Molecular evolution and taxonomy of
freshwater and terrestrial Ulvophyceae

Pavel Skaloud, Fabio Rindi, Christian Boedeker, Frederik Leliaert, Michala Klimes$ova,
Veronica Malavasi, Alena LukeSova



Chlorophyta, Ulvophyceae Chlorophyta

chlorophytes

« usually macroscopic organisms
« prevalently marine algae
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Ulvophyceae — thallus types




Ulvophyceae — various ecological habitats

« Marine, brackish, freshwater, terrestrial, epiphytic or endophytic on algae,
endozoic in sponges, epizoic on turtles, ...
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Ulvophyceae — phylogeny

BEFREVREVERTEEFRES

Cladophorales
a.g. Cladaphora, Chaetomorpha, Boodlea, Valonia

Biastophysa

Dayscladales
a.g. Acetabularia, Neomens, Batophora, Bornatella

Bryopsidales
a.0. Bryopsis, Halimeda, Godium, Caulerpa

Trentepohliales
a.q. Trentepohlia, Cephaleuros

lgnatius clade
lgnatius, Pseudocharacium

Ulvales
a.q. Ulva, Acrachaete, Blidingia

Phaeophila, Bolbocoleon

Ulatrichalas
a.g. Acrosiphonia, Monostroma, Uatheix, Pseudendockonivm, Gloeotilopsis

1
Desmuochloris, Halochlorococcum, Pseudoneoch!or&ll?ichopﬁifus

Oltmannsiellopsidales
Qlitmannsiellopsis, Dangemannia, H. marinum

Ulvales-Ulotrichales

Dedogoniales
a.q. Oedogonium, Cedockadium, Bulbochaete

Chaemgrhurales
2.q. Chaetophora, Stigeocionium, Uronama
Chaetepeltidales
a.0. Chaetopeltis, Aloydiella
Chlamydomonadales
a.g. Chlamydomaonas, Volvox, Chioromenas, Dunalielia, Carteria, Hafniomonas
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Sph pleales
a.q. Hydrodictyon, Pediastrum, Bracteacoccus, Scenedesmus, Monoraphidium

Leprosira
Chlorellales

a.q. Chlorella, Nanochloris, Prototheca
Pedinomonas

Docystaceas

a.q. Oocystis, Lagerheimia
Microthamniales

2.q. Microthamnion, Fusochlaris

Trebouxiales
a.q. Trebouwxia, Asterochioris, Mymmecia

Prasiola clada
a.q. Prasiola, Rosenvingielia, Stichococcus, Raphidomema, Pabia

Watanabea clade
a.q. Dictyochloropsis, Watanabea

Choricystis clada
a.q. Choricystis, Botryococcus, Coccomyxa

Coenocystis, Lobosphaera, Picochkorum, Xylochloris, Geminelia

Chlorodendrophyceae (“prasinophyte” clade_IV)
Tetraselmis, Scherffelia ve

Chlorophyceae Ulvophyceae

Trebouxiophyceae

core chlorophytes

Chlorophyta

Leliaert et al. 2012



Ulvophyceae — phylogeny

B

Prasinococcus
Pyramimonas

Pterosperma

Nephroselmis
Pycnococeus
Osireccoccus
Monomastix

Prasinophyceae CCMP1205
Picocystis
Pedinophyceae YPF701
Pedinomonas

Choricystis
Oltmannsiellopsis
Tetraselmis

—————  Trentepohiia
ol Cephaleuros

Scenedesmus

Dunaliella

Volvox
Chiamydomonas
Oedogonium
Floydiella
Stigeoclonium
r Schizomeris
Ulva

Helicadictyon
Pseudendoclonium
Picochlorum
Parachlorella
Chlorelia

62/0.90

Acetabularia

—————— Halimeda
b Caulerpa
Bryopsis

Codium

Koliella
Planctonema
Eremosphaera
Qocystis
Lobosphaera
Pseudochlorella
Stichococcus
Prasiolopsis
Lepiosira
Microthamnion
Trebouxia
Asterochloris
Xylochloris
Watanabea
Hemichloris
Pseudococcomyxa
Treb. MXAZ01
60/ Coccomyxa

FucCikova et al. 2014
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Qocystaceas

Prasiola lineage
Trebouxiales

WCX lineage

a PCG12RNA
RAxML GTR

Chlerophyceae (33)

28

|gnatiales, Qltmannsiellopsidales,
Ulvales and Ulotrichales (12)

sl Bryopsidales (3)
24

Core
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100)
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78
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ic VIIA
00 9| |78 [l {2)| 1 W Prasinophytes
seEN [+ (4
—{ ) V1 (3) (12)

Mesostigmatophyceae + Chlorokybophyceae (2)

Turmel et al. 2017



Ulva intestinalis, U. curvata,
U. californica, U. sp. WA1-3b
/54
T ftUlva sp. WA4-20b o )
_/89) . = s
Ulva rigida § =N
@
Ulva intestinalis  SY0104 & it
@
Percursaria percursa (2 strains) =
=
Ulvaria obseura var. biytii 2|
=]
Ruthnielsenia tenuis (2 strains) "é.
Ochlochaete hysirix (2 strains) &
99 Acrochaete viridis (2 strains) %
98 %
71| hAcrochaete leptochaete NY1b I E
Acrochaete leptochaete MIBLPolyl g; =
100 3 O
Acrochaete repens (2 strains) § <
89/81] @
54/67] — Endophyton ramosum
Acrochaete endozoica
100 —— Phaeophila dendroides MA2.4al
97/93 99 -Phaeophila dendroides (WA2.4al, WA1-15D)
. I— Phaeophila dendroides FR1.2a2
- Bolbocoleon piliferum (5 strains)
Desmaochloris halophila
Bbf’SBl .

6/55]

stis

Halochlorecoccum moorei

S3[BYOLIO]
PL03000

Pseudoneochloris marina

Gloeotilopsis planctonica

Gloeotilopsis paucicellularis
Gloeotilopsis sarcinoidea
Pseudendoclonium basilense
Ulothrix zonata  UTEX745

Ulothrix zonata SAG

Collinsiella tuberculata

100 [ Eugomontia sacewlata

salﬂqa!’noln “9-103"

-Monostroma grevillei

o8| Planophila laetevirens

Pseudendocloniopsis botryoides

Acrosiphonia arcta

Acrosiphonia duriuscula
Acrosiphonia  sp.

Urospora penicilliformis

9899;110:] 15010y

‘Kelly et al. 2004

0661 ATIP3.0 % PAOL NSUS SI[EYILNON)

da fertilization

+ gamete (u)

planozygote
- gamete (17
asexual loopmg ‘ ‘

+ gametophyte (n) - gametophyte (n)

eiospores (1)
% meiosis

b fertilization

F,,——’/—'—*

germling

+ gamete (1)

/ Amete (n)

asexual looping
asexual

zoospore (n) + gametophyte (n) - gametophyte (n)

zygote (211)

meiosis

germling (1)

meiospores (n)

Z )N\

sporophyte (2n)

/ planozygote .

asexmpiug

stalked zygote (2n)
(Codiolum stage)

1



0.96/98/87) Gloeotilopsis pauciceliularis Z47997
1.00/981100]L Gjoeotilopsis planctonica Z28970

1.00/29/94 ~__

0.92/-/69

1.00/96/100
0.90/56/71

1.00/88/78 ——
0.99/65/98

0.91/-/99

1.00/97/100

0.94/57/68
1.00/92/95

0.97/80/-

1.00/83/-

1.00/731]

1.00/76/54 =]

Desmochloris mollenhaueri FM882217
_‘ E Desmochloris halophila FM882216

Gloeotilopsis sarcinoidea Z47998
Pseudendoclonium basiliense Z47996 <J
Hazenia broadyi CCALA 986 (HF570951)
Hazenia mirabilis AF387156

Trichosarcina mucosa AM109906

{LTrichosarcina polymorpha AM087962

Pseudendoclonium akinetum DQ011230 <
Monostroma grevifllei AF015279

|+ Eugomontia sacculata AY198123

Gomontia polyrhiza AY278216

Collinsiella tuberculata AY198125

i Ulothrix zonata Z47999 I

Ulothrix zonata AY278217
Pseudendocloniopsis botryoides AJ416103

*1 Planophila laetevirens AJ416102
—— Gayralia sp. JF680952
r— Urospora penicilliformis AB049417
* L([)apsosiphon groenfandicus DQ821514

Acrosiphonia duriuscula AB049418

* L Acrosiphonia arcta AY303600

Pseudoneochloris marina U41102

Halochlorococcum moorei AY198122

* —— Phaeophila dendroides AY454430

_| L Phaeophila dendroides AY454432
Pseudendoclonium printzii SAG 467-1(HF570952) <J

Pseudendoclonium fucicola AF499662 <
Blidingia dawsonii DQ001138
Pirula salina AF124337
Pseudendoclonium submarinum EF591129 <4

0.98/82/99
1.00/94/39

Kornmannia leptoderma AF499661
_[ Bolbocoleon piliferum AY303596
* ' Bolbocoleon piliferum AY303598
Cloniophora spicata JF680949
0.99/67/80 Endophyton ramosum AY205328
Pseudulvella consociata JF680953
Acrochaete repens FJ715684
Acrochaete viridis AY303594
—— Ulvella lens JF680960
Ruthnielsenia tenuis AY454426
Ulvaria obscura var. blyttii AY303590
Percursaria percursa AY303588
Ulva compressa AB425967
Ulva intestinalis AJ005413
Ulva rigida AJ005414
r Pseudocharacium americanum AB110440

-[62/92
1.00/100/98

0.99/100/68

1.00/82/93
1.00/80/97

1.00/96/95

* L Ignatius tetrasporus FN562432
—— Trentepohlia aurea AB110783

* ——— Trentepohiia iolithus AY220983

Gomontiaceae

Hazenia

Monostromataceae

Ulotrichaceae

Gayraliaceae

Acrosiphoniaceae

Phaeophilaceae

Kornmanniaceae

Bolbocoleonaceae

! Cloniophoraceae

Ulvellaceae

Ulvaceae

outgreup

Skaloud et al. 2013



Goals

Resolving the higher taxonomy of Ulvophytes

Improving our knowledge on the diversity and evoution of freshwater and
terrestrial Ulvophytes

Taxonomic revision of polyphyletic genera




Methods

64 strains from 11 algal culture collections (ACOI, ASIB, CAUP, CCAC,
CCALA, CCCryo, CCAP, CPCC, FACHB, SAG, UTEX) - incl. 12 types

36 strains from own sampling
Molecular analyses (18S rDNA, ITS, rbcL, tufA)

Morphological investigations (cell dimensions, shape of pyrenoids, pattern
of filament branching, shape of colonies)




Higher taxonomy

- Resurrecting the order Chlorocystidales to make Ulvales and Ulotrichales
monophyletic

b

] 00m Chlorophyceae

i ———— [ @ Trentepohliales
S ——— | Il 0 Cladophorales
A -———— | Il 0D Bryopsidales

-----

R ——— Il (D Dasycladales

————— | Il 000 Ulotrichales . Ulvophyceae
El 00 Ulvales ’
B B 0 Chlorocystidales

WY 000 Oltmannsiellopsidales

1 omn Ignatiales
[ 0 Scotinosphaerales

« [ 00 core Trebouxiophyceae

——— 1 @m0 Chlorellales (Trebouxiophyceae)

Bl 0 Chlorodendrophyceae
B 0 Pedinophyceae

-----

Desmochloris

Main habitat  Morphology

0 unicellular

| N
b terrestrial . .
(0 colonial/multicellular
freshwater . . .
(including siphonous)

marine




Higher taxonomy

« Validation of the order Ignatiales

\\/ ] 00 Chlorophyceae

| @ Trentepohliales

| Il 0 Cladophorales !
Lo — | Il 0 Bryopsidales :

oo ———— Il O Dasycladales

————— | Il 000 Ulotrichales

—-—:_—::f: Il 00n Ulvales
B B 0 Chlorocystidales
W 00 Oltmannsiellopsidales

[ | oo Ignatiales
I |0 Scotinosphaerales

-----

Ulvophyceae

-

::::::i_:f B 0 Chlorellales (Trebouxiophyceae)
Wl 0 Chlorodendrophyceae
B |0 Pedinophyceae

b e — -

- __:!} [ 00 core Trebouxiophyceae

Main habitat ~ Morphology

(O ) 0 unicellular

b terrestrial . .
(0 colonial/multicellular
freshwater

. (including siphonous)
marine

Pseudocharacium




1.00/63/100

1.00/66/100 -

1.00/86/-|
o

0.99/75/-

Ulva flexuosa CAT (apazsosarty

100811100 Ulva prolifera LY G HT gassosssr-r-)

Ulva californica FH 3.2 (avaoasssavasaanir)
Ulvarigida ELO102 wuooserarsy
Ulva shanxiensis SAS 06035 kJsirosskssirossry
Ulva lactuca C208 meezsssoy
Ulva compressa C184 (aazsee74)

Ulva intestinalis SYO104 guosarary
Ulva limnetica P36 peasssaunsesossy
Percursaria percursa UTEX 1423 (avaosssainvasaos.)
Umbraulva amamiensis C100 (pazszssn

1.00/87/100 i

Umbraulva japonica C14 (as4zszssm)
Ulvaria fusca C136 (aazeasamy
Ulvaria obscura var. blyttii 3-3 DMK vsosssorss

1.00/91/100]

1.00/77/100 ) .
Ruthnielsenia tentis Ma2.6a1 (avassazsiavasasosr)

Ulvella endozoica UTEX 2352 (avaosazmvassizy 0

Ulvella ramosa WA1.12A7 (avzosaosiavasadtony
Ulvella repens MA1.1a1 (avsosseaimvasastieg

Ulvella viridis MA1.2a1 javanssosmyasaaor)

Ulvella bullata kcreres1imcreroso)

10008100 - Ulvella prasina unioz1sakmzzszosin102134)

1.00/96/100

_‘* Cloniophora spicata SAG 7.97 (rsaosdsiresoesar)
Cloniophora spicata ARS06820 wws7ro10--)

Bolbocoleon piliferum WA2-9b2a pvamsssoavesaszvy
Bolbocoleon piliferum WAZ. 1 pvsosssmvasaarss

Tellamia contorta (AF499663/-/AF 489679)
Blidingia dawsonii UBC AB4927 pacorisers)

Blidingia minima iarassess--)

1.00/85/-|
Kornmannia leptoderma (araess1r-iarasesTr)

0.98/72/100

Pseudendoclonium sp. W1199 nsrasszr-

0.96/75)- , i Pseudopleurococcus printzii SAG 467-1 wmrooosramrooosszr-) Q
x | Pseudopleurococcus sp. SAG 2039 (Mrooos74/MFo00593/-)
Pseudopleurococcus sp. SAG 2052 (Mroooszs/MFooossar-)
beme——""Chlorocystidales
1.00/98/100
Pseudoneochloris marina UTEX 1445 (uat1oziavasaaszisrassesz) Q
= Ulotrichales
z :::]Scotinosphaerales
—
0.05

Ochlochaete hystrix MA1.8d1 (avassszaiavssados:

Smithsonielia earleae UTEX 2178 ursssssies Y

Ulvella leptochaete MBLPOIly1 (avzosazaiavasasoar) h

Ulvella tongshanensis FACHB 1780 mzzez11ikumzzezoakmzzs208) o .

“Pseudendoclonium® fucicola CCMP 1671 (ar4sses2rinras0575) ’

Pirula salina SAG 1.95 iar124337149 '
Pirula sp. SAG 2050 (mrovos71/mFooosss)-|

Pseudendocionium arthopyreniae SAG 467-2 wwozoosiir) €Y
Pseudendoclonium submarinum grsetizar) -
Pseudendoclonium sp. SAG 2051 mroooszzmrooosst-)
* —— Phaeophila dendroides WA1.15D (avasassaiavassstar)

| Phaeophila dendroides FR1.2a2 (avassasainvasaatsi)

EE888

==]
=<

......................... Ulvaceae

EEEEEEEREEEs
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L] ] Ll L1 L allalel 111 Lk

(0

......................... Ulvellaceae

D

. ICIoniophoraceae

Bolbocoleonaceae

g

a

e 8

§>—s

ol [ 1] BERE

Il
“Dilabififum* prostratum SAG 23.92 (rressrs2mrooossor-) Q D I
Pseudendoclonium incrustans CCAP 415/1 wressisoris )

Kornmanniaceae

Phaeophilaceae

B ) an

B w
B o
Morphology

am filamentous

H parenchymatous

Pseudopleurococcaceae

Main habitat
Bl marine

[ freshwater
[ ] terrestrial

€} authentic strains

Higher taxonomy

Ulvales:
describing the family

Pseudopleurococcaceae

Pseudopleurococcus



— 100093193 Hazenia basiliensis UTEX 2593 (za79081z479961-) Q I:D am
002 Hazenia capsulata UTEX 1918 canosssressssn @ B av
Hazenia mirabilis UTEX 846 / SAG 1.87 (arssrisatsossa-) o ............................... B aw

Hazenia prostrata UTEX 1911 wewnewn @ 777777 B an

T Hazenia broadyi CCALA 986 (Hrs7oss1HFs709541-) 0 .......................................... :l [0000)
s o SAG 208 sy g

Hazenia sp. SAG 18.88 (ca21003News) B ao

1.00/98/100 Fernandinella sp. LukeSova A4 ewnewNew) (6}
— . Planophila laetevirens SAG 2008 (ass161021a04161021-) 0 .................. 0
{lr Planophila sp. SAG 32.98 (kmo20t40NewNEW) u (6]

100188197 Pseudendocloniopsis botryoides SAG 465-1 (autsiosrrassrsst) ) Bl o

10089183 Ulothnix zonata SAG 38.86 (z479991z478991)

Ulothrix zonata UTEX 745 (AY278217/~IAY45M24)‘ ’
Ulothrix zonata 11-2011 (xag11ser-+-)
Ulvopsis grevillei arots2rarr-)

Ulvopsis angicava (kt180156/KT180156:-)

el Collinsiella tuberculata WA3 (av1ss12siay1981251-) | I
Collinsielia polyrhiza MA2-4b1 wvarezrersy B

Trichosarcina mucosa SAG 4.90 (am10ss0emEW:-) 0 ...................................... D I

_| | % [ Trichosarcina polymorpha SAG 24.93 (kmoz013oNewNEW) Q . B oo
Trichosarcina polymorpha SAG 26.88 ewnewr-) B an

Trichosarcina polymorpha SAG 29.94 newnewr) B av

1:00/74/76 Neoclonium sp. UTEX 1913 newnewnew) B av
1000177~ Gl Neoclonium akinetum UTEX 1912 paotraso-avessast) ) Bl oo
{[ Neodbiim ket VB e . | —p.

i s o (CERLADS T —
Monostroma kuroshiense SAP108019 uosssssicuosasstiy 5

1.00/99/98 Monostroma nitidum peasesssry T |

Gayralia oxysperma CSMCRI (wrstassorotssss) W 5

Pleurastrum sarcinoideum ACOI 592 (ca120ssemessssar) § [ ]em

Pleurastrum sarcinoideum ACOI 593 (a121000mes7sssar.) i B ............................ B an

- Pleurastrum sarcinoideum UTEX 1710 (z47s981z47998-) ' e B am
Helicodictyon planctonicum UTEX 1570 (kwasar20mes758921-) i B am

Rhexinema paucicellulare SAG 29.93 @ssrozzsorory [ ]am

10083100 1| phexinema paucicellulare SAG 463-1 (zarss7iza79871-) 0 \:I m

* 1.009011004 Rhexinema brandii SAG 466-2 newNewNEW) Q : . T B @
m Rhexinema paucicellulare CCAC 32838 / ISBAL 777 wewnewnew, T ]
* Kraftionema allantoideum CS-1143 (kuss26ssi-kx268524) 0 .......................... - am
_[ Kraftionema allantoideurn CS-1144 wussassarsy B o

Il

Capsosiphon groenlandicus (pas21514pas215141-)

Chlorothrix sp. ChloPac47SI (avareszriavaresarr-) - am
1.00/98/85 Urospora neglecta Seward 8 (avarss21avares21i) B o
Protomonostroma undulatum (oas21s1710a8215171) I (5

_ﬂhlorocystidales
Pseudoneochioris marina UTEX 1445 uat102tiav4s4422) 0

Main habitat

Il marine
[ freshwater

[ terrestrial

Morphology

0 unicellular

amn filamentous

I} parenchymatous

) authentic strains

Hazeniaceae

Planophilaceae

Ulotrichaceae

Gomontiaceae
Trichosarcinaceae

Neocloniaceae

Monostromataceae

Helicodictyaceae

I Kraftionemaceae

Acrosiphonaceae

Higher taxonomy

Ulotrichales:
describing the families

Hazeniaceae
Planophilaceae
Trichosarcinaceae
Neocloniaceae
Binucleariaceae

Trichosarcina



Problem of types

« Taxonomic position of Ulothrix

Hazenia

Hazenia prostrata UTEX 1911 mewnew:) €
Hazenia broadyi CCALA 986 wesiossimesrosse) €Y
Hazenia sp. SAG 23.88 newnewr)
[1.00/93/96 LI
Hazenia sp. SAG 18.88 (caizio0unews)
F i sp. Luke$ova A4
Planophila laetevirens SAG 2008 (us1s102ia1416102) 0
Planophila sp. SAG 32.98 wwczoranewnew
1.0098197L Pseudendocloniopsis botryoides SAG 465-1 (asstsioarressrss.) 0
Ulothrix zonata SAG 38.86 zerseozerssss)
Ulothrix zonata UTEX 745 (Avnaznmns«za): )
Ulothrix zonata 11-2011 wxastisavs) j

1.00/69/82]

1.00/99/93

157695730 Acrochaete sp 6-BER-2007
219525733 Ulva laetevirens

207366656 Chlorella sorokiniana
— 207366649 Parachlorella bejjerinckii

Ulvophyceae

Trebouxiophyceae

Oedogoniales
Oedogonium undulatum

Qedogonium nodulosum

Schizometis leibleinii

Hormotilopsis gelatinosa

Chaetopeltis orbicularis

Hormotilopsis tetravacuolaris
Aphanochaete magna
Stigeoclonium helveticum
Draparnaldia plumosa
Uronema sp CCAP 335/1B

Uronema belkae
99 He ycoceus droebakensis
_|_|: Dunaliella salina
9% Dunaliella parva
Volvulina steinii
Pandorina morum
Volvox roi latii
Volvox dissipatrix
Yamagishiella unicocca
Eudorina unicocca
Eudorina elegans
Chlamydomonas typica
Chlamydomonas petasus
Chlamydomonas reinhardtii
Chlamydomonas incerta
Chlamydomonas komma
Gonium pectorale
Gonium quadratum
Gonium octonarium

100 [— Ankyra judayi
4|:l— Sphaeroplea annulina
Atractomorpha porcata
——— Sorastium spinosum
100 Stauridium tetras
99 Pediastrum braunii
Pseudopediastrum boryanum
Pediastrum duplex
Hydrodictyon africanum
Hydrodictyon reticulatum
Hydrodictyon patenaeforme

93 I Chaetopeltidales

Chaetophorale:

95

SeepRUOWIOPALIRIYD
Q
=

47(]

Buchheim etsaal. 2011

1000303~ Hazenia basiliensis UTEX 2593 (A) W]
lata UTEX 1918 ( ) B
Hazenia mirabilis UTEX 846 | SAG 1.87 psarsserssosy) G) W ] oo

apEP-000

Hazeniaceae

Planophilaceae

Ulotrichaceae

seesfydoioyn

Ulothrix

Uronema:

» Ulothrix acuminata FACHB 1747
> Ulothrix sp. FACHB 781

> Ulothrix sp. CPCC 546

> Ulothrix belkae SAG 34.86

» Ulothrix acuminata UTEX 1178 T

Uronema



« Taxonomic position

- Ulothrix tenuissima
Kutzing 1833

- Timavo, Italy

Innsbruck 3
i =
Graz
o
Klagenfurt am
Worth
: B;Izano 4 o] oersee
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Ao Udine Slovenija
Slovenia
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Verona Venezia
(] [ £70 | Fol fe}
E3 Padova pores  OPatiias oRjjeka E71 |
o
Rovinj Hrvatska
0 -
Edia Croatia
o
Mogena
Bologna
o Ravenna
)
Cesena© Rimini Zagar
o
San Mfarino fece ]
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Misientifications and "molecular” identifications

Binuclearia sp. CCAC 4824 » Microspora

Binuclearia sp. SAG 39.91 > Klebsormidium
Ulothrix cf. variabilis CCCryo 149, 150 > Klebsormidium
Ulothrix sp. CPCC 509, 568 > Klebsormidium
Ulothrix crenulata SAG 35.86 > Klebsormidium

Ulothrix sp. SAG 90.91 > Geminella




Misidentifications and "molecular” identifications

« Sluiman (1991): Gloeotilopsis planctonica — SAG 29.93
* Friedl (1996): new combinations for Rhexinema and Pleurastrum species

Gloeotilopsis planctonica
100 g Gloeotilopsis paucicellulare
10X Gloeotilopsis sarcinoidea )

Pseudendoclonium basiliense

T

Ulothrix zonata
Acrosiphonia sp.

ULVOPHYCEAE
(ULOTRICHALES)

= Dunaliella parva L
100 %= Dunaliella salina <
37 Botryococcus braunii =
09 — 4 d O
86 Ettlia minuta 2>
75 100 | 100 p=Chlamydopodium vacuolatum EL:
09 100 L—(»Pleurastrum insigne\) O
84 | 100 Volvox carteri g
99 100 &= Chlamydomonas reinhardtii Rt
100 | Pediastrum duplex 5
99 Scenedesmus obliquus




Misidentifications and “molecular” identifications

« Sluiman (1991): Gloeotilopsis planctonica — SAG 29.93
« Friedl (1996): new combinations for Rhexinema and Pleurastrum species

SAG 29.9%

lyengar & Philipose 1956



Misidentifications and “molecular” identifications

« Sluiman (1991): Gloeotilopsis planctonica — SAG 29.93
« Friedl (1996): new combinations for Rhexinema and Pleurastrum species
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"molecular” identifications
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Misidentifications and "molecular” identifications

« Friedl (1995): Pleurastrum insigne SAG 30.93 in Chlorophyceae

« Kawasaki et al. (2015): SAG 30.93 was overgrown by Chlorococcum
already in 1994

SAG 21311 ]
0.02 1.00/ 88
— — UTEX 2224 (*Cc granulosum®)
1 [ 1 i 0.99/83
96 Myrmecia astigmanca 0.99/56 o SAG 30.93 (*Pleurastrum insigne”)
_100 o3 Myrmecia isracliensis . 59,'.;1\: i _ ) -
61§ 100 Myrmecia biatorellae gzagéﬁi SAG 84.80 (*Neospongiococcum gelatino ] Ce. cleofaciens
20 95 | Trebouxia magna = UTEX 1770 ("Ce. croceum’) (Lineage A)
27 | %% 100 === Trebouxia impressa 0.0/ UTEX 2227 (*Cc. tatrense”)
43 1) W Trebouxia asymmeltrica 9'3‘@45 . SAG 66.80 (*Ce. sphacosunt)
Myrmecia bisecta w 58/5211
: . . TKAG1016 —
Dictyochloropsis reticulata 5
ngianum s 96 Chlorella saccharephila 211 -9a 3) UTEXATTT
r R
. g Chlorella luteoviridis ; 10080 SAG 11-43 (“Chloromonas perforata”)
O - hd v o " "
y . 37 Chilorella saccharophila 211-9b o SRR 100773 SAG 11-52 ("Chlorococcum sp.”) Ce. microstigmaturn
is reticulata 77 Pleurastrum terrestre o) a4/94/0 (Lineage B)
L2 _1_02: Fusochloris perforata > 0.50/71 [TKAC1 035
arella luteoviridis 46 | 1™ Microthamnion kuetzingianum 8 BO/TEI0 TEAC1036 Macrehions ru
! o P’arifmrhl:m'x pseudoalveolaris 8 _|7cccm: 340b-08 (*df. Chiorococcum sp.”) ] (Lineage C)
3 Aanm;hl‘.m.snm [Vl 093;'1?'; Chlamydopodium starri SAG 16 .87
70 100 = Chlorclla cllipsoidca - H
700 1 Chlorell irabill 06077 Ce. rugosum UTEX 1785
pr— Chlorella minutissima '*'*'I Cc. aquaticum UTEX 2222
, . Nanochlorum cucaryotiom Ce. nivale UTEX 2225
99 97 Chlorella sorokiniana
100 JE{EEEEECMMMﬁMﬂu
84 Chlorella kessleri
52 A
e Prototheca wick
e 100 Characium vacuolatum -0
JOO ¥ 100 Pleurastrum insigne §
100 § 100 Enlia S
100 100 Dunaliella parva
85 —E a
89 100 Dunaliella salina o
100 100 Chlamydomonas reinhardtii o
9 78 . co
Volvox carteri O ®©
. Scenedesmus obliguus b
100 Chlorella fusca F
100 Pediastrum duplex 8_
100 pum G locotilopsis planctonica >
= |
100 B Acrosiphonia spec.
100 g Tetraselmis striata

100 b Scherffelia dubia
Nephroselmis olivacea

LIl
Prallnophyceae

Pseudoscourfieldia marina

Chodat 1894

- - Y teara -~ - [

-
~
|
'
|
I



Misidentifications and "molecular” identifications

* Friedl (1995): Pleurastrum insigne SAG 30.93 in Chlorophyceae
« Kawasaki et al. (2015): SAG 30.93 was overgrown by Chlorococcum

already in 1994
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Considerable cryptic diversity

Pseudendoclonium morphoty
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in at least 4 indepenent lineages
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Ecological consequences
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Hazenia basiliensis UTEX 2593 W] o

Hazenia mirabilis UTEX 846 / SAG 1.87 prasrissrsmnsy) )
Hazenia prostrata UTEX 1911 wewnew: Q) .
Hazenia broadyi CCALA 986 srossimrsrosss) ()
- Hazenia sp. SAG 23.88 wewnew) )
Hazenia sp. SAG 18.88 can10unews)
Fernandinelia sp. LukeSova A4 newnNewnew)
Planophila laetevirens SAG 2008 (utsiozasnisiozr) €
Planophila sp. SAG 32.98 (moz0140mewnew)
10008871 Pseudendocloniopsis botryoides SAG 465-1 (as1s103rressrsst.) 0
Ulothrix zonata SAG 38.86 za7sseizarssar)
Ulothrix zonata UTEX 745 (avzrs217-iavassaz4)
Ulothrix zonata 11-2011 (ixast1ses)
s — UIVOPSIS grevillei rosszreiv)
Ulvopsis angicava («t1so1ssxT180156%)
Collinsiella tuberculata WA3 pyrssisayiesiast
ossmmmE_ Collinsiella polyrhiza MA2-4b1 wyareaisy
Trichosarcina mucosa SAG 4.90 (wiossosnews) €Y
Trichosarcina polymorpha SAG 24.93 kmo2013snNewNew) O
Trichosarcina polymorpha SAG 26.88 wewnews
Trichosarcina polymorpha SAG 29.94 wewnews)
Neoclonium sp. UTEX 1913 mewnewnew)
Neoclonium akinetum UTEX 1912 (oaors2sa-savsasest) €
Neoclonium akinetum WB20 (k1as222-+-)
[ 10058 Neoclonium sp. CCALA 423 newnewnew)

Monostroma kuroshit SAP108019
Monostmma niticlum sssssesi-- )
Gayralia oxysperma CSMCRI (.srstessouroresss)
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Pleurastrum sarcinoideum ACOI| 592 (car2oseemesrsesa.)
Pleurastrum sarcinoideum ACOI 593 arziooariesrssear)

1.00/98/100

0.98/58/-

1.00/99/93

0.98/9%

1.00/71/76
1.009177

Pleurastrum sarcinoideum UTEX 1710 z«7eeizasssr)
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Urospora neglecta Seward 8 (avarssz1avares21)
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Kornmannia leptoderma araeses:iarssesrr) - HE f Kornmanniaceae
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Ulva flexuosa CAT (aaazseea)

Ulva prolifera LYG HT (assossais)
Ulva californica FH 3.2 iavaoasesiayasdotiy
Ulva rigida ELO102 (0054141
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