Kingdom: Plantae
Order: Chlorophyta

Class: Trebouxiophyceae
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General features

the class was established in 1995
unicellular and filamentous algae
predominantly terrestrial, aerophytic
a high proportion of symbiotic organisms
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Mattox & Stewart (1984): Pleurastrophyceae (characterized by DO orientation of flagellar
roots)

Friedl (1996): Trebouxiophyceae
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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 (1980):
... 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
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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), FuCikova & Lewis (2012), Somogyi et al. (2013)



Trebouxiophyceae, Chlorella

Trebouxiophyceae:
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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
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Trebouxiophyceae, Chlorella — cryptic genera
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Trebouxiophyceae, Chlorella — cryptic genera
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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, Chlorellaceae

 morphologically distinct planktonic genera are close rel
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Trebouxiophyceae, Chlorellaceae

— Luo et al. (2006)




Trebouxiophyceae, Chlorellaceae

* Chlorella-clade + Parachlorella-clade
» Dictyosphaerium — highly
polyphyletic genus
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(S T U | conznn bt
46 s -
[ | SAG 2015 A hantzschit ACTINASTRUM
; = e i
——1{1 6ncon auoo—— N — SAG 30.92 D. paiatina ‘
i - SAG 1891 D. anomala DIDYMOGENES
{

L aienass . CCMP 2446 ] M planctonica

| cemp 2258 MEYERELLA
] | CCAP 2833 H.sp.
10865187 -
i ‘ 1 0n08M 06 00! CCAP 28312 ] H parvula

CCAP 28311 HEGEWALDIA

ACOI 1988

{1600 00700} — coAp ¢ Dictyosphaerium morphotype
CCAP 211/11g P kessleri
SAG 2048 o ARACHLORELLA |

CCAP 222723
CCAP 222114

1 OTWI00100)
[+ o100/ 00300}
UTEX75

16004 | CCAP 222187
CCAP 222/10

CCAP 222125

CCAP 222/1A D. ehrenbergianum

SAGT7080  pictyosphaenum morphotype
UTEX731
SAG 11.86 Clostenopsis aciculans I
= - 3 087100 100
Parachlorella clade SAG 41.98 Dic

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



Dictyosphaerium

* 9 cryptic genera

1 Y
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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, Chlorellaceae

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

6

4

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

1001004 .

o R e

iy }'W ACOI 311 ;
ES \ :;!%“CO‘BSG ] C. pituita sp. nov.
SAG 37.88 C.lobophora

1,087/

ogm"mg‘ CCAP 211/118

s | CCAP 2111117 ] C. pulchelioides sp. nov.
r SAG 222-2a

—  CCAP211/116 C. chiorelioides comb. nov.

[ UTEX 938 C. colonialis sp.nov. ;3)
“—— CCAP24I119 C. singularis sp. nov. g
wou?(éﬂ SAG 21211:]5’84 ] C. variabilis
1o |1~ SAG3.83 C. heliozoae
e | soon00]
N “CCAP 260/11 C. rotunda sp. nov.

Toioo [ CCAP 211/90 C. lewinii sp. nov.
1001001
ggy,i’* SAGN;S.%“ ] C. sorokiniana

sy CCALA
CCAP 2111120 C. volutis sp. nov.

CCAP222118  C. elongata comb. nov.

100y - SAG 30.92 D. palatina
?"'wLSAG 1891 D. anomala

|
10100f CCAP 22241 H. riparia Heynigia
100100 CCAP 222/2D H. dictyosphaerioides

] Didymogenes

CCAP 222/80 H. tetrachotoma ]H' daki
1001£= CCAP 22229 H. fallax inoaria
09962/ i CCMP 2446 :I .
3188 mmi} CCMP 2259 Meyerella planktonica

1,058/ CCAP 248/5M. pusillum
m ! SAG 42.98 M. belanophorum
| 1o ~CCAP 2001
10101 SAG 2015

] Micractinium

] Actinastrum hantzschii

CCAP 2221A  Dictyosphaerium ehrenbergianum
107100/ L SAG 2046 P beijerinckii
SAG 211-11g P kessleri

100100 ] Parachlorella
‘:@% L UTEX 731 Dictyosphaerium pulchellum
1000

SAG 41.98 Closteriopsis acicularis
100100 SAG 11.86 Dicloster acuatus

SAG 65.94 Catena viridis



Chlorella-clade

Trebouxiophyceae, Chlorellaceae

Genus

Drawing

Main diacritic morphology

Actinastrum

Chiorella

Didymogenes

Hegewaldia

Hindakia

Heynigia

Micractinium

Meyerella

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

107
5566

09962
8188

1009

10100/
1001100

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

| 10100, CCAP 222129 H. fallax

| 100100

10880 CCAP 248/5M. pusillum

1 5868

Tl SAG 2015

10100/
0 G 211-11b .
- {m‘@wznm J - vugaris
108 -
e :g% 4283"3& ] C. pituita sp. nov.

SAG 37.88 C.lobophora

10871
10 ~ CCAP 211/118
g [ | CCAP 2111117
SAG 222-2a

:| C. puichelloides sp. nov.

—  CCAP211/116 C. chiorelioides comb. nov.
L “———— UTEX 938 C. colonialis sp.nov.
“—— CCAP 2111119 C. singularis sp. nov.

0/ 1C(ZAPZWM
101001 SAG 2116

1o~ SAG3.83  C. heliozoae
wmwr
CCAP 260/11 C. rotunda sp. nov.
1,000/ CCAP 211/90 C. lewinii sp. nov.

[ 1001007

,mg, /{gCA(A;Li‘;g ] C. sorokiniana
CCAP 2111120 C. volutis sp. nov.

©//8401y0

] c. variabiis

— CCAP222/18

C. elongata comb. nov.

1ose— SAG30.92 D. palatina
smo‘)[—S/\G 1891 D. anomala

10100f CCAP 22241 H. riparia
10— CCAP 222/2D H. dictyosphaerioides

CCAP 222/80 H. tetrachotoma

:| Didymogenes
] Heynigia

] Hindakia

:%ﬁl %:ggg ] Meyerella planktonica

Micractinium
SAG 42.98 M. belanophorum ]

~CCAP 200/

] Actinastrum hantzschii

CCAP 22211A  Dictyosphaerium ehrenbergianum
101007 [ SAG2046 P beijerinckii
—— SAG 211-11g P kessleri
- UTEX 731 Dictyosphaerium pulchellum
SAG 41.98 Closteriopsis acicularis

] Parachlorella

1,000/
100100 SAG 11.86 Dicloster acuatus

SAG 65.94 Catena viridis



Trebouxiophyceae, Chlorellaceae

 Parachlorella-clade

Closteriopsis

Dictyosphaerium

Dicloster

Mucidosphaerium

Parachlorella

Marasphaerium Compactochlorella

g Kalenjlnla

2\
Iv<riehitz & Bock (2012): Hydrobiologia 698, 295 — 326; Krienitz et al. (2012): Fottea 12, 231-253;
Skaloud et al. (2014): Fottea 14, 53-62

Needle-shaped cells with several pyrenoids
in the lateral chloroplast, solitary

Broad oval cells interconnected by strands attaching
the elongated cell side, in mucilaginous colonies

Cells ellipsoidal arcuated with convex sides attached
in 2- or 4-celled coenobia, 1 or 2 pyrenoids

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

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

G o

Masaia

0.99/100/911 Mucidosphaerium sphagnale CCAP 222/93
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
0.99/08/87 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
~a.  Dictyosphaerium sp. CCAP 222/25

“Planktochlorella nurekis* KIEG + BIN + ClII

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
195063~ | 1 00/100/100[ 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 =y

1.00/100/1 00\

1.00/100/100 ~|
1.00/59/97 |

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

Y —

Planktochlorella




Trebouxiophyceae, Chlorellaceae

 Parachlorella-clade
 Marinichlorella kaistiae

(@) i

o«

Micractinium pusillum AF364102
Micractinium pusillum AF364101
Micractiniumsp. AF364100
Chlorella sorokiniana X73993
Chlorella sorokiniana X74001
Chlorella vulgaris X13688
Chlorella lobophora X63504
Chlorella sorokiniana X62441
Actinastrum hantzschii AF288365
Diacanthos belenophorus AY323837
Dictyosphaerium pulchellum AY323838
Didymogenes anomala AY323839
Didymogenes palatina AY323840
T8 1.0/60) % Parachlorella kesseleri X56105
= Parachlorella beyerinckii AY323841
0.7/ Closteriopsis acicularis Y17470
- L Dicloster acuatus AB037085

0.1/100
;’:;:: 1007100| [ KAS007 .
KAS005

Chlorella clade

Parachlorella clade

"Chlorella" sp. X73992

Prototheca wickerhamii X74003
Nannochloris eucaryotum X06425

"Chlorella" minutissima X56102

"Chlorella" angustoellipsoidea AB006047
"Chlorella" trebouxioides AB0O06048
"Chlorella" saccharophila X63505

Watanabea reniformis X73991

1.0/100
100/100

0.1/88
91/96

0.72/- Dictyochloropsis reticulata Z47207
1.0/100 "Chorella” ellipsoidea X63520
99/99 "Chlorella" mirabilis X74000

Leptosira terrestris Z28973

1.0/100 — Fusochloris perforata M62999
100/100 L— Microthamnion kuetzingianum Z28974
1.0/100 Choricystis minor X89012

Choricystis sp. X81965

Trebouxia jamesii Z68700

Trebouxia usneae Z68702
Trebouxia asymmetrica 221553
Trebouxiaimpressa Z21551
Myrmecia biatorella Z28971

Gloeotilopsis planctonica Z28970 D Out

Spermatozopsis similis X65557 utgroups
—— 0.005 substitutions/site

aeaxe|2J0|Yyd

aeadAydoixnoqgal]

Fi. 2. Maximum-likelihood (ML) tree inferred from 185 rRNA gene sequences, with Gloeotilopsis planctonica and Spermatozapsis similes a
outgroup taxa. The mumbers above each branch show posterior probabilities (0.50 and higher) of Bayesian analysis (1,000,000 genera

tions, left) and bootstrap values (50% or more) of ML (500 replicates,

t). The numbers below each branch show bootstrap value

(50% or more) of ML distance (1000 replicates, left) and maximum parsimony (1000 replicates, right). Some duplicate strains of somi
genera are not included in the tree because they have the same sequences. Branch lengths correspond to evolutionary distances. A dis

tance of 0.005 is indicated by the scale.

Aslam et al. (2007): Journal of Phycology 43, 576 — 584



« Chlorella-clade
« symbionts

Environmental Microbiology (2010)

Trebouxiophyceae, Chlorellles

doi:10.1111/4.1462-2820.2010.02333 x

The systematics of Zoochlorella revisited employing

an integrative approach

CHLORELLA-
clade

095
|

58

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
1.00 L (CCAP 211/109) FN298917, from Paramecium bursaria

79 ‘;-go" (CCAP 211/110) FN208918, from Paramecium bursaria

52 ||

0 106 [} (from CCAP 1660/10) AB260895, from Paramecium bursaria
v | 100

(CCAP 211/114) FN298922, from Paramecium birsaria

. 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

M, 1Loo (strain 'KM2-Zk') AB162915
}% — (from MRBG1") AB219527

100 || | (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

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

MICRACTINIUM

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

(from 'PB-SW1') AB206547
(CCAP 211/83) FM205852
{SAG 241.80) FM205851

M. conductriv comb. nov.,
Trom Paramecinm bursaria

99
100

100 ‘I: D anomala (SAG 18.91) FM205839

DIDYMOGENES
D. palating (SAG 30.92) FM205840

A. hantzschii (SAG 2015) FM205841 ACTINASTRUM

MEYERELLA

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

Sm'vﬂf& (CCAP 283/1) FM205842
H. sp. (CCAP 283/3) FM205844

HEGEWALDIA

PARA-
CHLORELLA-clade

Ij P beijerinckii (SAG 2046) FM205845
P kessleri (CCAP 211/11G) FM205885

—|—7 Closteriopsis acicularis (SAG 11.86) FM205847
Diclaster acuatus (SAG 41 98) FM205848

— 0.01 substitutions/site




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

- chlorophyll:
- anti-inflammatory effects, supportswound healing
- elimination of heavy metals and toxins
- anaemia therapy
- anti-tumor activity
- supports immune system
- reducing high blood pressure

O
ﬁ } CaraN can’ Y&
| | gg. ‘ 4
A o
~1

e LTSS

Chlorella tabs



Chlorellales, Helicosporidium

« parasitic organism, described from insect larvae (1921)

» classified to Protozoa, then Fungi

« 18S rRNA analysis — Trebouxiophyceae

100 Polytoma uvella {AF354208)
100 Polytoma obtusa (AF3T418T)

ar .

8 W —polytoma mirum (AF394203)
4 Chlamydomonas applanata (AF324204)
T

] Polytoma oviforme [AF394207)
Chiamydomonas moewusi {X15850)

Chlamydomonas reinhardtii (J01395)

Scenedasmus obliguus (AF394206)

Chiorelia ellipsoides (X12742)

Chioreifa saccharophila (D11348)

Chlorella mirabilis {(X85100)

10 — Helfcosporidium sp. BF (AF538884)
B[ Helcomondam e 1t
it Prototheca zopfll (XT4006)

Profotheca wickerbramii 1533 (AF394203)
Prototheca wickerhamii 263 (X74303)
Chiorella profothecoides (XB5688)

Chioralla vulgaris C27 (ABD016884)

Chlorelfa vulgaris (X16579)

Chiorella sorokiniana (X65689)

Chioreila kessleri (XB5089)

Nanochlorum eucaryolum (X76084) —

SPE E930j0IY

——— Neaphroseimis olivaces (XT4754)

seadiydesouD

aeaadiydoxnogau


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

2 ®




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%




O. lacustris



Chlorellales, Oocystaceae, Oocystis

“Oocystis* solitaria )

Tetrachlorella alternans

Oocystis heteromucosa —— vy
|: Oocystaceae sp.
Amphikrikos sp.—— @
T “Oocystis” sp.
Y
Echinocoleum elegans — & =
IIEL :-5-'--5:— (‘.)f ' {r"-‘?::y

SRS

I—Dopl’an: tella planoconvexa

{Omystis marssonii (o).

agerheimia genevensis

“Oocystis” sp.



Chlorellales, Oocystaceae

Makinoella

Amphikrikos Lagerheimia Echinocoleum Elongatocystis




-

Chlorellales, Oocystaceae, Eremosphaera

q




Trebouxiophyceae, tetraedrické kolonie

Lemmermannia — smooth colonies, small aperture

( ) [\ 10)
L ( g ) (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 (FJ807044) | Botryococcus clade

15 Choricystis sp. (AY543052)

Choricystis minor (X89012)

Choricystis minor (AY762605)

Coccomyxa sp. (AJ302939)

Coccomyxa glaronensis (AM167525)

Paradoxia multiseta (AY422078) Eliptochloris clade
|Coccomyxa pringsheimil (AY762603)

Elliptochions bilobata (DQ530055)

Viridiella fridericiana (AJ439401) | Watanabea clade
Watanabea reniformis (X73991)

- “Koliella™ (AJ306536)

f
1 % 7 (Z28974)

Microthamnion clade
bt Coleochlamys perforata (M62999)
2 Parielochions alveolans (EUB78373)

R

1oy Xylochlons irregulans (EU105208)

[Xylachiom irregularis (EU105209)

-Marvania geminata (AF124336)
Gloeotila conforta (AY422074)
Catena vinidis (GU592792)
Micractinium pusillum (FM205836)
Crucigenia lauterbornii (UTEX 1755)
Chlorella vulgans (X13688)
Meyerella planctonica (AY543040)
s [~Dictyosphaenum ehrebergisnum (GQ176854)
%2 L parachioreila bejjerinckii (FM20584)
Closteriosis aciculans (Y17470)
Dicloster acuatus (FM205848)

Chlorella clade

Parachlorella clade

(X56099)
(AF387155)

Planctonema sp. (AF387148)

Oocystidium sp. (HQO0B711)

1o Oocystis sp. (AY195966)

Ooplanctelia planoconvexa (FMBB1777)

elegans (FM881776)
Lagerheimia genevensis (AY122338)

-Oacystis sp. (AY197635)

Quadnicoceus ellipticus (HQO08712)

(

Amphikrikos sp. (AF 228690)
-Oocystaceae sp. (AY197626)

Oocystis heteromucosa (AF 228689)

Oocystis marssoni (AF228688)

Tetrachlorells alternans (AF228687)

b2

Makinoella tosaensis (AF228691)

a
P i [f‘ laris (AY122339S)

Oocystis solitaria (AF 228686)

vindis (AF387154)
Tetrastrum staurogeniaeforme (KR1996/3)

Tetrastrum staurogeniaeforme (SAG 45 81)

Tetrastrum heteracanthum (SAG 24.81)

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

is (HQD08713)




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 pm
© Dr. R. Wagner




Trebouxiales, Trebouxia




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. {4 AL245574

T. corticola aneses
T. usnege an4wsr

T. usneae zesi:z

gelatinosa-type pyrenoid
T. ‘letharii’

from Letharia ‘lupina,’
‘lucida,’ "barbata,’

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

T. gelatinosa zesess
g T. gelatinosa zsee97

T. gelatinosa 4vsis =30

T. gelatinosa nasses
T. jamesii wbsp. angustiiobata AT128271
T. potteri

7]' Jimpressa an49sze,
. Impressa anwsx

T. flava
from U. arizonica

T. jamesii ussp. jamesii ar128270
T. jamesii zesso

from P. furfuracea

T. Jamesif ze¢m0

100 T. jamesii anarsr \

from P. consocians 5 PN z .
from P. cladonia T vulpinae' from Letharia vulpina

impressa-type pyrenoid impressa-type pyrenoid

: T. asymmetrica anasss
T. arboricola a4 (ks 2

T. arboricola anssses” T, sp.
T. arboricola zee703  , pyesm

T. showmanii
T. gigantea anwsn “ 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’

from MV1 [upina

from CL3 lucida
from AP1 lupina
from CL1 lupina

%' from DP1 [upina

| from L22b tupina

from SH1 lupina
from $T2 (upina

from T4 lupina #1

from TB1 lupina
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PHOTOBIONT INVENTORY OF A LICHEN
COMMUNITY GROWING ON HEAVY-METAL-RICH
ROCK

Andreas BECK*

Lichen species symbiont population
on a single rock:

Acarospora rugulosa - 9 different lichens
Bellemerea diamartha - 1 alga (T. jamessii)
Lecanora polytropa

L. subaurea

Leaidea silacea

Rivzocarpon geographicum

Uimbidicaria cylindrica

Acarospora smopica

Lecidea lapicida
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Casano et al. (2011): B ni 00 o o A
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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).
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Del Campo et al (2013) — ecological speciation of mycobionts and photobionts
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-

TR1c/TR9a

TR1c/TR9a F10

—— [Re3] TR1e/TR9a|F12
— TR1d/TR9a|F13

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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Fig. 3. Unrooted BI analysis based on the combined ITS +actin dataset using a GTR+I" model for ITS1, K80++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+| 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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American Journal of Botany 88(8): 14901498, 2001.

ALGAL SWITCHING AMONG LICHEN SYMBIOSES'
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Estimated probability of ombrophoby

Do photobionts influence the ecology of lichens? A case

study of environmental preferences in symbiotic green L
alga Asterochloris (Trebouxiophyceae) 1
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
clades along the altitudinal gradient. Box and whisker plots oﬁm
are based on altitudinal data from six clades (only those

represented by at least eight samples). All samples were col-

lected in similar latitudes in Europe (43-58°N, ie. somewhere 042 s °"’°
in the temperate belt). The approximate upper borders of verti- - AF 345404 #A12

cal vegetation belts for central Europe are as follows: "'::?‘ #A13 0.1
200 m a.sl—lowland, 600 m—colline, 1000 m—submontane, 0.1
1400 m—montane, 1800 m—subalpine, 2400 m—alpine.

#A11

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
* botryococcen = hydrocarbon, 35% of the dry weight
« fuel?

©2003 Tamar Zohary
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Botryococcus-clade, Botryococcus
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Botryococcus-clade, (Pseudo-)Coccomyxa

ellipsoid cells, frequent in aerophytic substrate
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Botryococcus-clade,

 lichen photobionts

Origin of the
Omphalina/

Coccomyxa

symbiosis \

69/73

100/100

r Coccomyxa sp. (C12) LIO
Coccomyxa sp. (C10) L/O

Coccomyxa sp. (C6) LiIO

4% Lo

12%

Lo

(Pseudo-)Coccomyxa

Available online at www.sciencedirect.com
SCIENCE @DIHEGTW

MOLECULAR
PHYLOGENETICS

AND
EVOLUTION

ELSEVIER

Molecular Phylogenetics and Evolution 29 (2003) 629640
Coccomysa sp. (C1) LI www.elsevier.com/locatelympev
Coccomyxa sp. (C2) L/O
Coccomyza sp. (C13) LIO Slow algae, fast fungi: exceptionally high nucleotide substitution
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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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Botryococcus-clade, (Pseudo-)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, 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)

- Phyeol. 45, 11271135 (2009)
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1.00100/100~ Pseudococcomyxa simplex (FJ648514)
0.99/71)- Coccomyxa pringsheimii (AY762603)
Coccomyxa glaronensis (AM167525)
Elliptochloris subsphaerica (FJ648518)
Elliptochloris bilobata (AM422984)
1.00/99/98— Elfiptochloris bilobata var. corticola (EF688289)
Choricystis sp. (X81965)
1.00/82/55 Botryococcus braunii (AJ581912)

1.00/100/100

1.00/100/100

0.96/-195

1.00/64/80

1.00/98/100

0.99/91/97r "Parietochloris” ovoidea (EU878374)

Lobosphaera incisa (AY762602)

"Myrmecia" bisecta (Z47209)

1,00/100/100 Asterochloris phycobiontica (GU017647)

Asterochioris erici (AB080310)

Myrmecia biatorellae (228971)

Trebouxia impressa (Z21551)

1.00/100/100 Trebouxia jamesii (Z68700)

1.00/100/100" Trebouxia arboricola (Z68705)
Xylochioris irregularis (EU105208)

Prototheca wickerhamii (X56099)

Radiofilum conjuctivum (AF387155)

Nannochioris sp. (AY195883)

"Chlorella” protothecoides var. acidicola (AJ439399)

Picochlorum oklahomense (AY422073)

"Chlorella" minutissima (X56102)

Micractinium pusillum (AF499921)

Chilorella vulgaris (X13688)

Chlorella sorokiniana (X73993)

Closteriopsis acicularis (AB037085)

Parachlorella kessleri (X56105)

Dicloster acuatus (AB0O37085)

Muriella terrestris (AB012845)

[ Eremosphaera viridis (AF387154)
Qocystis solitaria (AF228686)

1.00/87/99 Qoplanctella p,

Pseudochlorella subsphaerica (AB0O0B050)

Koliella sempervirens (AF278743)

Gloeocystis polydermatica (FR865740)

"Chiorella” mirabilis (X74000)

Stichococcus mirabilis (AJ311638)

Stichococcus jenerensis (DQ275461)

Stichococcus chodati (AB055867)

Prasiola crispa (AJ416106)

Stichococcus bacillaris (AJ416107)

Desmococcus endolithicus (EU4340286)

Geminella minor (AF387151)

1.00/90/92

1.00/100/100

1.00/80/97
1.00/99/99|

1.00/100/100

Nephroselmis pyriformis (X75565)
Nephroselmis olivacea (X74754)

Heterochlorella luteoviridis (X73998)

Kalinella bambusicola (EU346910)
idosa CAUP H7902 (HE984578)

uncultured "Chiorella” (AM260450)

Elliptochloris

Watanabea
clade

Watanabea reniformis

Parietochloris
Microthamniales

Leptochlorella

Elliptochloris bilobata

Lobosphaera

Trebouxiales

Chlorellales

Pseudochlorella subsphaerica

Prasiola
clade

| outgroup



Trebouxiophyceae, picoplankton

green balls up to 3 um in diameter
Nannochloris — Picochlorum atomus CCAP 251/7 (AB080303)* b
85/85/1.00 86/94/1_oo| Picochlorum eukaryotum Mainz 1 (X06425)*
Picochlorum oculatum UTEX 1998 (AY422075)*
86/72/1.00 _LEicochIorum 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)
Chloroparva pannonica ACT 0608 (FJO1 3257) M

Nannochloris-like clade

Picochlorum o000 00| Chloroparva sp. ACT 0602 (JX235963) [2]
: . . | Chloroparva sp. ACT 0622 (FJ013258) [2]
B ‘ @ J ') ” @ 92/89/1.00 ‘Nannochloris eucaryotum’ UTEX 2502 (JX235961) P dochilon
2 B ‘Nannochloris eucaryotum’ SAG 55.87 (JX235962)* wff,",‘; h;’:’ e
@ 3 ? .) '3 - -/98/0.931— ‘Chlorella minutissima’ C-1.1.9 (X56102) gen. et sp. nov
— ‘Chlorella minutissima’ SAG 1.80 (AB006046) ’ T
: ~ Dicloster acuatus SAG 41.98 (FM205848)
100/100/1.00
Pseudochloris [ Parachiorela bejerinckii SAG 2046 (FM205845)° Zzgaec"’or BLe
99/99/1.00% Parachlorella kessleri SAG 211-11g (FM205846)*
Chloroparva 87/87/ Didymogenes palatina SAG 30.92 (FM205840) N
e Micractinium belenophorum SAG 42.98 (FM205879)*

-/-10.99 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)* sl
/ / Mychonastes homosphaera CCAP211/8e (X73996)*

79/81/1.00
-/74/0.91

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



Watanabea-clade, Watanabea

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

« unilayered CW (Elliptochloris —
trilaminar CW)



Watanabea-clade, Chloroidium

= SAG 211-%a ("Chlorella saccharophila’y FN946000
cear2132 [EAFMo46001
ccar21134  [ERrMo46002
SAG 211-10  EEE] FM946005
SAG 211-1¢ FM946007
CHLOROIDIUM
SAG 211-1d FM946006  SACCHAROPHILUM
1.00
100
100 SAG 2197 FM946010
100
= CcCaP211/36  [FE rM946003
CCAP 211/42 FMY946004
SAG 2120 FM946008
FMY46009
SAG 2149 ('Pseudochlorella aquatica’) +
SAG §12-1 8 cuoromion
(‘Chlorocloster engadinense’y FN946011  ENGADINENSIS
SAG 3.95 ('Chlorella trebouxioides') LB FM946012
CAUPH1949 FNM946013
SAG 2061 FM946016
1.00
100 CHLOROIDIUM
T —H SAG 2111 FMO46017 ey
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 accession numbers, as well as intron position (white number in black box), are given.

- Taylor & Francis
Eur. J. Phycol., 2010, 1-17, iFirst Taplor kEranis Eroup.

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*




Watanabea-clade, Chloroidium

@ FMI46015 C. ellipsoideum SAG 2143

O FMI46012 C.ellipsoideum SAG 395

'@ FMI46013 C. eflipsoideum CAUP H1349
® FLI946014 C. elipsoideum SAG 2140
W L1639 from S, vesuvianum IC

substrat folobiont  voIné Zijici
skala, beton, omitka P9
textil, pida (odkalisté)
kov (kolejnice)
pénova/silikonova izolace
lava, wikanicka skala
struska

0,95/64/97

W L1638 from S. vesuvianum IC
O L1227 from S. vesuvianum CZ

® FLI946016 C. elipsoideum SAG 2061
® FLI946017 C. elipsoideum SAG 2111
M 11221 OP1091B from S. vesuvianum CZ.
W 10c from S. spCZ

M OP1083.4 from S. spathuliferum CZ

W LV5a from S. nanodes CZ

1,00/99100

O see

byvalém dole
daje

om

1077c from S. vesuvianum CZ

OP1077svetle from S. vesuvianum CZ
M OP1118.2 from S, nanades CZ

M OP1076.1 from S. pileatum CZ

1,00/67/63

™ L952 from S. vesuvianum CZ
M CAB.2 from S. vesuvianum CZ
W CAB from S, vesuvianum CZ Chloroidium ellipsoideun
W LV9.2 from S. nanodes CZ

W LVO from S. nanodes CZ

M T2from S. vesuvianum TZ

W T1from S.5p. TZ

W Tdfrom S.5p. TZ

OP1077 from S. vesuvianum CZ

1,00/94/100

M L1626 from S. vesuvianum IC
M 11623 from S. vesuvianum IC

; ; y ] ; ol R SR
M L1621 from S. vesuvianum IC : - . . v“}"ﬂ"g\ 5 5%
& U ; Q:v b B
: o,

W L1624 from S. vesuvianum IC

B L1625 from S. vesuvianum IC
W L1627 from S. vesuvianum IC
W L1628 from S. vesuvianum IC
W L1630 from S. vesuvianum IC
W L1632 from S. vesuvianum IC

M L1633 from S. vesuvianum IC
M L1634 from S. vesuvianum IC
M L1636 from S. vesuvianum IC
W L1637 from S. vesuvianum IC
M A16 from S. vesuvianum IC
W 0P1083.5 from S. spathuliferum CZ
B OP1083.3 from S. spathuliferum CZ
W 0P1083.2 from S. spathuliferum CZ
—————————— M OP1083.1 from S. spathuliferum CZ
W 0P1083.6 from S. spathuliferum CZ Chiorofdium
W Ly5b from . nanades CZ angustoellip soideurm
1/95/100 | |m ym1734 from S.nanodes cZ
¥ OP1118.1 from S.nanodes CZ
FM46019 C.angustoelipsoideum SAG 2115
® FMO46020 C. angustoelipsoideum SAG 2144
'® FM946021 C. angustosliipsoideum CCAP 211 108
1/92/100 (— M 1078b from S. nanodes CZ Chioroidium 3
EO FRAB5666 1 CCAP 211 33
© FMR46011 C. SAG 8121
© FREG5677 1 CCAP 211 58
® FLMO46009 C. saccharophium SAG 2149
® FM346003 C. saccharophium SAG 2120
@ 1545004 C. saccharophium CCAR 211 42
® FM245002 C. saccharophilum CCAP 211 34
® F1946001 C. saccharophilum CCAR 211 32
® FRe65663 1 CCAP 211 40
'® FRB65665 1 CCAP 211 32
® FNB46000 C. saccharophilum SAG 211 9a
@ FM246010 C. saccharaphilum SAG 2157
® FM246007 C. saccharophilum SAG 211 1c
® F14946006 C. saccharophilum SAG 211 1d
® 11046005 C. saccharophium SAG 211 1b
@ FI46003 C. saccharophitum CCAP 211 36
® FREE56B4 1 CCAP 211 31
O EU038292 1

Chloroidium engadiensis

1/100/100 0.99/92/92"

Chloroidium
saccharophilum

1/100/100

0968275

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




Watanabea-clade, Dictyochloropsis

« aerophytic alga, lichen symbiont




Watanabea-clade, Dictyochloropsis

« aerophytic alga, lichen symbiont

Congruent Genetic Structure
in the Lichen-Forming Fungus Lobaria pulmonaria
and Ilts Green-Algal Photobiont

Silke Werth and Christoph Scheidegger
Swiss Federal Research Institute WSL, Zarcherstrasse 111, CH-8003 Birmensdorf, Switzedand
Submitted 31 March 2011, Accepted 26 October 2041,

Legend
@ Fungal and algal switching and clonality
Y $ D @ Botn pantners cional
@ @ Fungl clonal, aigae: sexualiswitching
. Fungt sexual. aigae: clonal

. ‘ . Both partners sexual/switching







atanabea-clade, Kalinella

Phycological Research

Phycological Research 2009; 57: 159-169

Kalinella bambusicola gen. et sp. nov. (Trebouxiophyceae,
Chlorophyta), a novel coccoid Chlorella-like subaerial alga

from Southeast Asia

Jifi Neustupa,* Yvonne Némcova, Marek Elias and Pavel Skaloud
Department of Botany, Faculty of Science, Charles University in Prague, Benatska 2, Prague, 12801, Czech Republic

sﬂ'a_im: DOQ078235 Oedogonium subplagiostomum Chlorophyceae :l
AYTTHEEE Mydrodictyon reticulatum strain CBS
ABQ17435 Coenocyslis inconstans
3 X74000 "Chiorella” mirabilis strain Andreyeva 748-1 =
AF189076 Frasiola mexicana sample CR24

DQ275461 Stichococous jenerensis CAUP J1302 .
ABDOE0S0 Fseudochiorelia subsphaerica var. antarctica CCAR 264-3. Prasiola clade
XB3520 "Chiorella” eifipsoeidea SAG 211-1a
AF2TE743 Raphidonema sempendirens
AFS1B6TS “Chiorella” sp. BC4-VFI
AJ581813 Botryococcus braunii CCAP 80701 ]
AYTE2605 Choricystizs minor SAG 17.98 i i
AYT62603 Coccomyxa pringsheimii SAG 69.80 Choricystis/Botryococcus clade
AMA22084 EMpfochlons bilobafa SAG 24580

Z4T207 Dictyochloropsis reticulata CCHU 5616 ]

10 Kalinella bambusicola gen. et sp. now.

EF595524 Hewveochlorella hainangensis strain FGGO1

ABODEQAS “Chiorella hiteovindis” MES AS-4

K73897 Heterochlorella lutecvindis comb, nov. SAG 211-2a
ABOSB30S5 "Chioreila” sp. MBIC10057

KE3IS0S5 "Chiorella” saccharophila SAG 211-9a

ABOOS0AT "Chloreila” angustoslipsoidea MES AT-4 Watanabea clade
ABOOG048 "Chioreila” trebouxioides MES-A1-2

X73091 Watanabea reniformis SAG 211-8b

AJ439401 Virdiella fidericiana strain 237

221581 Trebouxia impressa UTEX 892

ABOBO310 “Trebouxia” erici |AM C-593 Trebouxiales
228571 Myrmecia bialorellae UTEX 907

ZE8695 Leptosira obovata SAG 445-1

AYTE2802 Lobosphaera incisa SAG 2007

ME3002 Paretochlions pseudoalveolans
BE53 l: ME2899 Coleochiamys perforata
1,00 1001001.00 Z28974 Micrathamnion kuetzinglanum UTEX 1814
AF3B7148 Planctonema sp. M110-1
KE6098 Prototheca wickerhamil Pore 1283 —
AF387185 Radiofilurm conjunctivum GR-2
ABDOG046 "Chiorela” minuhssima SAG 1.80
AJ4FEINE "G " prol ides var. acidi strain 124
ABOBO300 Nannochlonzs bacillaris
AYA22074 Glosotila conforta SAG 41.84
AF278744 Koliella spiculiformis
AF124336 Marvania geminata SAG 12 88
860,58 AY422073 Ficochlorum oklahomensis BB0E25-44
: AY 323840 Didymogenas palatina SAG 30.92
AB162810 Chiorella vulgaris NIES-227 Chlorellales
AY3I23838 Dictyosphaerum pulchellum SAG 222-2a
AF2BB3E65 Actinastrum hanfzschil SAG 2015

100100103

0.8 530




Apatococcus
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Prasiolales, Prasiola

* mosaic sexual reproduction

aplanospores
(asexual
reproduction)

Qcells s=surfaceview vegetativecells  t=transverse view



Prasiolales, Rosenvingiella

haploid thallus,

IS

IC meiosi

zygot



r Prasiola stipitata Galway

Prasiola stipitata Husavik, lceland
Prasiola linearis AF 188065
Prasiola meridionalis Newport, Oregon

98/29/0.99] Prasiola meridionalis AF 183066

Prasiola furfuracea AF 189064
— Prasiola linearis Washington State
L Prasiola delicata Vancouver

- [ filamentous Prasiola crispa Vancouver

100¢4100/1.00)

100/100/1.00,]
1 Prasiola crispa Galway
filamentous Prasiola crispa Cork
FPrasiola borealis British Columbia
Prasiola cfr. furfuracea Alaska
1" L Prasiola sp. AF387111

81180/0.99 ] Prasiococcus calcarius SAG

! filamentous Prasiola calophylla Athlone
e

G700 ——t]

B7/701.00]

Prasiola calophylla Galway

Prasiola fluviatilis AF189063
Raosenvingiella radicans Amsterdam
Rosenvingiella radicans Oviedo
Rosenvingiella radicans Cork
98/89/1.00F Rosenvingiella radicans Claddagh
Rosenvingiella radicans Athlone
Raosenvingiella radicans Copenhagen
Rosenvingiella radicans Blackrock
Rosenvingiella polyrhiza Juneau, Alaska
Rosenvingiella polyrhiza Akutan, Alaska
Rosenvingiella polyrhiza Great Cumbrae

99/39/1.00*]

-162/0.98 |

1001 00/1.00

L_{99/931.00
S0/8541.00

Rosenvingiella sp. Manchester
_ocl Rosenvingiella constricta AF188067
100/100/1.000 Rosenvingiella constricta British Columbia

E Prasiolopsis ramosa SAG
100/10041.00 Trichophilus welcker SAG

Trebouxia anticipata AF189069
—l_: Myrmecia biatoreliae AF499685
Leptosira erumpens AF189068

Chiorella vulgaris AF499684
Kommannia leptoderma AF499677

= .01 subsiitutions/site

Fic. 1. Phylogenetic wee inferred from maximum-likelihood
(ML) analysis of L gene sequence data for the Prasiolales and
oup taxa, with bootstrap support (BP) and posierior proba-
% (PP) indicated at the nodes. Left number from maximum
simony, middle from ML, and rght from Bavesian analyses.
The BP values lower than 50% and PP values lower than 0.95 are

oulgr

not shown. Branch lengths are drawn proportional to the amount

of sequence change.

Prasiolales

. Phycol. 43, 811-822 (2007)
© 2007 Phycological Society of America
DOL: 10,1111/} 15208817, 2007.00372.x
MOLECULAR PHYLOGENY OF THE GREEN ALGAL ORDER PRASIOLALES
(TREBOUXIOPHYCEAE, CHLOROPHYTA) !

Fabio Rindi®

Department of Biological Sciences, The University of Alabama, PO Box 870345, 425 Scienti
35487-0345, USA

- Collections Bldg., Tuscaloosa, Alabama

Lynne Mclvor

Nationaal Herbarium Nederland, Universiteit Leiden Branch, Einsteinweg 2. 2300 RA, Leiden, the Netherlands
Alison R. Sherwood

Botany Department, 3190 Maile Way, University of Hawaii, Honolulu, Hawaii 96522, USA

Thomas Fried!

Albrecht-von-Haller-Institur fuer Pflanzenwissenschaften, Abteilung Experimentelle Phykologie und Sammlung von Algenkulturen,
Universitat Gottingen, Untere Karspuele 2, 37073 Gotingen, Germany

Michael D. Guiry

Martin Ryan Institute, National University of Ireland, Galway, Ireland

and Robert G. Sheath

Department of Biological Sciences, California State University San Marcos, San Marcos, California 92096, USA




Prasiolales, Stichococcus

* Prasiola — crown group in Stichococcus lineage

Labosphasrs frolensis ABODEDS
Cosnocyehs moonstans ABD1T455

somsTo | Stehocoocus chodel ABDSSEET

Shchocosous ampuiiformis ABRJTES
Chigrella sphaerica AJ416105 \
Stichocoecus sp. MBIC1D465 AB133601

Slichoooecus chlareloides AYZT1ETS
Blichococcus sp. NE2WFF10 AFS13370

] Sticheooocus sp. BOP-SRS2-14 AYaATI441
I stichococcus fenerensis CAUP J 1302 DG2TS461 _
- Stighococeys bacillans COAPITIT ABDSSEE4 >- SthhOCOCCUS
— Stichococcus sp. MBIG10457 AB1B3509
Stichocaccws baclans D10-1 ABDSREES
Stichococous bacillars Kd-4 ABISSAGE
“’ﬂ{ —— Stichococcus deasonil UTEX 1706 DO275460
gieaEn ol Trebouxiophybe sp. URATME aY TERE04
Stichocaceus bacilans 53 AYIB0S5T
“-‘55'“3| Trebouxiophyle sp. URSSSE AYFE2606
Prasialz cnspa A4 16106
A Trichaphiug welckes AYTEBE01
s e I Frasialopels ramoss AY TE2600 .
—l———————— Prasiola maridianakis AF 183074 Prasiola
sasp] — Prasiols fuvaiis AF1ENTE
‘I |: Prasiols mexicans CRE4 AF 189078
THE T 9 Frasipda mexicena MEX12 AF183075
Bhchoepscus bacifans AJI1ELT H
100010011001 Ji'r'— Siichocoocus becilans 545 387-1b AJIG107 Stl C h O0CocCcCus
Chigraile mireis X 74000
Chiorea sp, AFS14412
= Kioliefia sempervirets AF2TET4]
K Raphidonama braviosie AFS14410
AT D Faphi nivale AF448477
Palva signensis AJA16108
EETRILNET Paaudochiorela subsphasrcs ABDDEGOSD

Chignails slilpsoidea AE3520

1DGETLD e Green alga 013324



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

. T . N
\ Verrucariaceae (Ascomycota)

f akea papilata DUKE150491)
Coccomyxa sp. (icmadophila ericetorum) | Coccom myxa
Elliptochioris bifobata (Verrucaria :.u\bbbuhra WOa75
Ugﬂprodﬂons sp. (Stictis urceolatum) _I E”-'PI’OC hloris

Ho.*.-enwngagﬂa pdwm;.a- . .
Rosenvingiella

lata SPO1617)
ssellata SPO1618) _
Prasiola

%

L (S =] 78) -
. (Verrucaria hcx,h.«a‘erren CCbm Pow.asm cupuwiars CGE16)

pra.phaera sp. (Flaksa papilata L532)
Diplosphasra sp. (Staurothele frustukenta AAS3935)
Diplosphaera sp. (Agonimia tristicula L469)
Diplosphaera sp. (Neocatapyrenium rhizinosum Llsn)

Diplosph sp. (Normandina pulchella L531)
Diplosphasra sp. ( Verrucaria rupestris CGETE)
Diplosphasra sp. SAG 49.85
Diplogphaera sp. (Normandina acroghpta L1 8)
Diplosphasra daedakeun CG115, V nigrescens CG4TE, N. pulchella L596)
Diplogphasra sp. Fﬁauﬂu&us ca.rmaginea CG458)
Diplosphaera sp. (Stauwrothele fissa CGEEE)
Diplosphaera sp. (Endocarpon diffractelium CG585)
Diplosphaera sp. (Endocarpon palidutum ;IME&BI
Diplosphasra sp. (Catapyrenium cinereun SH2017, Verrucaria praetermissa CG5ET)
ggoapﬁaera sp %wp}'&emmﬁ:m’wﬁgﬂ fa?gj a)

ogphasra sp. rmandina pulcl ] . _—
Diplospha {Agonimia koreana LE40) 0.01 subsfitution
Diplosphagra sp. (Agonimia opuntiela LE23) ——— ———— -
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The Chloroplast Genomes of the Green Algae Pedinomonas minor, Parachlorella
kessleri, and Oocystis solitaria Reveal a Shared Ancestry between the

Pedinomonadales and Chlorellales

Monigue Turmel, Christian Otis, and Claude Lemieux
Département de Biochimie et de Microbiologie, Université Laval, Québec (Québec) Canada
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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 ameong 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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Chloroplast phylogenomic analysis resolves
deep-level relationships within the green algal
class Trebouxiophyceae

Claude Lemieux , Christian Otis and Monigue Turmel

Abstract

Background: The green algae represent one of the most successful groups of photosynthetic eukaryotes, but
compared to their land plant relatives, surprisingly little is known about their evolutionary history, This is in great
part due te the difficulty of recognizing species diversity behind morphelogically similar crganisms, The
Irebouxiophyceae is a species-rich class of the Chlorophyta that includes symbionts (e.g. lichenized algae) as

well as free-living green algae. Members of this group display remarkable ecological variation, occurring in aguatic,
terrestrial and aeroterrestrial environments. Because a reliable backbone phylogeny is essential to understand

the evolutionary history of the Trebouxiophyceae, we sought to identify the relationships among the major
trebouxiophycean lineages that have been previously recoagnized in nuclear-encoded 185 RNA phylogenies. To
this end, we used a chlaroplast phylogenomic approach.

Results: We determined the sequences of 29 chlorophyte chloroplast genomes and assembled amino acid and
nucleotide data sets derived from 79 chloroplast genes of 61 chlorophytes, including 35 trebouxiophyceans. The
amino acid- and nucleotide-based phylogenies inferred using maximum likelihood and Bayesian methods and
various models of sequence evolution revealed essentially the same relationships for the trebouxiophyceans, Two
major groups were identified: a strongly supported clade of 29 taxa (core trebouxiophyceans) that is sister to the
Chlorophyceae + Ulvophyceae and a clade comprising the Chlorellales and Pedinophyceae that represents a basal
divergence relative to the former group, The core trebousiophyceans form a grade of strongly supported clades
that include a novel lineage represented by the desert crust alga Pleurastrosarcing brevispinosa, The assemblage
composed of the Oocystis and Geminella clades is the deepest divergence of the core trebowxicphyceans, Like most
of the chlorellaleans, early-diverging core trebouxiophyceans are predeminantly planktonic species, whereas core
trebouxiophyceans occupying more derived lineages are mostly terrestrial or aeroterrestrial algae.

Conclusions: Our phylogenomic study provides a solid foundation for addressing fundamental questions related to
the biclogy and ecology of the Trebouxiophyceae, The inferred trees reveal that this class is not monophyletic; they
offer new insights not only into the internal structure of the class but also into the lifestyle of its founding
members and subsequent adaptations to changing environments,

Keywords: Chlorophyta, Trebouxiophyceae, Plastid genome, Phylogenomics
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