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Zygnematophyceae




General characteristics

Coccoid or C
fllamentous, no
flagellate stages

BUT!

Rhizoids, branching,
active movement




General characteristics
phragmoplast, cleavage furrow
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General characteristics

Plastids and pyrenoids _
'...algaeBASE T

Zygnema




General characteristics

Cell wall — primary, secondary, outer amorphous layer
(mucilage)

sporopollenin

kaloza

Poulickova et al. (2007)

homogalacturonan

/




General characteristics

Phenolics
Mesotaenium bergrgenii

600{(a)

"8} (b) g (c)
5007 | 703 600

5009
400

3004
2003
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4004

c2BE88E

3004

300 350 400 450 500 nm| 300 350 400 450 500 nm

200] ‘ /
100]

2 mn Fig. 4. Chemical structure of compound 3 (purpurogallin carboxylic
acid-6-0-B-o-glucopyranoside) as identified by NMR in this work.



General characteristics

Sexual reproduction: isogamy — conjugation
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General characteristics

Conjugation
Tube Male Gamete

Male
Filament
|

Life cycle

Chloroplast

Pyrenoids Zygospore

Disintegration
Of 3 Nuclei

Vegetative
reproduction

Sexual
reproduction



General characteristics

Specialized cells

Zygospores

Poulickova et al. (2007)

SRy
Rt
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“wh

Parthenospores
Aplanospores
Akinetes



General characteristics

Occurrence

Coesel (2001)

Trophic state Acidity Life form r m r—1

Micrasterias
americana meso acido benth-plankt 2 2 *
apiculata meso-oligo acido benth 3 3 *
brachyptera meso acido benth 2 3 *
crux-melitensis meso acido-neutr benth-plankt | 3
denticulata meso-oligo acido benth 2 —
SJimbriata meso acido benth 2 3 *
furcata meso-oligo acido benth-plankt 3 3 *
Jjenneri oligo acido benth 3 3 *
mahabulesiwarensis meso-oligo acido benth-plankt 3 -
oscitans oligo acido benth 3 3 *
papillifera meso acido benth 2 3 *
pinnatifida meso-oligo acido benth 3 3 *
radiosa meso-oligo acido benth-plankt 3 3 *
rotata meso acido benth | 2
thomasiana meso-oligo acido benth 1 1
truncata oligo-meso acido benth 0 0
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Evolution

Populus
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occomyxa C169
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Do.fucfmaﬁnus
O. tauri
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Evolution
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Systematics

Adoption of terrestrial habit and
morphological anisogamy

Adoption of morphological aniso-

gamy

Physiological anisogamy Spirogyra (species with many
chloroplasts)

< ygogonium

/
Adoption of terrestrial habit  J ygnema terrestre

K ygnema  Pleurodiscus

Spirogyra (species with single
chloroplast)

K ygnemopsis (other species)

L ygnemopsis desmidioides
I

& ygnemopsis minuta Hallasia reticulata

Filamentous habit

Cylindrocystis Spirotaenium

Randhawa (1959)

Sirogonium

Sirocladium

Temnogametum

Mougeotia

Zygnemaceae

Mesotaeniaceae




Systematics

Fic. 1. Phylogeny of the Zygnematophyceae, Zygnematales, and Desmidiales based on the most likely ee when analyzing three genes
with all codon posidons included. Numbers above branches are ML and MP BS values and PP, respectively. Dashes indicate values <50%
(BS) or 050 (PP). An asterisk indicates support values of 100 (BS) or 1.0 (PI"). BS, boostrap; ML, maximum likelihood; MP, maximum

parsimony; PP, posterior probability.
.
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Systematics

Diphyscium fulvifolium
Sphagnum ovatum

C 005 0.9

subst./site : 77 Mosses
Polytrichum juniperinum
Physcomitrella patens

Takakia lepidozioides

Physcomitrella patens
Polytrichum juniperinum 0.9

Diphyscium fulvifolium Embryo-
Takakia lepidozioides Nosses
Sphagnum ovatum
Phaeoceros spp. Hornworts Nothoceros vincentianus
Nothoceros vincentianus 0.93 Phaeoceros spp.  Hornworts
Marchantia polymorpha 1| l—— Spirogloea muscicola

Nardia compressa
Treubia lacunosa

5 Marchantia polymorpha
Treubia lacunosa Liverworts
Nardia compressa

5 1
98 Liverworts : Zygnematophyceae s.str.
Cosmarium ochthodes CCAC 1205
Penium margaritaceum SKD2004-CLI18
Netrium digitus (var. latum ) CCAC 0148

Mougeotia sp. CCAC 0197
Mesotaenium caldariorum SAG 648-1

Cylindrocystis cushleckae CCAC 0213 Zyenematophyceae s.5
Cylindrocystis brebissonii CCAC 0211

Mesotaenium endlicherianum SAG 12.97

60/0.93]

Spirogloea muscicola CCAC 0214

Chaetosphaeridium globosum CCAC 0044
‘)OTI:Coleochaete scutata SAG 110.80, 3.90 Coleochaetophyceae

Nitella hyalina AN
—__ Chara vulgaris CCAC 3183 B Charophyceae

Entransia fimbriata UTEX 2353
Klebsormidium nitens SAG 335-1a

Klebsormidiophyceae

Spirotaenia condensata ACOI 1050 .
Chlorokybus atmophyticus SAG 48.80 Mesostigmatophyceae
Mesostigma viride NIES-475, NIES-296 !

Nephroselmis pyriformis CCMP 717

Crustomastix stigmatica CCMP 2493
M astix sp. CCAC 0223
Cymbomonas tetramitiformis CCAC 1669 Chlorophyta (outgroup)

Pyramimonas tetrarhynchus SCCAP K-0002
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Systematics

0.2

91.3/1/84

i L A
e bona fide filaments

@MW chain-like flaments

100 /1/9 Xanthidium antilopaeum
Bleurotadniin trabisoiia

Staurodesmus convergens
ladium cf. constrictum
C ium b i
todocis nordstedtiana GPEDED

Spirogyra pratensis Spirogyrales|

Zygnematophyceae

caldariorum Zygnematales

Mesotaenium kramstai
Zygnemopsis sp. GE—
Cylindrocystis cushlech
l_._|:Cylindmcystiss brebissonii
Cylindrocystis sp.
Cylindrocystis brebissonii
Cylindrocystis brebissonii
. [ Zygnemasp.

¥a cir inatum” |
lm/lllﬁ|—zmmma sp.

Mougeotiopsis calospora (MZCHS580) e

e A (2022)




Spirogyrales

e Spirogyra




Trossachs, B15; July 2004



Spirogyra sp. JHO9ED
& lutetiana RIS003
8. dwretiona RSSO1R

Spirgrra sp. JHOSS]

& grevilteana UTEX477

8 parvade THOODE I
8 grevilleana RSS01T

5. grevilleana RSS011

8. tenuissima JHIO1S
8. reseneissione ACOT925

5 B/RSHL06 — Sprirogyra sp. JHOTGE3
AR l's‘.H-'Hl'D Sprivcrgyra sp, JHOT28
Spirogyra = I i i
3 Spirogyra sp. 9 RS5038

GA0.62) e & maxima RES026
a n d 8. wreclma RES032

TR Sirngonium sticticum UTEX 1985 _ II

e Slmga.w.l'um Ep. J'HDIIISE h
Qe
S0/55L .!.rmgonuw melanosporen ARL '-‘UU_
M #1400 Senlrregyra sp. JTHO936
Spirngyra sp. 5 RS8035
Spirogyea sp. T RES036
Spirgryra sp. 7 RSS035 |
5 tendoreci RSS027
5. commuris UTEX 2462
Sppivenvra sp, JHO97?
S varians UTEX4TS V
-8, grocilis UTEX 1743
8. jurliona RS

Spirugyra sp. JHOS79
oo -5, privensis UTEX 1746
legi ﬂn@m sp. JHOZ63 ]
WTIARD Spivegryra sp. JHO429 ]
LES pratensis UTEX928 IV
SRIE & lawe UTEX 1743

e p— cidensata UTEX 1744 ‘ } I
b5 juenrensii UTEX 1742

VII

Spirogvra sp. JHO333 p—

E5/R00.62
SLEL- I Desm|d|nl=s|
B2 |Other Zygnematales




Zygnematales

« Mougeotia
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Zygnematales

 Debarya
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Zygnematales

 Mougeotiopsis




Zygnematales

* Temnogametum



Zygnematales

 Zygnhema




Zygnematales
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Zygnematales

Mesospore colour

Z. aplanosporum sp. nov. RS001
| Z. aplanosporum sp. nov. RS006
M Z. aplanosporum sp. nov. RS007
gwes| |£ aplanosporum sp. nov. RS009
Z. aplanosporwm sp. nov. RS015
Zygnema sp. THOOT6

Zygnema sp. JHOT64

[Z_ californicum sp. nov. RS010

saqny ur

+520.91

Z. californicum sp. nov. RS016
Zyenema sp. JHO312

67/75/098

L . Zygnema sp. JHOO06 .

1 Zyvegnema sp. JTHOO44 EE

B1/B2/% -~ Zyegnema sp. THOO8T ‘a“
Zygnema sp. JHO039 7]

s Zyenema sp. JH0453 tr%
Z carinthiacum RS011 &
T5B1E" :I:

Zyenema sp. JHO049
Zyenema sp. THO305
S9re* IIZygnema sp. JTHO729

Z. sterile RS002
Z. peliosporum UTEX 45
-162/0.66

Z giganteum RS013
Z. cylindricum SAG 698-2
- Zygnema sp. JHO644
Zygnema sp. RS004
B7195 /0.9 . Z. circumcarinatum SAG 698-1a
— H b Zygnema cf. insigne THO007
SYNIEIL 7 freoulare RSO12
gt P2 subcyvlindricum RS003
B7/91/* Z. mg:i’i'aru RS005
Z. argillarii RSO0Z
Zygo. tunetanum UTCC136

saqny ut

pIFuRIateS ur

0.04 substitutions/site

Fic. 5. Phylogeny of Zygnema and Zygogonium based on rbel
data. Maximum-likelihood tree found using the GTR + T + I
model. Numbers above the branches are bootstrap values from
Parsimony analysis, RAXML, and posterior probabilides from a
Bayesian analysis, respectively. An asterisk indicates bootstrap sup-
port of 100 or a posterior probability of 1.0. A dash indicates
bootstrap support of <50 or a posterior probability <(0.5. Mesos-
pore color is indicated by the color of the bar on the right.
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Zygnematales

1S

Zygnemops




Prehled rodul - Zygnematales

e Zygogonium )

20 ym

L. Uigedail, July 2003




Aigner et al. (2013)
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& 1IN Samwrasgrom arctiscon JHINL4
BLAUN ] Siawrasirum pancinlatm 5 AGHT-1

Micrasierias rotaia UTEX1941
- -

mEL Haplotae ninm minntum SVCK02
Cosmarinm botryiis UTEX301

L N il e antdsopaenm var. polymazem JHINS4
Stannode smuy convergens UT EXIS0E

Bambuying borreri JHO19%
Desmidinm grevillei SYCK113
Hyalotheca dissdiens S AGIH4-1
Desmidinm aptogonum SV UK 108
Spondylosinm palchellnm SYCK3I65
Heimansia pusills SVCKAH

SR 1HVLE Enavirnm crasnm var. michiganense JHID1E

Cosmocladinm savonicnm ACOIES

LA Teilingia granulata SAGISHE
Actinotaeninm curenrbitinmm ACOI901
- LU L IR Phymaiodocis mordstediiang SAGAT.HY
= D Peninm cylindruy ACOITED
=1 mnee Peminm margarifacenm ACOI330
99/ FERDITTH Closterinm ehrenbergii var. mafinvernianum JHI13
S/ 63N @ﬂeﬁnm acerosum UTEX1075
- Clasterinm libellnla JHUOZ1
@ 236 N P — inm SVCKI5%
] ' _l— Gong wzyyon kinahani ACOIISN
Netrinm digitny UTEXS61
H 1T Zygre mopsiy minuta ACOI60
Ll Cylindrocystis sp. UTEX1925
@ s Mevotaeninm kramstai UT EX1024
97| -1 Cylindrocystis sp. JHIAE
e I Mongeotia ip. UTEXTS8
@ IS IR Mesotgeninm caldariornm UTEX4L
Zygrema sp. JHINT
i Lygema cylindricnm SAGHYE-2
- [ 1 L Lygrema sp. JHHM4
Tl s Lygogoninm tunetannm U 136
Cylindrocystis brebissonii UTEX115%
‘8 /1S p Mesotaeninm sp. JHIMN31
: : 1 B ium ericessrum JH1396 |
) 2 32/ 13998 = Spiragryra [nfetiona RES003
Ty o——— Spirogyra borgeana RSS2
Spirogyra longata RESI31
@ TN Spirogyra grevilleana UTEXAT?
- Spirogyra croavdalea JHUIMIS
THTH _”“ﬂpu'rwa tenmissima ACOITYIS
Fic. 5. Light (A, C) and fluorescence (B, D) microscopic :‘m'"u :“,'”*'"'“ melanasparnm ARLTO
4 X . ¥ & A < X 3 4 /9903971 pirogyra maxima UTEXI495
images of aplanuspmt-s in Zygogomium ericetorum: (A) filament with Spirogyra sp. JHO936
completely developed aplanospores, note dark-purple vacuolated TR LW awLE Spiragyra notabdis ITEX1652
cytoplasmic residue with small dense granules (arrows), (B) CFW N o o Spirogyra pratensiy UTEX1745
0 X % . 3 i pirogyra prafensic UTEXYIE
staining for cellulose, note the ring-like ransverse rupture in the My Spirgyra liana UTEX1745
cellulose inner layer of vegetative cell wall above the equatorial TN | e eers ——Spirogyra fuergensii UTEX1742

e———Spiragyra comdensata UTEX1744
I8 10 WLE p=Spirogyra graciiy UTEX1743
Spirogyra variany UTEX4TY
Spirogy ra magusewis RES 006

region of the aplanospore (arrows), (C) Filament with two germi-
nating aplanospores (white arrows) in different stages of cell divi-
sion and resulting daughter cell (arrowhead). note dense brown

cytoplasmic residue (black arrows), (D) CFW staining for cellu- it L_;“"";:'::';’f"“""‘5‘:_‘:;:“”]

» . . » ¢ > p e e divergens C

lose, showing tansverse cell wall formaton in germinating apl- LLIL Colenchaet niteilarsm UTEX1261
anospores (arrows) and a daughter cell (arrowhead). Filaments Coleochaete prlvinata CFD3Tb6
CFW and 10% KOH treated. Scale bars: 10 pm. L Cokochacte sieminskians CFDIOGI

B sttt el

Fic. 1. Phylogeny of Zygnematophyeeae based on a multigene RAxML analysis of the chloroplast genes aiph, pbC and rbel. analyzed as
asingle partidon. Zygngomaum encdomim is highlighted in gray. Numbers above the branches represent bootstirap values from maximum par-
simony and RAXML analyses and posterior probabilides from Bayesian inference, respectively. Boostrap values les than 50 and posterior
probabilities les than 0.5 are indicated with a dash.
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Zygnematales

Mesotaenium




Zygnematales




Scale of BAR influence:
(" Local (<500 km?)
9 Regional (~1000s km?)
9 Gilobal (woriawide)

 Known and potential drivers of biological albedo reduction (BAR) globally. ‘
@ Ice worms are one of two annelids inhabiting mountain glaciers. @ Snow algae are a common global driver of BAR.

@ Gray-crowned rosy finches feed on ice worms. @ Himalayan midges are one of two midges that live on mountain glaciers.

@ Ice algae cover large areas of the Greenland Ice Sheet during melt. Penguin input stimulates algal growth at southemn latitudes.

@ Glacier moss balls occur idiosyncratically on a range of glaciers worldwide. @ Glacier-obligate stoneflies are endemic to Patagonian glaciers.

@ Cryoconite--conglomerations of dust and microbes--is a global driver of BAR. White-winged diuca finches nest on high Andean glaciers.




Zygnematales

Netrium

Netrium

N digitus

A after Smith (1950)
B © Y.Tsukii, see http://protist.i.hosei.ac.jp/Protist_menuE.html|



Zygnematales
Cylindrocystis

NIES-349 Cylindrocystis brebissonii var. brebissonii 10 pm




Desmidiales - krasivky
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Desmidiales

- isthmus, 2 semicells, sinus
- pores in cell walls
- Fossil records from Jurrasic and Cretaceous




Desmidiales

Mucilage

»,mucilage vesicles"

Fre. 2. Electron micrographs show mucilage vesicles (MV) in the oytoplasm and their maturation at the dictiyosome (D) atter dif-
ferent fixation methods. (a) MVs and primary wall forming dark vesicles (DV). Developing half cell after chemical fixation. (b) MVs ina
high pressure-frozen and frecze-substituted interphase cell. () High contrast image of .'lf\igh presure-frozen interphase cell, produc-
tion of MVs at a dictyosome, distribution in the oytoplasm, and fusion with a vacuole (arrow). (d) Dictyosome of a young developing half
cell pinching off DVs and MVs, chemical fixation. M, mitochondrium. Scale bar, 0.5 pm.




Desmidiales
_,e-—-—““‘ '_ ' Lﬂﬁ_— FHLH“‘— | “x_._ “"L /.:.]\‘gg \\‘a

mucilage
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Fi. 6. Schematic  drawing  illus-
trating the sec I'LL{]I'lj.- pathway of MVs
ina p;mwm;f (a) and a mmp;mwmp; Mi-
crasterias cell (h). DV, dark vesicle; ER,

LI‘u’].-[JEJLa.'H'I'II.{ rcEﬁ.h(ulum F. pore; 1{ M,

vacuale trans-Colgi net brk.

Oertel et al. (2004)




Desmidiales

Mucilage

—~ .

Fie. 1. (a) Interphase cell of Macsaterms dentioulata . Seake bar, 50 pm. (b Distrbustion of cell wall pores (arrows) at polar 1egon and
adpeent surbice area, SEM micrograph. Scale bar, 10 un. (o) Mualage-algae sccumubtions onagar plates. Scake bar, 1mm. {d) Mucilage
tack excreted rom a pol:l lobe visimbzed by diluted Indom mk. Seake bar, 200 um. (e-5) Muuh;,c tracks produced by algae m 2 weeks.
{e) 19 agar, algae separating aber mutoss and leavi ing muibage bags (arrows). () 0.75% agar. (i) 05% agar. MB, muuhgc- bag. Seake bar,
I mm.




Desmidiaceas

Desmidiales

Closteriaceae

Fopa axglica
Ry obiaig
Meirivm digitns
Netrinme digine var, el
o Cylindroeyarriv gp. UTEX 15925
Fygremopsis sinnia
Megaraeriin kot
Cylindrecpsris sp. JHOO3R
appe = Mougeotia sp. UTEX7SE
Meugeatia sp. JHO040
Mogeatia sp. JTHOG04
Mesotaenium coldarioriem
s Evgaema sp. JIHAS
Fpgmenna sp, THODRT
Zygnema peliosporie
Eygrerng §p. JTHOD4S
Zygrema cplindrus
Zygnema sp. JHOHOT
s | EREReRT Circumoaringiim
Zvgogonium fursianm
Cylincdracystis brebirsonii
Climdrocystis orassa
Mesoraerium endiicheriamam
Mesodaemium sp. JEO031
. Firagonim sp. THOOREZ
sl Epirogyra marima
S Sirogorium melproseor
BT Siragoninm sHcticum
e Spiregryra gracifis
B s -Epiragyra grevilleana
irogyra condensata

Ldnoiginol——sojerewoudy ———— L saperpruuso(q————!




e

[
e

PLCT LT L]
[NNMLM P

M“’mﬁ'ﬁﬂﬂﬂm

AN IS o s
s Acrid e o wtii ACDU BT 1T

AR c%— omniradiate
o S T
"' Kl NG I
RO AT T
e e it g
Sedusoce Sl dedd 3 T : "mgﬂ
R |
- =anld 1
B ., |
iy ey T ' Staurastrum
L 1
_ T S, 1
r — F]Hl 1
‘lﬁ::a ;ﬁﬂ;m _"ﬁ__o:::::::::::::::::
M ot UTEX Rl 1 ARIG AD — : Micrasterias
K col i ":‘“”"'“"—--_Eozﬁmum:' e
oryEr— it R TEAT ,,—,K:4 it
XA e doau R0 ST IS o
cr-g:ﬂ“-::io-ﬂn-ml.‘IOIIHI ARTHR
TelEEEeen |
|_® A I A T 1
SHRAN 00 - l.ﬁd-_‘:ﬂlll‘:ddumnm :
ko i Euasiruml i
o
- L L b ACCE LM AR 1114 :
AR P RN (148 AFI0 &T l:m |.u¢|l:|u E driridid I
™ “‘E‘Eu"!.‘:"ﬂﬂmnm " s s 1 Euastrum
= T ] s Tetmemorus Passemblave
 assemblage
T L Cornmriion jresdagrroamidaisin |
——CINREy ] s
Euastrum? |
_____________ 1
Plewrotaenium
STD3
STD1
ﬂtlﬂ“lmul
Conmaor i . MR ARG 0T
L { e
N [ T A 11N
5 CI'_nHCﬂ.ﬂmlﬂ
W‘rmmlmum
e Mﬁmm-.mz?‘m’“
g oy multicellular2

— 2 E‘Hi: E wﬁ i

v s v UTENA W AFI 6

T— 4 mwcaaRigHE G
L LFE]
ORI AR E lr—'ln‘mhn-t

% a1

s worken o s B0
Mwsonsio)

EA
E-ﬂnm‘.ﬂﬂlﬂ!

o
._Eﬂﬂ‘l'lnl‘gdﬂt.kx-h—

iR iR
W He A I TON
et SR

Ju:ﬂll.l.lmlllb
N A A
ok Al

SRS L8
OB 100

STD2
assemblage

=,
Desmidiales




avalf-

~-A9%

G508 00

multicellularl
b forw gl BV 465 PR
%_,_
I .um mﬂgn 1338
RO FMOTIT
R Tiriling b praval ata

A 0

DS

¢ fid
- TF
L i) i (26
o] o el adniiie a7
B e A 10 s &
. mdevenatam HIL'EIII'M L1234
Avtirotaeninme w

— Tk

—E‘a—nln-;:-lﬂ

k]
b B3T3 A.Hillilﬁ-lﬂ

E A A AR

dradedom MO0 ARG ITT

SVCK14T AR 120

mosl BRI K g

O I | M AR e

X b o CCAPSIG | AFNGA50]
nkd VK]S D024

M| 192 AN 1233
SWICHITT AMMLL 30
2 AR

&, adladaiam SVCKAR LLE7
& mrbachhoder ACCATTTAMIL] X6
SVCKIIA ARG X5 2

mﬁiﬁﬂfﬂi
L m 1211 AMa L1303
AT S04

141 30 FY4 23

O L

— P e _umwfd}ummun’nuu

— F enlinalrer AT A0 AT55 3050

LA
RIS AL 2SS

C03

Xanthidium

02

BENIDS AN 235

CAP

000 5 et wtioms ‘i

m— 101001 0 [MI{MLYMPBL)

m :;W P grivosiialanm

— SACDRID

L Anclllilﬁﬁ-r::%n P magrar fkrceann ﬂ“tgru“p
TN AT T




Family: Gonatozygaceae
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Family: Peniaceae

Penium

10 pm

NIES-303 Penium margaritaceum

nucleus
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http://images.google.com/imgres?imgurl=http://www.oncloserinspection.com/Photomicrography/Videos/Thumbnails/closterium_01.jpg&imgrefurl=http://www.oncloserinspection.com/Photomicrography/Videos/Class_Pages/chlorophyta.htm&h=114&w=148&sz=14&tbnid=APISKD0T9GrYoM:&tbnh=69&tbnw=90&hl=cs&start=198&prev=/images%3Fq%3DClosterium%26start%3D180%26svnum%3D10%26hl%3Dcs%26lr%3D%26sa%3DN

Fig. 9. Cell division in a
Closterium species with-
out girdle bands

RW (schematically):

o = germling cell;

1 = daughter cells;

2-4 = three subsequent

generations; RW = ring-

Closterium

(breadth of cross-band
largely exaggerated).
After Rieth, 1961.

— RW /

RW

S
W

\

A

Fig. 11. Morphology terminology in

gt Closterium:

g — 1-3: Cell wall segmentation.
1 = cell with true girdle bands;

IR 2 = cell with false girdle bands;

3 = cell without girdle bands.

A = apex (top); CB = cross-band;

CE = cell end; DS = dorsal side;

EP = end-pore; FGB = false girdle band;
SC = semicell (half-cell);

TGB = true girdle band;

DS VS

Fig. 10. Cell division in a
Closterium species with

girdle bands TGB [#47FGB

(schematically): CB—H= :
0 = germling cell; TS = top segment (terminal segment);
1 = daughter cells; VS = ventral side.
2:3 = two subsequent — 4-11: Apex shapes.
generations; RW = ring- Ds) Vs 4 = narrowly rounded;
wall; CB = cross-band
(breadth of cross-band o bmadly rounded;
largely exaggerated); e — b= tml}cam;
GB = girdle band. 7 = capitate;
After Rieth, 1961. 8 = lanceolate;
CE~— 9 = cowl-shaped;
sl 997 10 = conical;
1 2 11 = recurved.

Modified after Rizicka, 1977.



Closteriaceae
Sexual feromones

+ and - cells

Tk o | + cells and
medium

from — cells

Fig. 2. Effect of culture madium on the release of protoplasts
from mt~ calls of Clostenum p-s-/ complex, Mt~ calls
were incubated in MI medium in which mt* and mt- calls
had been cultured together. Most of them are in the
process of releasing protoplasts (formation of pepillae,
condensing of cytoplasm, release of protoplasts) without
paring. Scale bar=100 xgm.

+ and + cells

Tabled. Comparison of two sex phemomones olated from Cios-
TN DEFECErOSUT-SiNgosLm-itorale complex.

PR-IP PR-=IF inducer

m mt* cells mit~ calls
Raceiver mt~ cells mi* cells

Activity Ihduction of protoplast-  Induction of production
release of PR-IP
Receptor Binding 19-kDa NA

subunit ; appearec
under low cell dansity
culture  condiions i
light

Molecular state  Hetaro-tetramer of two  Monomer of 187-kDa
42-kDa and two 13- glysopolypaptide
kDa ghycopolypeptides

Gene expression Transiantly induced in  Inducad in the nitrogan-
the presence of the in-  depleted medium  and
ducer and light light

i N& ; not analyzed
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Desmidiaceae

Xanthidium  xanthidium

All illustrations after Smith {1950)
B after Entwisle et al.(1997)

a

Fig. 1. Diagrams of two types of Nanthidium cells with the formule
{a) 22/22, (b) 2222/2222.

Fig. 3. Nanthidium subhastiferum. Cell types arising from two successive
divisions starting with a 22/22 cell, on agar.

Loch Chon, Aug. 2004



Desmidiaceae

Tetmemorus

Tetmemorus
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Desmidiaceae

Staurastrum

Staurastrum

B © Royal Botanic Gardens & Domain Trust. Artist L. Elkan



http://protist.i.hosei.ac.jp/PDB/Images/Chlorophyta/Staurastrum/Eustaurastrum/index.html

S t au r aS t r u m Xanthidium armatum sm‘m;dum

Y, STAUR
ST1\. +SEB
\

Std mamillatus
St. brachiatum

St. orbiculare
Std. mucronatug =1\ Qi G N\ T nmmemmew-

63/52/79/0.97 ~ 86/0.90 @ 100/99/100/1.00

PT6/99/96/1.00 @ 100/62/62/-
100=100/100/100/1.00

St. brachycerum |
sas1Bagaa - oPhiural
St. margaritaceum |

St lunatum E
94/56/90/1.00
St. monticulosum J

St. subavicula J

St. maamense G

St. simonyi F
84/100/79/1.00 St. spongiosum G

St. arctiscon CCAC0116 3
St. arctiscon SVCK152

Cosmarium depressuum

Euastrum pectinatum p ;
Cosmarium dilatatum
Std. bulnheimii

Std. convergens

Std. validus
Std. subulatus

0.1 substitutions/site

Fic. 5. Unrooted phylogenetic tree of 39 strains (38 species) representing five traditional desmid (Desmidiaceae, Zygnematophy-
ceae) genera based on comparisons of concatenated coding (SSU rDNA and 5.8S) and noncoding (1506 group I intron, I'TS1, and I'TS2)
rDNA sequences (2633 aligned positions). The tree shown was constructed with ML (TrN + I+ I', for model parameters, see Table 2).
BP = 50% for ML/N]J (TrN + 1+ T')/MP and PP = 0.9 (Bayesian inference) values are given for the nodes; long branches are graphically
reduced to 50%. For abbreviation of clade names, see Results. Sections of Staurastrum (STAUR + SEB) according to West and West (1912)
are labeled by capital letters (A, D, E, F. G, 1, and J).



Desmidiaceae

Oocardium




e
Desmidiaceae

Triploceras

Triploceras

Rod-shaped genera

A after Smith (1950)
B © Y. Tsukii, see httpy/protist.i.hosei.ac.jp/Protist_menuE.html

a b ¢’ d

Figure & Four genera with & mainly tropical distribution, radiating
to different extent into colder climatic regions. a, lehthvadonium (1.
sachlanii), b. Ichtfryocercus (1 longispinus), ¢. Triploceras (T, verti-
cillatumt var. minor), d. Triplastrun (T, spinudoswm var, afficanun)
{a. after Scott & Prescorr, 1956, b=, after Ganthier-Lidwre, 1860}



Desmidiaceae

Spondylosium

%

P
A after Smith (1950) ®
B @ Y. Tsukii, see http:/protist.i.hosei.ac.jp/Protist_menuE.html

Spondylosium

20 pm.

L Gorm ©4J Kinross 2002




Desmidiaceae

Hyalotheca

G T I T



http://images.google.com/imgres?imgurl=http://www.bio.utexas.edu/research/utex/photogallery/Hyalotheca%2520dissiliens%2520476%2520-%2520crosssection_resize.jpg&imgrefurl=http://www.bio.utexas.edu/research/utex/photogallery/d-l/Hyalotheca_dissiliens_476.htm&h=598&w=800&sz=325&tbnid=pe0VEorZzJ31uM:&tbnh=106&tbnw=142&hl=cs&start=2&prev=/images%3Fq%3DHyalotheca%26svnum%3D10%26hl%3Dcs%26lr%3D

Desmidiaceae

Desmidium

DESMIDIUM,

D. Swartzit.
£ Jerner, del. W Willis. se




Desmidiaceae

Micrasterias Nt AV

Micrasterias




Celed: Desmidiaceae

Micrasterias

Kallio & Lehtonen (1973)

Fig. 1.5. The nucleus (A), Lhe whole cell (B) and
the cell except the nuclear region (C) have becn
irradiated at mitosis.

Fig. 1.6. One wing of Lthe new semiecll has been
irvadiated.

Fig. 1.7. One wing has been freadiated at the time
of seplum formation and the four following divisions
are shown, As a result a one-winged clone has arisen,

Fig. 1.8, One side of the isthmus and a parl of the
nueleus have been irradiated; Lhe first and the
seeond generation are shown,

FFig. 1Y The eell has been fivst cenbrifuged and e
nuelei displaced from the normal site, and the
upper hall of isthmus irradiated without affecting
the nueleus (at telophase). A double cell has arisen.
The first division of the double cell is also shown.




Celed: Desmidiaceae

Micrasterias

Meindl (1993)
Ca gradient under

FIG. 13. D)s(nbuuon of mcmbmnc assocmcd calcium visualized with the help of chlortetracycline fluorescence. (a to ¢) Developmental
sequence of M. denticulata with splitting of the fluorescent areas corresponding to the cell pattern. (d) M. denriculata at the stage of pore formation.
Fluorescent dots corresponding to the distribution pattern of the cell wall pores are visible (arrows). (¢) Young developmental stage of M.
thomasiana f. uniradiata, with fluorescent areas only at the side which develops a normal cell pattern. (f) Developmental stage of M. denticulata
grown at 35°C. Fluorescence is visible only between the outgrowing lobes. Reprinted from references 49 (a to ¢), 50 (d), 55 (¢}, and 57 (f) with
permission.




Terrestrialization and
origin of land plants




Ulvophyceae %Zé

S
Chlorophyceae
Chlorophyta Trebouxiophyceae

0 . O
Chlorodendrales @
- Coccoid prasinophytes
Nephroselmidophycease
Pycnococcaceae
Coccold prasinophytes
Mamiellales J
Pyramimonadales

. Mesostigmatales @ G:

Chiorokybales

| Kiebsormidiales g ™=

Zygnematales |
Coleochastales .;
Streptophyta LT Charales Ead A
Embryophytes e
e Prasinophytes
Streptophyte algae

Fic. 1. Phylogenetic relationships among the major lineages of the
Viridiplantae. Branches indicated by dotted lines are not well supported. (A)

Becker & Marln (2009) According to Lewis and McCourt (2004), and (B) based on unpublished,

ongoing work by the authors. Some of the class names used by Lewis and

McCourt (2004) have never been validly described, and for this reason we

use order designations in (B) and throughout the text. The informal term ‘pra-

sinophytes’ is commonly used for scaly green flagellates (Mesostigmatales and
basal Chlorophyta).

A. Neoproterozoic Era:
Cryogenian—-Ediacaran Period
(approx. 850-540 MY ago)

Freshwater

Anclent Chlorophyta:  Anclent Streptophyta:
marine and brackish ~ unknown ancestors of extant streptophyte lineages —

leiosphaerids and tasmanitids —  freshwater flagellates, coccoids,
ancestors of extant ‘prasinophytes’  sarcinoids and filaments ancestors of Mesostigma
(scaly green flagellates and coccolds) I_IJ and Chilorokybus (scaly

ITl ITI | ITI I'I'I |I|—|:|._| I_LI'I_I ||| |_L|_|_| | | freshwater flagellates)
|

CHLOROPHYTA | STREPTOPHYTA




_ C. Paleozoic to Mesozoic Era:

Carboniferous—Cretaceous Period
(approx. 360-65 MY ago)

Freshwater

« Chloro- and Trebouxiophyceae
(Chlorophyceae dominated freshwater
phytoplankton communities after the
Permian/Triassic mass extinction
250 MY ago)

« Streptophyte algae (mainly Charales

and Zygnematales)

o

Ocean
« Ulvophyceae (.g. Ulvales
Dasycladales, Bryopsidales,

Cladophorales [
. ‘Pras""::ophvtg]s’ (e.q. ] i + Embryophyte water plants (first aquatic”
Mamiellales, angiosperms: early Cretaceous Period)

Pyramimonadales)

- Rapld adaptive radiation o
Chloro- and Trebouxiophyceae

+ Gradual reduction In ~ el ¢
diversity and abundance
streptophyte green algae.
(exception: evolutionary diversification
and speciation of the Zygnematales
during the Jurassic and Cretaceous Period)

B. Paleozoic Era:
Ordovician—early

Devonian Period

(approx. 480-400 MY aga)

i

]
k),
\E

s b

o
W

Fourclades o "t@%
of derived 'el.'a-'Qgr
Chlorophyta:

EMBRYOPHYTA (bryophytes, lycophytes, ferns, spermatophytas)

Charales (stoneworts - branched filaments organized as
a main axis and whorls, resembling Equisetum)

Coleachaetales (parenchymatecus branchad filameants)
Zygnematales (conjugating green algae;

‘prasinophyte’ flagellates & unicells or unbranched filaments)
; s
and/or coceolds 3 \S@ Klebsormidiales and Enfransia
{unbranched filaments)
Mesostigma

d Chiorokybu
I'J U ‘ "thcoplasl 4 = :ﬂaggrlztersafcinoid}
I Phragmoplast \_I_I'I '

|

CHLOROPHYTA ! STREPTOPHYTA




Habitat

@ salt water/marine
@ Brackish

© Fresh water

@ Terrestrial

© Not occurring

| ¥
=
=
a
2
o
=
w

Phragmoplastophyta

jat

Earliest land plants

~~Adaptations

Last common
ancestor of land plants




Land plants Zygnemato-  Coleochaeto- Charophyceae Klebsormidio- Chlorckybo- Mesostigmato-
phyceae phyceae S.Str. phyceae phyceae phyceae

Desmidiales o ianchaetales  Charales  Klebsormidiales Chlorokybales Mesostigmatales
Zygnematales

B D F s G I
E

Cooper
(2015)




Ancestral charophytes
evolve their cell wall

in response to terrestrial
selection pressure

Multicellular
sporophyte

Terrestrialization by a
unicellular ancestral

charophyte
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Interaction with
substrate microbiota?

Stroptophytes

deVries & Archibald (2018)
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