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635 Ma (Ediacaran)

Fresh water
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Phragmoplastophyta

Phragmoplast

Streptophytes

Apical cell growth
Cell-cell connections

Branching

Chloroplastida
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0, layer formed

? (600 mil years ago)
Stages c
1 2 3 4 5
0.5
: . Life
0.4 7 . expands
O ' ' | on land
O = 35%
58 03—
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O «
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<Q 02— 21%
0.1 — 10%
? —
0 L —
3.8 3 2 1 Ga O

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)



Které adaptace jsou nutné pro
uspeésnou kolonizaci souse?



* 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)

Bryophytes Angiosperms

>250,000 spp.

’.' ﬁ ?Gymnosperms
Cycads 1,000 spp.

_ Ferns 350 spp.

% % 10,500 spp.

Lycophytes
Mosses 1500 spp.
12,000 spp.

chlorophyte green algae

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.

Eudicots

!

Spmqta ‘

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.



Current Biology

Phylogenomic Evidence for the Monophyly of
Bryophytes and the Reductive Evolution of Stomata

Graphical Abstract Authors

Brogan J. Harris, C. Jill Harrison,
Alistair M. Hetherington,
Tom A. Williams

} “: - N Correspondence
'#" } e tom.a.williams@bristol.ac.uk

Alga. Hornworts Mosses Liverworts Lycophytes Ferns Angiosperms
)

en €5 {

In Brief

Harris et al. provide phylogenomic
support for the monophyly of bryophytes
and show that many of the genes that
pattern and operate stomata in modern
tracheophytes, such as Arabidopsis,

Bryophytes ‘. . were already present in the common
Tracheophytes " ancestor of land plants. The analyses
'\ indicate that the simple stomata of
Stomata evolved

modern bryophytes are a result of
reductive evolution.

« a set of genes that are implicated in stomatal development (14 genes) and
function (18 genes) identified — study of their orthologs and paralogs



Kde v systému se nachazime?
Eukaryota
rise: Plantae
podrise: Viridiplantae
vyvojova linie Streptophyta

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, min. 400 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



(F) Gymnosperms Angiosperms

Ol Ol

Ferns Ol-'
Lycopods Ol-l

Ol-l Hornworts

Ol_l Mosses
o GOI-I Liverworts
an

VHaier Zygnematophyceae I_Mougeoﬁa OI"IH-I

|_| Coleochaetophyceae L Closterium O |» <|

Phragmoplastophyta Charophyceae | - I
s Klebsormidium #l» 1
Chiorophyta J53 b qriokness
Key:

OPPB/IMB Centrosome |_|Phragmoplast I {Cleavage

Trends in Plant Science

Mechorosty nejsou dofeseny, Zluté — ,,Pragmoplastophyta“, Red rings indicate preprophase bands (PPB) and/or the so-called
isthmus band (IMB) found in desmid algae. Blue asterisks indicate centrosomes (note that the centrosome-like polar
organizers of the liverworts do not contain centrioles). Cytokinesis occurs via phragmoplasts or cleavage (blue and green H-
like shapes, respectively; note that some Zygnematophyceae show a combination of both mechanisms, e.g., Mougeotia).

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 bunek

Znaky sdilené se Streptophyty

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

. otevrena mitoza

f seed ? @ seed |

Bryophytes Ferns Gymnosperms Angiosperms




Vyvoj
Chlorophytae
a

Streptophytae

Mechorosty

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

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

C. Paleozoic to Mesozoic Era:
Carboniferous~Cretaceous Period , Freshwater

(approx. 360-65 MY ago) + Chloro- and Trebouxiophyceae
: (Chiarophycean dominated freshwatar
i phytoplanktan communities after the
Ocean w % Permian/Triassic mass extinclion
’ 250 MY ago)
« Ulvophyoceae (e.g. Uhales | X
Dasydadalea(agwamles 2 g T « Streptophyte algae (mainly Charales
Cladophorales) . A\\ ? ( and Zygnematales)

o nophytes’ > Y L s §E - Embryophyte water plants (firs! aguatic
;'a::ellales, Ny Sy 4 : angiosperms: eardy Cratacecus Period)
Pyramimonadales)

Chloro- and Mboul
« Gradual reduction in
diversity and abundance of
streptophyte green algae
(exception: evolutionary diversification
and speciation of the Zygnematales

dunng the Jurassic and Cretaceous Period)

1) e

/ \
'{f

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)

Streptophyta:
UNKAOWN BNCESIoEs Of exlant Slreptopiyle Ineages -
trashwat coocolds,

iosphaerids and 1a - 5“ s
anceshars of mtant pasnophyles  Swonckds am: T ;
(scaly green flagelates and coccokds) pat

ad Chiorokybus (5caY
s L

CHLOROPHYTA [ STREPTOPHYTA




Fosilie mechorostu

. prvni nalez fazeny jednoznacné k mechorostlim — Pallaviciniites

devonicus — New York, dichotomické vétveni, lupenita jatrovka, zbytky
pletiv (svrchni devon, 370-350 mil. let)

Spodni karbon
. dalSi nalezy jatrovek

. Muscites lobatus — Anglie, prvni mech
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Earth's oldest liverworts—Metzgeriothallus
sharonae sp. nov. from the Middle Devonian
(Givetian) of eastern New York, USA

i \'.c p f:‘".

Hernick, L. V., Landing, E. &
Bartowski, K. E. Earth’s
oldest liverworts—
Metzgeriothallus sharonae

sp. nov. from the Middle
Devonian (Giventian) of
eastern New York, USA. Rev.
Palaeobot. Palynol. 148, 154—
162 (2008).



Metzgeriothallus sharonae

. ,Carbonized remains of the upper Middle Devonian liverwort Metzgeriothallus sharonae sp.
nov. are locally common in these lenses. Well-preserved thalli (gametophytes) are only
evident by projecting polarized light on the shale and siltstone surfaces. An associated

sporophyte capsule is the first evidence of a reproductive structure in a Devonian liverwort.
M. sharonae is the oldest known liverwort.”




www.gli.cas.cz

Rhyniophyta - nejstarsi I @EmilianoTroco
dosud znama rostlinna

makrofosilie (Cooksonia

barrandei) pochazejici z

lokality Barrandovy jamy u

Lodénic. Jeji stafi se

odhaduje priblizné na 432

miliéona let.

Cooksonia



https://cs.wikipedia.org/wiki/%C5%A0pi%C4%8Dat%C3%BD_vrch-Barrandovy_j%C3%A1my
https://cs.wikipedia.org/wiki/Lod%C4%9Bnice_(okres_Beroun)

Figure 1: Timing of the origin of extant genera in
the major lineages of land plants.
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Laenen B. et al. (2014): Extant diversity of bryophytes emerged from successive
post-Mesozoic diversification bursts. — Nature communications 5:6134 .



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

- tvorba embrya vyzivovaného z materské rostliny

- mnohobunécna gametangia s vicevrstevnymi sterilnimi obaly
- tvorba kutikuly (tobolka)

- sporopolenin ve sténe spor

- zpUsob replikace centrozomd

o

neck canal



Spolecné znaky mechorostli, odliSnosti od ostatnich vyssich
rostlin

- charakteristicky zivotni cyklus; prevaha gametofytu

- kratkovékost sporofytu, zavislost na gametofytu, sporofyt je
nevétveny

- absence ligninu
- gametofyt: protonema a gametofor

- gametofor prirlsta Cinnosti tzv. apikalni buriky, ne meristematického
pletiva




Kolik existuje mechorosti?

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

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

CR 859 druhl (4 druhy hlevik@, 207 jatrovek, 648 druhd mech{)




Zivotni cyklus mechorostii
heteromorficka (heterofazicka) rodozméena
gametofyt — haploidni, fotoautotrofni;

meiospora—protonema—gametofor—-gametangia
(?2archegonia,d antheridia)—vajecna burka, spermatozoid

sporofyt — diploidni, zavisly na G;
zygota—noha, stét, tobolka—sporogenni pletivo (archespor)
oplozeni pouze ve vodnim prostredi

. jednodomé i dvoudome druhy

Sporophyte

o 19 2n)

-

®an

Gametophytes (1 n) Protonema




*4.) Capsule

3. _,m / (Sporangium)

T j !’ Developing ! Mature
Operculum

\'\) ‘sporophyte ' Sporophyte
77 ooy

— Stalk (Seta) V™

o
W
i Zygote Diploid (2n)

‘fertﬂéaﬂonw
Haploid (n)

Archegonia

=

Protonema

Gametophyte

httn:/Aananns tritorvviceta com/content/hiolooy//hinlooyv-iii/kinadomeZlivvina-world/brvvonhyviiee nhn



Kde v systému se nachazime?
Impérium: Eukaryota

RiSe: Rostliny - Plantae

Podrise: Viridiplantae - zelené rostliny
vyvojova linie - Streptophytae

iRt —Sporogenous Cells
) ‘
pod— Elater Initial Cell

y {4
Figure 12-17 Diagrammatic rendering of structures of Anthoceros, the hornwort.

A, Gametophyte plant. B, Archegonium. C, Antheridium. D, Sporophyte plant,
Norstog & Long 1976 Dendroceros




Gametofyt

. stélka lupenitd, rlzicovita, tenkosténné bunky
jednoho typu, spodni strana slizovée dutinky
(Mostoc)

. spory po ctyrech (tetrady), pseudoelatery
rhizoidy hladké

bunky parenchymaticke, 1 veliky chloroplast
S pyrenoidem

. gametangia vznik z podpovrchove bunky,
zanorena, antheridia v dutinkach

. spermatozoidy symetrickée, biCiky pravotocive
usporadané
nepohlavni rozmnozovani — neni prilis rozsirené

Dendroceros crispatus

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



Fig. 3. Transmission electron micrographs of
chloroplasts in hornworts. A. Leiosporoceros dussii
(Steph.) Hassel. Chloroplast in the assimilative layer
of the sporophytes showing peripheral starch and
centralized grana. B. Folioceros fuciformis Baradw.
Central pyrenoid with lens-shaped subunits separated
by narrow grana and surrounded by starch grains. Bar
= 0.5 ym. Shaw & Renzaglia 2004

Phaeoceros laevis; A.M.F. Tomascu, Ohio
Univ.



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, l A
dozrava postupné, rozpada se ve
2 chlopné : —
. sténa vicevrstevna s priduchy, sterilni (e
sloupek kolumela

I8

Shaw & Renzaglia
2004




Columella

Spores

¢

Protonema
Pseudoelater

Stoma

Phaeoceros, Hornwort

G

Sporogenous Cells

Ry ey
Jeak —~—~ j Elater Initial Cell
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Columella
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A J z

Archegonium

f99 Meristem

Foot

Antheridium

Sporophyte

i Rhizoids

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
(tl‘lda Lelosporocerotop5|da Jeden druh kuIate spory nerou Y tetradach)

trida: Anthocerotop5|da

(Leiosporoceros dussii)


http://stories.rbge.org.uk/archives/11292




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




Anthoceros agrestis — hlevik polni

A\




Dendroceros - epifytické druhy




Dendroceros (foto J. Fehrer)




Phaeoceros carolinianus (Australie)

http.//wiki.trin.org.au/Bryophytes/HornwortHome
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Kde v systému se nachazime?
Impérium: Eukaryota

RiSe: Rostliny - Plantae

Podrise: Viridiplantae - zelené rostliny
vyvojova linie — Streptophytae
Marchantiophyta - jatrovky

CICLO DE MARCHANTIA POLYMORPHA mm

GAMETOFITO MASCULINO (N) GAMETOFITO FEMENINO (N)




Jatrovky - Marchantiophyta
. heterogenni skupina
. fronddzni x folidzni

. fosilie prvohory — svrchni devon
(370-350 mil. let) lupenita
Pallaviciniites devonicus, spodni
karbon (350-320 mil. lety) listnaté
jatrovky

. rlzné biotopy, velka diverzita v
tropickych oblastech

Lophozia lycopodioides

Moerckia blyttii




Conocephalum

[ -. p
Metzgeria




Trichocolea tomentella




Gametofyt - listnateé jatrovky

. lodyzka — poléhava nebo vzprimena, rlizné
vétvena, prlrez kruhovy ¢i ovalny, rlizné typy
bunek, pokryta kutikulou, vodiva pletiva nejsou,

. dvoji vétveni: interkalarni vétveni, terminalni
vétveni

. listky — 1 vrstva bunék vétSinou jednoho typu,
postaveni — stridavé x vstricng, rlizné posazeni
na lodyzku, podlozené x nadsazené, variabilni
tvar, rlizneé délené, kylnaté prehnuté, rlizny okraj

. amfigastrie — spodni fada listli, m{ze chybét,
izofyIni x heterofylni

Plagiochila asplenioides



listky jatrovek

Q@QOQ§




bunky - rlizny tvar, vétsinou Sestiboké, vyplnéné
silicnymi telisky, vitta (,falesné zebro")

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

rhizoidy — nevétvené, jednobunécné, vyrlstaji z
rlznych mist, upeviovaci funkce, nékteré maji
symbiotickou houbu

spory — jednobunécné, kulovité

protonema — mal€, nékolikabunécné, pomijivé

D.H. Hopcroft and
R. Bennett.



Bunky a silicna téliska jatrovek




Gametofyt - lupenaté jatrovky

. stelka cela ze stejného typu bunék nebo
vicevrstevna s diferenciaci, stfedni zebro miize byt
pritomno — uvnitr svazky vodivého pletiva, rhizoidy,
spodni strana dutinky s Nostoc

. rhizoidy hladké nebo Cipkaté, ventralni Supiny

- dychaci komdrky — Usti dychacimi pory, Fr ) L
Pellia neesiana

— dychaci péry — jednoduché, soudeckovité,
lemované
Pore

. silicna teliska — méné cCasta T

Photosynthetic filaments

Paranchyma cells w/ o©oil bodies

Conocephalum conicum



Y 4 LY 4

Gametangia - listhate jatrovky

. antheridia & — vznik z povrchové burky A 38 W -
lodyzky, rlizny tvar, velikost, pocet, stopka, lezi '-C) ;
v pazdi obalnych listk{ O Q

. seskupené perigonalni (obalné) listky okolo 4 a \O O
antheridia - andreceum O C Q d

. spermatozoidy — 2 levotocCivé biCiky, spiralové,

. archegonia ? — schované v obalnych listcich —
casto metamorfované, rlzné faze srlistu
obalnych listk{l (perianth, perigynium,
marsupium)

. kalyptra — chrani mlady sporofyt




Gametangia - lupenaté jatrovky

. ha povrchu stélky, neusporadané Ci
seskupené

. archegonia @

. primitivni — na povrchu stélky, vétSinou
jednotlive,

. odvozené — ve skupinkach, na tercicich —
vyneseni nahoru receptakulem — gynofor —

Marchantia polymorpha

. antheridia & — v kupkach, bradavkach,
samostatné vetvicky, na tercicich — vyneseni
nahoru receptakulem — antheridiofor

Symphyogyna
brasiliensis



Marchantia polymorpha

female

archézofjopiases
¥ U N

-
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. 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 ~ Meugeria furcata

. 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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a dilatata
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trovek
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Myanmar, foto J. Starosta

terikolni —

Marchantia,

cf Mannia =
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Stanoviste jatrovek

epifytické - Frullania
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Stanoviste jatrovek

epilitické - Scapania
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Stanoviste jatrovek

epixylické — Lophozia, Lepidozia
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Stanoviste jatrovek
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epifylni — Frullania, Ephemeropsis



Stanoviste jatrovek

Jubula

’

jeskynn



Vyuziti jatrovek

Medicina a antibiotika — Marchantia polymorpha - zanéty jater (Cina)
- Riccia sp. — potlaceni koznich chorob (Himalaje)

- Conocephalum, Marchantia — v kombinaci s

rostlinnym olejem na kousnuti, spaleniny, otevrené
rany (Cina)

- Herbertus — pouziti misto filtru pri koureni
(Himalaje)

- jatrovky (obecné) = latky potlacujici rlist bakterii
= (antibiotické Ucinky)







