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FIG. 2. Owverview phylogeny of the green lineage (top) and spread of green genes in other eukaryotes (bottom). {Color figure available online. )

Leliaert et al., 2012, Crit. Rev. PI. Sci. 31: 1-46



Class: Ulvophyceae

Orders (+ current species number estimates)
Bryopsidales (cca 560)
Cladophorales (cca 480)

Dasycladales (cca 65)

Ignatiales (4)
Oltmannsiellopsidales (cca 10)
Scotinosphaerales (5)

Trentepohliales (cca 120)

Ulotrichales (cca 180)

.............................

Ulvales (cca 320)

Lewis & McCourt, 2004, Am. J. Bot.



early ulvophycean evolution - the case of Proterocladus

Ulvales
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Chlorophyceae (><
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Fig. 1 Current knowledge of the phylogenetic relationships among the main lineages of the core Chlorophyta based on nuclear phylogenomic
studies’?18:20, Uncertain phylogenetic relationships are indicated by polytomies or dashed lines. The three different interpretations of the Protero

Proterocladus - up to 1 bya
coenocytic cells,
branched filaments,

Tang et tal., 2020, Nat Ecol Evol similar to recent

Hou et al., 2022, Nature Comm Cladophoraceae
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Class: Ulvophyceae
Order: Ulothrichales

Ulothrix — frequent benthic algal of both marine and freshwater habitats

Ulothrix

A, B after Prescott (1951)
C, D after Entwisle et al.(1997)

ASEXUAL
puranglum
SEXUAL /;l f@
Tl..:..: N
Gamete @ih s
E&.@K\@” o

fo rmatlun e

Z00spore

Fusion of isogametes
*  Vegetative®

Zyqote resting
1 =Zoospore
formation

Germinating
ZOOSpore




Binuclearia
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© MICHAEL PLEWKA 2010

unbranched filaments, cellular pairs separated by thick cell wall parts

freshwater genus, phytobenthos



Rhexinema Hazenia

these taxa typically occur in wet soil, examples of extreme secondary simplification



Fernandinella Planophila

FIGURE 15, Morphology of Planaphila bipyrenoidosa A-1, ULVO-1 and J-Q. ULVO-55 grown on INBBM medium. A-C. settled
zoospores and sporangium, D-1. cell packets, J. settled zoospores, K-Q. variety of vegetative cells.

thallus simplification to unicells, terrestrial microhabitats



Ignatiales

two genera Ignatius and Pseudocharacium

UTEX B #2012
Ignatius tetrasporus o¥Timmn

free-living and epiphytic unicells

tetraflagellate spores



Ulvales
the genus Ulva - distromatic and tubular morphotypes (formerly Enteromorpha)

one of the most frequent genera in
marine littoral

prefers eutrophicated conditions

several taxa also occur in the freshwater *




™~ © Zoids (©) ol

Wichard, 2015, Front Pl Sci

Obr. ¢. 7: Moiske vodni kvéty rodu Ulva (,,green tides*): 1) vodni kvét na plazi v Bretani. Francie, 2)

nejvetsi vodni kvét v zalivu Quingdao. Cina (Smetacek and Zingone. 2013).

Obr. ¢. 8: Sladkovodni kvéty druhu UL flexuesa: A) mensi vodni kvét v jezefe Bialobizeg v Polsku, B)
Rozsahlejsi vodni kvét na biehu rybnika Konin v Polsku (Rybak and Gabka. 2018).

e

aonori



Hiraoka et al., 2011, Plos One




Ulva pilifera - the most frequent freshwater ulvoid species

eutrophicated habitats,
usually during warm-water season

Rybak & Gabka, 2018, J. Appl. Phycol; Rybak & Messyasz, 2011



distribution of distromatic and tubular thalli of Ulva primarily depends on salinity
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morphogenesis of ulvoid thalli depends on symbiotic relationships with bacterial communities

Obr.¢.4: Morfologie druhu U. [linza,
kultivované zuvolnénych zoospor: a)
axenicka kultura (bez pfitomnosti

bakterii), b) kultura s pfitomnosti

klasickych  bakterii  vyvola tvorbu

typické tubularmi morfologie, (a1 b - po

6 tydenni kultivaci), c-f) fasy 28 dni po Signal perception by
Ulva mutabilis

mokulact  bakterialnimi  kmeny: «¢)

Roseobacter sp. Cytophaga sp.
& : promotes Ulva attracts promotes
kontrola — bez bak[enl: d) inokulace cell divisions Roseobacter sp. rhizoid formation
rw . . — and promotes growth of
blize  neidentifikovanym  kmenem Cyiophaga sp.

mofské bakterie izolované z povrchu

Release of bacterial morphogenetic compounds

e

fas, e) Shewanella gaetbuli (y-

Proteobacteria), f) Cytophaga sp.
(Bacteroidetes) (Marshall ef al. 2006).

N-Acylhomoserine lactone Thallusin

R = Alkyl, Alkenyl

organickeé latky produkované
bakteriemi, jez facilituji morfogenezi

Kantnerova, 2018 Wichard, 2015, Front Pl Sci



Monostroma
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hitoegusa-nori

the most frequently green
alga cultured for food

unclear boundaries to
Ulva and other genera




Percursaria

Darienko et al., 2021

Desmochloris

Figure 7. Morphology of the members belonging to the genus Desniochloris. (A) CCAP 6006/4
D. halophila, (B) CCAP 6006/5 D. edaphica, (C) CCAP 6006/6 D. edaphica, (D) CCAP 6006/7 D.
mollenhaueri, (E) CCAP 6006/8 D. mollenhaueri, (F) CCAP 6006/9 D. mollenhaueri, scale bar for all
pictures (A-F) = 10 um.



Ulvella, Entocladia

marine epiphytes and endophytes

E. endozoica lives as
a parasite in corals
(i.e. boring algae)

]E U. geniculata -
endophyte of red algal genus Hypnea

Verbruggen, 2011; Goldberg et al., 1984
Titlyanov et al., 2017




Order: Cladophorales

C/adopﬁora
3686

SPOROFYT spory

(2m meioze

GAMETOTYT T
(o) o ) Eygils

\E?Mﬂplulmli \XO

gamety

one of the most important bioindicators of eutrophic conditions

Cladophora glomerata -
one of the most frequent algae in Central European landscape









Anadyomene

w4 algaspase

A. stellata

e

tropical species — SE Asia, Pacific, Carribean; single species in Europe



ANALYSIS

Anadyomene stellata

Uniseriate growth
*Veins grow in a row
or series

Polychotomous
branching

*Veins branch at apices
polychotomously

Spherical
margin

“Small cells on
the margin are
spherical

Lateral cells
“Cells between veins

grow tightly parallel.

Pinnate and Pectinate
usually 7 per cell

Eperforate thallus
*The leaf of the algae .

Clavate veins
*Veins are club shaped

and decrease in size distally

does not have holes










Valonia

& algace s

&

warm seas — tropics, subtropics V. macrophysa



Bryopsidales
Bryopsis

coenocytic thalli
(multinucleate)




Halimeda — a key species in tropical habitats; coenocytic, macroscopic thalli
xylans in cell walls, aragonite crystals in interfilamentous spaces

calcified thalli producing about 30% of Neogene carbonate sediments
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H. incrassata
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H. opuntia




bioherms (organic reefs) — Halimeda reefs and meadows
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McNeil et al, 2020.



www.deepreef.org

mesophotic H;';a-l.imeda draperies



carbon dioxide — bicarbonate — carbonate equilibrium in water
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Ocean acidification late 1800s

reduced acidity
seawater pH

lower concentration

9 of atmospheric CO,
: @
7 GO,

carbon dioxide

abundant healthy corals,

~ carbonic acid

seawater pH

2100 (projected)
Increased acidity

higher concentration
of atmospheric CO,

CO,
O carbon dioxide

@ ©

- HC0,

carbonic acid

fewer, smaller
marine calcifiers

mollusks, and other
marine calcifiers

© Encyclopeedia Britannica, Inc.
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Caulerpa taxifolia
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Caulerpa racemosa/cylindracea complex



Caulerpa cylindracea

noesalgaeBAse

the single most invasive macroalga in the Mediterranean Sea

o | | £23 | | ] ® local record
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|
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Verlaque & Klein, 2008, Mar. Poll. Bull.; Katsanevakis et al., 2020, Bioinvasions Rec.; Piazzi et al., 2016, Mar. Biol.



Dasycladales
Acetabularia and her giant nuclei

5

| GAMETANGID FEMENING
) - Ogémn (CIETE)

coenocytic thalli, mannans in cells walls

oldest findings in Cambrium (550 mya), Mesozoic radiation



Acetabularia acetabulum
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Dasycladus

D. vermicularis



Order: Trentepohliales

Trentepohlia, Phycopeltis, Cephaleuros

oz

%

phragmoplast during cytokinesis; terrestrial specialists; parasites of vascular plants



Trentepohlia
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Cephaleuros and Stomatochroon
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FIG. 2. Owverview phylogeny of the green lineage (top) and spread of green genes in other eukaryotes (bottom). {Color figure available online. )

Leliaert et al., 2012, Crit. Rev. PI. Sci. 31: 1-46



six algal classes of Streptophyta:
Mesostigmatophyceae (1 described species)
Chlorokybophyceae (5)
Klebsormidiophyceae
Coleochaetophyceae
Charophyceae

Zygnematophyceae



Early evolution of streptophytes

Ancestral charophytes Terrestrialization by a
evolve their cell wall unicellular ancestral
in response to terrestrial charophyte

selection pressure

Zygnematophyceae®

Micrasterias

Multicellular il g S —r
sporophyte =

Habsarmidiim
Klebsormidiophyceae *

Chirakybus
Cls]
thlorokybophyceae®
Mesostigmatophyceae
Chlorophytes e
R
~ Peay hoder
Trends in Plant Science
Rhodophytes

Figure 1. Evolution of land plants from algal ancestors that were already terrestrial. Key events inthe establishment of a land
flora were the primordial terrestridlization event by a unicellular ancestral charophyte followed by evolution of a novel cell wall
in response to the new types of selection pressure. A particular successful ineage evolved the multicelular sporophyte asa
Glaucophytes platform for the development of complex body plans and vascularization, the latter facilitated by the new cell wall. Other
ineages established themselves as extant termestrial charophytes, here exemplified by Kiebsormidium growing on a stone,
while other taxa secondarity adopted an aquatic lifestyle yet retained the temrestrial traits in their cell wall as dues to their
terrestrial ancestry.

Panny Kondor

Trends in Plant Science

Figure |. Evolution of the Green Plant Lineage. Classes with terrestrial or facultative termestrial spedes are indicated

with an asterisk [21]. Modified fom [1]. Harholt et al., 2016, Trends Plant Sci.
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Fig. 2| Phylogenetic inferences of major clades. Phylogenetic Inferences were
based on ASTRAL analysis of 410 single-copy nuclear gene families extracted
from genome and transcriptome data from1,153 specles, including 1,090 green
plant(Viridiplantae) specles (Supplementary Table 1). a, Phylogram showing
Internal branchlengths proportional to coalescent units (2N, generations)
between branching events, as estimated by ASTRAL-IIYv.5.0.3. b, Relationships

Bryophytes

Qutgroup

among major clades with red box outlining flowering plantclade. Specles
numbers are shown for each lineage. Most Inferred relationships were robust
across data types and analyses (Supplementary Figs. 1-3) with some exceptions
(Supplementary Fig. 6). Dataand analysis scriptsare avallable at https://dol.
org/10.5281/7enodo.3255100.

One Thousand Plant Transcriptomes, 2019, Nature



Mesostigmatophyceae (Mesostigma viride)
the only monadoid streptophyte ,,plant™

apicalview laterale view

right | left basal | apical

« horizontalplain .« «
ventral

vertical plain median plain mesotrophic freshwater phytoplankton



Chlorokybophyceae

the earliest known streptophytan
lineage adapted to the terrestrial
way of life

colonial coccoid microalgae

typically found in subaerial biofilms
(soils, tree bark, rock surfaces)




Klebsormidiophyceae

filamentous unbranched morphology

Klebsormidium

vB

Klebsormidium'’

usually occurs in subaerial microhabitats



Klebsormidiophyceae — huge cryptic diversity,

morphologically very similar taxa,

ecologically differentiated
(water x soil x bark)

Rindi et al., 2011,
Mol Phyl Evol 58: 218-231.

Fg. 3 Phylogram inferred from Maximum-Likelihood analysis of the concatenated dataset rbel-1TS rRNA in the Klebsormidiales, with bootstrap support (BP) and Bayesian
Posterior Probabilities (PP} indicated at the nodes. From left to right and from top to bottom the support values correspond to Meighbor Joining BP, Maximum-Likelihood BP
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and Bayesian PP, BP values lower than 60% and PP lower than 0.8 are not reported.
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COIeOChaetophyceae growing on edge of Elodea ]I_ea.f

Coleochaete
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Fig. 1. Coleochaete sculata

.
(discold Rom) Fig. 2. Coleochaete pulvinata (cushioned form)

v Yot \\
Antheisiia

Zoospore
ASEXUAL
CYCLE
COLEOCHAETE _
/ (n) 5 Chiarepiast
Slc.plurnk #t Male ruclous =
Gormination Female Male ) %%FWHE i <
r filament fllament Envelope M #
Zunrnpnm SEXUAL  oogonium Antheridium ‘/ | : :
L] CYCLE J J
MEIOSIS Egg Sperms
(n} {n)
e single flagellated cell is
TR produced by an antheridium
—_— e (OI’ during asexual reproduction) Fig. 5 Coleochaete. Diagrammatic life Cycle

Flg. 8. Coleochaets. Graphic life Cycla

sporocarp encases the zygote and
nourishes it

vegetative plants are always haploid



Fig.2 Celldivision involving a plantlike phragmoplast in Coleochaete orbicularis. (a) Differential
interference contrast image with forming cell plate (arrow) in center of phragmoplast (arrmowhead).
Scale bar = 10 pm. (b) Immunofluorescence localization of tubulin in phragmoplast microtubules
(arrowhead) between DAPI-stained telophase nuclei (). Scale bar = 5 pm. Micrographs: (a)
M.E. Cook: (b) K.F. Doty (From Graham et al. (2016) Algae 3rd edition, used with permission of
LJILM Press)

phragmoplast during cell division

male gametes lacks any plastids (contrary to chlorophytan lineages)

gametophytic cells overgrow the zygote and form the sporocarp
(similar structures in bryophytes, esp. liverworts)

Cook & Graham, 2017, in Handbook of Protists



Zygnematophyceae

SINICE]
&RASY.cz

unicellular or unbranched filamentous algae
occuring solely in the freshwater (or in subaerial biofilms), often in acidic habitats
unique sexual reproduction - isogamic pattern, gametangiogamy, conjugation

absence of any flagellated cells



Spirogloeophycidae

Zygnematophycidae
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Streptophyta ]
~800 Mya
Transition to terrestrial habitat

\ Viridiplantae
~1000 Mya

Diphyscium fulvifolium

0.05
— 0.99 hagn
subst./site Sphagmam ovanim — n 1o cces
Polyrrichum juniperinum
65 Physcomitrella patens Physcomitrella patens

Takakia lepidozioides

Marchantia polymorpha
Treubia lacunosa | jyerworts
Nardia compressa

Polvtrichum juniperinem 0.99
Diphyscium fulvifolium
Takakia lepidozivides
Sphagmam ovatum
Phaeoceros spp.  Hornworts
Nothoceros vincentianus

Mosses

Nothoceros vincentianus
Phaeoceros spp.  Hornworts

Spiragloea muscicola

Embryophyta

Nardia compressa

R 1
Treubia lacunosa Liverworts

Zyeznematophyceae s.str.

Cosmarium ochthodes CCAC 1205
Penitn margaritaceum SKD2004-CL18
Netrium digitus (var. latum ) CCAC 0148
Mougeotia sp. CCAC 0197
Mesotaenium caldariorum SAG 648-1
Cylindrocystis cushleckae CCAC 0213 Zygnematophyceae s.str.
Cylindrocystis brebissonii CCAC 0211
endlicheri SAG 12.97

Spirogloea muscicola CCAC 0214

60/0.9

53/0.92

Ch haeridium glob CCAC 0044
Of_'ll_ Coleochaete scutata SAG 110.80,3 .90

Nitella hyalina
Chara vulgaris CCAC3183 B

Coleochaetophyceae

Charophyceae

Entransia fimbriata UTEX 2353 3
Kleh idium nitens SAG 335-1a Klebsormidiophyceae
Spirataeni densata ACOL 1050
Mesostigmatophyceae

Chilorokybus atmophyticis SAG 48 80
Me i viride NIES-475, NIES-296
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= ~500 Mya

Embryophytes

BBR-BPC, HD-KNOX2,
PYL | GUXI-5, PARVUS,

! GALS1-3

4

Genomic Innovations

Nephroselmis pyrifarmis CCMP 717
tomastix stigmatica CCMP 2493
M: i sp. CCAC 0223
Cymbomonas tetramitiformis CCAC 1669 Chlorophyta (outgroup)
Pyramimonas tetrarfynchus SCCAP K-0002 ji

their common ancestor
acquired genes thought to be
important for resistance to
desiccation by horizontal
gene transfer from soil
bacteria approximately 580
million years ago

Cheng et al., 2019, Cell 179



Zygnematophyceae

pes of filamentous growth: == hona fide = wewchain-like |

Desmidiales

Ty o five orders (incl. Spirogloea)

multiple evolution of
filamentous morphology

Spirogyrales
1 X —

. Zygnematales
3 —

| 1 Serritaeniales
ord. nov.

= Spirogloeales
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multiple transitions to
terrestrial habitats
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Hess et al., 2022, Curr Biol



Zygnematophyceae

] unicellular

I filamentous (bona fide) i Eabac
Cosmanum sublumidum

B filamentous (chain-like) 8 Coomarium ochihodse
tncaum

B multicellular s.s./ Stauradesiuis omeant
multicellularity s.l. urodesmiss

U
{2 Planotaemium ohtani
—0 Nuclaolaenium aifalanse

Netrium digitus
@p}mgwae r,:ar .ss's
ralens.
i fansis

2 prafansi

CLm
{0 Oitmansiellopsis unicellularis

B Ulva mutabilis

T Coccomyxa
Telraselmis siriata
Tetrasslmis suecica
O Nephrosolmis pyriformis .
icromonas pusilla
Micromonas pusilla
Micromonas sp.

O Ostaocorcus emarcs Hess et al., 2022, Curr Biol




Mesotaenium endlicherianum

cryoseston, soil biofilms
alpine and polar habitats

mucilage -
photoprotective adaptation

Serritaenia - acidic subaerial habitats

Busch et al., 2021, Eur J Phycol



Spirogyrales
Spirogyra

Mucilage
Cell wall

Cell membrane
Nucleus

Cell wall

Pyrenoid

Cytoplasm
strand

Vacule




zygnematophycean life cycle and conjugation

l‘““r“l‘?“. TS
14 ] ¥ .
4 S i A
=

*

" F
R B SR A e e L
_hu RRRS R TUST, et T
QORI

LA s




scalariform and lateral conjugation

8
NS

=il Two filaments Conjugation
come side by side  tubes develop

Male gametes fuse ||
with female gametes
to form zygotes

Conjugation canals
form between
adjacent cells

@ Buzzle.com

Male gametes
fuse with female
gametes to form

@ Buzzle.com




Zygnematales e

r el |

'

Zygnema

A, B after Entwisle et al. (1997}
C @ Y. Tsukii, see http://protistihoseiacjp/Protist_menuE.html

scalariform conjugation



Zygnematales

Mougeotia
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acidic peatlands
phytobenthos

NIES-349 Cylindrocystis brebissonii var. brebissonii 10 pm
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¥, 4

- peat dominated

peat in soil mosaic

Sphagnum-dominated
boreal peatlands

acrotelm vs. catotelm
(anaerobic, permanently humid)

acidity caused by dissociation of |
humic acids

Acrotelme

Wieder & Witt (eds.), Boreal peatland ecosystems, 2006
Int. Peatland Soc., 2021

Catotelme.







Desmidiales

unicellular or chain-like filamentous taxa

cells formed by two opposite semicells mirroring each other (Desmidiaceae)
pores in the cell wall (mostly Desmidiaceae)

includes taxa with most complex morphologies in plant kingdoms, exceptional morphological radiation



asexual reproduction

results in cells composed of two unequally old semicells



Closterium
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Xanthidium

Green Lochan. Aessemare, Aug. 2000, J. Hnross

digicodes.info, desmids.nl



Staurastrum

semicells with more than two
radially symmetric parts



Cosmarium




Euastrum



Micrasterias




lobe patterning in developing turgor-reduced cells

_._‘ b ;
-

i : ~ e e B Vo . it 1 7 J
FIG. 11. (a) Septum initial pattern developed in 0.22 M glucose. At both sides of the septum, one central (arrow) and two lateral (arrows)
minimum zones are visible. Bar, 20 pm. Reprinted from reference 28 with permission. (b) Accumulation pattern of primary-wall material
resulting from turgor reduction in 0.12 M polyethylene glycol 400. Bar, 20 pm. Reprinted from reference 27 with permission.

concept of the morphogenetic plasmatic
templates

FIG. 12. Pattern of wall material accumulation under turgor
reduction and schematic representation of the developmental steps
in M, denticulata. The minimum zones visualized by turgor reduc-

. tion correspond to the indentations forming later in cell develop-
Kiermayer, 1964, Protoplasma ment. The numbers indicate the lobe indentations corresponding to
Litz-Meindl, 2016, Front. Pl. Sci. the sequence of their formation. Reprinted from reference 27 with

permission.



modular morphogenesis
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. . 70/85/0.08 ; ;
Micrasterias phylogeny suggest abrupt mw1.m::E£ﬂff:rﬁf,‘:f;g’F§'j§§;f'2
changes in rates of morphological evelution 854/1.00 Uicrastarian samirackate CASEREET

e‘h.?
Skaloud et al., 2011, Mol £ ‘;3
Phyl Evol 61: 933-943.

‘I——M‘mrasrenas decamdentata ASW 07023
Micrasterias laticeps SVCK 430

o Eﬂrcmslenas zeylanica SVCK 291 AZ;
Micrasterias ‘pusiila’ MIES T84
_— Micrasterias furcata CAUP KE09
Micrasterias pinnatifida SWCK 411

A4 10011000100

Staurodesmus dickiel ASW 07056 i
» Micrasterias ceratofera SAG 21.97 : Frn
A Micrasterias crux-melitensis CAUP K602 =i
Micrasterias radfans var. bogoriensis SVCK 389

Micrasterias crux-melitensis NIES 152
G3/98/1 .00 AS

— 93/88/1.00~ Micrasterias radians var. avoluta SVCK 518 -
82/09/1.00 Micrasterias anomala NIES 774

B 'l_— Micrasterias apiculata SVCK 247

e e Micrasterias brachyptera SVCK 65

’ Micrasterias fimbriata CAUP K608 a5
B6/92/1.00 c Micraslerias rotata CAUP KG04 (A8)
BB/86/1.00 Micrasterias doveri SVCK 369
& Micrasterias thomasiana CAUP KG05 r
100TTO0T 00" D {[ :

B589/1.00
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Micrasterias denticulata SVCK 230
Micrasferias jenneri SVCK 298
E .ETrr'pmceras gracie SVCK 366
Triploceras gracile SAG 24.82
' F - Micrasterias tropica SVCK 368
T Micrasterias foliacea NIES 777
Micrasterias swainei SVCK 138
Micrasteras tetrapters SVCK 185 o Py
Micrasterias conferta SVCK 110 _\":'“D,\ﬁ e e
Micrasterias radiosa SVCK 303 b T sy
Micrasterias novae-terrae SAG 158.80
927854 .00L Micrasterias papillifera CAUF KG03
| 10011001 DD‘\-.,_‘ Micrasterias hardyi SVCK 249
= H Micrasterias americana SVCK 280
Micrastarias mahabuleshwarensis SVCK 324
Micrasterias muricala SAG 157.80

Staurastrum majusculum SVCK 330
4‘—5 Staurastrum funatum SVCK 15
100/100/1.00 Stavrastrum maamense SVCK 377
£ &1 ;;,
auj Ay
e

Fig. 3. Bayesian analysis based on the combined and partidoned SSU rDNA, psaA, and coxlll dataset usinga GTR+ I model for SSUrDNA region and 3rd codon position of psaA
gene, F81 + T model for 1st and 2nd codon position of psaA and coxll genes, and HKY model for 3rd codon position of cox1ll gene. The doublet model is applied for the stem
regions in the 55U rDNA region. Values at the nodes indicate statistical support estimated by three methods - maximum likelihood bootstrap (left), maximum parsimony
bootstrap (in the middle) and MrBayes posterior node probability (right). Thick branches represent nodes receiving the highest PP support (1.00). Species affiliation to eight
clades (A-H; including six sub-clades A1-AG) is indicated. Morphology of investigated strains is given in the boxes next to the tree, according to their affiliation to the
particular clades. The order of the species in the tree (from above to down) corresponds to the order of the cells illustrated in the boxes (from left to right). Scale bar -

estimated number of substitutions per site.
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filamentous genera: Desmidium, Hyalotheca, Spondylosium

Spondylosium

A after Smith (1950)
B &Y, Thuki, woe hllp;l'.-'prnl'::l.ihmEi.a:jprrnlisl_meﬁuE.hl!l‘nl




Charophyceae

(stoneworts, paroznatky)

sinicearasy.cz




CHAROPHYCEAE
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Sillurian Devonian

Carbosiferous

Permian

Triassic

Jurassic

Cretaceou

Paleogene

Ceneoic
Meogene | Quaternary

Fig. 6 Phylogenetic relationships of genera in the Charales, and ranges of fossil ages of extant
genera and several extinct taxa. The black bars indicate the ages of the earliest known fossils for
taxa, as well as fossil ages for extinct taxa in the Charales and the extinet Orders Sycidiales and
Moellerinales. Relationships of extant taxa based on molecular phylogenetic studies (McCourtetal.
1999; Meiers etal. 1999; Karol et al. 2001). Fossil ages and phylogenetic relationships of fossil taxa

based on Feist et al. (2005). (E. M. McCourt and J. D. Hall)

McCourt et al., 2017, in Handbook of Protists
Souillé-Mdrsche & Garcia, 2015, Aquat. Bot.
Nowak et al., 2018, Bot. Letters
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Chara

Ll.l'n"_u'.l'l\.n"llll'n'ln'l L)

|r._‘.'.‘l'.'-l R Figure 3. Lateral view of the oospores of the charophytes (scale bars = 200 pm). (a) C aspera with prominent ridges and basal cage
[Michaelsdorf, 0-5 cm sediment depth); (b) intermediate form of the C. canescens/C. aspera group without basal cage (Michaelsdorf,
5-10 cm sediment depth; (c) C. canescens, elongated form (Breitling/Stove, 0-5 cm sediment depth); (d) C. canescens, ovoid form
(Orth, 0-5 cm sediment depth); (e} C. bailtica/C. horrida group (Rligen/Vilm, 0-5 cm sediment depth); (f) C. globularis/C. virgata
Mgl b group with a apical rosette (Breitling/Stove, 0-5 em sediment depth); (g) L papulosum {Lehmkenhafen, 5-10 cm sediment depth);
{h) T. nidifica (Breitling/Stove, 0-5 cm sediment depth).

Width (LED) . Width (LED
Mitella

Tolypella sectizn Tolypella
Tolypalla section Raothia
Oither Charales

Syeidiales

Mezlierisnsles

Intercellular Oospore ridge
" suture

Fig. 9. Parameters for measurements and description of gyrogonites (left) and
oospores (right). Scale bar: 100 pm.




Tolypella

Tolypella

A, D after Prescott (1951)
B.C € A van Beem, see hilp'vwawkranswieren.nl/

fossilized zygotes (gyrogonites)
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distribution and ecology of stoneworts
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Probability of occurrence
of Chara spp.

1

Fig. 3. Probability of occurrence of charophytes as predicted by the BRT model. The full spatial extent of the modelled prediction is not shown as the zoom level for the full
display would render the map hard to read. Instead of the full extent, three areas of higher probability of Chara spp. are shown. The full extent of the prediction can be found
in the online appendix.

vast majority of charaleans
needs neutral to alkaline pH

& calcification in charophytes takes place as
precipitation of calcium carbonate (aragonite)

T T T T T L . - - - inalkaline pH at the surface of the cell wall of
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Figure 2. Box-Whisker plot of pH values for taxa with at least 3 values in the water chemistry dataset. Minimum, maximum and
median pH are given as well as 50% and 75% quartiles (boxes). Number of values are given in brackets; Chara spp. marked in grey.

Schubert et al., 2018, Bot. Letters
Torn et al., 2014, Aquat. Bot.



Nephroselmis
Pyramimonas

Euglena
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Monomastix
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Pycnococcus
Leptosira
Scenedesmus
L. Chlamydomonas ©©RE
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Nephroselmis

Phylogenetic history of
secondary chloroplasts

Hrda et al, 2012, PlosOne
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Fig. 1. The phylogenetic tree estimated from the main dataset. This topol-

ogy received the highest likelihood in the exhaustive search of unconstrained
Nucleolus, nodes using the WAG+ I' model; branch-lengths were calculated in RAxML
using the WAG+ I' model. The representatives of the & supergroups are
color-coded. Asterisks indicate the nodes that were not constrained during
the exhaustive search. The numbers at the nodes indicate bootstrap support
calculated by RAxXML bootstrapping/PhyloBayes posterior probability. At
nodes that were not constrained during the exhaustive search in the separate
amalysis (asterisks), the third number indicates the RELL bootstrap value.
Branches that received maximum possible support by all methods are indi-
cated by full circles. Dashes indicate bootstrap values <50%, or posterior
probabilities <0.5. Although the analyses did not assume a root, the tree is
displayed with the basal split between "unikonts™ and bikomts as suggested in
ref. 37.

Pyrenoid

Hampl et al., 2009, P.N.A.S. 106: 3859—-3864



A I Euglena
B [ Euglenaria

C B Cryptoglena
D Il Monomarphina
E I Stromboemonas
F M Trachelomonas
G Il Colacium

H [ Euglenaformis
| I Phacus

J [ Lepocinclis

K [ Discoplastis

FIGURE 1 | A rooted Bayesian tree for the Euglenales based on a
four-gene dataset. The order is divided into two major families,
representad by many lineages within the family Euglenaceae and
Phacaceae, each of which is further split into subclades (A=K). Names of
pictured taxa are the following: (A), Euglena laciniata with diplopyrencid in
net-like chloroplast; (B), Euglena stellata with pyrencid center in stellate
chloroplast; [C), Euglena deses with naked pyrencid in chloroplast; (D)
Euglenaria caudata with diplopyrencid in lobed, larger discoid chloroplast;
(E} Cryptoglena pigra with U-shaped chloroplast; (F) Monomorphina
pyrum with larger discoid chloroplast; (G) Trachelomonas sp. with

diplopyrenoid in larger discoid chloroplast; (H) Trachelomonas sp. with
haplopyrenoid in larger discoid chloroplast; (l) Colacium sp.
Songjanggol033107B with haplopyrenoid in larger discoid chloroplast; [J)
Euglena cf. velata with diplopyrencid in deeply lobed chloroplast; (K)
Phacus orbicularis with small discoid chloroplasts; (L) Lepocinclis ovum
with small discoid chloroplast; (M) Discoplastis spathirhyncha with small
discoid chloroplast. The numbers on each node represents posterior
probabilities (left) and bootstrapping values (right). The bold branches
indicate strongly supported values (pp = 1.00 and ML = 100%). Scale
bars in pictures, 20 um.

Kim et al., 2015, Frontiers Ecol. Evol.



Euglena

hojny rod ve sladkovodnim fytoplanktonu a fytobentosu
vice nez 80 druh
vyzkyt: pres extrémné kyselé tinky az po eutrofni plankton

All after Entwisle et al. (1997)
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Trachelomonas a Strombomonas - polysacharidové loriky;
Fe2+’ [Mn2+]

Trachelomonas

All after Entwisle et al. (1997)

Fic. 5. Light micrographs of Trachelomonas (a—g) and Strombomonas (h) taxa demonstrating chloroplast number and pyrenoid struc
ture. (a) Trachelomonas strain T201. (b) T. reticulata. (c) T. ellipsoidalis. (d) T. abrupta. (e) T. oblonga. (f) T. volvocimopsis. (g) T. lefevrei. (h)

8. triquetra.

15.04.02, 1600x

druhové nejbohatsi rody (zejména Trachelomonas)
mnoho druh je ale nejistych
Ziji ve fytoplanktonu

Ciugulea et al., 2008, J. Phycol. 44, 406—418.



Colacium

Colacium vesiculosum E.
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Phacus

Phacus

All after Entwisle et al. (1997)
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euglenoidni bicikovci patri mezi dllezité organismy v procesu ¢isténi odpadnich vod
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Paulinella chromatophora — vyjimka na zaver...
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