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Viridiplantae
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Prasinidermophyta — new lineage

within green plants
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Arabidopsis thaliana
Chara braunii

Streptophyta

Klebsormidium nitens
Chlorokybus atmophyticus

1001

Prasinoderma coloniale

Mesostigma viride
1001 Volvox carteri
Gonium pectorale
Chlamydomonas reinhardtii
Chromochloris zofingiensis

100/1

Prasinoderma coloniale ¥t
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Ulva mutabilis
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Evolution of

complex,

macroscopic thallus
and multicellurality:

Ulvophyceae

Ulvales

Cladophora
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Caulerpa
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@EED siphonocladous
i) siphonous macronucleate
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G

cytoplasm
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Bryopsidales

Bryopsidales
Oltmannsiellopsidales
Ignatiales
Ulvales-Ulotrichales

Scotinosphaerales
Dasycladales
Trentepohliales
Blastophysa
Cladophorales

Habitat
- p: planktonic
b: benthic/attached

u— terrestrial
freshwater
marine




Ulvophyceae: order Ulvales

Axenic
growth

3’ — Q% “‘\. (Spoerner et

.\Q Zygote (2n) al. 2012)

# 7 Gametes (1n)

Ulva Life Cycle

Zoospores (1n)




- order Ulvales

Ulvophyceae
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Ulvophyceae: order Cladophorales

Cladophora

S0 pm




Ulvophyceae: order Cladophorales
SponglochryS/s hawa//enS/s

Rindi et al. (2006)
Johnston et al. (2018)



Ulvophyceae: order Siphonocladales
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Fig. |. Morphological varkty in the Sipbonochdales (A) Cludophora sericea (Cladophorales: outgroup), (B) Boergesenis forbesi (F252: clade 1), (C)
Siphonee ladus prsilivs (F306: clade 1), (D) Cladophora prolifera (F280: grade 2), (E) Cladoplora coelothrix (F275: grade 2), (F) Cladophora sp. 1 (F224:
“clade™ 3), (G) Cladophora sibogae (F61: clade 4), (H) Anadyomene stellata (F268, clade 5), (I) Microdiciyon krausii (F2: clade 5), (1) Valonks utricularis
(F242: clade 6), (K) Diciyosphaeria cavemosa (F283: clade 7), (L) Valonbopsis pachynema (F24: clade 8), (M) Apphnia lietevirens (F273: clade 9), (N)
Cladophoropsts membranacea (F25: clade 9), (O) Phylbdiciyon orlentale (FA14: clade 9, (P) Phyllodictyon anasiomosans (F36: clade 9). Scalebars, 1 mm.,



Ulvophyceae: order Bryopsidales
siphonous thallus —»
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Illustration: Lesley Elkan after Fig 5.36 Phycology by R.E. Lee



Ulvophyceae: order Bryopsidales
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Ulvophyceae: order Bryopsidales
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Ulvophyceae: order Dasycladales
4 475 %
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Ulvophyceae: order Trentepohliales
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Trebouxiophyceae
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Trebouxiophyceae

Endosymbiotic Chlorella

- polyps (Chlorohydra)
- freshwater sponges Chiorohydra viridissima
- protista (Paramecium) |

Paramecium bursaria




Trebouxiophyceae

Prototheca — pathogenous B e -

A s Prototheca monformys [ATCC S00B1, ABO77048) .2
P— Protothecs zopfi var. hydrocarbonea (RND16, ABDESS02) il

Frototheca zopf (SAG 262-1a, X63518) @

Prototheca ropfif var. zopfii' (ATCC 16533, AB183202) [

Prototheca zopfi var. hydrocarbonea (ATCC 30253, ABO77049) ©

Prototheca zopfii var, portoricensis' (NRRL YB-4826, AB183197)

Prolotheca stagnora’ (ATCC 16528, ABD26230)

Prototheca stagnora (Sagami 13C, AB183196) o

Prototheca wmea' (ATCC 50112 AB0OSES29) |~

o . A yx e1GChiORRNE profothecaides’ (SAG 211-7a, X58101)
19897 — Prototheca wickerhamii (SAG 283-11, X74003)
Prototheca wickerharmi (Pore 1283, X58059)
i Helicospovickum sp. (AT 2000. AF317893)
= Profotheca wickerhamii {ATCC 18529, AB183195)
Nanochlorum eukaryota (SAG 55.87, X06425)

0.02 substitutions/position

Prototheca

"AHP lineage'

:;' Auxenochiorella protothacaoldes var, acickcola’ (124, A1439399)
= Kalella spicuiiformis (unkown, AF278744) o
s2esay Radiofium comjunchivum (GR-2, AF3B7155) B pre B, 2008l var. portoricensis’ (INRRL YB-4326)

"Chioraila® minubssima (Betbesda C-1.1.9, X56102) [ R : DonCmmed. INTOC W88

Clastenopsis aciculans (SAG 11.86, Y17470) ol e . maeifores’ (ATCC 50081)

s

Parachiorella kesslerd (SAG 211-11g, X56105) P coph (SAG 203.1a)
" Chlorelfa sorokiniana (SAG 211-8%, X62441) P. zopfii var. zopfil (ATCC 16533)
ook Chiorelfa vufgaris’ (SAG 211-11b, X12683) P. 2000 var, hyorocarhonea (RND 16)

Watanabea reniformis (SAG 211-9b, X73991) 5 .
"Chiorela" saccharophila  (SAG 211-8a, X63505) s et

§ Dictyochloropsis reticufata {CCHU 5616, Z47207) P. stagnora {Sagami 13C)

‘Chioralia" efipsoidea (SAG 211-1a, X63520) o P sfagnors’ (ATCC 18528)
a1 "Chiorefla® mirabiiis’ (Andreyeva 748-1, X74000) e QOO BrofoOCORS (SAG 211 74)
i Leptosira terrestns (SAG 463-3, Z28573) P ivickerhani (SAG 283-11)

Trebouxsa impresss (UTEXB92, 221551)

Myrmecia bisecta (1B T74, Z47209)

Scenedesmus obliquus (SAG 276-3a X56103)
Scenedesmus commaus (UTEX 76, X739584)
Chiamydomeonas remhiarctll (unknown, M32703)

Helcospondum sp. (AT 2000y
P. wickerhami' JATCC 165239)
Laptosra ferrestis (SAG 463-3) l

Trooouvin oxressa (VUTEXS42)

Quigroup

Outgroup
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Chlorophyceae

A % ——— Chlamydomonas moewusii Chiamvd dal
Chlamydomonas reinhardftii amydomonadales
Scenedesmus obliquus Sphaeropleales
Chlorophyceae
W Fn'ﬂydleﬂ'a terrestris Chaﬂtﬂpﬂmdalﬂs
——— Stigeoclonium helveticum Chaetophorales
* Oedogonium cardiacum Oedogoniales
Pseudendoclonium akinetum 7
87/89/99
_r ——— Oltmannsiellopsis viridis _ Ulvo phyc&ae
it Chlorella vulgaris 1 Trebouxiophyceae
Ostreococcus tauri 7 )
98/100/87 Prasinoph
N9/ Nephroselmis olivacea _ asinophyceae

B67/57/55 Anthoceros formosae
* |L— Marchantia polymorpha Embryophyta
56/30/68

—— Physcomitrella patens
* | .————— Chaetosphaeridium globosum
* Staurastrum punctulatum

Zygnema circumcarinatum Cha rophyceae
Chara vulgaris

—— Chlorokybus atmophyticus

Mesostigma viride &




Chlorophyceae

0.1

Chlorogonium capillatum UTEX 11
Haematococcus lacustris SAG 34-1b
Chloromonas perforata SAG 11-43
Stephanosphaera pluvialis SAG 78-1a
Chlamydomonas applanata SAG 11-9
Dunaliella salina CCAP 19/18
Characiochloris acuminata SAG 31.95
Chlamydomonas moewusii UTEX 97
Microglena monadina SAG 31.72
Phacotus lenticularis SAG 61-1

Volvox carteri f. nagariensis UTEX 2908
Chlamydomonas reinhardtii
Chlamydomonas asymmetrica SAG 70.72
Lobochlamys culleus SAG 19.72
Lobochlamys segnis SAG 9.83
Oogamochlamys gigantea SAG 44.91
Chloromonas radiata UTEX 966
Chloromonas typhlos UTEX LB 1969
Carteria sp. SAG 8-5

Carteria crucifera UTEX 432

Carteria cerasiformis NIES 425
Hafniomonas laevis NIES 257

1.00/94

1.00/75
\

0.99/83
v

Acutodesmus obliquus UTEX 393
_+‘_L Mychonastes jurisii SAG 37.98
Bracteacoccus giganteus UTEX 1251

Jenufa perforata CAUP H8101
EL Jenufa minuta CAUP H8102
Golenkinia longispicula SAG 73.80

Treubaria triappendiculata SAG 38.83

Schizomeris leibleinii UTEX LB 1228
_+_E Stigeoclonium helveticum UTEX 441

Floydiella terrestris UTEX 1709
Oedogonium cardiacum SAG 575-1b

Chlorophyceae

Chlamydomonadales

Sphaeropleales

OCC lineage

Pseudendoclonium akinetum UTEX 1912

Oltmannsiellopsis viridis NIES 360

Ulvophyceae




Chlorophyceae: order

Chlamydomonadales
Chlamydomonas reinhardtii

l
¢
%
N

Vegetative Asexual reproduction Vegetative
cells N cells
(n) Mitosis

Chlamydomonas
nivalis

Ciliary adhesion
and pair formation
Sexual reproduction /

Cellwall =
degradationand | + ;
gamete fusion b

Zyspor;\ /

(2n)

+N

—

Zygote
(2n) Quadriciliate cell

Sasso et al. (2018)




Chlorophyceae: order
Chlamydomonadales

Evolution of multicellularity

Pandorina

Kirk (2005)

Eudorina



Chlorophyceae: order
Chlamydomonadales

Haematococcus Dunaliella =




Chlorophyceae: order Sphaeropleales
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