
Kingdom: Archaeplastida

Order: Chlorophyta

Class: Trebouxiophyceae





General features

• unicellular and filamentous algae

• predominantly terrestrial, aerophytic

• a high proportion of symbiotic organisms



Mattox & Stewart (1984): Pleurastrophyceae (characterized by DO orientation of flagellar 

roots)

Friedl (1996): Trebouxiophyceae

„Pleurastrum“ terrestre

Pleurastrum insigne





Trebouxiophyceae, Chlorella

• Coccoid unicellular green algae with globular to oval cells that reproduce 

entirely by autospores

• Probably the most abundant and diversified group of aerophytic algae

• Beijerinck (1890): 
 „... ich werde unten die Algen derart beschreiben, dass jeder dieselben leicht erkennen kann.“

 „... now I describe this alga in such a way that everybody will simply distinguish it... “



Trebouxiophyceae, Chlorella
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Trebouxiophyceae, Chlorella
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An et al. (1999), Huss et al. (1999), Krienitz et al. (2004), Darienko et al. (2010), Neustupa et al. 

(2009), Fučíková & Lewis (2012), Somogyi et al. (2013)

(Ch. fusca, v. rubescens)

(Halochlorella rubescens)



Trebouxiophyceae, Chlorella



Trebouxiophyceae, Chlorella

Chlorella

Trebouxiophyceae:

Chlorophyceae:

Heterochlorella

Chloroidium

Parachlorella

Auxenochlorella

Desmodesmus
Scenedesmus

Mychonastes

Chromochloris

Pseudochloris

• In subaerial conditions, the 

drought stress drives selection 

towards the globular forms with 

low surface-to-volume ratio

• Traditionally circumscribed 

Chlorella species fall into at least

10 different lineages/genera



Chlorophyceae:

SSU rDNA

Jenufa

Němcová et al. (2011): Journal of Phycology  47, 928-938

Trebouxiophyceae, Chlorella – cryptic genera



Kalinella
Trebouxiophyceae:SSU rDNA

Parachloroidium

Leptochlorella

Pseudomarvania

Neustupa et al. (2013): Phycologia  52, 411-421; Neustupa et al. (2013): IJSEM 63, 377-387 ; Neustupa et al. (2009): 

Phycological Research 57, 159-169; Eliáš & Neustupa (2009): Fottea 9, 169-177

Trebouxiophyceae, Chlorella – cryptic genera



– Fučíková et al. (2014) – desert Trebouxiophyceae

Trebouxiophyceae, cryptic genera



Trebouxiophyceae, Chlorellales

2 3

5

4

1

6

1
2

3

6

4

5

Krienitz et al. (2004): Phycologia 43, 529-542

• morphologically distinct planktonic genera are close related to Chlorella



– Luo et al. (2006)

– production of spines in Micractinium as a result of predation pressure by Brachionus

Trebouxiophyceae, Chlorellales



Trebouxiophyceae, Chlorellales

Krienitz et al. (2004): Journal of Phycology 46, 559-563

• Chlorella-clade + Parachlorella-clade

• Dictyosphaerium – highly

polyphyletic genus



Dictyosphaerium

Krienitz et al. (2012): Fottea 12, 231-253; Bock et al. (2010): European Journal of Phycology 45, 267-277; 

Bock et al. (2011): Journal of Phycology 47, 638-652; Krienitz et al. (2011): Phycologia 50, 89-106

• 9 cryptic genera

Mucidosphaerium

ChlorellaMychonastes

Heynigia

Compactochlorella MasaiaKalenjinia
Dictyosphaerium

Hindakia



Trebouxiophyceae, Chlorellales

Bock et al. (2011): Fottea 11, 293-312

• Chlorella-clade

• Chlorella – unicellular and 

colonial (Dictyosphaerium-like) 

species



Trebouxiophyceae, Chlorellales

Krienitz & Bock (2012): Hydrobiologia 698: 295 – 326 

• Chlorella-clade



Trebouxiophyceae, Chlorellales

Krienitz & Bock (2012): Hydrobiologia 698, 295 – 326; Krienitz et al. (2012): Fottea 12, 231-253;

Škaloud et al. (2014): Fottea 14, 53-62 

• Parachlorella-clade

Marasphaerium Compactochlorella Masaia

Kalenjinia Planktochlorella



• Chlorella-clade

• symbionts

Trebouxiophyceae, Chlorellales



• parasitic organism, described from insect larvae (1921)

• classified to Protozoa, then Fungi

• 18S rRNA analysis – Trebouxiophyceae

• autosporogenesis
HELICOSPORIDIA8th

helcpd16th

hcpdb_10th

Chlorellales, Helicosporidium

http://helicosporidia.ifas.ufl.edu/gallery2/harpoon/light/HELICOSPORIDIA8.tif
http://helicosporidia.ifas.ufl.edu/gallery2/harpoon/sem/HELCPD16.TIF
http://helicosporidia.ifas.ufl.edu/gallery2/vegetative/sem/HCPDB_10.TIF


• heterotrophic, pathogenic organism

• protothecosis

Chlorellales, Prototheca



• 6-year-old dog: malfunction of coordination

• surgery of cranial tendon prior the disease

• magnetic resonance – brain lysis (meningoencefalitis)

• the dog was put to death

Protothecosis



• humans – infections from soil, water, ...

• skin at immunosupresive patients

• first incidence - 1964 (Sierra Leone – foot lysis)

• mortality 2,2%

Protothecosis



• high growth rate – a popular model organism

• Chlorella has the highest chlorophyll content from al studied genera

• large scale cultivations

Chlorellales, practical use



• chlorophyll:
- anti-inflammatory effects, supportswound  healing

- elimination of heavy metals and toxins

- anaemia therapy

- anti-tumor activity

- supports immune system

- reducing high blood pressure

Chlorella tabs

Chlorellales, practical use



Trebouxiophyceae, picoplankton

• green balls up to 3 m in diameter

Nannochloris

Picochlorum

Pseudochloris

Chloroparva

Somogyi et al. (2013): European Journal of Phycology 48, 427-36



O. lacustris

Chlorellales, Oocystaceae, Oocystis



Chlorellales, Oocystaceae, Oocystis



Makinoella                  Crucigeniella  Tetrachlorella

Amphikrikos               Lagerheimia          Echinocoleum       Elongatocystis

Chlorellales, Oocystaceae



E. viridis

Chlorellales, Oocystaceae, Eremosphaera



Trebouxiophyceae, tetrahedric colonies

Bock et al. (2013): Journal of Phycology 49, 329 – 339

Lemmermannia – smooth colonies, small aperture

Tetrastrum – spiny colonies

Crucigenia – smooth colonies, big aperture



Trebouxiales



• lichen endosymbiont, probably free-living, as well (bark)

• coccoid green alga with a central, asteroid plastid

• autospores, zoospores

Trebouxiales, Trebouxia



Trebouxiales, Trebouxia



Cryptic diversity – e.g. T. jamesii

Trebouxiales, Trebouxia



Trebouxiales, Trebouxia

Xu et al. (2020): Botanical Journal of the Linnean Society XX, 1 – 9



Trebouxiales, Trebouxia

Muggia et al. (2020): Molecular Phylogenetics and 

Evolution 149

- 29 species described so far

- in reality, there is at least 111 species-

level lineages



Trebouxiales, Trebouxia
Casano et al. (2011): 

co-existence of two physio-

logically distinct algae

- TR1: cold-requiring

- TR9: warm-requiring 

(thermophilic) 



Trebouxiales, Trebouxia
Del Campo et al (2013) – ecological speciation of mycobionts and photobionts



Trebouxiales, Trebouxia
Del Grande et al (2017) – Lasallia photobionts – ecological differentiation, 

         host specificity



Trebouxiales, Trebouxia
Rolshusen et al (2020) – symbiont turnover zones



Trebouxiales, Asterochloris



Trebouxiales, Asterochloris



• incongruent evolution of algae and fungi

• algal domestication

Trebouxiales, Asterochloris



Trebouxiales, Asterochloris



• terrestrial, aerophytic

• lichen symbiont

M. biatorellae M. bisecta

Trebouxiales, Myrmecia

Bacidia



• Botryococcus braunii – colonial green alga

Botryococcus-clade, Botryococcus



• water blooms

• botryococcen = hydrocarbon, 35% of the dry weight

• fuel?

14Botryococcus-Bloom-med

Botryococcus-clade, Botryococcus

http://www.aslo.org/photopost/showphoto.php?photo=156&size=big&papass=&sort=1&thecat=500


• fish mortality

• oily droplets in the fish 

gills



• Senousy et al. (2004) – polyphyletic Botryococcus

B. braunii

„B“. sudeticus

   = Botryosphaerella

Botryococcus-clade, Botryococcus



• ellipsoid cells, frequent in aerophytic substrate

Botryococcus-clade, Coccomyxa

Malavasi et al 2016 – PLoS ONE



• lichen photobionts

Botryococcus-clade, Coccomyxa



Botryococcus-clade, Coccomyxa



Botryococcus-clade, Coccomyxa



Botryococcus-clade, Coccomyxa

• C. actinabiotis



Botryococcus-clade, Elliptochloris

• 2 autospore types



Botryococcus-clade, Elliptochloris

• symbiont of lichens (Baeomyces, Catolechia), sea anemones (Anthopleura)



Botryococcus-clade, Elliptochloris

• symbiont of lichens (Baeomyces, Catolechia), sea anemones (Anthopleura)



Elliptochloris, 

Pseudochlorella

Darienko et al. (2016): J Phycol 52, 1125-1145



Watanabeales



Watanabeales
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• W. reniformis (Hanagata et al., 1998) – 2 autospore types

• characteristic cell wall (different from Elliptochloris)

S E

• unilayered CW (Elliptochloris – 

trilaminar CW)

Watanabeales, Watanabea



Watanabeales, Jaagichlorella

Darienko & Pröschold 2019



Watanabeales, Chloroidium



Watanabeales, Chloroidium

Vančurová 2012



• sifonal parasitic alga

• leaves of Arisarum

Watanabeales, Phyllosiphon



• aerophytic alga, lichen symbiont

Watanabeales, Symbiochloris

Škaloud et al. (2016): J Phycol 52, 599-617



Watanabeales

• a number of novel lineages

• Mysteriochloris as the most 

abundant lineage



Apatococcus



Apatococcus

• building facades, painted iron substrates



M. kuetzingianum 

Microthamniales, Microthamnion



Prasiolales, Prasiola



aplanospores

(asexual

reproduction)

• mosaic sexual reproduction

egg cells

spermatozoids

s = surface view t = transverse view

Prasiolales, Prasiola



Prasiolales, Rosenvingiella

haploid thallus,

zygotic meiosis



• Prasiola – crown group in Stichococcus lineage

Stichococcus

Stichococcus

Prasiola

Prasiolales, Stichococcus



Prasiolales, Stichococcus



Prasiolales, Diplosphaera

• free living, lichen photobiont



Prasiolales, Ekerewekia

Kaštovský et al. 2016, Phytotaxa



Marine Trebouxiophyceae

Euchlorocystis marina (2022)

Nannochloris desiccata (2022)

Marinichlorella kaistiae (2017)

Rosenvingiella



Marine Trebouxiophyceae



Marine Trebouxiophyceae



Monophyly of Trebouxiophyceae



Monophyly of Trebouxiophyceae
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