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Systém jatrovek
« Marchantiophyta monofyleticka skupina

 systém uvnitr se vyviji — vice publikovanych variant, neni ustaleny,
(ne zcela osekvenovane skupiny)

 systém zalozen na vicegenovych fylogenezich

— problémy molekularni klasifikace — smésné polozky, Spatna
determinace, chybove GenBank sekvence

Crandall-Stotler B., Stotler R.E. & Long D.G. (2009): Phylogeny and classification
of the Marchantiophyta. — Edinburgh Journal of Botany 66 (1): 155—198.

Soderstrém; et al. (2016). "World checklist of hornworts and liverworts". PhytoKeys (59): 1—
826. doi:10.3897/phytokeys.59.6261



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4758082
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3897%2Fphytokeys.59.6261

Nacrt fylogeneze jatrovek

93/100/100/100 Leatyv ..o, 2600 spp
89/ 100/ 104/ 100 IWIIE Lealv ..., 1800 spp
100/100/100/100 . Simple thallods I1............ 230 spp
| . Pleuroziaccac.................... 11 spp
IS 100 100100 Ll Simple thalloids I............ 160 spp
! 10U 100/ 100/100 Complex thallods............. 0 spp
Blasiaceae............. RO . 2spp
99/ 100/ 100/ 100 Haplomitraceac................ 8 spp
— L Treubaceae.....................  10spp
617100/ 100/ 100 Hornworts
SONANANA Tracheophytes
. Mosses
9ONA/NANA Algae

Diagram of relationships of major clades as resolved from parsimony and Bayesian
analyses of 5 loci (including chloroplast, nuclear, and mitochondrial DNA). Numbers
above the branches are Maximum Parsimony bootstrap values/nomogeneous Bayesian
posterior probabilities (PPs)/5-partition Bayesian PPs/14-partition Bayesian PPs.

In: Forrest & al., BRYOLOGIST 109, 2006
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B: cysT

C: other dysfunctional genes
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® Bazzania praerupla

® Bazzania japonica

® Lepidozia trichodes

® Lepidozia sandvicensis
® Herbertus dicranus

® Herbertus ramosus

® Plagiochila chinensis

® Plagiochila subtropica

@ Heteroscyphus argutus

® Heteroscyphus zollingeri
® Trichocolea tomentella

® Metacalypogeia alternifolia
® Calypogeia fissa

@ Gymnomitrion concinnatum
® Mylia nuda

® Scapania griffithii

® Scapania ciliata

® Scapania ornithopodioides
® Plicanthus hirtellus

® Odontoschisma grosseverrucos
® Nowellia curvifolia

O Schistochila macrodonta

@ Cheilolejeunea xanthocarpa
® Cololejeunea lanciloba

@ Ptychanthus striatus
Jubula hutchinsiae

® Frullania orientalis

® Frullania nodulosa

® Radula japonica

@ Radula japonica

® Porella perrottetiana

® Porella plumosa
Ptilidium pulcherrimum
Ptilidium pulcherrimum
Aneura pinguis

Aneura pinguis

Aneura sharpii

Aneura mirabilis

Riccardia latifrons
Metzgeria leptoneura
Pleurozia purpurea

® Pallavinicia lyellii | (draft)
® pPallavinicia lyellii |l (draft)
® Makinoa crispata

® Fossombronia cristula

® Pellia endiviifolia

Pellia endiviifolia

® Monosolenium tenerum
® Monosolenium tenerum
® Wiesnerella denudata

® Riccia cavernosa

@ Riccia fluitans

@ Dumortiera hirsuta

® Dumortiera hirsuta

® Reboulia hemisphaerica

® Asterella wallichiana

® Conocephalum conicum
@ Marchantia polymorpha
Marchantia polymorpha subsp. ruc
Marchantia paleacea
Lunularia cruciata

Blasia pusilla
Haplomitrium blumei
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um

L ] Ha;lomlrrium mnioides I

Haplomitriopsida I

® Treubia lacunosa
@ Ulota bruchii

@ Sanionia uncinata
® Fissidens nobilis

@ Physcomitrella patens
O Sphagnum palustre

Gene content

Phylogeny

42 new
+24 published

liverwort
plastomes

Dong et al:(2021): Plastid genomes and
phylogenomics of liverworts (Marchantiophyta):
Conserved genome structure but highest relativ
plastid substitution rate in land plants,
Molecular Phylogenetics and Evolution, 161:
107171



oddéleni: Marchantiophyta

Tridy:

Haplomitriopsida: vychozi skupina pro evoluci jatrovek smer
listnaté i lupenité

Marchantiopsida: lupenité jatrovky, prevazne vicevrstevna stélka
Jungermanniopsida: lupenita i listnata stélka, lupenita stélka
jednoducha




trida: Haplomitriopsida

primitivni znaky, poléhava stélka, az 10 cm, radialni soumérnost, 18
druhd v soucasnosti

Haplomitrium hookerii v CR

WWwWWw.uhniprot.org



trida: Haplomitriopsida
Calobryum

Puc. 40. Kanu6puym (Calobryum):

1 — CUOpOHOCANEe pPACTeHHe, 2 — pacTCHHe ¢ MYKCKMMHE rame-
TaHrMAMHA.

http://dic.academic.ru/



trida: Marchantiopsida

lupenaté jatrovky, stélka vétsinou vicevrstevna

podtrida: Blasiidae: Blasiales — jednoducha stélka, pouze hladké

rlzicovita stélka, vpravo s
gemy; obnazena pida, vlhko,
kyselé substraty, temperat S
polokoule



trida: Marchantiopsida

podtrida: Marchantiidae: Lunulariales

rv

Lunularia cruciata (lunatka krizata) Stredomori, u nas zahrady — napr.
Botanicka zahradu UK, pod schody ke sklenikim
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trida: Marchantiopsida

podtrida: Marchantiidae: Marchantiales — slozena stélka, rhizoidy
hladké i Cipkaté, sucha mista, druhotné i vihka

Marchantia polymorpha

WWwWWw.uhniprot.org



trida: Marchantiopsida

Riccia (trhutka) vetSinou malé, hvézdicovité stélky efemernée (suché
travniky, hola plda)

vodni zastupce:
Riccia fluitans — trhutka plovouci

© Jay Luto 2003







trida: Jungermanniopsida

lupenaté jatrovky s primitivnejsi jednovrstevnou stélkou, listnaté
jatrovky, nejvetsi trida jatrovek
podtrida: Pelliidae: Pelliales: Pellia epiphylla (pobreznice obecna)




trida: Jungermanniopsida

podtrida: Pelliidae: Fossombroniales: Fossombronia (hlavkovec)

strnisté, pole, purpurové
rhizoidy, sev. i jizni
polokoule

Fossombronia angulosa

Fossombronia intestinalls
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www.cpbr.gov.au



trida: Jungermanniopsida

podtrida: Metzgeriidae: Metzgeriales
Metzgeria (kroknice)

Metzgeria furcata — kroknice vidli¢nata

skaly, borka strom,
bézné jatrovky

www.aphotoflora.com, cprg.gov.au



trida: Jungermanniopsida

podtrida: Metzgeriidae: Metzgeriales
Cryptothallus mirabilis (syn. Aneura mirabilis)
jatrovka bez fotosyntetickych pigmentd
mykoheterotrofie s houbami rodu 7u/asnella
Casto na okraji raselinist’ v mistech vyskytu brizy
U nas dosud nenalezen, zjiStén v okolnich statech
(Polsko, Némecko, Rakousko) mozna prehlizena




trida: Jungermanniopsida

podtrida: Jungermanniidae: Porellales
Radula complanata (struhatka zplostéla)

borka, listy v tropech, poléhavé, zplostélé

www.pbase.com, www.planta.cn



trida: Jungermanniopsida

podtrida: Jungermanniidae: Ptilidiales
Ptilidium pulcherrimum (brvitec chlupaty)

@ Michael Lith

borka, holé dfevo, hojna jatrovka v CR

fernzenmosses.com, plants.usgda.com



trida: Jungermanniopsida

podtrida: Jungermanniidae: Jungermanniales
Lejeunea cavifolia (rozenka dutolista) :

Bazzania trilobata
(rohozec trojlalocny)

Lepidozia reptans
(plevinka plaziva)

foto M. Liitz



Kde v systému se nachazime?
Eukaryota
rise: Plantae
podrise: Viridiplantae
vyvojova linie Streptophyta
Bryophyta - mechy
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Plagiothecium undulatum

Thuidium tamariscinum

. prvni prokazané fosilie Karbon/Perm
. méneé variabilni nez jatrovky

. centrum rozsireni borealni lesy,
tropické lesy



Fosilie mecht

svrchni karbon: Muscites polytrichaceus

Fie. 51. Muscites polytrichaceus Ren. and Zeill, (after Renault and Zeiller).



Fosilie mecht

Tab. 10-1: Anzahl der bakanntan, sicher gnzusprechenden fossilen Moosaren in verschiede-
nen Erdpenoden.

Erdzeitalter Beginn vor Anzahl| bekannter
Mio Jahren Moosarten
Cuartar 2.4 Pleistozdn ca. 300
Kanozoikum
Tertidr 85 ca. 200
Krebde 145 25
Ktesozalkum Jura 208 26
Trias 245 20
Farm 284 35
karbon 383 14
Paldazoikum Devon 408 4 |
Silur 4349 -
Ordavizium 510
Fambrium 570

Protosphagnum - Perm



Gametofyt

. spory — rlzny tvar a struktura

botany.cz

. Figure 5. Fontinalis squamosa spore germinating. Photo by
sciencephoto.com Janice Glime.



Gametofyt

. protonema - vyvinuté, nékdy vytrvalé
(Buxbaumia, Pogonatum), fosforeskujici
protonema (Schistostega)

ohioplants.org — Physcomitrum pyriforme



. vyvin protonematu - rist regulovany
intenzitou fotosyntézy, svétlem, teplem a
hormonalné

. tvorba pupenti — fizeno cytokyniny,
ovlivnéné i vinovou délkou sveétla

Figure 10. Funaria hygrometrica protonema with
differentiation into chloronema (perpendicular cross walls) and
caulonema (diagonal cross walls). Photo by Janice Glime.

Figure 13. Thalloid protonemata of Sphagnum papillosum.
Photo by Yenhung L1.

Figure 1. Funaria hygrometrica with prolific buds
forming a doughnut, all from the protonemata produced
by one spore. Photo by

Janice Glime.
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hydrome

. lodyzka - silng, lodyzni klira, stfedni svazek
(protostélé)

. rhizoidy — bézné na bazi, v pazdi listd,
vicebunécné, prisun vody, rhizoidalni vlaseni
(rod Tomenthypnum), rlizné vétvené
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WWW. korseby.net/ouier/flora/bryophyta

www.botanv.ubc.ca/bryophyte



. bunky — parenchym, prozenchym, specifické ztlustliny (teckované,
laloCnaté), chlorocyty, hyalocyty, papilnaté bunky
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papilnaté bunky,
Orthotrichum




Gametangia
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. antheridia i archegon
steriln

zpocatku obalena kalyptrou

a z ni Cepicka na

av

kaliptra — kryje sporofyt, zlista

antheridia — Polytrichum (wikipedia.org)



Sporofyt

. hoha

. stét — r{izné dlouhy, sklerenchymatické bunky,
vytrvava

. tobolka — rlzny tvar, ma prlduchy (nefunkéni), bez

ztlusténin, vicevrstevna sténa, vytrusnice - otevirani
vickem, puknutim, kolumela — sterilni sloupek

obusti (peristom)




Obusti (peristom)
hygroskopické obustni zuby, 1-2 rady

Ignatov, Ignatova 2003




Vegetativni rozmnozovani

. rozmnozovaci vetvicky
. fragmentace listkd, lodyzek

. gemy v pazdi listl, na listech, na
protomenatu, rhizoidalni

. ulamovani casti listQ







Jednopohlavné a oboupohlavné mechy

jednopohlavné a oboupohlavné mechorosty; u dvoudomych velmi casto prevazuji @
existuje pohlavni dimorfismus (ca 60 rodl), trpaslic¢i samci rostlinky

Acroporium stramineum
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y 4 V 4 (o) . .
KIOna I Nl ru St Hylocomium brevirostre, Sl?r?gt?:rlgn

. klony z protonemat, z vétveni lodyzek,
pupent, neukonceny rlst

. az nékolikasetleté rostliny ( Hylocomium,
Eucladium, Sphagnum) staré Casti lodyzek
se rozkladaji nebo tvori raselinu

. sdileni zivin a vody mezi rametami (Casti
klonalni populace)




Grimmia laevigata
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Xerotermni mechy

. druhy suchych stanovist’ — adaptace na
malou dostupnost vody,

. obsah az jen 10 % vody

. adaptace:

. chlupatost, sevrené trsy, papilnaté bunky, drobné bunky, malé
vakuoly, husta plasma

. meéni se prostupnost membrany pro ionty, ER, GA redukce na
fragmenty, rozptyleni ribozdm{ v plasmé, mitochondrie a plastidy
kulovité, tylakoidy méneé pravidelné

.
A
e




VOdni meChorosw Aneura maxima

stabilni prostredi bez vétsich vykyvi
vyrazné méne tolerantni k vyschnuti

C prijimaji pouze ve forme CO, —
limitujici faktor

Cladopodiella fluitans - jatrovka




Spalenisté

ohen — nékde prirozeny Cinitel obnovy (grasslands a lesy)

mechorosty shofi, organicka ¢ast horni ptdy zni¢ena, hodné mineralnich latek P, Ca,
Mg, Na, silné vzroste pH
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Spalenisté

pokud bylo pod spalenistém raselinisté — casto delsi zivotnost spalenistnich druhd
Ceratodon purpureus, Bryum argenteum, Funaria hygrometrica
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Epifytické druhy

. borka stromii

. obliganti i fakultativni epifyte
. vertikalni zonace spoleCenstev

. Casto vystaveny primému vlivu
znecisténi — hodné ohrozenych druhg,
bioindikace

Orthotrichum affine



Ulota crispa
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Epifylni (foliikolni)

v tropech, subtropech a
povrch listd stdlezelenych Sirokolistych drevin &
prevazuji jatrovky

vétsinou kratce-zijici pendlujici druhy




Trus a kosterni zbytky

koprofilni mechorosty

obligatni Splachanceae, nasledna kolonizace rody Ceratodon, Bryum,
Pohlia

nejcasteéjsi na zivinami chudych, vihkych biotopech — ombrotrofni
raselinisté, mocaly, alpinum, polarni oblasti, tundry

zivinami bohaty substrat, druhy s vysokymi naroky na Ca, P
stét dlouhy a slaby, hypofyza zvétsena a zbarvena — specialni Sireni
pomoci hmyzu |

CQ! A
on mnioides 6523

Splachnum luteum




5,0/5C/7/7U/77 /Uteum (www.mun.ca)




Raseliniste, slatiniste, mocaly

. dominantni biomasa mechorostll, adaptace na preziti v trvale
zamokreném ekosystému, nizké pH

. hromadéni organického materialu; zahrnuje i slatinisté

. raseliniky (dominance v kyselém raselinisti) x ,,brown" mosses
(dominance ve slatinistich a na vapenci)

. svétovy vyznam, kolobéh dusiku, uhliky,...




Klasifikace mokradu

MESOTROPHIC
<

OLIGOTROPHIC EUTROPHIC

TOTAL NUTRIENT AVAILABILITY >

PRODUCTION ———
DECOMPOSITION ——————»

WOODED
SPHAGNUM
7] BROWN MOSS
BASE CATIONS, N, P
pH, ALKALINITY WATER LEVEL
WATER FLOW FLUCTUATION

SHALLOW

OPEN

WATER
A

WETTER

Fig. 10.1. Ternary diagram showing five wetland classes in relation to hydrology,
chemistry, and vegetation. (Modified from Vitt 1994 and Zoltai & Vitt 1995.)



Klasifikace mokradi cesky
(Rydin a Jeglum 2013), prevedeno do cestiny by Henkova-Mauleova 2019)

tenka vrstva raseliny
nebo mineralni

raseliniste podlos
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Antropogenni mechy

. adaptace na substraty narusené cClovekem,
. vazba na Cloveéka mala (vyskyt i v prirozenych podminkach)
. strategie — rychly rist a schopnost kolonizace

. Ceratodon purpureus, Funaria hygrometrica, Tortula muralis,
Bryum argenteum




mappingignorance.com



Vyuziti mechorostti

jidlo — potrava hmyzu, vyjimecné sob( (horka
chut, Sphagnum do skotskeé)

raselina

bytoveé zarizeni

doba kamenna — pridavano do keramiky Neckera
pennata

Indie — rohozky, filtry proti kouri

knoty lamp (Dicranum elongatum)

tésnéni spar, skvir, ¢lunl (Fontinalis antipyretica
antiohnovy mech)

obalovy material

veci Ci potrava k preprave, baleni a ochrana jidla
(otravy botulotoxiny vzrostly na Aljasce po
odklonu od této metody az 12x), slamniky
(Hypnum = spaci mech (lat.)

predchidce toaletniho papiru odnepaméti
(Sphagnum), ,,mecharstvi*

Figure 2. Neckera crispa, a large, pleurocarpous moss of
tree trunks that has been used as a mordant in pottery. Photo by
Michael Liith.

Figure 3. A piece of ancient pottery with the impression of
Neckera crispa that has been used as 2 mordant. Photo courtesy
of Heinjo During of Universiteit Utrecht and Wim Kuijper from
Archeological Centre of Leiden University.



‘an ererhen, '[’l“"’!'; .

Tézba raseliny: dobyvani raseliny u Mrtvého rybnika u Hrebec¢né a priprava
borek pouzivanych k vytapéni. Datum: 20. léta 20.stol. www.zanikleobce.cz
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Martina Moudr3, idnes.cz



. obleceni — dekorace kloboukU (Britanie — Climacium) a satd
(Filipiny), knofliky (Evropa z raseliny)
. Némecko — Sphagnum pridavané do viny pro zlevnéni odévd
. Mexiko — tmavé skalni druhy barveni latek

. Sphagnum a Dicranum scoparium - plenky USA, Kanada,
Skandinavie, Aljaska (USA v souc.), obaleni miminek (dlouhé
rizové lodyzky Sphagnum magellanicum), do postylek se to
pouziva doted’

. Némecko a severské zemé — vliozky do bot, i trekovych

k] Sphagnum Moss Insole
Women's, No 0

i SN B e

ST a"wtien

Figure 12. Advertisement for shoe liming made from

X : Figure 14 Button made of pressed peat. Photo by Janice
Sphagnum. Photo by Janice Glime. Glime.
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THE SPHAGNUM MOSS GIRL

.
WATCH THESE COLUMNS
FOR ANNOUNCEMENT LATER

IN THE MEANTIME
MEMORIZE THIS WORD

SFAG-NA-KINS
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Museum of Menstruation, USA




. damské hygienické potreby ca 1919-1920
(,,SFAG-NA-KINS“)

.

https://nadiacw.github.io/biomenstrual/material/2021/03/18/moss.html

https://americanhistory.si.edu/collections/search/object/nmah_729448



Women volunteers sewing bandages for injured soldiers during WWI, Ireland, ca 1916

https://ucdculturalheritagecollections.com/2018/06/28/sphagnum-moss-to-the-rescue/



Ekologicka role mechorostti

. zivotni prostredi pro organismy (roztoCi, zelvusky, virnici)
. vysoka retencni schopnost — vodni rezim krajiny

. slozka biomasy, nékde dominantni, fotosyntéza, fixace
uhliku, dekompozice

. kolonizacni schopnost, stabilizace substratu, tvorba
humusu

. tvorba a ukladani travertinu (Palustriella commutata,...)

Cisarska rokle u Berouna



Phylogram of best maximum
likelihood (ML) tree based on
combined analysis of 17 genes
and associated noncoding
regions (—InL = 181836.287).

Fylogeneze mechii
(mechorostil)
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0.05 substitutions/site

Chang Y, and Graham S W Am. J. Bot. 2011;98:839-849

www.amjbot.org
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Novéjsi systém mechi pro zdjemce:

Liu, Y., Johnson, M.G., Cox, C.J. et al.
Resolution of the ordinal phylogeny of
mosses using targeted exons from
organellar and nuclear genomes. Nature
Communications 10, 1485 (2019).
https://doi.org/10.1038/s41467-019-
09454-w
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Mechy - systém

Bryopsida
Tetraphidopsida

Polytrichopsida
Oedipodiopsida

Andreaeobryopsida
Andreaeopsida
Sphagnopsida

Takakiopsida

Goffinet B., Buck W. R., Shaw A. J (2009): Morphology, anatomy and
classification of the Bryophyta. p. 55-138. In: Goffinet B. et Shaw A.J. [eds.]:
Bryophyte Biology. 2" edition, Cambridge University Press. www.protein.bio.msu.ru



oddeleni: Bryophyta

Tridy:

- Takakiopsida

- Sphagnopsida

« Andraeopsida:
 (Andraeobryopsida)
« (Oedipodopsida)

« Polytrichopsida

- Tetraphidopsida

« Bryopsida



trida: Takakiopsida

primitivni vodive pletivo v lodyzce, rhizoidy netvori, Carkovité listy ve 3
radach, pripominaji jatrovky, zbytkovy areal
rad: Takakiales: 7akakia

Takakia lepidozioides
Photo by S. Heilman-see

Takakia lepidozioides
photo Claudia King H.-H.



trida: Sphagnopsida
lupenité protonema, rhizoidy pouze na protonematu, z 1 protonema —
1 rostlina, heterofylie (lodyzni x vétevni), hyalocyty, chlorocyty
rad: Sphagnales: Sphagnum (raselinik)
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V CR 35 druhd, celosvétové ca 130



trida: Andreaeopsida

hnédavée az Cerneé drobné, bunky malé, pentlicovité protonema

S — nema stet, pouze pseudopodium, puka 4 stérbinami, chlopné
spojené v lampionek,

rad: Andreales: Andreaea rupestris (Sterbovka skalni)

Andreaea rupestris
foto M. Lith www.digital-museum.hiroshima-u.ac.jp



trida: Polytrichopsida

nejvetsi mechy co se tyka vysky (Dawsonia az 80 cm)

prvoklicek vlaknity, vystoupavé lodyzky, tuhe, vodiva pleiva i v lodyzce
a stétu, listy kopinaté, tuhé, asimilacni lamely, G velice odvozeny

rad: Polytrichales: Polytrichum, Polytrichastrum (plonik)
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=2 Polytrichum piliferum — plonik chluponosny
Polytrichum commune — plonik obecny



trida: Tetraphidopsida

jednoradeé vétvené protonema, 4 zuby na peristomu u S, Holarktida
rad: Tetraphidales: 7etraphis pellucida (Ctyrzoubek prlizracny)

p/ J L ‘ J //l ’ .d Tetraphis
i i = i ique avi Iy four large peristome teeth. The chief
pellucida. The capsule is unique in having only tome ¢ >
r / / FOto M . LUth habitat of this moss is rotting tree stumps (photo Biological Scicnces Department,
Excter University),

Fig. 5.5 A scanning electron micrograph of the top of the capsule of



trida: Bryopsida

protonema vlaknité, z jednoho je vice gametofordl, G spiralné olistény,
S tobolka s peristomem, velka tfida s mnoha zastupci

rad: Funariales: Funar/'a hygrometr/'ca (zkrutek vldhojevny)

23,7 "ﬂ
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ohioplants.org



trida: Bryopsida

rad: Grimmiales: Grimmia pulvinata (dérkavka poduskovita)
xerothermni stanovisté




trida: Bryopsida

rad: Dicranales: Dicranum (dvouhrotec), Leucobryum (bélomech)
lesni mechy




trida: Bryopsida

rad: Splachnales: Sp/achnum (volatka)
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trida: Bryopsida

rad: Orthotrichales: Orthotrichum (Surpek)

Otrhotrichum pulchellum nedavno znovuobijeven v CR  www.cistor.org.uk



Bryopsida

trida

Hypnales: Hypnum, Brachyth
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