chloro- and Trebouxiophyceae
V' 4 - (Chiarophycean dominated freshwatar
v o i w % phytoplanktan communities after the
yv J Ocean Permian/Triassic mass extinction
« Ulvophyceae (e.g. Uhales 250 MY ago)

« Streptophyte algae (mainly Charales
Dasycladales, Bryopsidales,
Claov:‘phmlesl s and Zygnematales)

Chlorophytae oo GRCSEE TN T

Pyramimonadalas)

g o Chloro- and Mboul
/ £ « Gradual reduction in
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B. Paleozoic Era: N\ and :non at mle 2Zygnamatales
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Charales (saonwmns branmod filaments organzed as
a man axis and whorls, resembling Equisatum)
Coleochaetales (parenchymatecus branched Hiamants)

Zygnematales (CONuGaing green algae
unicadls or unbranchad flamaents)

sevaml clades of manne

prasincphyte’ flageiates

andior cootoids Klebsormidiales and Entransia
(unbranched Hlaments)
and Chiorokybus
(fagalate, sarcincid)
CHLOROPHYTA | STREPTOPHYTA
A. Neoproterozoic Era:
Cryogenian-Ediacaran Period

(approx. 850-540 MY ago)

Becker B., Marin, B. (2009): st o
Streptophyte algae and the origin of

embryophytes. Ann Bot. 2009 103: 999-1004.

iosphaerids and 1a - 5“ e
anceshars of mtant pasnophyles  Swonckds am: T ;
(scaly green flagelates and coccokds) ey o
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CHLOROPHYTA [ STREPTOPHYTA




Hlavni znaky charakterizujici prislusnost k vyssim rostlinam
(suchozemskym, Embryophyta)

- tvorba embrya vyzivovaného z materské rostliny

- mnohobunécna gametangia s vicevrstevnymi sterilnimi obaly

- tvorba kutikuly (pouze tobolka)

o

neck canal



Hlavni odliSnosti mechorosttli od ostatnich vyssich rostlin

charakteristicky zivotni cyklus; prevaha gametofytu
kratkovékost sporofytu, zavislost na gametofytu
gametofyt: protonema a gametofor (prvoklicek a mechova rostlinka)




Kolik existuje mechorosti?

Celosvéetove 16-20 tisic druhl (120-150 druht hlevikl, 6-8 tis. druhd
jatrovek, 10-12 tisic druhl mech)

Evropa cca 1750 druh{ (8 druhd hlevikd, 450 druhl jatrovek, 1300
druhl mech()

CR 859 druhd (4 druhy hlevik(, 207 jatrovek, 648 druhl mechd)




*4.) Capsule

3. _,m / (Sporangium)

T j !’ Developing ! Mature
Operculum
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httn:/Aananns tritorvviceta com/content/hiolooy//hinlooyv-iii/kinadomeZlivvina-world/brvvonhyviiee nhn



Zivotni cyklus mechorostii
heteromorficka rodozména
gametofyt — haploidni, fotoautotrofni;
meiospora— protonema—gametofor—gametangia

(?2archegonia,d antheridia)—vajecna burka, spermatozoid

sporofyt — diploidni, zavisly na G;

ze zygoty noha, stét, tobolka

oplozeni pouze ve vodnim prostredi
. jednodomé i dvoudome druhy

Sporophyte

o 19 2n)

-

Gametophytes (1 n) Protonema

®an




Oddéleni:
Anthocerotophyta - hleviky
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Figure 12-17 Diagrammatic rendering of structures of Anthoceros, the hornwort.

A, Gametophyte plant. 8, Archegonium. C, Antheridium. D, Sporophyte plant.

Norstog & Long 1976

Dendroceros



Gametofyt

Dendroceros crispatus

. stélka lupenitd, rlzicovita, tenkosténné bunky
jednoho typu, spodni strana slizové dutinky
(MNostoc)

. spory po ctyrech (tetrady)

. rhizoidy

Photo bv K. S. Renzaalia. Duff. Nickrent & Renzaalia. hornwort npaaes



Fig. 2. Diversity in growth forms among hornworts. A. Photograph of Anthoceros punctatus L. Small
orbicular gametophyte with both immature and almost ripe sporophytes, growing on soil. Image
provided by Christine Cargill. B and C Scanning electron micrographs (SEM) of gametophyte of
Dendroceros crispatus (Hook.) Nees. B. Ventral surface showing monostromatic wings and thickened
midrib with bulging Nostoc colonies (arrow). Note the numerous small pores (mucilage clefts) along
either side of the midrib. C. Dorsal surface showing sunken archegonia (arrow) on the midrib and
developing sporophytes enclosed within gametophytic involucre. D. SEM of Notothylas orbicularis
(Schwein.) Sull. Small orbicular gametophytes growing on bare soil; note the numerous small,
horizontally oriented sporophytes enclosed in involucres. Bar = 0.2 mm, except in A, bar = 3 mm. Shaw
& Renzaglia 2004



Sporofyt

. hlizovita noha - haustoria

. tobolka — trubicova, neukonceny rdst,
dozrava postupné, rozpada se ve
2 chlopné

. sténa vicevrstevna s prlduchy, sterilni
sloupek kolumela

Shaw & Renzaglia
2004




Columella

Spores

¢

Protonema
Pseudoelater

Stoma

Phaeoceros, Hornwort
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Gametophyte plant



Hleviky spory

Phaeoceros carolinianus,
proximalni a distalni povrch
spor mirka = 10 um.; tetrady
s pseudoelatery;
http://www.science.siu.edu/lan
dplants/anthocerophyta.html

Leiosporoceros dussii, tetrady
spor s pseudoelatery

tetrady. Christine Cargill



http://www.science.siu.edu/landplants/anthocerophyta.html

oddeéleni: Anthocerotophyta

trida: Anthocerotopsida



Jednoleta rostlina, vyskytuje
se na holé ptidé na Uhorech
a strnistich, sporofyty s
cernymi sporami je mozné
vidét na podzim.




Anthoceros agrestis — hlevik polni
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Dendroceros - epifytické druhy




Dendroceros (foto J. Fehrer)







Phaeoceros carolinianus (Australie)

http.//wiki.trin.org.au/Bryophytes/HornwortHome
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CICLO DE MARCHANTIA mmaﬁmm

GAMETOFITO MASCULINO (N} GAMETOFITO FEMENINO (N)
ANTERIDIOFORO . Dieco con 7 3 10 Ibulos
) ARGUEGONOFORO A Ve = ) W8

Oddéleni:
Marchantiophyta - jatrovky




Jatrovky - Marchantiophyta

. heterogenni skupina
. folidzni x fronddzni (listnaté x lupenité)

. rdzné biotopy, velka diverzita v
tropickych oblastech

Lophozia lycopodioides

Moerckia blyttii
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Gametofyt - listnaté jatrovky

. lodyzka — poléhava nebo vzprimena, rlizné
vétvena, prlrez kruhovy Ci ovalny, rlizné typy
bunék, pokryta kutikulou, vodiva pletiva nejsou,

. dvoji vétveni: interkalarni (bocni) vétveni,
terminalni (vrcholové) vétveni

. listky — jedna vrstva bunék vétsinou jednoho
typu, rlizné morfologické modifikace (laloky,
zuby, dripeni)

. amfigastrie — spodni rada listl, mdze chybét

> V '-_'"I~'-v|
Plagiochila asplenioides



listky jatrovek




. bunky — vétsinou Sestiboke, vyplnéné silicnymi
telisky

silicna teliska — produkty metabolismu (terpenoidy,
vznik z ER), taxonomicky znak, méni se dle stavu
buriky, pomijivé, v herbari se nezachovaji

rhizoidy - jednobunécné
spory — jednobunécné, kulovité
protonema — mal€, pomijive

D.H. Hopcroft and
R. Bennett.



Bunky a silicna téliska jatrovek




Gametofyt - lupenaté jatrovky

stelka cela ze stejného typu bunék nebo
vicevrstevna s diferenciaci, uvnitr svazky vodivého
pletiva, rhizoidy, spodni strana dutinky s Nostoc

rhizoidy
dychaci komtirky — Usti dychacimi pory,
silicna teliska méné Casta

Pellia neesiana

Pove Photosynthetic filaments

Aiy Chamber

Paranchyma cells w/ ©il bodies

Conocephalum conicum



Gametangia

. ha povrchu stélky, neusporadané Ci
seskupené

. archegonia @
. primitivni — na povrchu stélky, vetsinou
jednotlive

. odvozené — ve skupinkach, na tercicich —
receptakulech

Marchantia polymorpha

. \ A i
\ ’ ! _”' J

. antheridia & — v kupkach, bradavkach,
samostatné vétvicky, na tercicich —
receptakulech

Symphyogyna
brasiliensis



Marchantia polymorpha




. efemerni S NS
. tobolka, zrala tobolka, pak vyneseni nahoru
. noha

. Stét — rlzné dlouhy, nema vyztuhy, hyalinni,
. tobolka — kulovita, nejéastéji puka 4 chlopnémi, kolumela chy{bi

. spory, elatery (mrstniky) — sterilni buriky se sténami ztlustlymi do
Sroubovice




George Shepherd flickr.com
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Pellia epiphylla, NPR Zemska brana, Orlické hory



Vegetativni rozmnozovani Metzgeria furcata

. Gemmy (gemy)
. rozmnozovaci vétvicky
. fragmentace

Marchantia polymorpha




Marchantia - gemmy

- —

www.anbg.gov.au

www.biology.iastate.edu



Hospodareni s vodou

- poikilohydrické organismy
« Nemaji ,pravé" cévni svazky - pfijem a vydej celym povrchem

Radula complanata — spodni lalok fyloidu Frullania dilatata — konviCkovity spodni
k zadrzeni vody lalok

Trichocolea tomentella — brvité rozdripeny fyloid, parafylie na lodyzce
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Stanowste jatrovek

terikolni —
Marchantia,
Conocephallum =
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Stanoviste jatrovek

epifytické - Frullania



4

Stanoviste jatrovek

epilitické - Scapania
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Stanoviste jatrovek

epixylické — Lophozia, Lepidozia
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Stanoviste jatrovek

vodni - Riccia
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Stanoviste jatrovek
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epifylni — Frullania, Ephemeropsis



N m

Stanoviste jatrovek

jeskynni - Jubula

Ma zvlastni vakuoly umoznuji koncentraci svétla a vyuziti i mensiho svétla.
Vylozené v jeskynich ve tmé nezije.



Vyuziti jatrovek

Medicina a antibiotika - Marchantia polymorpha - zanéty jater (Cina)
- Riccia sp. — potlaceni koznich chorob (Himalaj)
- Conocephalum, Marchantia — v kombinaci
s rostlinnym olejem na kousnuti, spaleniny,
otevrené rany (Cina)
- Herbertus — pouziti misto filtru pri koureni
(Himalaj)
- jatrovky (obecné) = latky potlacujici rlst bakterii
e (antibiotické Ucinky)







