
Chlorophyta
Prasinophyta

Ulvophyceae



Jak získala Chlorella chitin???

We presented evidence suggesting that Chlorella could have acquired 
components of its chitin biosynthetic pathway by horizontal gene transfer 

from a chlorovirus or a microorganism. 

In the case of Chlorella, the acquisition of a chitinous cell wall may have 
conferred a protective barrier against other viral and bacterial parasites 
lacking the chitinase/chitosanase enzymes required to penetrate and/or 
escape the algal cell. This might have increased the fitness of Chlorella 

compared with its ancestors unable to synthesize chitin. This HGT might be 
the key event that promoted the radiation and success of the Chlorella genus
(i.e., Chlorella may have achieved a cosmopolitan distribution because most 
of its previous parasites failed to penetrate its newly acquired chitinous cell 

wall).

Blanc et al. 2010 The Plant Cell, Vol. 22: 2943–2955



Time-calibrated phylogeny of the green algae. (A) The topology of the tree is based on the 
ML analysis inferred from a concatenated amino acid alignment of 539 nuclear genes

(Del Cortona et al. 2020)



Yang et al. 2023



deepest-branching 

lineage of the 

Chlorophyta

Leliaert et al. 

2016

Chloroplast  

genom

Chloropicophyceae (clade VIIa,b)

Picocystophyceae



Verdigellas

Palmophyllum

Palmoclathrus

deep-marine group of 
algae

Palmophyllum

Palmophyllales



Palmophyllum crassum – 
Mediterranien Sea

Palmoclathrus stipitatus.
This rare and remarkable alga has a stem that 

shows annular rings, out of which grows a 
delicate, cupshaped, perforated membranous 
blade. Individual plants up to 8 years of age 

have been recorded

South Australia

higher ch b/ch a  ratio
no siphonaxanthin and siphonein



Yang et al. 2023



Palmophylophyceae   Prasinococcus cf capsulatus

Guillou et al. 2004

Prasinoderma

Coccal (pico)planktonic 
prasinofyte  - 3.5 to 5.2 μm

Asexual reproduction is achieved 
by unequal binary fission in  
which one of the daughter cells 
retains the parent wall, while 
the other is released with a 
newly produced cell wall

decapore



Prasinoderma 

coloniale

P. singularis

Prasinoderma 

Surface water of Pacific Ocean. 

Bioscope expedition 2004

(Jouenne et al. 2011)

prasinoxan- 

thin, 

micromonol 

uriolide



(Jouenne et al. 2011)

(HASEGAWA et al. 1996)

Prasinoderma coloniale



https://doi.org/10.1038/s41467-023-41137-5

Yang et al. 2023



Pyramimonadales

ultrastructure of Pyramimonas

trichocysts- extracellular digestion

rhizoplast attached to the 

chloroplast surface 

(contraction ATP, Ca2+)

no prasinoxanthin

70 species



Pyramimonadales
Cymbomonas

chloroplast

mitochondria

nucleus

nucleolus

starch grain

pyrenoid

rhizoplast

basal bodies



Micrographs of freeze-fractured ejectisomes of P. grossii. In freeze-fractured Pyramimonas cells

Discharged 

ejectisomes 

measured up to 26 

μm

still furled 

measured up to 

900 nm in width 

and 1 μm in length

Rhiel  et al. 

Protoplasma 2013

Ejectisomes



Micrographs of a cell of P. grossii (a) and of crude (b) and 

enriched (c, d) ejectisome fractions after negative staining.



Pyramimonas parkeae -
the closest relative to the 

euglena chloroplast

Plastid genoms share unique 
gene clusters



Flagellar apparatus

Pyramimonas

Halosphaera 



Organic scales



Pyramimonas aurea
box

crown

limuloid

hair flagellar tip

carbohydrate similar to pectin

Organic scales



Cymbomonas 

tetramitiformis 

box

limuloidní

small square

Organic scales



Cymbomonas

Šupiny produkovány 

GA – všechny typy 

tělových i bičíkových 

šupin mohou být 

podukovány v jedné 

GA cisterně, 

vylučovány na 

povrch v oblasti 

inserce bičíků 

(flagellar pit) 

x křemičité šupiny chrysofyt



Halosphaera – 

specializovaný kanál, 

kterým se šupiny 

uvolňují, vestigiální 

cytopharinx ancestrální 

fagotrofní buňky

Organic scales



Diagrammatic representation of Pyramimonas 

gelidicola ultrastructure illustrating scale duct 

and reservoir thought to be involved in prey 

uptake. FLP, fluorescently labelled prey.

mixotrofie „zapnuta“ pouze za extrémních podmínek (total winter 

darkness and again when ice thickness was maximal and PAR 

levels in the water column low ) – trophic plasticity

the Australian Davis Station, Vestfold 

Hills, eastern Antarctica 



Pyramimonas sp.

Cymbomonas tetramitiformis 

Pyramimonadales



Pyramimonas mucifera 

bentic species, 

produces slime – 

adaptation to bentic 

environment



Pterosperma

Phycoma

Halosphaera

• asexual cysts, resistent outer 

cell wall

• fossil records from 

Precambrium (250-540 mya)



Halosphaera – během jara a počátkem léta se mohou phycomata 

hromadit v povrchových vrstvách (nesena proudy a větrem) a 

působí vegetační zákal – zelená olejovitá voda.

Pyramimonadales



Pterosperma – live cycle

Pyramimonadales

lipidy

sporopolenin



Phycoma (=asexual cyst)
Halosphaera - fagotrophy, 

mixotrophic nutrition

Pyramimonadales

20-30μm

calm winter seas



Tasmanites

Pterospermella 

Fossil species

600 mya - Precambrium



https://doi.org/10.1038/s41467-023-41137-5
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Light micrographs of Monomastix opisthostigma 

trychocysts= 

ejectosomes

basal lineage – large cells up to 20 µm

Dolichomastigales and the Mamiellales cells are usually no longer than 5 μm and 
in two lineages (Bathycoccaceae and Micromonas) are reduced to the size of the 
smallest eukaryotes ( 1 μm; Courties et al. 1994). Cell size reduction is 
accompanied by loss of the flagellar apparatus and eyespot (Bathycoccaceae) 
and/or the scaly covering (Ostreococcus and Micromonas). 

Monomastigales



Crustomastix stigmatica

stigma

3-5 µm, scales on 
long flagella, 
stigma; isolated 
from Mediterranean 
Sea

Zingone et al.2002

Dolichomastigales

dividing cells

3different types of hair-like 

scales on the flagella.

No flat scales



Micromonas pusilla –  

without scales

oceanic picoplankton

Mamiellales



Micromonas phylogeny and distribution NJ 

tree. (B) Mean sea surface temperature (SST) 

for 2006 measured with global high-

resolution SST (GHRSST) blended infrared 

and microwave SSTs, and locations 

where Micromonas (solid lines and circles 

around the isolates used in this work) 

and Ostreococcus (dashed lines) 18S rDNA 

sequences have been recovered. Micromonas 

appeared in all temperature regimes.

Worden et al. 2009



Mamiella gilva 
Bathycoccus – lost of flagellum

Mamiellophyceae

North Atlantic



Ostreococcus belongs to the is 

reported as a globally abundant, 

single-celled alga thriving in the upper 

(illuminated) water column of the 

oceans. 

Blooms in the sea, the smallest 

eukaryotic genom (12 Mbp)

Mamiellales

diploid 

human g. 

6.27 Gbp



OSTREOCOCCUS 

1. Abundances of small eukaryotes and Synechococcus cells over the 2001 study period in 

West Neck Bay, New York as counted by flow cytometry. Major bloom events are indicated. 

Note difference in scales.



Color composite epifluorescence micrograph showing DAPI-stained Ostreococcus-like cells with 

nuclei (cyan) and chloroplasts (red autofluorescence). A single Synechococcus cell (arrow) is also 

present. Scale bar, 10 μm.

 O'Kelly et al. 2003



Mamiellophyceae

Do they reproduced sexually???

Ostreococcus as well as Micromonas may contain meiotic 
genes and thus reproduce sexually (Derelle et al. 2006; 
Worden et al. 2009), but experimental proof for sexual 
reproduction in the Mamiellophyceae is still lacking. 



https://doi.org/10.1038/s41467-023-41137-5
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Nephroselmis

Nephroselmidophyceae



Organic scales

Nephroselmis

malé čtvercové

malé hvězdicové

velké hvězdicové



Mitosis and cytokinesis

Nephroselmis rotunda

• schizotomy



Nephroselmis olivacea

Sexual reproduction
Haplontic life cycle, izogamy, heterothalism



Nephroselmis - ultrastructure

malé čtvercové

malé hvězdicové

velké hvězdicové



https://doi.org/10.1038/s41467-023-41137-5

Yang et al. 2023



Pseudoscourfieldiales

Pseudoscourfieldia marina and Picnococcus 
provasolii are genetically identical and presumably 
represent different life history stages of a single 

taxon; unpubl. 



Pseudoscourfieldia 
marina

Guillou et al. 

2004



https://doi.org/10.1038/s41467-023-41137-5

Yang et al. 2023



Picocystophyceae - Picocystis salinarum halophytic

Mono Lake California

Layered cell wall 

containing polyarabinose, 

mannose, galactose and 

glucose



Krienitz et al. 2012

Picocystis salinarum 

(Chlorophyta) in saline lakes 

and hot springs of East Africa

Picocystis occasionally 

replaces the dominant 

cyanobacterium (Limnospira 

fusiformis), which is the main 

food resource of Lesser 

Flamingos, in soda lakes of 

Bogoria and Nakuru



Východní Afrika –  alkalická „soda lakes“ 

např. jezero Bogoria 



https://doi.org/10.1038/s41467-023-41137-5

Yang et al. 2023



a diameter of 1.5–4 µm, 

found in oligotrophic marine 
waters 

Chloropicon sieburthii

Chloropicophyceae

Chloropicophyceae
Picocystophyceae



Lopez de Santos et al. 

2017

Maximum-likelihood tree inferred from 

concatenated plastid and nuclear 

sequences of prasinophytes clade VII



Chloropicon



Core chlorophytes:  
Ulvophyceae/Chlorophyceae/Trebouxiophyceae/Chlorodendrophyceae/ 

Pedinophyceae



https://doi.org/10.1038/s41467-023-41137-5

Yang et al. 2023



Pedinophyceae

Marsupiomonadales – žijí v mořích ve slaných či brakických 

vodách a jsou součástí planktonu. Druhá linie –

Pedinomonadales – se vyznačuje sladkovodními druhy, či 

druhy žijícími v půdě

Pedinomonas noctilucae

green Noctiluca contains a large 

number of endosymbiotic algal 

cells – blooms in the northern 

Arabian Sea 

2.5 - 10 μm

https://cs.wikipedia.org/wiki/Mikrometr


https://doi.org/10.1038/s41467-023-41137-5
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Tetraselmis

Chlorodendrophyceae



Tetraselmis suecica

Chlorodendrophyceae



Mitóza a cytokineze

Tetraselmis suecica

• na povrchu kryté thékou

shed flagella - division within the 

mother theca



Tetraselmis

Scales fuse to form organic theca
Chlorodendophyceae



Contractile vacuoles

CV – Scherffelia - osmoregulačí organela – pravidelně odstraňuje vodu z buňky 

Brefeldin – inhibuje sekreci a fci GA a fci kontraktilních vakuol (blokuje splynutí 

membrány CV s plasmatickou membránou). Po alpikaci Brefeldinu – vznikne 

obrovská centrální vakuola (představuje fázi diastoly) – proces reverzibilní, pokud 

dáme buňku do hypertonického média CV se zmenší. Experimentální model pro 

studium diastoly, jakési zpomalení celého procesu (jinak 20ms)

(Becker and Hickisch, 2005) 

http://pcp.oxfordjournals.org/content/vol46/issue1/images/large/pci01402.jpeg
http://pcp.oxfordjournals.org/content/vol46/issue1/images/large/pci01410.jpeg


Ekology

symbionts of different 

heterotrophic organisms 

Radiolaria (tř. Polycystinea ) 

Noctiluca



Ekology

(Convoluta) Symsagittifera  roscoffensis -  flatworms Acoela– no mouth

symbionts of different 

heterotrophic organisms 



Symsagittifera

http://en.wikipedia.org/wiki/File:Channel_islands_location.png


Akvitaine - France

Atlantic ocean shore





Live Foods for Feeding Aquarium Fish, Inverts & Corals

polyunsaturated 

fatty acids

https://www.google.cz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CEEQFjAC&url=http%3A%2F%2Fwww.liveaquaria.com%2Fproduct%2Fprod_display.cfm%3Fc%3D2190%2B3205%26pcatid%3D3205&ei=OwlFU-7QA4qLswbs_oHQAw&usg=AFQjCNF-bVx35ZMIrGNOhekj8BF1m6gugA


Gulbrandsen et al. 2021

Třída: Ulvophyceae



Time-calibrated phylogeny of the green algae. (A) The topology of the tree is based on the 
ML analysis inferred from a concatenated amino acid alignment of 539 nuclear genes

(Del Cortona et al. 2020)



Oltmansiellopsidales

Oltmansiellopsis viridis -a quadriflagellate green alga is 
described from temperate coastal waters. It occurs primarily 
as four-celled colonies,

Narragansett Bay, Rhode Island, 

USA



Coccoids from damp terrestrial 
habitats 
A young vegetative cell included a 
single nucleus and a cup-shaped 
chloroplast that contained
a pyrenoid and stroma starch 
grains

Watanabe et. Nakyama 2007 

Ignatiales

http://www.google.cz/url?sa=i&rct=j&q=Ignatius+tetrasporus&source=images&cd=&cad=rja&docid=wIC1qjC1ExZXiM&tbnid=8fiZKcR-nmczyM:&ved=0CAUQjRw&url=http%3A%2F%2Fweb.biosci.utexas.edu%2Futex%2FalgaeDetail.aspx%3FalgaeID%3D4471&ei=oBVKUfqPCMOqtAaotoHgDA&bvm=bv.44011176,d.Yms&psig=AFQjCNGDnXdh9SNqPxSGZvF-bF1C1pQxOA&ust=1363896093214577
http://www.google.cz/url?sa=i&rct=j&q=Pseudocharacium+americanum&source=images&cd=&docid=M3dH850v-fsRUM&tbnid=XM3UORq_AySQbM:&ved=0CAUQjRw&url=http%3A%2F%2Fweb.biosci.utexas.edu%2Futex%2FalgaeDetail.aspx%3FalgaeID%3D4573&ei=mBdKUYJ0yMu0BpKBgYgN&bvm=bv.44011176,d.Yms&psig=AFQjCNGDZHVWjS9keuUQhAErLLjfVRMzvw&ust=1363896596250715


Ulvales/Ulotrichales

Základní charakteristika:

• stélka kokální, vláknitá, sifonální, pletivnou

• zoidi mají 2 nebo 4 bičíky (křížové uspořádání bičíkových kořenů, 

CCW orientace bazálních tělísek), někt. zástupci Ulotrichales – povrch 

zoidů pokryt rhomboidními šupinami

• mitóza uzavřená, perzistentní telofázové vřeténko (bez fykoplastu a 

fragmolastu)

• každá buňka obsahuje nástěnný chloroplast (páskovitý nebo 

hrncovitý), někdy perforovaný s jedním až několika pyrenoidy

• haplontní nebo diplo-haplontní životní cyklus, vznikají tlustostěnné 

hypnozygoty

• zástupci třídy téměř výhradně mořské organismy



Řád: Ulotrichales (Codiolales )

Monostroma



Wetherbee et Verbruggen 2016

Phylogenetic tree of Ulotrichales inferred from 18S ribosomal RNA sequences 



Chlorocystis

endophyte, haplontic 

life cycle, codiolus  

stage

anizogamy

heterothalism

evolutionary 

parallelism (Trebouxia, 

Chlorococcum)

N

2N



Ulothrix



Ulothrix



Ulothrix

haplontic cycle

izogamy

heterothalism

zoospory 4 

bičíkaté!



Ulothrix zonata



Spongomorpha izogamy;  

apical growth

codiolus stage resembles  

Petrocelis (red alga)

eulitoral of North 

Altantic

uninuclear  cells



Urospora

anizogamy

heterothalism

multinucleate 

cells

rhizoid



Urospora

4-flagellate zoospores

Arctic and Antarctic sea



Roleda et al. 2009

Sensitivity of Antarctic Urospora to UV (UVA, UVB) radiation

Gametophytic filaments 
and propagules 
(zoospores and gametes)

propagules slightly more 
sensitive, fast recovery

filaments with thick sell 
walls 



Acrosiphonia

2-flagellate gamete

rozvětvené vlákno, b. mnohojaderné. Epilyticky 

v temperátních a polárních oblastech



Acrosiphonia

synchronous mitosis

perforated chloroplast



Acrosiphonia

behaviour of nuclei and 

microtubuli during mitosis

nuclear ring

cytoskeleton reorganization



Monostroma

Monostroma

thallus formation from 

the short filaments

monostromatic 

thallus



Aonori

Monostroma



Fig. 1. (A) The structure of thallusin. (B) Morphology of axenic M. oxyspermum. (C) The effect of thallusin 

on M. oxyspermum (an initial concentration of 1 ng ml–1). (D) Dedifferentiation given a lack of thallusin (an 

initial concentration of 1 pg ml–1). Inset: Protruding cells from disintegrating thalli. (E) Small callus-like 

morphology of U. pertusa, after 2 months of cultivation under aseptic conditions. Inset: Colorless protrusions 

from the lateral cell walls. (F) The effect of thallusin (1 ng ml–1) on U. pertusa. Inset: A foliaceous 

distromatic blade. 

Matsuo et al.,2005



Ulva

Řád: Ulvales

zygote germinates immedialely

haploid meiospores



Ulvaria

monostromatic thallus (single 

layer of cells)

temperate regions of the Northern hemisphere
North Atlantic, North Pacific

http://www.ira.cnr.it/scr2/JPEG/WEB/PACIFIC/oahu/71.north_shore.jpg


Enteromorpha=Ulva
Hayden et al. 2003 synonimize both genera 



Hayden et al. 2003. Linnaeus was right all along: 

Ulva and Enteromorpha are not distinct genera. 

European Journal of Phycology. 38: 277-294. 

http://www.biosciences.bham.ac.uk/labs/callowj/ent/Hayden_Blomster_Maggs.pdf


(1719-1772) 

only 5 algal genera discerned 

(Tremella, Fucus, Ulva, 

Conferva, Corallina + Volvox 

(=animal like plant)

(1767)



Enteromorpha=Ulva

release of  

gametes 

influenced by 

lunar cycle



Ulva



(Qingdao on 18.7.2011)
South China

Going Green: Beach 
Carpet

Ulva prolifera

http://www.google.cz/url?sa=i&rct=j&q=Enteromorpha&source=images&cd=&cad=rja&docid=ZsquynbLFrepfM&tbnid=aqC_8qBsfy8LEM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.qingdaonese.com%2Fgoing-green-beach-carpet%2F&ei=wQNKUe-KJcSLswbK7oGICQ&bvm=bv.44011176,d.Yms&psig=AFQjCNEO1tk1zDbSqDgcnS4HqA5G9_2zdg&ust=1363891457389773
http://www.google.cz/url?sa=i&rct=j&q=Enteromorpha&source=images&cd=&cad=rja&docid=ZsquynbLFrepfM&tbnid=aqC_8qBsfy8LEM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.qingdaonese.com%2Fgoing-green-beach-carpet%2F&ei=CQRKUbOZHMGGtAaGnoCgCQ&bvm=bv.44011176,d.Yms&psig=AFQjCNEO1tk1zDbSqDgcnS4HqA5G9_2zdg&ust=1363891457389773


2015 2013

2016
2018



1. 7. 2008 - Sailing 
course for the 

Olympic Summer 
Games. Qingdao, 

China



Acrochaete - parasite

Acrochaete  growing on the thallus of 

Chondrus



In this pathosystem,the host gametophytes are resistant to the pathogen, whereas the 

sporophytic generation is susceptible to infection. The virulence of the green algal pathogen is 

mediated by the recognition of carrageenan oligosaccharides released from its red algal host: 

kappa-carrageenan oligosaccharides inhibit A. operculata virulence while lambda-carrageenan 

oligosaccharides enhance its pathogenicity. Bouarab et al. 2004

resistant

susceptible to 

infection 

The virulence of Acrochaete mediated by CW composition of the host 

(Chondrus) 



carragenans induce the release of asparagine (Asn) from Acrochaete 

Free Asn – substrate for amino acid oxidase of Chondrus – releas of  

H2O2 – enough to contain/kill the attacker 





Del Cortona et Leliaert, 2018


	Snímek 1
	Snímek 2
	Snímek 3
	Snímek 4
	Snímek 5
	Snímek 6
	Snímek 7
	Snímek 8
	Snímek 9
	Snímek 10
	Snímek 11
	Snímek 12
	Snímek 13
	Snímek 14
	Snímek 15
	Snímek 16
	Snímek 17
	Snímek 18
	Snímek 19
	Snímek 20
	Snímek 21
	Snímek 22
	Snímek 23
	Snímek 24
	Snímek 25
	Snímek 26
	Snímek 27
	Snímek 28
	Snímek 29
	Snímek 30
	Snímek 31
	Snímek 32
	Snímek 33
	Snímek 34
	Snímek 35
	Snímek 36
	Snímek 37
	Snímek 38
	Snímek 39
	Snímek 40
	Snímek 41
	Snímek 42
	Snímek 43
	Snímek 44
	Snímek 45
	Snímek 46
	Snímek 47
	Snímek 48
	Snímek 49
	Snímek 50
	Snímek 51
	Snímek 52
	Snímek 53
	Snímek 54
	Snímek 55
	Snímek 56
	Snímek 57
	Snímek 58
	Snímek 59
	Snímek 60
	Snímek 61
	Snímek 62
	Snímek 63
	Snímek 64
	Snímek 65
	Snímek 66
	Snímek 67
	Snímek 68
	Snímek 69
	Snímek 70
	Snímek 71
	Snímek 72
	Snímek 73
	Snímek 74
	Snímek 75
	Snímek 76
	Snímek 77
	Snímek 78
	Snímek 79
	Snímek 80
	Snímek 81
	Snímek 82
	Snímek 83
	Snímek 84
	Snímek 85
	Snímek 86
	Snímek 87
	Snímek 88
	Snímek 89
	Snímek 90
	Snímek 91
	Snímek 92
	Snímek 93
	Snímek 94
	Snímek 95
	Snímek 96
	Snímek 97
	Snímek 98
	Snímek 99
	Snímek 100
	Snímek 101
	Snímek 102
	Snímek 103
	Snímek 104
	Snímek 105
	Snímek 106
	Snímek 107
	Snímek 108
	Snímek 109
	Snímek 110

