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Green algae closely related to land plants. Left to right: Chara, a branching filamentous form
(Charales); drawing of Coleochaete (Coleochaetales), a flat, disk-like

form; Spirogyra (Zygnematales), an unbranched filamentous form,;

and Micrasterias (Zygnematales), a unicellular form. Credits: Chara braunii (Show_ryu, via
Wikimedia Commons, CC BY-SA 3.0); Coleochaete orbicularis from Cooke (1882-1884) Britig
fresh-water algae, exclusive of Desmidieae and Diatomaceae, vol. 2 (via Wikimedia
Commons, no known copyright restrictions); Spirogyra (Wiedehopf20, via Wikimedia
Commons, CC BY-SA 4.0); Micrasterias (Frank Fox, via Wikimedia Commons, CC BY-SA
DE). Images modified from originals.

https://www.digitalatlasofancientlife.org
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Plant cell

Cytoplasm chloroplast

ribosomes

lysosome \

mitochondrw |
vacuole \

peroxisome nucleolus

rough
endoplasmic reticulum

smooth
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Plasmodesmus
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nuclear >

envelope

nuclear
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nucleus

Plasmodesma

—— Cell wall
Cytoplasm

cell wall
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==

cell membrane
Apoplastic pathway (through cell wall)

vesicle

Golgi apparatus Symplastic pathway (through cytoplasm)
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@ Zygote (first cell of sporophyte)
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Mechorosty (Bryophyta) Sporangium

Sporangium

AXxis

Seta I Polysporangiophyta

Foot

Apical meristem

Sporophyte (2n)

Rhizoid

Rhizoid

Early evolution of the sporophyte. Left: A typical bryophyte-like sporophyte, probably similar to some of the earliest land plant
sporophytes. The sporophyte consists of a foot, which anchors the sporophyte in the gametophyte tissue and absorbs nutrition;
a seta, or stalk; and a sporangium, or spore capsule. Some bryophyte sporophytes lack even a stalk, and consist of a foot and
sporangium. Right: Sporophyte of an early polysporangiophyte (discussed below). The sporophyte would have begun its life
attached to and drawing nutrition from the gametophyte. However, it would eventually have become independent. Note that the
sporophyte has apical meristems, or regions where apical growth occurs. Also note that the sporophyte is green
(photosynthetic) and anchored to the ground by rhizoids. Rhizoids are anchoring structures consisting of one cell or a row of
cells (contrast to roots, which are more complex structures found in vascular plants). Credit: Diagram by E.J. Hermsen (DEAL),
based on Figure 9 in Ligrone et al. (2012).







Marchartiomorpha (liverwaortz)

Mechorosty
(Bryophyta)

Anthocerotophyta (hormworts)
Bryophyta (mosses)

Horneophytopsida +

Aglaophyton major +

Ehyniopsida +

Lycopodiopsida (lycophytes) h

Eophyliophyton bellum + IPolysporangiophyta
Psilophyton dawsohii +
Cladoxylopsida +

Polypodiopsida (ferns, including horsetails and whiskferns)
Pertica varia +

Aneurophytales +

Archaeoptericdales +

Protopityales +

Spermatopsida (seed plants: flowering plaris-Ctonifers, etc.)

http://tolweb.org/Embryophytes/20582




Cooksonia

https://www.tk



V Narodnim muzeu se ukryvala nejstarsi rostlinna
fosilie na svété. Nalezli ji nahodou béhem stéhovani

Depozitare Narodniho muzea v Praze 150 let ukryvaly
zkameneélinu Sesticentimetroveho stonku suchozemskeé rostliny

staré 432 milionu let. ktera je podle védcu nejstarsim

makroskopickym rostlinnym zbytek nalezenym na sveéteé.
Silur

praha 12:15 3.kena20ts [l £ Y 20 https://www.irozhlas.cz

N

Cesko ma nejstarsi rostlinnou makrofosilii svéta! — Ukryvala se v Narodnim muzeu. | Zdroj: Narodni muzeum

Védci z Narodniho muzea, Prirodoveédecke fakulty
Univerzity Karlovy a Geologického ustavu
Akademie v&d CR, ktefi se na objevu podileli;
zaroven tvrdi, Ze je dukazem toho, Ze tehdejsi
suchozemska fléra uz byla schopna produkovat
kyslik, a musela mit tedy zelenou barvu. Vedeiro
tom informovali ve védeckém Casopise Nature
Plants, informaci zverejnilo ve Ctvrtek Narodni
muzeum.

Podle néj fosilii plvodné nasélwe skalach u
Lodénice na Berounsku vehlasny francouzsky
paleontolog Joachim Barrandeyjéhoz sbirkajse
pozdéji dostala do Vlasteneckeh@anyni Nar
muzea. Nikdo ale rostlinné fosilifnevenoval
pozornost, byla oznaCena jakofosilni rasa
nejasného zarazeni a ulozena ve skiepni
depozitafi. K védcum se dostalavroce 20
paleontologové pfed rekonStrukeirhistoric
budovy muzea stéhovali sbirkove predmeé
depozitara v Hornich Pogernicich.

Cooksonia barrandei
Libertin, J. Kvacek, Bek, Zérsky, Storch Sp. nov.



Mechorosty (Bryophyta)
% osidluji vsechny biotopy s vyjimkou more
« z CR udavano 863 druht mechorostu
% 3 hlavni vyvojové linie
% Hleviky (Anthocerotopsida)
% Jatrovky (Marchantiophyta)

% Mechy (Bryopsida)

Dawsonia superba

New Zealand
Australia
New Guinea
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Hleviky (Anthocerotopsida)

< V CR 4 druhy, z toho 2 velmi vzacné

% rostou na holé zemi, na okrajich cest, na
polich, strnistich

% Bazalni linie mechorostu







Columella

Hleviky (Anthocerotopsida)

< V CR 4 druhy, z toho 2 velmi vzacné
% rostou na holé zemi, na okrajich cest, na
polich, strnistich

% Bazalni linie mechorostu Phaeoceros, Hornwort

s Gametofyt
X Spory v tetradach : : Sporogenous Cells
< Jednolety i vytrvaly, az 3 cm , __ A ) B Fiocer initial Cel
% Primitivni prdduchy o el + 70

Columella

T
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. - Meristem
Archegonium -

Foot

Vilfimuy,

Sporophyte
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wikipedia.org & Rhizoids
Gametophyte plant




Columella

Hleviky (Anthocerotopsida)
Protonema i"B

< V CR 4 druhy, z toho 2 velmi vzacné

% rostou na holé zemi, na okrajich cest, na
polich, strnistich

% Bazalni linie mechorostu

% Gametofyt
% Spory v tetradach
% Jednolety i vytrvaly, az 3 cm

Sporogenous Cells

/ N - ngies Elater Initial Cell
< Primitivni pruduchy o &) ) ) o A s — colme:

oo ﬂiﬁ i%i%f

% Sporofyt , SEEE R Meristem
< Tobolka az 12 cm AISIESORRI e
< Asimilacni i vodivé pletivo sporophyte R

< Pravé pruduchy

_ S \;/\\S
wikipedia.org & Rhizoids
Gametophyte plant




Phaeoceros laevis - hlevic

' Anthoceros punctatus - hlevi



Jatrovky (Marchantiophyta)

«* V CR 207 druhd
% Typicky stinna vlhka stanoviste

wikipedia.org |



Archegonium Mature Sporophyte
e - - _f,_._fﬂ\_’__) {"F\h—:,

Jatrovky (Marchantiophyta) D @

Egg%mf)

“" Sperm
‘L* i

% V CR 207 druh
< Typicky stinna a vlhka stanoviste
< Pohlavni i nepohlavni rozmnozovani

Female

Gametophyte Gametophyte
Gemma Cup | .

(Asexual reproduction)

Thallus _ Y Thallus

wikipedia.org Liverwort Life Cycle



nepohlavné vzniklé klony = gemy

L)

0

» mohou byt tvoreny na vsech castech stélky
» snadné uvolnéni a roznos
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Archegonium
adih.

Jatrovky (Marchantiophyta) D @

Egg%mf)

’" Sperm
‘L* i

% V CR 207 druh
< Typicky stinna a vlhka stanoviste
< Pohlavni i nepohlavni rozmnozovani

% Gametofyt
% Vyrazné prevlada nad sporofytem!

Female

Gametophyte Gametophyte
Gemma Cup | .

(Asexual reproduction)

Thallus _ Y Thallus

wikipedia.org Liverwort Life Cycle



Archegonium
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Jatrovky (Marchantiophyta) D @

Egg%mf)

’" Sperm
‘L* L

% V CR 207 druh
< Typicky stinna a vlhka stanoviste
< Pohlavni i nepohlavni rozmnozovani

% Gametofyt
% Vyrazneé prevlada nad sporofytem!
< Lupenita (frondozni) stélka puvodnéjsi

Female

Gametophyte
Gemma Cup |

(Asexual reproduction)

Thallus _ Y Thallus

wikipedia.org Liverwort Life Cycle



Lupenité (frondézni)

Pellia (Pobreznice)

g

Porostnice mnohotvarna |
(Marchantia polymorpha)



https://cs.wikipedia.org/wiki/Porostnice_mnohotv%C3%A1rn%C3%A1
https://cs.wikipedia.org/wiki/Porostnice_mnohotv%C3%A1rn%C3%A1

Jatrovky (Marchantiophyta)

% V CR 207 druh
< Typicky stinna a vlhka stanoviste
< Pohlavni i nepohlavni rozmnozovani

s Gametofyt
% Vyrazneé prevlada nad sporofytem!
< Lupenita (frondozni) stélka puvodnéjsi

< Listnata (foliozni) - kauloid, fyloidy,
rhizoidy
% Listky bez stredniho Zebra!!!

wikipedia.org |




Listnaté
(folibzni)

Plagiochila (kaprad’ovka) Bazzania trilobata (roho




Archegonium Mature Sporophyt
Jatrovky (Marchantiophyta) ) 4 > < N

% V CR 207 druh
< Typicky stinna a vlhka stanoviste
< Pohlavni i nepohlavni rozmnozovani

% Gametofyt
% Vyrazné prevlada nad S.
< Lupenita (frondozni) stélka puvodnéjsi
% Listnata (foliozni) - kauloid, fyloidy,

rhizoidy - 2\
% Listky bez stredniho zebra!!! Female Male
Gametophyte Gametophyte
% Sporofyt Gemma Cup | '

(Asexual reproduction)

% Silné redukovany a zcela zavisly na G.

Thallus

» bez priduchu a vodivych pletiv Thallus

wikipedia.org

Liverwort Life Cycle



Mechy (Bryopsida)

« V CR 652 druht
< Druha nejpocetnéjsi supina rostlin po
krytosemennych!




Mechy (Bryopsida)

« V CR 652 druht

< Druha nejpocetnéjsi supina rostlin po
krytosemennych!

% Typicky stinna vlhka stanoviste - ale nejen!

 Bioindikace

% Substratova specifita (obdobné lisejniky)




Mechy (Bryopsida)

* V CR 652 druh

% Druha nejpocetnéjsi supina rostlin po
krytosemennych!

% Typicky stinna vlhka stanoviste

 Bioindikace

% Substratova specifita (obdobné lisejniky)

s Gametofyt
% Vyrazné prevlada nad sporofytem
% Rostlinka - kauloid, fyloidy, rhizoidy
% Listky se strednim Zzebrem
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Mechy (Bryopsida)

* V CR 652 druh

% Druha nejpocetnéjsi supina rostlin po
krytosemennych!

% Typicky stinna vlhka stanoviste

 Bioindikace

% Substratova specifita (obdobné lisejniky)

s Gametofyt
% Vyrazné prevlada nad sporofytem

% Rostlinka - kauloid, fyloidy, rhizoidy

% Listky se strednim zebrem

% Diferencovana pletiva - vodiva (hydroidy a

leptoidy)

Zivotni cyklus mechl

Oplozeni

spermie  pelatky
\
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Mechy (Bryopsida)

* V CR 652 druh

% Druha nejpocetnéjsi supina rostlin po
krytosemennych!

% Typicky stinna vlhka stanoviste

 Bioindikace

% Substratova specifita (obdobné lisejniky)

% Gametofyt
Vyrazné prevlada nad S.

L/
0’0

0’0

0’0

Listky se strednim zebrem
Diferencovana pletiva - vodiva

L/
0’0

¢ Sporofyt

Redukovany a zcela zavisly na G.
Noha, stét a sporangium (tobolka)
Raseliniky bez stétu

Jednoduché praduchy (tobolka)

L/ L/
0’0 0’0

0’0

0’0

Rostlinka - kauloid, fyloidy, rhizoidy
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Mechy (Bryopsida)

i

tupc

Zas

Orthotrichum (Su

Leucobryum glaucum (bélomech sivy)
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Thuidium tamariscinum
(zperenka tamaryskova)

Hylocomium splendens
(rokytnik skvély)



Dicranum (dvouhrotec)
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https://botany.natur.cuni.cz/bryo/galerie.htm
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Calypogeia Ceratodon Climacium Conocephalum Dicranella
integristipula purpureus dendroides conicum heteromalla

Dicranodontium Dicranum Dicranum Dicranum Grimmia Homalothecium
denudatum montanum polysetum scoparium orbicularis lutescens
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Mechorosty (Bryophyta) Sporangium

Sporangium

AXxis

Seta I Polysporangiophyta

Foot

Apical meristem

Sporophyte (2n)

Rhizoid

Rhizoid

Early evolution of the sporophyte. Left: A typical bryophyte-like sporophyte, probably similar to some of the earliest land plant
sporophytes. The sporophyte consists of a foot, which anchors the sporophyte in the gametophyte tissue and absorbs nutrition;
a seta, or stalk; and a sporangium, or spore capsule. Some bryophyte sporophytes lack even a stalk, and consist of a foot and
sporangium. Right: Sporophyte of an early polysporangiophyte (discussed below). The sporophyte would have begun its life
attached to and drawing nutrition from the gametophyte. However, it would eventually have become independent. Note that the
sporophyte has apical meristems, or regions where apical growth occurs. Also note that the sporophyte is green
(photosynthetic) and anchored to the ground by rhizoids. Rhizoids are anchoring structures consisting of one cell or a row of
cells (contrast to roots, which are more complex structures found in vascular plants). Credit: Diagram by E.J. Hermsen (DEAL),
based on Figure 9 in Ligrone et al. (2012).




Marchartiomorpha (liverwaortz)

Mechorosty
(Bryophyta)

Anthocerotophyta (hormworts)
Bryophyta (mosses)

Horneophytopsida +

Aglaophyton major + h

Ehyniopsida +

Lycopodiopsida (lycophytes)

Eophyliophyton bellum + IPolysporangiophyta
Psilophyton dawsohii +
Cladoxylopsida +

Polypodiopsida (ferns, including horsetails and whiskferns)
Pertica varia +

Aneurophytales +

Archaeoptericdales +

Protopityales +

Spermatopsida (seed plants: flowering plaris-Ctonifers, etc.)

http://tolweb.org/Embryophytes/20582




rhyniové rostliny (Rhyniophyta)

Britanie

Spolecenstvo rhyniovych rohovcu
(vesnice Rhynie, Skotsko)




plavuné (Lycopodiophyta)

tace v obdobi karbonu

i vege

Dominantni

X

%



FALEOZOIKUM

rozv oj

oo obojZivelnikia  TOZvel plazda
obojzivelnici  oboj ipadek obojivelniki

SN

ORDOVIK SILUR DEUDI"I KARBON PERM
(510-439] (432400} (4008-363) (363-200) (FH0-245)

HAM BRILIM




plavuné (Lycopodiophyta)

% Dominantni vegetace v obdobi karbonu (dnes = ¢erné uhli...)
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plavuné (Lycopodiophyta)

% Dominantni vegetace v obdobi karbonu (dnes = cerné uhli...)
% Stromové i kerové formy jen ve fosilnim zaznamu




plavuné (Lycopodiophyta)

% Dominantni vegetace v obdobi karbonu (dnes = cerné uhli...)
% Stromové i kerové formy jen ve fosilnim zaznamu

< Aktualni systém - vyjma fosilnich taxon0

Lycopodiales
TDrepanophycales

Selaginellales

Lycopodiopsida|

TLepidodendrales
TPleuromeiales

Isoetales

wikipedia.org




plavuné (Lycopodiophyta)

L)

% Dominantni vegetace v obdobi karbonu (dnes = ¢erné uhli...)
% Stromové i kerové formy jen ve fosilnim zaznamu

% Aktualni systém - vCetné x vyjma fosilnich taxond

>

% Poprvé list - tzv. mikrofyl (x megafyl)
% rozdilny vznik
% zilka x zilnatina
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(b) Megaphyll evolution Fig. 23-3, p. 448



vranecCek Selaginella

plavunik Diphasiastrum



plavuné (Lycopodiophyta)

% Dominantni vegetace v obdobi karbonu (dnes = ¢erné uhli...)
% Stromové i kerové formy jen ve fosilnim zaznamu

% Aktualni systém - vCetné x vyjma fosilnich taxond

% Poprvé list - tzv. mikrofyl (x megafyl)
% rozdilny vznik
% zilka x zilnatina

Vevsvété 1000+ druhu
v CR jen 13 druhu

*

0‘0




Sidlatky (Isoetales)
< V CR pouze 2 druhy (Sumavska jezera)

< Isoétes lacustris (Sidlatka jezerni) — Cerné jezero
% Isoéetes echinospora (Sidlatka ostnovytrusa) — PleSné jezero

|—Lyc0p::}dia|es

I_LTDrepanDphycales

|—Selaginella|es

rTLepidDdendrales

|—‘|'Pleurc:-meiales

: _ ) B R i ¥ wempflnekeaks



21-26 taxa
16-20 taxa
11-15 taxa
= 10 faoca
1-5 taxa
Dtaxa

druhova bohatost Sidlatek ve svété



Sidlatky (Isoetales)

< V CR pouze 2 druhy (Sumavska jezera)
% Isoetes lacustris (Sidlatka jezerni) — Cerné jezero
% Isoéetes echinospora (Sidlatka ostnovytrusa) — PleSné jezero

southern E b
Greenland
Isoetes sp. indat. Q:J'-?’ » =
‘ - > ¥ :;; e
..( X ’,:.._\ \/;—;X%':_,_
% s
=3 ' rozsifeni druhu na zakladé publikovanych map; o
Isoetes IaCUStrIS Brunton et al. 2 2020 &5 v CR zpfesnéno podle databaze FLDOK 0 250 500 1000 km

Zdroj dat: AOPK CR, 2011



Sidlatka ostnovytrusa — Plesné jezero

B juvenilni rostliny
B dospélé rostliny

Sidlatka jezerni — Cerné jezero

B juvenilni rostliny
dospélé rostliny

5000

u0RANANRARANARANANANANE

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Rok
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sidlatky (Isoetales) i

< V CR pouze 2 druhy (Sumavska jezera)
% Isoetes lacustris (Sidlatka jezerni) — Cerné jezero
% Isoéetes echinospora (Sidlatka ostnovytrusa) — PleSné jezero

< Mikrofyly bez pruduchu, vnéjsi fertilni, vnitrni sterilni

% Primitivni eustélé Types of Siphonostele
¢ Mikro a makrospory

solenostele dictyostele eustele

—Lycopodiales ”

—7tDrepanophycales

. . —Selaginellales
Lycopodiopsida g

TLepidodendrales

TPleuromeiales

1 _ . . o ,._:c,fk_'r'“;




e
e
T EES R

b 1 |
=y
= I
==

micresporooyles .',
Lo minicnes,
: producing
» | | :
: meiosis

. "‘~ “"-:L'“"-zygule

Tertilization — l—

F.ll"l'l'l’l-'rlljllll'r'l w |-|'|||'-||__E;rﬂ||.'|.-5_ JI
=N / W o
#
')
1r|||| ].I"I-:-I-I-T-‘-'-‘_‘— \—@ . 3
R

male gametophyte




Fig. 4: The distribution of inferred ancient WGDs across lineages of green plants.

From: One thousand plant transcriptomes and the phylogenomics of green plants Inferred whole-genome duplications (WGDs, polyploidy)
= duplikace celého genomu (polyploidizace)

Ferns and
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vlastni plavuné (Lycopodiales)
< V CR 4 rody (viechny lze potkat v Jizerskych horach!=)

% Lycopodium (plavun) — L. clavatum (p. vidlacka), L. annotinum (p. puciva)

¢ Lycopodiella (plavunka) — L. inundata (p. zaplavovana)

¢ Huperzia (vranec) — H. selago (v. jedlovy)

¢ Diphasiastrum (plavunik) — D. complanatum (p. zplostély) a nékolik dalSich velmi
vzacnych druhu...

Lycopodiales
TDrepanophycales

Selaginellales

Lycopodiopsida|

TLepidodendrales

TPleuromeiales

Isoetales wikipedia.org
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Plavun vidlacka (Lycopodium clavatum)
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Plavunik zplostély
(Diphasiastrum complanatum)

https://
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vlastni plavuné (Lycopodiales)

< V CR 4 rody (vSechny lze potkat v Jizerskych horach!=)

% Lycopodium (plavun) — L. clavatum (p. vidlacka), L. annotinum (p. puciva)

% Lycopodiella (plavurika) — L. inundata (p. zaplavovana)

% Huperzia (vranec) — H. selago (v. jedlovy)

s Diphasiastrum (plavunik) — D. complanatum (p. zplostély) a nékolik dalSich velmi
vzacnych druhu...

< Mikrofyly bez lingul Types of Protostele
s protostéle, aktinostélé az plektostéle

% Gametofyt heterotrofni, zavisly na mykorhize!

il

haplostele actinostele plectostele




Life Cycle of a L ycopodmm
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vranecky (Selaginellales)

< jediny rod - vranecek
% V CR aktualné pouze vranecek brvity (Selaginella selaginoides) |
% vzacny a chranény (C2) — KrkonoSe, Jeseniky

% ve svété velka diverzita (700 druhu), hlavné tropy

|—Lycop::}dia|es

I_LTDrepanDphycales

r—SeIagineIIales

rTLepidDdendrales

|—‘|'F’Ieurc:-meiales

Isoetales wikipedia.org






choulivka jeriSska (Anastatica hierochuntica) vranecek Selaginella lepidophylla
brukvovité (Brassicaceae) = neprava ruze z Jericha
= prava rtize z Jericha realné z Texasu a Mexika...=)




