Kingdom: Archaeplastida
Order: Chlorophyta

Class: Trebouxiophyceae
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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
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Cladophorales
e.g. Cladophora, Chaetomorpha, Boodlea, Valonia

Blastophysa
Dayscladales
e.g. Acetabularia, Neomeris, Batophora, Bornetella

Bryopsidales

e.g. Bryopsis, Halimeda, Codium, Caulerpa
Trentepohliales

e.g. Trentepohlia, Cephaleuros

Ignatius clade
Ignatius, Pseudocharacium

Ulvales
e.g. Ulva, Acrochaete, Blidingia

Phaeophila, Bolbocoleon Ulvales-Ulotrichales

Ulotrichales
e.g. Acrosiphonia, Monostroma, Ulothrix, Pseudendoclonium, Gloeotilopsis

[
Desmochloris, Halochlorococcum, Pseudoneochloris,|Trichophilus

Oltmannsiellopsidales
Oltmannsiellopsis, Dangemannia, Halochlorococcum marinum

Oedogoniales
e.g. Oedogonium, Oedocladium, Bulbochaete

Chaetophorales
e.g. Chaetophora, Stigeoclonium, Uronema

Chaetopeltidales
e.g. Chaetopeltis, Floydiella

Chlamydomonadales
e.g. Chlamydomonas, Volvox, Chloromonas, Dunaliella, Carteria, Hafniomonas

Sphaeropleales
e.g. Hydrodictyon, Pediastrum, Bracteacoccus, Scenedesmus, Monoraphidium

Leptosira

* Chlorellales

e.g. Chlorella, Nanochloris, Prototheca
Pedinomonas

* Qocystaceae

e.g. Oocystis, Lagerheimia

* Microthamniales

e.g. Microthamnion, Fusochloris

* Trebouxiales

e.g. Trebouxia, Asterochloris, Myrmecia

Prasiola clade
e.g. Prasiola, Rosenvingiella, Stichococcus, Raphidonema, Pabia

Watanabea clade
e.g. Dictyochloropsis, Watanabea

Choricystis clade
e.g. Choricystis, Botryococcus, Coccomyxa

Coenocystis, Lobosphaera, Picochlorum, Xylochloris, Geminella

Chlorodendrophyceae (“prasinophyte” clade_IV)

Tetracelmic Scherffelin

Chlorophyceae Ulvophyceae

Trebouxiophyceae

core chlorophytes

Chlorophyta



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 | describe this alga in such a way that everybody will simply distinguish it...




Trebouxiophyceae, Chlorella

Chlorella Chlorella fusca N '
vulgaris v. fusca Chlorella
homosphaera
Chlorella fusca
Chlorella V. rubescens
rokinian
o e Chlorella

Chlorella fusca zofingiensis

V. vacuolatus

Chlorella
lobophora

Chlorella

ellipsoidea Chlorella
Chlorella protothecoides
kessleri

Chlorella

trebouxioides

Chlorella Chlorella
luteoviridis Chlorella minutissima

saccharophila




Trebouxiophyceae, Chlorella

glukosamin

Chlorella
vulgaris

Chlorella
sorokiniana
(Ch. vulgaris)

Chlorella
lobophora

Desmodesmus
abundans

(Ch. fusca, v. fusca)
(Scen. abundans)

Parachlorella
kessleri

(Ch. kessleri)

Jaagichlorella
luteoviridis

(Ch. luteoviridis)

Scenedesmus

rubescens
(Ch. fusca, v. rubescens)

(Halochlorella rubescens

Scenedesmus

vacuolatus
(Ch. fusca, v. vacuolata)

(Graesiella vacuolata)
Chloroidium

ellipsoideum
(Ch. ellipsoidea)

Chloroidium

ellipsoideum
(Ch. trebouxioides)

Chloroidium

saccharophilum
(Ch. saccharophila)

Mychonastes
homosphaera

(Ch. homosphaera,
Ch. minutissima)

Chromochloris
zofingiensis
(Ch. zofingiensis)

Auxenochlorella
protothecoides

(Ch. protothecoides)

Pseudochloris
wilhelmii

(“Ch. minutissima”)

An et al. (1999), Huss et al. (1999), Krienitz et al. (2004), Darienko et al. (2010), Neustupa et al.
(2009), Fucikova & Lewis (2012), Somogyi et al. (2013)



Trebouxiophyceae, Chlorella
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Trebouxiophyceae, Chlorella

Trebouxiophyceae:
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Watanabea sp. MSC1 (EU090195)
Di reticulata (Z47207)
lobatus (FR693368)
Leptosira terrestris (228973)
1.00/84/100~ Parietochloris alveolaris (EU878373)
Parietochlonis pseudoalveolaris (M63002)
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"Characium perforatum"” (M62999)
uncultured clone SC2-2 (FJ946881)
Leptochiorella corticola CAUP H8401 (HE984579)
uncultured clone QE 17 (FJ790649)
1.00/10098%- uncultured clone QE29 (FJ790655)
100100100~ Pseudococcomyxa simplex (FJ648514)
Coccomyxa pringsheimii (AY762603)
C (AM167525)
Elliptochloris subsphaerica (FJ648518)
Elliptochloris bilobata (AM422984)
1.00%/%9— Elliptochioris bilobata var. corticola (EF688289)
Choricystis sp. (X81965)

1.00/82/58 y braunii (AJ581912)

0.999187r “Panietochloris” ovoidea (EUB78374)

Lobosphaera incisa (AY762602)

“Myrmecia” bisecta (Z47209)
1001001100 I (GUO17647)

* Asterochioris erici (AB080310)

Myrmecia biatorellae (Z28971)

Trebouxia impressa (Z21551)

Trebouxia jamesii (268700)
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Xylochloris imegularis (EU105208)
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(AF387155)

Nannochloris sp. (AY195983)
“Chiorella” protothecoides var. acidicola (AJ439399)
Pi (AY422073)

"Chiorella” minutissima (X56102)

Micractinium pusillum (AF499921)

Chiorella vulgaris (X13688)

Chiorella sorokiniana (X73993)

Closteriopsis acicularis (AB037085)

Parachiorella kessleri (X56105)

Dicloster acuatus (AB037085)

Muriella terrestris (AB012845)

[——————— Eremosphaera viridis (AF387154)
Oocystis solitaria (AF228686)

bl fo!

m—
1.00/100/100

s

Auxenod
Pseudoc
Chlorells

Parachlo

Koliella sempervirens (AF278743)
Gloeocystis polydermatica (FR865740)
"Chiorelia” mirabilis (X74000)

Stichococcus mirabilis (AJ311638)

Stichococcus jenerensis (DQ275461)
Stichococcus chodati (ABO55867)

Prasiola crispa (AJ416106)

Stichococcus bacillanis (AJ416107)
Desmococcus endolithicus (EU434026)

minor (AF387151)

(X75565)
olivacea (X74754)

(FM881777)

Heterochlorella

Watanabea
clade

Chloroidium

* 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

Trebouxiales

Parietochloris 10 different lineages/genera
Microthamniales
Leptochlorella

Chlorophyceae:
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Clade 190 Chal um hindakii
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0.51/59 Scenedesmus rotundus
0.73 Scenedesmus obliquus
il

L
0.70 P

im biradiatum

Desmodesmus
Scenedesmus

— Rotundelia sp.

hlorella

hloris
Chlorellales
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Trebouxiophyceae, Chlorella — cryptic genera

convoiutoe
AY2TE217 Liothvix IUWUD?WL[‘JL'

ronal E‘K 7 ;
S OB AB1BIE10 OF geminata MBIC 10525 Ch I h .
XES55T similis SAG B 1.85
= [ .. UTEx 1049 oropnyceae:
AFIETB5T Hoden UTEX 1708

M32703 Ci Reinhardtinia
AB218697 deficiens UTEX 1700

AF514411 C 102198
AF514407 Ci o ‘l:owm 10199 | Tatrensinia

&
A4 10461 L s cuous SAG 17.73
m&.mm ntoa SAG 084 I Oogamochlamydinia
7 Chioramonas radials UTEX 968
07680 Chlamdomanay nuais UTEX LB 1960 | Chioromonadinia
,QWL z:fgmmurgx 183 |P§:dncanena
AF305438 Ploromonas sasea | Phacotinia
o087 Av220560 o amycoge a UTEX 103 Chlamydomonadales
/ Jr— A Criamydomonas sp Antarctic &
576M C SAG 31.72 | Monadinia
100V AY220571 C 0. BogDB/IT-6w |
urorez C SAG 3372
e AB451189 T-oﬂsnuwmc: 10 A
- Characichians acumin ;
e 2 P osasr hon vlaris urEx {8 17es | Characiosiphonia
plobosus SAG 20-1

rmg0
750 Flrsaa fualt f..uvom- NIES123 | Chiorogonia
AB218 WU'EI 1697 icolini
Aumn a-swwrm-n sevave | Aren o
0798 UTExX 2400

0.9%-

L
T

v soldus SAG 76.00 ' Stephanosphaerinia
218708 Chi e alveolsta UTEX 1235

73

_q:nmuz Gurgrer karsaky ?!';lCAP i ko
DG0S graciis COMP
0.8em] oS EUS89200 Dunadieda safina JR102 | Dunatietinia

— "” e U747 € SAG 387 I Tr
_i : oonoo‘ I — — UT3474 Treubarie schmidkes SAG 36.83
oses| smann | D {amiomonas 'reficulata’ Shizwoxs 714 | Hafniomonas Ccs
L Ot Cantern et MES 2T | Crucicartoria clade
HMS63743 Jenufa ta CAUP HB101
e Jenufa

HMSE]T. CAUPH 8102
' m:;g Uncuturad ::Norovhy‘ clone DA{H
1 1o
s 1.00/100 AF 499923 l Golenkinia
AF 499924 sp. UTEX 831
AF3IBT160 50 sp UTEX LB 472
1.007H AF 367860 Dy WK‘HIUTEN 3
AF2TT649 F G 8 1586

MR ae— UT3469 Ank SA.GB 17.84
T 00100 AF302770 plitdias na SAG 377-1a I Sphaeropleaceae

pre— X 74004 "Chiomds” rofingensis SAG 211-14a
AF277650 satigors UTEX LB 2454

anmou
ABO254273 Mychonastos homosphaora
sp. ltas 21 14 1d
spwus urex l!lD
aanus

s SAG 37.98

Selenastraceae

SAG 20,
AY 197633 C Tow 2/24 P-12d
FJIS46900 Cx WW

1.00081

-
ek ”
AISB1G14 ¥ sudetica UTEX 2629 Neochloridaceae
UTEX 2174

100614~ Sphaeropleales

Hydrodictyaceae
singaporensis CAUP H 8001
AF388376 Coslastrum sphooncum SAG 32 .81 Scenedesmaceae
Y = ABG37008 Scenedesmus ndaki SAD 4786

AUrDOKACD
Afsi:t:sn “Bracteacoccus” sp. INPIVF3Z
FJ946892 Chiorophyceas sp. 15

SAG 217.1¢
UTEX 1248 Bracteacoccus
SAG 262-1b

10081

00
UE3102 Bracivacoccus sp. 4,
AY 044648 Plankiaspheena Qelaioss

POyEOCCUS Kr2
1.00/100 UB3124

— L UB3125 Cf I Chaetopeltidales
o s TR (B 152 SSU rDNA
AF‘!?! Scnmmnmmwu EX LB 1228
o] TR g S Bt S S8 80 s e o0 | ho0tophorsios JOCC clade
3134 ubschass nioenss | Oedoganiales Chlorophyceae)
0.98/57 O
.,;:,.‘_ ABD1T438 Coonoc;srxs COOSIINS ncisa SAG 2007 |TFODOUUODM'CL‘JO
1 a7

0.1 sub

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



Trebouxiophyceae, Chlorella — cryptic genera

e Trebouxiophyceae:
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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; Elias & Neustupa (2009): Fottea 9, 169-177




Trebouxiophyceae, cryptic genera

— FucCikova et al. (2014) — desert Trebouxiophyceae

Coenocyslis inconstans

Neocystis incl, WITT1VFNP22 and allles

Chloropyrulia
Leptosira
e Dictyochioropsis, Apatococcus

Leptochlorella

Chlorella-like BCP-BC4VF9

yrietochloris

<@ Xviochioris
—‘ Eremochloris

<] Microthamniales

Watanabea clade
(incl. Desertella)

—=| Eliptochlors clade
Legend:

_’—< Choricystis
- :‘ Bot 5 ‘ Predominantly aquatic

Lobosphaera ‘ Predominantly terrestrial
Many aquatic
Xerochlorella o e i
<4 Geminella minor neage with known

s ) desert representatives
Newly documented

desert representatives
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Trebouxiophyceae, Chlorellales

morphologically distinct planktonic genera are close related to Chlorella

“Chlorella” ellipsoidea
1oosea | Dicloster acuatus 2

100 | Closteriopsis acicularis
ssar ' ] — Parachiorella bejlerincki | ©arachiorella-clade
“ Parachlorella kessleri
Didymogenes palatina
Didymogenes anomala
Micractinium pusillum 3

l‘: Micractinium sp.
e Micractinium pusillum
| 1 Chiorella sorokiniana

: Dictyosphaerium pulchellum 4| Chlorella-clade
Dictyosphaerium spec.

M Actinastrum hantzschil 5
00— Diacanthos belenophorus 6
53 Chcl?‘rlellalforolldnia_na

91 orella vulgaris
\_/1___ Chlorella lobophora

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



Trebouxiophyceae, Chlorellales

— Luo et al. (2006)

— production of spines in Micractinium as a result of predation pressure by Brachionus
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Trebouxiophyceae, Chlorellales

* Chlorella-clade + Parachlorella-clade
« Dictyosphaerium — highly
polyphyletic genus

| Chiorella clade
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1 TW 1001000
|~ CCAP 222114
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DICTYOSPHAERIUM

YUSP L

P

SAG 70.80

Dictyosphaenum morphotype
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‘ SAG 11.86  Clostenopsis aciculans
2 087100100
SAG 4198 Dicle

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



Dictyosphaerium

* 9 cryptic genera
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Mucidosphaerium

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



Trebouxiophyceae, Chlorellales

Chlorella-clade
* Chlorella — unicellular and
colonial (Dictyosphaerium-like)
species

Figs 1-7. Drawings of light microscopical characters of Chlorella species. Iconotypes: (1) Chlorella pituita, authentic strain
ACOI 311: (2) Chlorella pulchelloides, authentic strain CCAP 211/118: (3) Chiorella coloniales, authentic strain UTEX 938:
(4) Chiorella singularis, authentic strain CCAP 211/119: (5) Chlorella rotunda, authentic strain CCAP 260/11: (6) Chiorella
lewinii, authentic strain CCAP 211/90: (7) Chlorella volutis, authentic strain CCAP 211/120. Scale bars 10 pm.

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

Trebouxiophyceae, Chlorellales

Genus Drawing

Main diacritic morphology

Actinastrum

Chiorella

Didymogenes : r /'

Hegewaldia

Hindakia

Heynigia

Micractinium

Meyerella

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

Cells rod-shaped. elongated.
radially arranged in coenobia

Spherical or broad oval cells, with one pyrenoid,
solitary or in mucilage covered colonies

Cells cylindrical curved with convex side attached
in 2-, 4- or 16-celled coencbia, one pyrenoid, spines

Spherical cells with or without bristles, solitary
or in colonies, 1 pyrenoid, facultative oogamy

Broad oval cells interconnected by strands attaching
the apical pole, in mucilaginous colonies, 1 pyrenoid

Spherical cells interconnected by mucilaginous strands
in mucilaginous colonies, 1 pyrenoid

Spherical cells with long bristles,
in colonies, 1 pyrenoid

Cells short cylindrical, small, without mucilage,
solitary, pyrenoid missing
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Trebouxiophyceae, Chlorellales

 Parachlorella-clade

Closteriopsis Needle-shaped cells with several pyrenoids

in the lateral chloroplast, solitary

Broad oval cells interconnected by strands attaching

Dictyosphaerium
the elongated cell side, in mucilaginous colonies

Cells ellipsoidal arcuated with convex sides attached

Dicloster
in 2- or 4-celled coenobia, 1 or 2 pyrenoids

Spherical cells interconnected by mucilaginous

Mucidosphaerium
strands in mucilaginous colonies, 1 pyrenoid

Spherical cells covered by mucilage,
solitary or in groups, 1 pyrenoid

Parachlorella

© oo

Marasphaerlum Compactochlorella Masaia

. J
@ i Kalenjlnla

0.99/100/911 Mucidosphaerium sphagnale CCAP 222/93
1.00/87/97| L Mucidosphaerium sphagnale SAG 70.80
Mucidosphaerium palustre CCALA 332
Mucidosphaerium planctonicum ACOI 1719
Mucidosphaerium pulchellum UTEX 731
Mucidosphaerium pulchellum ACOI 755
Marasphaerium gattermannii CCAP 222/24
Compactochlorella kochii CCAP 222/61
Compactochlorella dohrmanii CCAP 222/5
0.99/98/87~ Parachlorella beijerinckii SAG 2046
Parachlorella hussii ACOI 473
Parachlorella kesslerii SAG 211-11g
Dictyosphaerium libertatis CCAP 222/92
Dictyosphaerium ehrenbergianum CCAP 222/23
Dictyosphaerium ehrenbergianum UTEX 75
0.99/88/85L Dijctyosphaerium ehrenbergianum CCAP 222/20
T~  Dictyosphaerium sp. CCAP 222/25
1.00/100/100 ~_ “Planktochlorella nurekis* KIEG + BIN + CllI

1.00/59/97| Dictyosphaerium lacustre CCAP 222/85

—L Dictyosphaerium lacustre CCAP 222/62
Dictyosphaerium morphotype CCAP 222/43
1.00/96/100 Closteriopsis acicularis SAG 11.86
1 oonooToo[ Closteriopsis acicularis EN 2003/36
[ ™~~al [ Masaia oloidia CCAP 211/85
Masaia oloidia CCAP 222/32
Kalenjinia gelatinosa CCAP 222/8

C Dicloster acuatus SAG 41.98

0.99/53/-
0.96/76/73

1.00/100/100 |

1.00/94/97 =

1.00/100/1 00\

-/95/63

Marinichlorella kaistiae KAS005
1.00/100/98 L Marinichlorella kaistiae KAS007

Y —

Planktochlorella

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

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




Trebouxiophyceae, Chlorellales

« Chlorella-clade
« symbionts

Environmental Microbiology (2010) doi:10.11114.1462-2820.2010.02333

The systematics of Zoochlorella revisited employing
an integrative approach

CHLORELLA-
clade

52
60

095
|

58

100

1Loo
100
100
100

CHLORELILA

(SAG 211-11b) FM205832

(CCAP 211/112) FN298920, from Climatostomium virens
(CCAP 211/111) FN298919, from Coleps lirtus
(CCAP 211/113) FN298921, from Euplotes daidaleos

L (CCAP 211/109) FN298917, from Paramecium bursaria
‘;-go" (CCAP 211/110) FN298918, from Paransccium bursaria
100 [ (from CCAP 1660/10) AB260895, from Paramecium bursaria
00t | (ccAP 211/114) FN298922, from Paramecium bursaria

. lobophora (SAG 37.88%) FM205833

(CCAP 211/84) FN298913
(SAG 211-6) FM205849
(ATCC 50258) AB206549
(strain "So3-Zk') AB162013
(strain 'DdI-Zk") AB162916
(strain ‘Bnd1-Zk') AB162917
(strain '"OK 1-Zk') AB162912

C. varfabilis,
Trom Paramecium bursaria

(strain 'KM2-Zk') AB162915

— (from MRBG1") AB219527

(strain 'F36-Zk') AB162914

(from 'Cs2") AB206546
(ATCC 30562) AB206550

C. heliozoae sp. nov, (SAG 3.83) FM 205850, from Acanthocystis turfacea

C. sovokiniana (CCAP 211/8K) FM205859

Log

M. pusillum (CCAP 248/7) FM205835 MICRACTINIUM

M M. pusillum (CCAP 248/5) FM205836
4'} M. pusillum (SAG 72.80) FM205837
M. pusillum (SAG 48.93) FM205838

(from CCAP 1660/12) AB260894
(from CCAP 1660/11) AB206548

M. conductriv comb. nov.,

(from 'PB-SW1') AB206547 Trom Paramecinm bursaria

(CCAP 211/83) FM205852
{SAG 241.80) FM205851

100
99

100

D anomala (SAG 18.91) FM205839
D. palating (SAG 30.92) FM205840

DIDYMOGENES

A. hantzschii (SAG 2015) FM205841 ACTINASTRUM

I M. planktonica (CCMP 2446) AY 543040, AY 543045

MEYERELLA

-

parvila (CCAP 283/1) FM205842
H. sp. (CCAP 283/3) FM205844

HEGEWALDIA

PARA- P, beijerinckii (SAG 2046) FM205845
CHLORELLA-clade E P kessleri (CCAP 211/11G) FM205885

— 0.01 substitutions/site

—|—7 Closteriopsis acicularis (SAG 11.86) FM205847
Dicloster acuatus (SAG 41.98) FM205848




Chlorellales, Helicosporidium

« parasitic organism, described from insect larvae (1921)
« classified to Protozoa, then Fungi

« 18S rRNA analysis — Trebouxiophyceae

« autosporogenesis

Polytoma uvella (AF354208)
0 Polytoma obtusa (AF374187)

7 " polytoma mirum (AF394203)
4 Chlamydomonas applanata (AF324204)
T

] Polytoma oviforme [AF394207)
Chiamydomonas moewusi {X15850)
Chlamydomonas reinhardtii (J01395)
Scenedasmus obliguus (AF394206) 1
Chiorelia ellipsoides (X12742)
Chioreifa saccharophila (D11348)
Chlorella mirabilis {(X85100)

10 — Helfcosporidium sp. BF (AF538884)
g —Heleosoridumes, W s
it Prototheca zopfil (XT4006}

Prototheca wickerhamii 1533 (AF384203)
Prototheca wickerhamii 263 (X74309)
Chiorella protothecoides (X65688)

Chiorella vulgaris C27 (AB001684)

Chlorelia vulgaris (X16579)

Ghicrelia sorokiniana (X656889)

Chloreila kessleri (X65099)

seadiydesouD

SPE E930j0IY

aeaadiydoxnogau

MNanochforum eucaryotum (X76084) —
——— Neaphroseimis olivaces (XT4754)



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

Chlorellales, Prototheca

* heterotrophic, pathogenic organism
* protothecosis

%
3



Protothecosis

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%




Chlorellales, practical use

high growth rate — a popular model organism
Chlorella has the highest chlorophyll content from al studied genera
large scale cultivations




Chlorellales, practical use

- chlorophyli:
- 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



Trebouxiophyceae, picoplankton

« green balls up to 3 um in diameter
Nannochloris — Picochlorum atomus CCAP 251/7 (AB080303)* i
85/85/1.00 86/94/1.00| Picochlorum eukaryotum Mainz 1 (X06425)*
Picochlorum oculatum UTEX 1998 (AY422075)*
86/72/1.00 _[éicochlorum maculatum CCAP 251/3 (AB080302)*

79/88/1.00 Picochlorum sp. RCC 011 (AJ131691)
--10.92'— Pjcochlorum oklahomense UTEX 2795 (AY422073)*
Auxenochlorella protothecoides var. acidicola 124 (AJ439399)
Gloeotila contorta SAG 41.84 (AY422074)
— Marvania geminata SAG 12.88 (AF124336)
100/100/1.00' Marvania coccoides CCAP 251/1b (AB080301)*
-/-10.82 Nannochloris sp. ANR-9 (AY220081)
I: ‘Chlorella’ sp. Yanagocha RA1 (Y14950)
97/98/1.00%~ Nannochloris bacillaris (AB080300) i
Chloroparva pannonica ACT 0608 (FJ013257) [1]*

Nannochloris-like clade

700/10071 °°| Chloroparva sp. ACT 0602 (JX235963) [2]
, : - ! Chloroparva sp. ACT 0622 (FJ013258) [2]
¥ D @ é & 2 @ 92/89/1.00 ‘Nannochloris eucaryotum’ UTEX 2502 (JX235961) Paaidsatiloin
. 3 ~ 2D B ‘Nannochloris eucaryotum’ SAG 55.87 (JX235962)* wff,",'; ,’;’1;'; e
8 9 g @ -/98/0.93— ‘Chlorella minutissima' C-1.1.9 (X56102)

en. et sp. nov.
‘Chlorella minutissima’ SAG 1.80 (AB006046) 9 P

: 10010011 00 Dicloster acuatus SAG 41.98 (FM205848)
Pseudochloris S | Parachiorela beijerinckil SAG 2046 (FM205845)
99/99/1.00% Parachlorella kessleri SAG 211-11g (FM205846)*
Didymogenes palatina SAG 30.92 (FM205840) N
Micractinium belenophorum SAG 42.98 (FM205879)*
Micractinium pusillum CCAP 248/5 (FM205836)*
Chlorella lobophora SAG 37.88 (FM205833)" Chiorella clade
Chlorella vulgaris SAG 211-11b (FM205832)*

Chlorella sorokiniana CCAP 211/8k (FM205859)* 2
1 / Mychonastes homosphaera CCAP211/8e (X73996)*

Parachlorella
clade

Chloroparva 87/871
0.98

~/-/0.99

79/81/1.00
-/74/0.91

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



Chlorellales, Oocystaceae, Oocystis




Chlorellales, Oocystaceae, Oocystis

“Oocystis* solitaria )

Tetrachlorella alternans

.[Omysﬁs marssonii ALY |

Oocystis heteromucosa

Oocystaceae sp.
|: Amphikrikos sp.——  {Z)

T “Oocystis” sp.
Mo
Echinocoleum elegans — D~
. I =T Py
Lagerheimia genevensis < { - .
I—Dopl’ancteﬂa planoconvex : 'ﬁ @v® @%

“Oocystis” sp.



Chlorellales, Oocystaceae

Makinoella Crucigeniella

Amphikrikos Lagerheimia Echinocoleum Elongatocystis
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Chlorellales




Trebouxiophyceae, tetrahedric colonies

a( ) L 10)
L ( igenia‘) (SAG 8.81)
(SAG 46.81) Lemmermannia clade

) '
Lemmermannia (“Tetrastrum") punctata (SAG 25.81)
ww \Lemmermannia (“Tetrastrum”) komarekii (SAG 35.88)

Botryococcus brauni (AY197640)
8 braunii (FI807044) | Botryococcus clade

155 Choricystis sp. (AY543052)
‘Choricystis minor (X89012)

Choricystis minor (AY762605)
Coccomyxa sp. (AJ302939)
Coccomyxa glaronensis (AM167525)

Paradoxia multisets (AY422078) Eliptochloris clade
Coccomyxa pringsheimil (AY762603)
bilobata
Viridiella fridericiana (AJ439401) | Watanabea clade
Watanabea reniformis (X73991)
~ "Koliella™ (AJ308536)
iy : '
i+ 2 (228974) I Microthamnion clade
P I—Cohol:ﬂllmyl perforata (M62999)
e xswr=Parietochioris alveolaris (EUBTB373)
(M63002)
e [xyfochlom imegularis (EU105208)
IXylochions irregulans (EU105208)

-Marvania geminata (AF 124336)
Gloeotila contorta (AY422074)
Catena viridis (GUS92792)
Micractinium pusillum (FM205836)
Crucigenia lauterbornii (UTEX 1755)
Chlorella vulgans (X13688)

Chlorella clade

¥ (
s [~Dictyosphaernum ehrebergisnum (GQ176854)
%2 L Parachiorella bejjerinckii (FM20584)
Closteriosis acicularis (Y17470)
Dicloster acuatus (FM205848)

Parachlorella clade

(X56009)
(AF387155)

Planctonema sp. (AF387148)

Oocystidium sp. (HQ008711)
1w e Oocystis sp. (AY195966)

Ooplanctelia planoconvexa (FM8B1777)
elegans (FM881776)

Lagerheimia genevensis (AY122338)

Oocystis sp. (AY197635)
X Quadricoceus ellipticus (HQ008712)

Amphikrikos sp. (AF 228680)

Qocystaceae sp. (AY197626)

Oocystis heteromucosa (AF228689)

Oocystis marssoni (AF228688)

Tetrachlorells alternans (AF228687)

|5

iﬁrummu tosaensis (AF228691)
@

e (AY1223385)
L is (HQOOBT13)
Oocystis solitaria (AF228688)
viridis (AF387154)
. Tetrastrum staurogeniaeforme (KR1996/3)
t Tetrastrum staurogeniaeforme (SAG 45.81)
Tetrastrum heteracanthum (SAG 24.81)

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



Trebouxiales

Trebouxiophyceae

Trebouxia arboricola SAG 219-1a 268705 4p
Trebouxia asymmetrica SAG 48.88 221553 4p
Trebouxia impressa UTEX 892 Z215514p
Myrmecia astigmatica ASIB T76 Z47208
Myrmecia biatorellae UTExX 207 Z28a714p

Asterochlons phycobiontica sac 2681
“Trebouxia” magna UTEX 902 Z21552 4

Coelochlamys perforata UTEX 2104 ME2999
Microthamnion kuetzingianum UTEX 1914 Z28974
Leptosira terresfiis SAG463-3 Z28973

Coccobolrys verrucariae saG 16.97 4

Trebouxiales




Trebouxiales, Trebouxia

« lichen endosymbiont, probably free-living, as well (bark)
« coccoid green alga with a central, asteroid plastid
* autospores, zoospores

75 pym
© Dr. R. Wagner
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Trebouxiales, Trebouxia

Phylogenetic Species, Reproductive Mode, and Specificity of the Green Alga
Trebouxia Forming Lichens with the Fungal Genus Letharia

Scott Kroken; John W. Taylor

The Bryologist, Vol. 103, No. 4. (Winter, 2000), pp. 645-660.

corticola-type pyrenoid Trebouxia sensu stricto
T. gal FR— ITS  1o0f 32 MP trees
1049 steps RC = 0.56
- 10 changes

T. higg AL45574

T. corticola aneses
T. usnege an4wsr
T. usneae s

gelatinosa-type pyrenoid
T. ‘letharii’

from Letharia ‘lupina,’

. 'lucida,’ "barbata,’

™ ‘gracilis,” and 'rugosa’
T. jamesii zs41n

T. gelatinosa zesess
8 T. gelatinosa zss7

T. gelatinosa w515 —3g)
T. gelatinosa aassses
T. jamesii wbsp. angustiiobata AT120271

T. potteri

7]" impressa an49s7e,
. impressa an9sn

T. flava
from U. arizonica

T. jamesii uenp. jomesii ar128270
T. jamesii zessm

from P. furfuracea

T. Jamesif zeem0

100 T. jamesii ana7sr \

from P. consocians ; N z -
from P. cladonia T vulpinae' from Letharia vulpina

impressa-type pyrenoid impressa-type pyrenoid

i T. GSYmMMETrica anans
T. arboricola an4s1 ymi Al24vI81

T. arboricola ansses” T sp.
T. arboricola zee703  , puesm

T. showmanii
T. gigantea snawsy T. gigantea

gigantea-type pyrenoid

Cryptic diversity — e.q. T. jamesii

Trebouxia jamesii
species complex

actin | intron 569
1 of 8 MP trees

51 steps
RC = 0.95

from
Letharia
Letharia
Letharia
Letharia
Letharia

"lupina’
‘gracilis’
‘rugosa’ —»
‘barbata’
"lucida’

-

17

o
74

s

from MV1 luping
~ tfrom CL3 lucida
| from AP1 lupina
from CL1 lupina
| from L22b upina
from SH1 lupina
from ST2 lupina

r},l from DP1 lupina

from TB1 lupina
from TC1 lupina
from CL1 rugosa
from K1 gracilis
fm;l CL2 barba

2

90

from V1 rugosa
from B1 gracilis

from K148 gracilis

from T23a lupina
from T23b lupina  #2
from K141 gracilis

from DP2 lucida
from L20a lucida #4

‘from EP'1 fucida

100

from ST1 lucida

| from ST1 barbata

from T4 lupina #1

‘ 9 from LP 1 barbata
100 lfi'bm OC1 barbata #

#é



Trebouxiales, Trebouxia

T

A - | Clade A"

paes g
i
]
- Clade "I"
Tresbomra Ap o imes
Clade "C* e
o alarageTs’ goup W %
.--"'-'-"7_"'_'”_‘-‘- .
Clade "8§"
Fraboysis simplecsismos group Clade "0
« 4T sequences (549 bp alignmenl)

* B OTLa

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

- 29 species described so far
- in reality, there is at least 111 species-
level lineages

Muggia et al. (2020): Molecular Phylogenetics and
Evolution 149



Trebouxiales, Trebouxia

Casano et al. (2011):

co-existence of two physio-

logically distinct algae

- TR1.: cold-requiring

- TR9: warm-requiring
(thermophilic)

B Canary

Iberian P Islands California

Isolated
Asturias  Leon  Castellon Tenerife S.Francisco algae

As1As2 Le1 Le2 Ca1Ca2 Tf1 Tf2 MH1 SF1 TR1 TR9

bp
8
=
—n

— 600

Chloroplast 23S rDNA (Tj.cL2263 group | intron)
Canary
Islands California

c Iberian Peni
Isolated

Asturias  Leon  Castellon Tenerife S Francisco algae

As1As2 Le1Le2 Ca1Ca2 Tf1 Tf2 MH1 SF1TR1TR9

80 1

60 4

40 1

20

Biomass accumulation (mg)

0.754 a a 2

0.701

FviFm
o
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Fig. 4. Effects of temperature and irradiance during culture an
growth and photosynthesis in isolated TR1 and TR9 phycobionts.
A. TR9 and TR1 biomass accumulation after 30 days of culture at
17°C or 20°C and the indicated irradiances. Grey and white circles
represent TR1 and TR9 phycobionts cultured at 17°C respectively.
Grey and white squares represent TR1 and TR@ phycaobionts
cultured at 20°C respectively. Data are the mean values of five
independent replicates (+ or —-SD).

B. Maximum quantum vyield of PSIl (R/Fn) of TR1 and TR9
phycobionts cultured at 17°C and four different light intensities
during 30 days. Data are the mean values of five independent
replicates (+ SD). Grey and white circles represent TR1 and TR9
phycobionts respectively. Different normal and italic letters indicate
significant differences among culture conditions for TR1 and TR2
phycobionts respectively (LSD test).



Trebouxiales, Trebouxia

Del Campo et al (2013) — ecological speciation of mycobionts and photobionts
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Fig. 1. Phylogram based on the analysis of fungal nrlTS and rpb2
gene sequences in specimens of Ramalina farinacea, with Ramalina
complanata as out-group (accession numbers FJ356152 and
DQ883762 for nrITS and rpb2, respectively). Vertical bars on the right
indicate different fungal haplotypes of F1-F13. Algal haplotypes are
indicated at the right of each sample: TR1 haplotypes based on nriTS
sequences (TR1a-TR1e) and TR9 haplotypes based on nriTS sequences
(TR9a-TR9b) are indicated at the left and the right of the slash-marks,
respectively. The predominant phycobiont associated with each fungal
haplotype is noted in bold letters. Subclade (i) includes mycobionts
from the Canary Islands. The tree was obtained using a Bayesian
approach with seast. Values at the left and right of the slash-mark on
the tree branches correspond to posterior probabilities inferred with
Bayesian and MP methods, respectively. Below the branches are the
bootstrap values recorded only for those lineages supported by 50%
of all (1000) replicates. Subpopulations within the studied populations
(the Iberian Peninsula, the Canary Islands and California) and their
coordinates are shown in the inset.
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Trebouxiales, Trebouxia

Rolshusen et al (2020) — symbiont turnover zones
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Trebouxiales, Asterochloris
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Fig. 3. Unrooted Bl analysis based on the combined ITS +actin dataset using a GTR+I" model for ITS1, K80+I+I" model for ITS2, and JC model for 5.8 rRNA partition; and
HKY+I" model for the actin-intron 206, HKY+l model for the actin-intron 248, and K80+CP;,3+1 model for the actin-exon partition. The doublet model is applied for the ster
regions in all ITS rDNA par s. Values at the nodes indicate statistical support estimated by three methods - MrBayes posterior node probability (left), maximur
likelihood bootstrap (in the middle) and maximum parsimony bootstrap (right). Full statistical support (1.00/100/100) is marked with an asterisk. Thick branches represen
nodes receiving the highest PP support (1.00). Sequences determined in this study are marked by full circles. Authentic strains of Asterochloris phycobiontica and sever:
former Trebouxia species are given in bold. Strain affiliation to 16 lineages (#1-16) and three major clades (A-C) is indicated. Scale bar - substitutions per site.
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Evolutionary inferences based on ITS rDNA and actin sequences reveal
extensive diversity of the common lichen alga Asterochloris
(Trebouxiophyceae, Chlorophyta)
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Trebouxiales,

Asterochloris

American Journal of Botany 88(8): 14901498, 2001.

ALGAL SWITCHING AMONG LICHEN SYMBIOSES'
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Trebouxiales, Asterochloris
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Estimated probability of ombrophoby

Do photobionts influence the ecology of lichens? A case
study of environmental preferences in symbiotic green
alga Asterochloris (Trebouxiophyceae) $
ONDREJ PEKSA*t and PAVEL SKALOUD+

*The West Bohemian Museum in Pilsen, Kupeckého sady 2, CZ-30100 Plzeri, Czech Republic, t Department of Botany, Faculty
of Science, Charles University in Prague, Bendtskd 2, CZ-12801 Prague, Czech Republic
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Fig. 3 Differences in the distribution of selected Asterochloris ‘:?m
clades along the altitudinal gradient. Box and whisker plots 0,017 0P80
are based on altitudinal data from six clades (only those {Fm # A1
represented by at least eight samples). All samples were col- oP8TY
oPsT0

lected in similar latitudes in Europe (43-58°N, ie. somewhere

0.12 AF345362
in the temperate belt). The approximate upper borders of verti- _@m #A12
cal vegetation belts for central Europe are as follows: X, ”':zr‘ #A13 0.1

200 m a.sl—lowland, 600 m—colline, 1000 m—submontane,

1400 m—montane, 1600 m—subalpine, 2400 m—alpine. Fig. 2 The evolution of the selected ecological character—the ombrophoby (ombrophily) of lichens—mapped onto the photobiont

phylogenetic tree. Colours are used to visualize estimated probabilities of the presence of ombrophoby along the phylogenetic tree.
Red indicates a high probability of ombrophoby, whereas green denotes a low probability of ombrophobic preference. The estimated
probabilities for ombrophoby are indicated for ancestors of each significantly supported clade (see Fig. 1). The topology of the tree
corresponds completely to the topology of the phylogenetic tree in Fig. 1.
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Botryococcus-clade, Botryococcus

» Botryococcus braunii — colonial green alga




Botryococcus-clade, Botryococcus

« water blooms
» Dbotryococcen = hydrocarbon, 35% of the dry weight
« fuel?

©2003 Tamar Zohary
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Botryococcus-clade, Botryococcus

Senousy et al. (2004) — polyphyletic Botryococcus
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minimum evolution (right). Taxa shown in bold letters are the isolates whose 18S rRNA sequences were determined in this study.




Botryococcus-clade, Coccomyxa

. . . .
 ellipsoid cells, frequent in aerophytic substrate
]
Coccomyxa subellipsoidea CCAP 216/15
Coccomyxa solonnae var. croceae SAG 216-112 <
Coccomyxa soloninae var. croceae SAG 216-11b
Coccomyxa pelligerae SAG 216-5
Coccomyxa solorinae var. saccatae SAG 216-12 <
Coccomyxa solorinae var. bisparas SAG 216-10 4
G var SAG 2166 <
“Paradoxia multiseta* UTEX LB 2460
% | Choricystis sp.* CAUP H 5107
Coccomyxa elongata SAG 216-3b <
Coccomyxa rayssiae SAG 216-8 <
Coccomyxa simplex SAG 216-9a <4
Coccomyxa simplex CAUP H 102
* | Coccomyxa elongata SAG 216-3¢
Caccomyxa sp. IB-GF-3
Coccomyxa chodatii SAG 216-2 <
“Chiorella saccharophila® CCAP 211/60
Coccomyxa sp. SCCA048
-/58/78) Coccomyxe simplex CCAP 812/24
Coccomyxa simplex CCAP 812/28
Coccormyxa sp. CCAP 216/24
Coccomyxa sp. GASa
Coccomyxa simplex CCAP 812/3
Coccomyxa subellipscidea NIES 2166
Coccomyxa sp. NIES 2353
Coccomyxa sp. 1B-GF-12
% Coccomyxa dispar NIES 2252
“Choricystis sp * CAUP H 5105
Coccomyxa sp. Wien C20
Coccomyxa subellipsoidea SAG 216-13 4
Coccomyxa subellipsoidea SAG 216-7
Coccomyxa pringsheimii SAG 69.80
Coccomyxa sp. KN-2011-C13, KN-2011-C14
Coccomyxa sp. KN-2011-U2
Coccomyxa onubensis ACCV1 <
Coccomyxa sp. KN-2011-T3

0.98'57/

0974~

0.97/66/-

0.97/479]

S llalt]

Coccomyxa sp. KN-2011-T2

Coccomyxa sp. KN-2011-T4
44100 Coccomyxa vinatzerii ASIB V16 (=SAG 2465) <«

Coccomyxa simplex CAUP H 103
Coccomyxa sp. SAG 2253
Coccomyxa sp. SAG 2254
Coccomyxa galunias CCAP 211/97 «
Coccomyxa sp. CCAP 812/5

Ce dispar SAG 49.84
* Coccomyxa sp. KN-2011-C4
“Monodus sp.* UTEX B SNO83
Coccomyxa arvemensis SAG 216-1 €
Coccomyxa sp. Wien C19
Coccomyxa mucigena SAG 216-4 <
Coccomyxa virldis SAG 216-14 <
yxa sp. SAG 2104

“Monodus sp." CR2-4
Coccomyxa sp. SAG 2127
Coccomyxa sp. SAG 2325
"Choaricystis sp.” CAUP H 5103
Coccomyxa sp. SAG 2040
r is biiobata SAG 245 80
Y—————————— Hemichiongantarctica rAG 62.90 -

= alavasi

Coccomyxa polymorpha CAUP H 5101 <«

C. solorinae

C. elongata

C. simplex

clade B

C. melkonianii sp. nov.

clade C
clade D

clade E

C. subellipsoidea

C. “onubensis“

clade |

C. polymorpha
Coccomyxa actinablotis CCAP 216-25 < c

“actinabiotis“
C. vinatzerii

C. galuniae

C. dispar

clade KL |

C. avernensis

C. viridis
clade M

clade N

S10Z ‘(e 18 ojusueq nsues
xaydwis 9

GLOZ ‘e 1o Ojusueq nsues

eapiosdijoqns 9

GL0Z ‘1B 18 Ojusleq nsues

SIpLIA "D

GLOZ ‘e 18 oyuslleq Nsues

tal 2016 — PLoS ONE



Origin of the
Omphalina/

Coccomyxa

symbiosis \

69/73

100/100

Botryococcus-clade, Coccomyxa

lichen photobionts
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Fig. 3. Phylogenetic relationships among lichenized and non-lichenized Coccomyxa algae (dataset AC) as revealed by an ML search using ITS
(ITS1-5.88-1TS2) sequences. Coccomyxa isolated from lichenized Oimphaling species (Basidiomycota) are denoted by a bold L/O after the name.
Coccomyxa isolated from members of the Peltigerales (Ascomycota) are annotated with a bold L/P. Free-living species are denoted by a bold F.
(A) Single most likely tree with maximum parsimony and maximum likelihood bootstrap support values greater than 5(0% given above internal
branches, before and after the backslash, respectively. (B) Frequency of the four topologies recovered by the ML analysis from 100
datasets. The topology under which the data were simulated (monophyly of the lichenized Coccomyxa species) was recovered only 74% of the

times (top left).
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Coccanyrs paligerse SAG 216-5
Coccomyxa sakvinae var. saccaton SAG 21612
Coccamyxa sp. KN-2011.T5
Coceontyxa 3p. Ulviven 15 July 1999

Coccomyxa ep. KN-2011€4 C. solorinae

Coccamyn =p. Wehe 58
Coccamyra subelipsowtes CCAP Z16/15
Coccomyra patiperse var, varioiosa SAG 2166
Coccamyrs sokinae va, bisparss SAG 216-10
“Paradonia mutiseta® UTEX LS 2460
“Choricystis 5. CAUP H 5107
Coccamyra alangata SAG 216-30

Cocoamyva simpiox CAUP H 102

Coccomyxa rayssiae SAG 216-8

Coccomprn simplex SAG 216-50

Cocoamyxa alangats SAG 2183

Coccamyra 49, 1B-GF-3

Coccomyxs #p. KN-2011-A1

Coccompna chodath SAG 216:2

C. elongata
C. simplex

clade A

clade B
C. melkonianii sp. nov.
clade C

Coccamyxa skmplax CCAP 812728
Cocoomyxs sp. CCAP 21624
Cocoamyxa simplex CCAP 81212
Cocoamyxa 5p. CCAP 168013
Cocoomyxa dispar NIES 2252
Coceomyxa £p. IB-GF-12

Cocoamyra subelipsoidea NIES 2165
Coceamyea simplex CCAP 81273
Cosoamya sp. KN2011C1
Cocoamyra . NES 2363
Coccomya sp. Rikkinen 98A16
Coccomyxa w. C19

Coccamyxa 5. C16

Gosoomysa . G15

Coctarmyxa 9. C18

Coccamya 5. C13

Cocoamya subeRpsoiten SAG 216-1
Coccomyxa sp. C9

Cocoomyxa sp. KN-2011U3
Coceamyra . €12

Coceoomyxa sp. KN-201144
Cocoamyxa pringsheini SAG €980
Cocoamya sp. KN-2011.€3
Coccamyxa sp. Wien C20
Cocoomyxa sp. KN-2011.C13
Coccamyxa sp. KN2011.U2
Coccomyxa sp. €20

Cocvomyza sp. C2

Coccamyxa 5. C1

Coccomyra sp. CA J

clade D

clade E

clade F

0

1

a

C. subellipsoidea

a o

Covoomyxa 9. C5
Cocoomyxa suteNpeasa SAG 21613
Coccomyxa sp. C8

Goccomyxa sp. KN2011-C16
Coccomyxa sp. KN-2011-U1
Cocxomyxa sp. KN-2011-E2
Coccomysa 8. C8 o
Coccemysa sp. C10

“Charicysts 5. CALP H 5105

Coceomya s, KN2011U5

Cocoamyxa vinatzeni ASIB V16 {=SAG 2465)

=
] C. vinatzerii
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species clusters:
Coozomyxa selorinae var. crocese SAG 218-11b
Cocconmyxa soiernas var. cocose SAG 216-11a
aquatic Coczomyxa peltiparse SAG 216-5
Coocomyxa salorine var. saccaton SAG 21612
terrestrial Coccomyxa 3p. KN-2011-T5
Coscomyxs 3p. Uhinen 1 July 1699
epilithic Cocsomyxs 3p. KN-2011-€4
X Coszomyea sp. RiKunen 004009
epiphytic Cocconmyxs sp. KN-2011-E5
Coccomyes sp. Wehr 59
photobionts of bark lichens Coscomyxa subslipsocies GCAP 21615
Coccomyxs peltigerse var. vanolosse SAG 2166
photobionts of sail lichens Coccomyxs soloringe var. bisporae SAG 21610
“Paradoxia muttiseta® UTEX LB 2450
ciliate symbionts “Ghonysiis sp.* CAUP H 5107
; Coscamyrs elangata SAG 216.35
extremophiles Coccomyra simploy CAUS H 102
Concomyes ray1aios SAG 216-8
Coccomyrs simplex SAG 216-83
Cozcomyxs elangata SAG 21830
Coccamyxs sp. 18-GF-3
Coscomyxs s, KN-201 1-A1
Coozomyxa chodatii SAG 216-2
Coosomyxa s 510
Coccomyxs 3p. §2
Coccomyra sp. GASa
Coccomyxs sp GSE4G
Coccomyrs sp. SCCANGE
“Chibraka saccharaphia” CCAP 21180
Coccamyra simplox CCAP 812128
Coccomyrs sp. CCAP 21624
Conzomyrs simplex CCAP 81212
Concomyra sp. CCAP 1560113
Coccamyra disper NIES 2257
Coccomyxa sp. BGF-12
Coccomyxa suboipsoides NIES 2166
Coccamyxa sinplax COAP 81213
Cocoomyxs sp. KN-2011-C1
Coccomyxa p. NIES 2353
Coccomyxa 3p. Rixkinen 98A16
Coccamyza t9. C19
Cocoomyxa 3p. C16
Gocoomyxa sp. G15
Goceamyxs sp. C18
b Coccamyxa sp C13
Coccomyes subepsoiies SAG 216-7
Coccomyxa sp. C9
Corcamyra sp KN201103
Coccamyxa sp. 12
Coccamyxa sp. KN-2011-Ud
Coccomyra pringsheimé SAG 66,90
Cocoamyxa sp KN-2011-£3
Cocsomyen 3. Wien C20
Coozomywa sp. KN-2011-C13
Cocoomyxa sp. KN2011.U2
Coceamyxa sp. €20

Cocoanyxa subelipsoidea SAG 21613
Coccomysa 8p. C3

Coccontyxa sp. KN-2011-C14
Goceonyxa sp. KN-2011-U1
Coccomy< 5p. KN-2011-E2

“Charicystis 59.° CAUP H 5105

Coccomyxs sp. KN-2011-US

Coccomyxa vinatzeri ASIB VA6 (=SAG 2465)
Covoamyxa onubensis ACCV1
Cocvamyxs #9. KN-2011-T1

4l L

Coccamyxa sp. KN-2011-T3
Coccomyxa polymarpha CAUP M 5101

e

Cocoomyxa sp. KN-2011-T2
Coccomyxs sctiabiolis CCAP 2168-25
Coccomyxa sp. KN2011.T4
Coccomyxa simplex CAUP H 103

]
CCAP 21197
T Coceamyra sp CCAP 812/5
Coccomyxs 3p. SAG 2254
“Acutodasmus obliquus* Krisaiz 1981314
Cacoamyxa sp. SAG 2263
dispar SAG 4984

Coceamysa cnubansis ACCVA " “onubensis®
Coceanyxs s, KN-2011-T1
Coccamyra w. KN2D11-T3 clade |
Cocoamyxa patymarpha CAUP H 5101
Govoamya 5. KN-2011-T2 C. polymorpha
Cocoamyna actinatitis CCAP 216-25 "
Caccamyxa sp. KN-2011.74 C. “actinabiotis "
Gaccomyxa simplex GAUP H 103 clade J
CCAP 211157
Coccamyra sp. CCAP 812/5
Cocoomyxa 1. SAG 2254 C. galuniae
“heutodasmes ohiquus* Krientz 1981314
Coccamyxa sp. SAG 2263 =
o SAG 49.84 - c' d’
Coccomyra sp. KN-2011-C4 clade
Monodus 5.” UTEX B SNOEY I dade L
Covoamysa arvemansis SAG 216-1
Coccomyra sp. Wien C19 C. avernensis
“Movodus 55.” CR24 clade M
Goccamysa mucigens SAG 216
Cocoomysa wridis SAG 21614 gt
Cocoomyra . SAG 2108 I I I C. viridis
Cocoomysa . SAG 2125
Cocoamyxa s0. SAG 2127
clade N

: Cocoomyxs sp. KN-2011-C4
“Monodus 5p.” UTEX B SNOE3
Coccomyxs arvemansis SAG 2161
Coscsomyxs sp. When C19
“Monedis 3p.* CR2-4
Coccamyra mucigens SAG 216
Cocoamnyxs vifdis SAG 216-14
Coceamyxa sp. SAG 2104
Cocoamyea sp SAG 2325
Cocoamyxs g SAG 2127
“Chanicystis 5p.* CAUP W 5103
Cacoamyxa sp. SAG 2040
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C. solorinae

C. elongata

C. simplex

clade A

clade B

C. melkonianii sp. nov.
clade C

clade D

clade E

clade F

C. subellipsoidea

clade G

cladeH

C. vinatzerii

C. “onubensis*

clade |

C. polymorpha
C. “actinabiotis "
clade J

C. galuniae

C. dispar
clade
clade L

C. avernensis
clade M

C. viridis

clade N



Botryococcus-clade, Coccomyxa

Wol. 81: 231-240, 2008 DISEASES OF AQUATIC ORGANISMS

doi: 10.3354/dac01956 Dis Aquat Org Published September 24

Phylogenetic and morphological characterisation

of the green algae infesting blue mussel Mytilus
edulis in the North and South Atlantic oceans

Francisco Rodriguez'’, Stephen W. Feist?, Laure Guillou!, Lisbeth S. Harkestad®,
Kelly Bateman?, Tristan Renault*, Stein Mortensen®*




Botryococcus-clade, Coccomyxa
=

dgd +  C. actinabiotis

‘ An extremely radioresistant green eukaryote for
radionuclide bio-decontamination in the nuclear

? @%‘ & "
= ~ 5 Corinne Rivasseau,*®**d Emmanuel Farhi,*® Ariane Atteia,” Alain Couté,®

E : " - ‘ o . h M~ . . abcde . :
, ’ | Marina Gromova, "' Diane de Gouvion Saint Cyr, Anne-Marie Boisson,
Anne-Sophie Féret,®**? Estelle Compagnon® and Richard Bligny®**
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Fig.3 Growth of C actinabiotis after acute y-irradiation at 300, 2000, 6000, and
10 000 Gy. Values are average of triplicate experiments 4+ standard deviation.




Botryococcus-clade, Elliptochloris

2 autospore types




Botryococcus-clade, Elliptochloris

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




Botryococcus-clade,

symbiont of lichens (Baeomyces, Catolec

Elliptochloris

hia), sea anemones (Anthopleura)
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(ANTHOZOA, CNIDARIA)'
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sor il AMC-553) A3 0
—{ ’_L—A@msecia israeliensis (UTEX 1181) M62995
(UM 9o0r, 22809 Trebouia-clade ]

rmecia
i L Myrmecia biatorellae (UTEX 907) Z28971

Trebouxia impressa (UTEX §92) 721551
_:ﬂdmm asymmetrica (sm% 48.88) 721553
Trebouxia arboricola (SAG 219-1a) Z68705 1
Lﬂbﬂl\r'hagr“-tlade S e LI O C O re a

I_[Inbﬂsphacm mﬂs‘a (SAG 2007T) AYT62602
‘ASIB 8234) ABO0G0S1

l— A@rmccia "hisecta (ASIB TT74) Z47209

Xerochiorella sp. (CCAP 222/3) GQ502289
e — Viridiella fridericiana %%AAG 10.92) FM958481
L ife G 211-9b) FM958480 I Watanabea-clade
Chioroidi bl SAG 211-9a) FM956000

Coccomyxa subellipsoidea (SAG 216-13) HGY7

Coccomyxa simplex (SAG 216-9a) FN298926

Coccomyxa vinatzeri (ASIB V16) HG972994

Coccomyxa galuniae (CCAP 211/97) FN298928

Coccomyxa polymorpha (CAUP H5101) HG972979

Coccomyxa viridis (SAG 216-14) HGOT3002

Coccomyxa ﬁspﬁr (SAG 49.84) HGIT2998

Elliptochloris marina (strain ZC105) FI217360

strain EL-1 (LT560344)

CCAP 211/56 (LT560345)

strain EL-6 (LT560346)

SAG 2202 (LT560349) Ellipto chlori

strain EL-2 (LT560347)

strain EL-3(LT560350)  Elliptochioris subsphaerica

SAG 2117 (LT560351)

strain EL-4 (LT560352)

strain EL-5 (LT560353)

CAUP HT101 (LT560348)

Elliptochloris bilobata (SAG 245.80) HG972969

CAUP H7103 (LT560341)

SAG 2201 (LTS60342)  Elliprochioris perforata

SAG 2509 (LT360343) ) ) )

— SAG 62.90 HG972970  Elliptochloris antarctica

1SAG 2200 (LT560355) comb. nov.

300, — Elliptochioris reniformis (CAUP HT102) LT560354
Elliprochloris philistinensis (swain LCR-CGS) HM754416 o

Choricystis parasitica (SAG 211-40c) FN298929 1 a
_|_—L Choricystis parasitica (SAG 251-1) X§9012 Choricystis-clade
Choricystis sp. (SAG 251-2) ABOR0306
L leptochlorella carficola (CAUP H84ﬂ1) HE9R4579
ingiarum (UTEX 1914) 228974 - ,
— Fusochloris perforata (UTEX 2104) M62999 IM“’ othamnion-clade
Parietochloris pseudoalveolaris (UTEX 975) M63002
Xylochloris sp. (SAG 2382) Q988942 Il
—_— O lochloris imegularis (CAUPHTR01) EU105209 IXy lochloris-clade
Trichophilus welckeri (SAG 54 81) AY762601 T
Prasiola crispa (SAG 43.96) AJ416106
ichococcus bacillaris (SAG 397-1b) AJ416107
‘Chlorella’ sphaerica (SAG 11.88) AJ416105

SAG 211-1a (LTS60356) R—
CCAP 211/1A (FM958479) Psewdochiorella pringsheimii

CCAP 26413 (LT560357) -
SAG 18,95 (LT560358) Pseudochlorella pyrenoidosa
SAG 3.80 (LT560359)
strain PS-1 (LT560367)
SAG 7.90 (LT560360)
CCAP462/1 (LT560361 R
SAG 2110 {L“I’SWJGZ] ) Pseudochlorella signiensis comb. nov.
SAG 2374 (LT560363)
SAG 2300 (LT56036:
strain PS-2 (LT56036
CCAP211/5T (LT560364)
Koliella Iongiseta (SAG 470-1) HE6 10126
Kaoliella antarciica (SAG 2030) AJ311569
Koliella sempervirens (CCALA 363) AM412750
Raphidonema nivale (CCAP 470/4) AF448477

CCAP 211/11R (LT560368)

SAG 38.88 (LT560369) Edaphochlorella mirabilis comb. nov.
SAG 211-11r (LTS60370)
SAG 211-30 (LTS60371) L

—— Coenocystis inconstans (strain l(4 -3) ABO17435
Neocystis mucosa (SAG 2405) KF 144212 e ocvstis
Nc(xy?:s mucasq S(AG 40 Bﬂij 0367 I Neocystis-clade
Neocystis brevis (SAG 850-1) 120044 J
Picochlorum olahomense (strain 980625-4A) AY422073 T
Marvania coccoides (CCAP 251/1B) ABO80301
Marvania geminata (SAG 12.88) AF 124336
Gloeotila contorta (SAG 41.84) AY422074
Gloeotila sp. (strain JL11-10) AY195976
Pumniliosphaera acidophila (strain 124) AJ439399 .
Pumiliosphaera acidophila (SAG 1591) LN610705 Chlorella-lineage
Pseudochioris wilhelmii (strain C-1.1.9) X56102 B
Murieila rerrestris (ASIB V38) AB012845
Parachiarella beijerinckii (SAG 2046) FM205845
Chiorella vulgaris (SAG 211-11b) FM205832
Micractinium pusillum (CCAP 248/5) FM205836

cystis marssonii (strain KR-1996/10) AF228688

0o
N Qocystis heteromucosa (SAG 1.99) AF228689 c
L (SAG 2074) AF228690 | (as outgroup)

—_— it
Eremosphaera viridis (UTEX 34) 2}337154




Watanabeales




Stichococcus bacillaris SAG 379-1h

Autosperes forms: Taagichlorelln africana FACHB-2423 00
© Elipmital, wit - af FACHB 2418 [T]6)]
= Jaagichlorella afiicana SAG 2213 006
{CD) Spherical , with tmequal sized spores e FACHB-2417 00
ieal , with Sl JMgchar\sﬂa Iumnd‘u SAG211-2a (16)]
@ SR & i ITBB A3-8 oo @  Jaagichiorella
Type habitats: Taagi ella r is SAG 2133 ®
&) Artificial substrate Taagi is SAG 2198 (B16)]
© Btk of rees Jaagi hainangensis SAG 2360 [E10)
© Fresirwater haii isFACHB-2416 ©0
@ Leaf of trees is FACHB 2415 (116)]
{® Other kinds of substrate Jaagichlorella adh FACHB-2414 (Alo]
Photobiont Taagi ica SAG 2549 (06)
@ Rock surface . Taagi sphaerica UTEX 2485 ®
© Soil swrface 100100 ——— Kalinella .mumsis FACHB-2412 [L16]
Shapes of mature cells: ﬂr&—m@uﬂu pachyderma FACHB-2410 (L]0
] Lot — Ealinella bambusicola SAG 2320 (016
(B) Ellipzoidsl 089100 Kalinella apyrenoidosa FACHB-2413 [=16)] @ Kalinella
(® Spherical L &‘Kaﬁnsﬂa apyrenoidosa CAUP H7902 (16
Lov100 Kalinglla apyrenvidosa SAG 2203
R Kalinella aerea FACHB-2409 ad
— Chloroidii harophilum FACHB-2420 @@
Chloroidi harophilum SAG 211 9a e®
Chlaroiditan saccharophilum SAG 211-1b 00
Chloroidi ophilum FACHB-1796 @@ @
Chloroidi harophilum FACHB-1795 i
e A Gg Chloroidium
Chloroidium lich SAG 2041 (6] @
- Chloroidium lch FACHB-2421 (0]i)
= Chloroidium lick SAG 2115 [o1G)
Chloroidi dinensis SAG 812-1 [51e)
Chioroidi CAUPH8501 (E]6)]
Chloroidium lobatum CAUP HE503 [2l6]
Loogo | LO0100 [————- Phyllosiphon arisari AV1 2E/E
054 [ 77777 Phyllosiphon sp. k35
Lovion Piyllosiphen coccid FACHB-1786 ggx@ Phyllosiphon
100100 Phyllosiphon duni 4A-2 P16 @
4*1.&1& I Phyllosiphon yunnanesis FACHB-2408 g%
L0000 ——— steriochloris nanni sis FACHB-2402 . -
- — ﬁ:rmochlon}r mmﬁm FACHB.1787 ©® @ Mysteriochloris
- Lo01m - Polulichloris ovale FACHB-2367 [L]]
- Polulichloris avale FACHB-2368 [Llo]
—~ Polulichloris yunnanensis FACHB-2401 (LI @ Polulichloris
Polulichloris } is FACHB-1765 [516)
—— Polulichloris maxima FACHB-2407 [L]i5]
L0961 oqon A piphytica FACHB 2369  ©®
’Mﬁ Massjukichlorslla spiphytica SAG 2552 )
LD Masgjuki orientalis FACHB-2374 @@ @ Massjukichlorella
| 100100 | ——— Massji minus FACHB-2372 {o]io)
L——-Mas:;nhchluml.’n minus FACHB-2373 (T1i)
1005 LovE Calidiella yi is FACHB-2405 e
100100 ———-Calidiella yichangensis FACHB-1793 [F 1] @ .o
Ei Calidiella epiphylla FACHB-2406 26 Calidiella
08488 100100 Calidiella californica BCP-EM2VF32 (s]e]
—1 Watanabea borysthenica SAG 2550 (R])]
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w bea reniformis SAG 211-5b g%
Watanal is FACHB-1794
Watanab phila ISBAL 1011 e @ Watanabea
w bea alpicola SAG 2580 (5]
Watanab lerans CAUP H 8901-CRYO @G
- IFatanabea patagonica CCAP 6091/1 gg@
/ Viridiella fridericiana 237 .
Viridislla fiidericiana SAG 10.92 08/® @ @ Viridiella
Symbiochloris reficulata SAG 53 81 ®
Symbiochlori: iae SAG 46.85 ®
Symbiachloris pauciautosporica SAG 12 86 ®
Symbiochloris handae CCHU 5616 og’@
— Symbiochloris ficusa FACHB-2403 @ : :
Symbiochlori ﬁmm FACHB-2404 (LI6] Symbiochloris
Symbiochloris irvegularis SAG 2036 (1]
Symbiochloris tropica CAUP HE602 DEE®
Symbiachloris iontica SAG 27.81 ®
100100 Diplasphaera mucosa SAG 48 86

Outgroup

: J Phycol

Li et al. (2021)



Watanabeales, Watanabea

* W. reniformis (Hanagata et al., 1998) — 2 autospore types
» characteristic cell wall (different from Elliptochloris)

unilayered CW (Elliptochloris —
trilaminar CW)



Watanabeales, Jaagichlorella

Heterochlorella luteoviridis (SAG 211-2a) MH780927 * group A 2
Heterochlorella luteoviridis (SAG 2213) MH780938 group B [ yuuoichiorella
Heterochlorella luteoviridis (SAG 2133) MH780940 PebcaE
Heterochlorella luteoviridis (SAG 2196) MH780941  o1oup C
100
1.00 Heterochlorella luteoviridis (SAG 2198) MH780942
100
m Heveochlorella roystonensis (ITBB A3-8) IN003601 *
100
Heveochlorella hainangensis (SAG 2360) MH780943 *
1.00
| 'g‘é" Jaagichlorella geometrica (SAG 2549) MH780944 group D Kalinella
o Chlorella sphaerica (UTEX 2485) MH780945 * s“bc'a:’e )
64 |
 [tw] K. bambusicola (CAUP H7901) MH780946 * \ )
1.00 1.00
e 50% oo _{ K. apyrenoidosa (CAUP H7902) MH780947 *
100 100
& 100 100 Heterochlorella luteoviridis (SAG 2203) MH780948 -
_| 100 |
Watanabea reniformis (SAG 211-9b) FM958480 *
= D. yichangensis (strain G8) KX024690 *
Desertella
I D. californica (UTEX 2992) KF693789 *
o C. ellipsoideum (SAG 3.95) FM946012 * T

C. angusto-ellipsoideum (SAG 2115) FM946019 *

C. engadiense (SAG 812-1) FM946011 * :ﬁ
Chloroidium | '
C. saccharophilum (SAG 211-9a) FM946000 * 100

C. lobatum (CAUP H8502) HF586460 * -

C. laureanum (CAUP H8501) HF586459 *

uncultured Chlorella (1.-1016) AM260450
P. duini (CAUP H8804) KY977525 *

1.00
P. arisari (strain MUB-ALGAE 3373) FJ829884 * 100
Phyllosiphon :3
P. ari (CAUP H8803) KU640390 100
1.00 100
- ; Y . . .
1;1;0 P, coccidium (strain FACHB-1786) KT950842 Da rien ko & Proschold 20 1 9
99

& ‘—————————— Mysteriochloris nanningensis (strain FACHB-1787) KT950843 *

o




Watanabeales, Chloroidium

= SAG 211-9a ('Chlorella saccharophila’) FM946000
cear2132 [EAFM946001
ccar21134  [ERrMo46002
SAG 211-1h FM946005
SAG 211-1¢ FM946007
CHLOROIDIUM
SAG 211-1d FM946006  SACCHAROPHILUM
1.00
100
100 SAG 2197 FM946010
100
= CCAP 211736 FMY46003
CCAP 211/42 FMY946004
SAG 2120 FM946008
FM946009
SAG 2149 ('Psendochlorella aquatica') L4
SAG §12-1 8 cuoromion
(‘Chlorocloster engadinense’y FN946011  ENGADINENSIS
SAG 3.95 ('Chlorelia trebouxioides') [ FM946012
CAUPH1949 FNM946013
SAG 2061 FM946016
1.00
100 CHLOROIDIUM
100 — SAC 2 FMO46017 ) rpsompeun
100
SAG 2142 FM946018
11-0"3 k SAG 2140 FM946014
99
100 SAG 2143 FM946015
‘-g’ SAG 2115 FM946019
09 CHLOROIDIUM
100 CCAP 211/108 FM946021 ANGUSTO-
ELLIPSOIDEUM
= SAG 2144 FM946020
0.005 substitutions/site

Fig. 2. Molecular phylogeny of Chioroidium based on SSU and ITS rDNA sequences, inferred by maximum likelihood (ML)
based on a data set of 2500 aligned positions of 22 taxa using PAUP 4.0b10, using GTR model, with proportion of invariable
sites 1=0.86. Bayesian values (>0.95; bold italic) using the covarion model (5 million generations) and bootstrap values
(=50%) of the ML (using the GTR 41 model, 100 replicates; bold), neighbor-joining (using the GTR+1 model, 1000
replicates; not bold), and maximum parsimony (1000 replicates; italic) are shown in boxes on the tree. Strains marked in
bold are new sequences, and strain and aceession numbers, as well as intron position (white number in black box), are given.

Taylor & Francis
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Chloroidium, a common terrestrial coccoid green alga previously
assigned to Chlorella (Trebouxiophyceae, Chlorophyta)

TATYANA DARIENKO', LYDIA GUSTAVSZ, OPAYI MUDIMU®S, CECILIA RAD MENENDEZY
RHENA SCHUMANNZ ULF KARSTEN?, THOMAS FRIEDL? AND THOMAS PROSCHOLD*




atanabeales, Chloroidium
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Vancurova 2012

001

Obrazek 15: Nezakorenény BI fylogeneticky strom zaloZeny tiseku ITS rDNA. Hodnoty v uzlech vyjadfuji statistickou podporu uréenou
tfemi metodami: MrBayes posteriorni pravdépodobnost/maximum likelihood bootstrap/maximum parsimony bootstrap. Zobrazeny jsou
pouze hodnoty >0,89 pro Bl a >49 pro ML/MP. Popisky sekvenci fotobionti obsahuji ozna¢eni DNA, druh mykebionta a geograficky ptived
(CZ - Ceska republika, IC - Kandrské ostrovy, TZ - Tanzdnie). Popisky sekvenci volné Zijicich zastupcli obsahuji &islo sekvence v GenBanku,
druh dle (Darienko et al.,, 2010) a ¢islo sbirkového kmene







Watanabeales, Symbiochloris

« aerophytic alga, lichen symbiont

:::I______JSymbf'ocmorfs gen. nov. (Dictyochloropsis clade 2%)
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——— —__|Chlorellales
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Coccomyxa pringsheimii SAG 69 80 AY762603
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Choricystis sp. SAG 251-2 X81965
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Trebouxia jamesii UBT 86 132E2 Z68700
Trebouxia impressa UTEX 892 721551
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Myrmecia bolorelae UTEX 907 226971 Skaloud et al. (2016): J Phycol 52, 599-617
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Watanabeales

https://doi.org/10.1186/512870-018-1588-7 BMC Plant B|0logy
« a number of novel lineages

B N Jaliisde  Mysteriochloris as the most
Molecular characterization of eukaryotic ®=== abundant lineage
algal communities in the tropical

phyllosphere based on real-time Wm/j?mu\jl Apatococcus group
sequencing of the 18S rDNA gene i

Huan Zhu', Shuyin Li', Zhengyu Hu? and Guoxiang Liu"'®

Watanabea group
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Apatococcus

» Dbuilding facades, painted iron substrates




Microthamniales, Microthamnion




Prasiolales, Prasiola
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Prasiolales, Prasiola

* mosaic sexual reproduction

aplanospores
(asexual
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Prasiolales, Stichococcus

* Prasiola — crown group in Stichococcus lineage
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SAG 335-8 (MT078154)

Prasiolales, Stichococcus oo tamomrey | LSTicHOCOCCCS
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Prasiolales, Diplosphaera

At e . - Taylor & Francis
Eur. J. Phycol., (2011), 46(4): 399415 Tepar s franct Coup

free living, lichen photobiont

.

Revisiting photobiont diversity in the lichen family
Verrucariaceae (Ascomycota)
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Prasiolales, Ekerewekia
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Kastovsky et al. 2016, Phytotaxa




Marine Trebouxiophyceae
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Rosenvingiella Nannochloris desiccata (2022)
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Marine Trebouxiophyceae
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Global distribution of Trebouxiophyceae diversity
explored by high-throughput sequencing and
phylogenetic approaches
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Monophyly of Trebouxiophyceae
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FPhylogenetic relationships in the green algal phylum Chlerephyta have long been subject to
debate, especially at higher taxonomic ranks (order, class). The relationships amaong three
traditionally defined and well-studied classes, Chlorophyceas, Trebouxiophyceae, and
Ulvophyeeae are of particular interest, as these groups are species-rich and ecologically
important worldwide. Different phylogenetic hypotheses have been proposed over the
past two decades and the monophyly of the individual classes has been disputed on
occasion. Our study seeks to test these hypotheses by combining high throughput
sequencing data from the chloroplast genome with increased taxon sampling. Our results
suggest that while many of the deep relationships are still problematic to resolve,
the classes Trebouxiophyceas and Ulvophyeeae are likely not monophyletic as currently
defined. Our results also support relationships among several trebouxiophycean taxa that
were previously unresolved. Finally, we propose that the commeon term for the grouping
of the three classes, "UTC clade” be replaced with the term “core Chlorophyta”™ for
the well-supported clade containing Chlorophyeeae, taxa belonging to Ulvephyceae and
Trebouxiophyceas, and the classes Chlorodendrophyesae and Pedinophyceae.

Keywords: chloroplast DMA, Chlorophyta, fast site remowal, green algae, multi-gene phylogeny, molecular
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Monophyly of Trebouxiophyceae
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genome-scale alignment (80% slowest sites). Bootstrap percentages and
Eeyesian posterior probabiliies (MrBayes) are indicsted along branches. The
classical classication into Prasinophyceae (F), Chlorophyceae (C),

e Hamichloris
ke Trebouxiophyceas MXAZOT

WCX lineage

Ubvophycese (U) and Trebouxiophyoeae (T) as well as the lineage-besed
clazsication discussed in the present paper are indicated to the right of the
phykogeny. Values under 60 BS and 0.90 8PP are indicated &s -, velues of
100 BS and 1.00BPP as *.
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Mesostigma viride
Chlorokybus atmophyticus
Klebsormidium flaccidum
Chara vulgaris
Coleochaete orbicularis
Chaetosphaeridium globosum
Roya obtusa

Mesotaenium endlicherianum
Physcomitrella patens
Selaginella moellendorfii
Qryza sativa

Arabidopsis thaliana
Micromonas pusilla
Ostreococcus tauri
Bathycoccus prasinos
Picocystis salinarum
Nephroselmis pyriformis
Pedinomonas minor
Pedinophyceas sp. YPF701
Marsupiomonas sp.
Tetraselmis striata
Tetraselmis astigmatica
Picochlorum oklahomensis
Chlorella sp. NCG4A
Auxenochlorella protothecoides
Trebouxia gelatinosa
Asterochioris sp.
FPseudachlorella pringsheimii
Coccomyxa subsllipsoidea
Botryocaoccus braunii
Tetradesmus lagerheimii
Haematococcus pluvialis
Dunaliella tertiolecta
Chlamydomonas reinhardtii
Volvox carteri

Gonium peciorale
Ostreobium quekettii
Codium fragile

Halimeda discoidea
Caulerpa taxifolia
Oltmannsiellopsis viridis
Oltmannsiellopsis unicellularis
lgnatius tetrasporus
Acrosiphonia sp
Phaeophila dendroides
Ulva linza

Ulva mutabilis
Scotinosphaera lemnae
Acetabularia acetabulum
Trentepohiia jolithus
Trentepohlia annulata
Cephaleuros parasiticus
Blastophysa rhizapus
Cladophora glomerata
Boodlea composita
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