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» objekty zajmu algologie (sinice a rasy), botanika (vyssi rostliny = Embryophyta), protistologie
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https://youtu.be/c98 xcKagXqY?si=pJ1jQ2sAp884yEpD



https://youtu.be/c98_xcKqXqY?si=pJ1jQ2sAp884yEpD
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,yred tide“ https://en.wikipedia.org/wiki/Harmful_algal_bloom




» FOTOSYNTETIZUJICI ORGANISMY Gonyaulax

» objekty zajmu algologie (sinice a rasy) Karenia
Gymnodinium
Dinophysis
Noctiluca

,red tide“
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,vodni kvet“



https://youtu.be/mLbDbmmV6Qc?si=qE2USbK Po0-jog9



https://youtu.be/mLbDbmmV6Qc?si=qE2USbK_PoO-jog9
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Sinice (=Cyanobacteria, Bacteria)
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Sinice (=Cyanobacteria, Bacteria)
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Sinice (=Cyanobacteria, Bacteria)
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Sinice (=Cyanobacteria, Bacteria)
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Sinice (=Cyanobacteria, Bacteria)

% fotosyntéza oxygenniho typu

Phodnsyrithesis
8CO, + BH.O ————— C.H..0,/+ 60,

Carnmon Wles alucnss oygan

dioxida
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Sinice (=Cyanobacteria, Bacteria) Thermotogales

Green non-sulphur bacteria <:I anoxygenni fotosyntéza
% kde se vzala fotosyntéza

oxygenniho typu?

— Cyanobacteria and plastitds
Low G + C gram positive bacteria
Fusobacteria
High G + C gram positive bacteria
Cytophaga/Flexibacter/Bacterioides group

6CO, + 6H,0 —} C.H,.0, + BO. Fibrobacteria

W wale flucnse oEygen

o Spirochaetes

Planktomyces/Chlamydia group

— Purple bacteria <:I anoxygenni fotosyntéza

www.sinicearasy.cz
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Sinice (=Cyanobacteria, Bacteria) Thermotogales

Green non-sulphur bacteria <:I anoxygenni fotosyntéza
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Sinice (=Cyanobacteria, Bacteria) Thermotogales

Green non-sulphur bacteria <:I anoxygenni fotosyntéza
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Sinice (=Cyanobacteria, Bacteria)

% kde se vzala fotosyntéza
oxygenniho typu?

- Granum

Stroma

Thylakoid *~

Inner bilayer <~
membrana

Quter hllaynF
membraneg
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Sinice (=Cyanobacteria, Bacteria)

% kde se vzala fotosyntéza
oxygenniho typu?

chloroplast stroma

‘:-..F_:. |

Ty d
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Sinice (=Cyanobacteria, Bacteria)

% kde se vzala fotosyntéza
oxygenniho typu?

Magnesium

C www.juicing-for-health.com

Chloroﬁhyll Hemoglobin
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Sinice (=Cyanobacteria, Bacteria)

% kde se vzala fotosyntéza
oxygenniho typu?

Magnesium

pyrrol - tetrapyrrol - porfin - porfyrin
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Sinice (=Cyanobacteria, Bacteria)

% kde se vzala fotosyntéza
oxygenniho typu?
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Sinice (=Cyanobacteria, Bacteria)
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oxygenniho typu?
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Sinice (=Cyanobacteria,
Bacteria)

% 2,5 az 0,6 miliardy let
zpét - ,,vék sinic*

% stromatolity

< mélka more

Subtidal stromatolites in the southern Exumas, Bahamas Islands.
This bicherm is made up of " club-shaped™ stromatolites in 6 m of
water, Maximum measured height was 2 m.
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Sinice (=Cyanobacteria,
Bacteria)

% 2,5 az 0,6 miliardy let
zpét - ,,vék sinic*

% stromatolity

< mélka more

idal stromatolites in the southern Exumas, Bahamas Islands.
bisherm is made up of "club-shaped"” stromatolites in 6 m of
ater, Maximum measured height was 2 m,

or-A heliotropic —

grow toward

sunlight

Winter

Summer
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fosilie

Sinice (=Cyanobacteria,
Bacteria)

% 2,5 az 0,6 miliardy let
zpét - ,,vék sinic*

% stromatolity

< mélka more

Subtidal stromatolites in the southern Exumas, Bahamas Islands,
This biocherm is made up of " club-shaped” stromatolites in 6 m of
water. Maximum measured height was 2 m,

recentni stromatolity
% hypersalinni jezera a zatoky
(Australie, Bahamy)

% Ca’*a Mg2* bohata sladkovodni
jezera (Latinska Amerika, Canada,
Turecko)
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Sinice (=Cyanobacteria, Bacteria)

< tradicni déleni (do radua) dle
morfologie (typu stélky)

o @% e

kokalni nepr. a\nde pravidelné
(Synechacystis) kolonie kolonie
(Apahanocapsa) (Merismopedia)

jednoduché izopolarni heteropolarni
vlakno vlakno vlakno
(Phormidium) (Anabaena) (Rivularia)

0

prisedla nepravé vétvené pravé vétvené
(Chamaesiphon) vlakno vlakno
(Scytonema) (Stigonema)

Cyanobacle



Nostac puncifforme PCC 73102
32_ Microchaste sp. PCC 7126
19%Calothrix sp. PCC 7507
53 Cylindrospermum staghale PCC 7417
3 100; Cylindrospermopsis raciborskii CS-505
Raphidiopsis brookii D9
190" Nostoc azoilae' 0708
58 Anabaena cylindrica PCC 7122
29 Anabaena sp. PCC 7108
Nostoc sp. PCC 7107
100 Anabaena variahilis ATGC 29413
onfostoc sp. PCC 7120
Nostoc sp, PCC 7524
Seytonema hofmanni UTEX 2349
Calothrix sp. PCC 6303
Calothrix sp. PCC 7103
Mastigocladopsis repens PCC 10914
0 Scytonema hofmanni PCC 7110
3 cyanobacterium PCC 7702
Fischerelfa clade (7 OTUs]
Mastigocoleus lestarum BCOOB
Rivilaria sp. PCC 7116
Glogocapsa sp. PCC 7428 |
Chroococcidiopsis thermalis PCC 7203
Synechaocystis sp. PCC 7509
Rubidibacter Iacugae KORDI 51-2
Halothece sp. PCC 7418
filamentous cyanobacterium ESFC-1
Spitufina subsalsa PCC 9445
Stanieria cyanosphaera PCC 7437
Xenococcus sp. PCC 7305
Pleurocapsa sp. PCC 7319
Cyanobacterium stanieri PCC 7202
Cyanobacterium aponinum PCC 10605
Geminacystis herdmanii PCC 6308
Leptolyngbya sp. PCC 7376
Synechococcus sp. NKBG15041¢
S}/nschoooccus sg, PCC 7002
Gloeocapsa sp. PCC 731086
1004 Microcystis clade (14 OTUs)
00 Cyanothece sp. PCC 7822
90 Cyanothece sp. PCC 7424
1004 Synechocystis sp. PCC 6803 (7 OTUs)
10p, Cydnothece sp. PCC 8801
Cyanothece sp. PCC 8802
Candidatus Atelocyanobacterium thalassa
10py Crocosphaera walsonii WH 0401
Crocosphaera watsoni WH 8501
WCyanothece sp. CCY0110
Cyanothece sp. ATCC 51142
wglCyanothece sp. ATGC 51472

Micracoleus sp. PCC 7113
‘-’Ecmeofascicu,‘us chihonoplastes PCC 7420
E] Moorea producta 3L
Chamassiphon minuius. gCC 6605

% Grinafium epipsammum PCC 933:

o4 Osciliatoria sp. PCC 10802
Oscillatoria acuminaia PCC 6304
Trichodesmium erythraeum IMS101
100y Lyngbya sp. PCC 8106
Lyngbya aestuari BL J
1o Arthrespira platensis str. Paraca
Arthrospira platensis NIES-38
100|; Arthrospira platensis C1
100! Arthrospira sp. PCC 8005
100 Microcolous vaginatus FGP-2
Qscillatoria nigro-viridis PCC 7112
QOscillatoria formosa PCC 6407
\_______ Geitlerinema sp. PCC 7105
100] 05 e S /17 chacoccusiProchiorococcus! Cyanobium clade (29 OTUs)
001 Synechococcus elongatus PCC 7942
Synechocaccus elongafus PCC 6301
Leptolyngbya sp. PCC 6406
Nedosilinea nodulosa PCC 7104
Synechococeus sp. PCC 7335
Lepfolyngbya sp. PCC 7375
100 Leptolyngbya sp. Heran Island J
{eplofyngbyd horyana PCC 6306
_@scillawriales cyanobacterium JSC-12
10 Geitlerinema sp. PCC 7407
1gopAcaryochioris sp. CCMEE 5410
Acaryochloris marina MBIC11017
Cyanothece sp. PCC 7425
Synechococous sp. PCC 6312

1004 g Thermosynechococcus 55'3. NK55a
Thermosynechocaoccus elongafus BP-1

100 57 Pseudanabaena sp. PCC 8802
ﬂ‘E Pseudanabaena biceps PCC 7429
Pseudanabaena sp. PCC 7367

Synechococcus sp. JA-3-3Ab
hvncchococcus sp. JA-2-3B'a(2-13)
Syhechococeus sp. PCC 7336
Gloeobacter vioiaceus PCC 7421
Glosobacter kilaueensis JS1

100]

fel)

Nostocales

44

Chroococcidiopsidales

Rubidibacter/Halothece
Spirulinales

Pleurocapsales

Chroococcales

Oscillatoriales

=

Synechococcales

Gloeobacterales

(100

0.2 subsfitriions per site

R/
0’0

Komarek et al., 2014

% eutrofni rybniky (vodni kvét)

Dolichospermum, Cylindrospermopsis, Aphanizomenon

< aerofyticky (pudni krusty)

Nostoc

mokrady (fytobentos)
Chroococcus

eutrofni rybniky (vodni kvét)
Microcystis

Oscillatoria, Phormidium

eutrofni rybniky (fytoplankton, vodni k
Planktothrix, Limnothrix

rybniky a tané (fytoplankton, vo
Merismopedia, Woronichinia

slané i sladké vody (fytoplank

Synechococcus




Chroococcus




Chroococcus Oscillatoria
= drkalka




Chroococcus Oscillatoria Arthrosp
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Chroococcus Oscillatoria Arthrosp Spirulina)

Dolichospermum (Anabaena) Microcystis
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Chroococcus Oscillatoria Arthrosp Spirulina)

Dolichospermum (Anabaena) Microcystis Nostoc




Nostac puncifforme PCC 73102
32_ Microchaste sp. PCC 7126
19%Calothrix sp. PCC 7507
53 Cylindrospermum staghale PCC 7417
3 100; Cylindrospermopsis raciborskii CS-505
Raphidiopsis brookii D9
190" Nostoc azoilae' 0708
58 Anabaena cylindrica PCC 7122
29 Anabaena sp. PCC 7108
Nostoc sp. PCC 7107
100 Anabaena variahilis ATGC 29413
onfostoc sp. PCC 7120 4
Nostoc sp. PCC 7524 Nitrogen
Scytonema hofmanni UTEX 2349 N 14007 )
Calothrix sp. PCC 6303 = "
Calothrix sp. PCC 7103
Mastigocladopsis repens PCC 10914
0 Scytonema hofmanni PCC 7110
3 cyanobacterium PCC 7702
Fischerelfa clade (7 OTUs]
Mastigocoleus lestarum BCOOB
Rivilaria sp. PCC 7116
Glogocapsa sp. PCC 7428 |
Chroococcidiopsis thermalis PCC 7203
Synechaocystis sp. PCC 7509
Rubidibacter Iacugae KORDI 51-2
Halothece sp. PCC 7418
filamentous cyanobacterium ESFC-1
Spitufina subsalsa PCC 9445
Stanieria cyanosphaera PCC 7437
Xenococcus sp. PCC 7305
Pleurocapsa sp. PCC 7319
Cyanobacterium stanieri PCC 7202
Cyanobacterium aponinum PCC 10605
Geminacystis herdmanii PCC 6308
Leptolyngbya sp. PCC 7376
Synechococcus sp. NKBG15041¢
S}/nschoooccus sg, PCC 7002
Gloeocapsa sp. PCC 731086
1004 Microcystis clade (14 OTUs)
00 Cyanothece sp. PCC 7822
90 Cyanothece sp. PCC 7424
1004 Synechocystis sp. PCC 6803 (7 OTUs)
10p, Cydnothece sp. PCC 8801
Cyanothece sp. PCC 8802
Candidatus Atelocyanobacterium thalassa
10py Crocosphaera walsonii WH 0401
Crocosphaera watsoni WH 8501
WCyanothece sp. CCY0110
Cyanothece sp. ATCC 51142
wglCyanothece sp. ATGC 51472

Micracoleus sp. PCC 7113
‘-’Ecmeofascicu,‘us chihonoplastes PCC 7420
E] Moorea producta 3L
Chamassiphon minuius. gCC 6605

% Grinafium epipsammum PCC 933:

o4 Osciliatoria sp. PCC 10802
Oscillatoria acuminaia PCC 6304
Trichodesmium erythraeum IMS101
100y Lyngbya sp. PCC 8106
Lyngbya aestuari BL J
1o Arthrespira platensis str. Paraca
Arthrospira platensis NIES-38
100|; Arthrospira platensis C1
100! Arthrospira sp. PCC 8005
100 Microcolous vaginatus FGP-2
Qscillatoria nigro-viridis PCC 7112
QOscillatoria formosa PCC 6407
\_______ Geitlerinema sp. PCC 7105
100] 05 e S /17 chacoccusiProchiorococcus! Cyanobium clade (29 OTUs)
001 Synechococcus elongatus PCC 7942
Synechocaccus elongafus PCC 6301
Leptolyngbya sp. PCC 6406
Nedosilinea nodulosa PCC 7104
Synechococeus sp. PCC 7335
Lepfolyngbya sp. PCC 7375
100 Leptolyngbya sp. Heran Island J
{eplofyngbyd horyana PCC 6306
_@scillawriales cyanobacterium JSC-12
10 Geitlerinema sp. PCC 7407
1gopAcaryochioris sp. CCMEE 5410
Acaryochloris marina MBIC11017
Cyanothece sp. PCC 7425
Synechococous sp. PCC 6312

1004 g Thermosynechococcus 55'3. NK55a
Thermosynechocaoccus elongafus BP-1

100 57 Pseudanabaena sp. PCC 8802
ﬂ‘E Pseudanabaena biceps PCC 7429
Pseudanabaena sp. PCC 7367

Synechococcus sp. JA-3-3Ab
hvncchococcus sp. JA-2-3B'a(2-13)
Syhechococeus sp. PCC 7336
Gloeobacter vioiaceus PCC 7421
Glosobacter kilaueensis JS1

100}
=
2st2p}

fel)

Nostocales

44

Chroococcidiopsidales

Rubidibacter/Halothece
Spirulinales

Pleurocapsales

Chroococcales

Oscillatoriales

=

Synechococcales

Gloeobacterales

(100

0.2 subsfitriions per site

R/
0’0

Komarek et al., 2014

% eutrofni rybniky (vodni kvét)

Dolichospermum, Cylindrospermopsis, Aphanizomenon

< aerofyticky (pudni krusty)

Nostoc

mokrady (fytobentos)
Chroococcus

eutrofni rybniky (vodni kvét)
Microcystis

Oscillatoria, Phormidium

eutrofni rybniky (fytoplankton, vodni k
Planktothrix, Limnothrix

rybniky a tané (fytoplankton, vo
Merismopedia, Woronichinia

slané i sladké vody (fytoplank

Synechococcus




- Woronichinia
7]




REVIEW PAPER

Symbiosis between cyanobacteria and plants: from
molecular studies to agronomic applications

Consolacién Alvarez!, Lucia Jiménez-Rios', Macarena Iniesta-Pallarés', Ana Jurado-Flores*(,
Fernando P. Molina-Heredia'2), Carl K.Y. Ng®***{} and Vicente Mariscal’™

Anthoceros

Nostoc / Oryza
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Sinice (=Cyanobacteria, Bacteria)

% a jak to bylo dal s fotosyntézou
oxygenniho typu?
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» objekty zajmu algologie (sinice a rasy)

Vznik primarniho plastidu
(chloroplastu)

HEY, LITTLE
éuy!

IF YOU MAKE

ENERGY FOR ME,
T'LL PROTECT You
WITH MY CELL
MEMBRANE!

Metazoa (>120

Filasterea (5)
Obazoa Pluriformea (2)

Ichthyosporea (50)

Fungi (120000)
Opisthosporidia (1400)
Nucleariida (10)

Apusomonadida (20)

Breviatea (4)

Collodictyonidae (5)
Rigifilida (2)

Ancyromonadida (15)

Amoebozoa

Evosea (1500)

Choanoflagellata (350)

CRuMs Mantamonas (1)

Archaeplastida

Viridiplantae vé.

Embryophyta (350000)
Glaucophyta (25)

Rhodophyta (7000)

I Rhodelphidia (2)
0000) / . Cryptomonadida (220)

Cryptista
/ Katablepharida (9) yp
Palpitomonas (1)

Discosea (200)
Tubulinea (1200)

.. Rhizaria (>12000)

@ @ Alveolata (20000)
; Sar
Stramenopiles (22000)

—~ Telonema (2)

L) ~
Picozoa (1)

Ancoracysta (1)

\ N
1
L
‘\
3 . .
\\ ) Hemimastigophora )
* Discoba (>2000)

Malawimonadida (2) Metamonada (700)

“.._ Excavata Y

~,
LY
.

+ sinice @

e
......
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» objekty zajmu algologie (sinice a rasy)

Loss of Phagooytosis
Plastid origin

Vznik primarniho plastidu

Selection Pre
(chloroplastu) Cyanobacteria Tmphirzhil’c ey
‘ Plantae
Y . s . S Ancestor
“ primarni endosymbidza faﬁ:gfgftggﬁ;f? —
% hostitel = eukaryot =
% symbiont = sinice Photoautotrophy
‘ Frey gene integrated ‘

Prey DNA degradation Vertically inherited

Phagotrophy Mixotrophy

Prey-gene transitorily
expressed

Prey digestion
Prey DMA release
| DMA transfer j
Metabolic connection X =
al., 2006
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Eukaryote Photosynthetic

eukaryote

» objekty zajmu algologie (sinice a rasy)

Vznik primarniho plastidu
(chloroplastu)

% primarni endosymbidza
¢ hostitel = eukaryot

/7

% symbiont = sinice

*» 2 membrany plastidu
< obé sinicové

Mitochondrion

O.gDNA

Nucleus
Cytoplasm

Cytoskeleton

Primary
endosymbiosis |

Inner membrane (IM)
Cyanobacterium

Archibald, 2015

Primary Endosymbiosis—

_~—— Phagosomal membrane

Cyanobacterial OM

Cyanobacterial OM
Cyancbacterial IM

N=nucleus
Peptidoglycan M=mitachondrion

C=cyanobacterium
“~— Cyancbacterial IM Paplastid
Archibald & Keeling, 2003, OM=cuter membrane
IM=inner membrane

o _Plastid
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Vznik primarniho plastidu
(chloroplastu)

% primarni endosymbidza
s hostitel = eukaryot
% symbiont = sinice

*

*

% 2 membrany plastidu
% obé sinicové

% produkt
= Archaeplastida
(rostliny, Plantae)

100 (100) (o) ryza *
Nicotiana*
QOenothera*
Pinus*
Marchantia*
Mesostigma*
Chlorella*
Nephroselmis *
Euglena**
Cyanidium*
Cyanidioschyzon merolae 10D*

-
.Odon.feﬂa Red Lineage
Guillardia**
Porphyra*

Cyanophora* Glaucophyta

Synechocystis (outgroup)

100
700 (T00)

100 (108

#r Archaeplastida

%,
f‘,& ;ﬂ - ’:,. ‘Oﬁﬂ'

e,

v G
e, q’*’?"c.f,;,

Centrohelida
Haptophyta
+@Rappemonads

Y Rhizaria
Sar
Alveolata

4 Original *Supergroup’
- ‘
Stramenopila @ No melecular data in 2004

" ‘Excavates i
]
Metamonada

#
#
Malawimonadida |+

Ancyromonadida

Hemirmslijq';b

Trends in Ecology & Evolution
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» objekty zajmu algologie (sinice a rasy)

Vznik primarniho plastidu
(chloroplastu)

% primarni endosymbidza
¢ hostitel = eukaryot

/7

% symbiont = sinice

2 membrany plastidu
obé sinicove

o
o2
o
Ro%

0’0

produkt
= Archaeplastida

L)

*

Zea*
Oryza*
Nicotiana*
Oenothera*
%0 (7a07 Pinus*
. Marchantia*
ol o Mesostigma*
Chlorella*
Nephroselmis *
Euglena™
Cyanidium*
" Cyanidioschyzon merolae 10D*
10069 Odontella**
Guillardia**
Porphyra*
Cyanophora*
Synechocystis (outgroup)

100
100 (100)

100
100)(100)

Green Lineage

100 80
100 (100) | 65|(89)

100
63[100)
100
00 (100)

Red Lineage

00
55 (89)
00

79 (100)

Glaucophyta

% 3 typy (linie) primarnich plastidu:
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w0 Zea*
Vznik primarniho plastidu w1 Oryza*
Nicotiana*
(chloroplastu) o hera
o0 Fiety Pinus*
. s 4 o s - Marchantia*
% primarni endosymbi6za I Mesostigma* [Green Lineage]
< hostitel = eukaryot e Chiorella*
. . . 100 (100] 65((89) . &
< symbiont = sinice " Nephroseimis
- Euglena™
s3((i00) w00 Cyanidium*
o 2 membrény plastidu . oo Cyanidioschyzon merolae 10D*
N v .. ’ 100(39) Odontella** "
<+ obe sinicove <l Cuillardia®s Red Lineage
79 (100} Porp hyra *
< produkt Cyanophora* Glaucophyta

Synechocystis (outgroup)

= Archaeplastida 005

% 3 typy (linie) primarnich plastidu:

*

< CHLOROPLASTY zelenych rostlin - Viridiplantae

L)
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w0 Zea*
Vznik primarniho plastidu w1 Oryza*
Nicotiana*
(chloroplastu) o hera
%0 (7a07 Pinus*
. p p Ny " Marchantia*
X pPrimarni endOSymbloza “ . Mesostigma* m
< hostitel = eukaryot e Chiorella*
. o 100 (100; 65|(89) . &
< symbiont = sinice " Nephroselmis
- Euglena™
s3((i00) w00 Cyanidium*
o 2 membrény plastidu . oo Cyanidioschyzon merolae 10D*
o P i 10069 Odontella** -
<+ obe sinicove <l Cuillardia®s Red Lineage
79 (100) Porp hyra *
KX pl"OdUkt Cyanophora* Glaucophyta

Synechocystis (outgroup)

= Archaeplastida 005

% 3 typy (linie) primarnich plastidu:

% CHLOROPLASTY zelenych rostlin - Viridiplantae
(Chloroplastiida)
ruduch - Rhodophyta
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CAGEICECEASE
» objekty zajmu algologie (sinice a rasy) ' |

Zea*

Vznik primarniho plastidu w1 Oryza*
Nicotiana™*
(chloroplastu) o hera
790 (70 Pinus*
. p p Ny " Marchantia*
% primarni endosymbi6za I Mesostigma* [Green Lineage]
< hostitel = eukaryot e Chiorella*
o o . 100 (100) | 65|(89) P
< symbiont = sinice " Nephroselmis
- Euglena™ i
s3[a0r ” Cyanidium* .o ... a | g AdEeBASE
o 2 membrény plastidu . oo Cyanidioschyzon merolae 10D* ¥
o Y i ’ 10069 Odontella™* -
<+ obe sinicove <l Cuillardia®s Red Lineage
79 (100) Porp hyra *
KX pro dukt Cyanophora* Glaucophyta

. Synechocystis (outgroup)
= Archaeplastida 005

% 3 typy (linie) primarnich plastidu:

% CHLOROPLASTY zelenych rostlin - Viridiplantae
(Chloroplastiida)

s RODOPLASTY ruduch - Rhodophyta

glaukofyt - Glaucophyta
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§ Zea*
700 (700)

Oryza*
Nicotiana*
Oenothera*
Pinus*
Vznik primarniho plastidu i o tarchantia®
- Chlorella*
( C h Io ro p Iast u ) | @ Nephroselmis *
, Euglena**
s[ctoa) Cyanidium*
Cyanidioschyzon merolae 10D*
. , , . » 100 Odontella** od Lineage
< primarni endosymbioza *, —outraa”
’:’ h OSt'i te l = e U ka ryOt Synechocygz:n(z‘:g;::;p)
% symbiont = sinice

% 2 membrany plastidu fotosyntetlcky
«* obé sinicové aparat

Pcb/IsiA (Chl a+b7)

Cyanobacterium

% produkt

= Archaeplastida
% 3 typy (linie) primarnich @ j / b ~

plastidu: P2p2e  Lrci X7 Ng’
» Glaucophytealgae

E=Z00 0 =mm

trimer LHCI /
» Plants and green algae Chl a only

Chlsa+b
» Red algae
Chl a only

% chloroplasty
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Primarni plastidy (cyanely) T o
P ol B paer
% Glaucophyta ] s
e Nephroselmis * I
% rasy sladkovodnich mokradu o
< ,relikt davnych dob“ - mala diverzita "y —odontsl™ (50q Lngago)

Porphyra*

Cyanophora* cophyta R

Synechocystis (outgroup)

Glaucocystis
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Primarni plastidy ( )

% Glaucophyta

< rasy sladkovodnich mokradu

/7

% ,relikt davnych dob“ - mala diverzita

/7

% starobylé plastidy (cyanely) - malo diferencované

Glaucocystis

Zea*
Oryza*
Nicotiana™
Oenothera*
Pinus*
Marchantia*
Mesostigma*
Chlorella*
Nephroselmis *
Euglena™*
Cyanidium*
Cyanidioschyzon merolae 10D*

"
.Odon.feﬂa Red Lineage
Guillardia**

100
700 (160]

Porphyra*
Cyanophora*
Synechocystis (outgroup)

Pcb/IsiA (Chl a+b?)

Cyanobe.acterium

First photosynthetic eukaryote

“P2poe  Lhoil N 7

trimer  LHCI
» Plants and green algae
Chlsa+ b

» Red algae
Chl a only

» Glauco|
Ch

phytealgae

| a only
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Primarni plastidy (cyanely)

X/
0’0

Glaucophyta
% rasy sladkovodnich mokradu

% ,relikt davnych dob“ - mala diverzita
% starobylé plastidy (cyanely) - malo diferencované

Glaucocystis

oiphylleid? cRums

rcnaey a
azoa
%,
5
& L%
ista @2, b,
£l
igiftida @
Haptista - L
Centrohelida
ap a &7
ads N ’,’
A o Mei
7N ‘n' )

,recentni“endosymbi6za

¢ Paulinella chromatophora (Rhizaria)

/7

% sladkovodni kryténka (améba se schrank

% cyanely ale!

% ziskané ,,novou“ primarni endosymb
% nepribuzné (jina pohlcena sinice!)

/ filopodia

C .
chromatophore o
D
nucleus A N silica scales

- =
e

theca

filopodium
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Primarni plastidy ( )

Oryza*
Nicotiana™
Oenothera*
Pinus*

¢ Rhodophyta (ruduchy) i Mesostgma-
7 eV 7 V4 s o Chlorella*
% zcela chyb1 bicikata stadia 1 Nephroseimis*

Euglena™*
Cyanidium*

Cyanidioschyzon merolae 10D*

"
.Odon.feﬂa Red Lineage
Guillardia**
Porphyra*

Cyanophora* Glaucophyta

Synechocystis (outgroup)

PBS \& Pcb/IsiA (Chl a+b?)
] »

Cyanobe.-:tctenum

First photosynthetic eukaryote

|
/ \{
26 ‘
cr29  LHen X/
l trimer LHCI f » Glaucophytealgae

Plants and green algae Chl a only

Chisa+ b
» Red algae

Chl a enly

S _F
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Primarni plastidy ( )

¢ Rhodophyta (ruduchy)
% zcela chybi bicikata stadia

% typicky morské makrorasy (litoral teplych mori)
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Primarni plastidy ( )

¢ Rhodophyta (ruduchy)
% zcela chybi bicikata stadia

4

L)

» typicky morské makrorasy (litoral teplych mori)
» sladkovodni zastupci

CR)

L)

o,

Batrachospermum

Hildebrandia -. .




Audouinella
aneb problematika akvarii...



» FOTOSYNTETIZUJICi ORGANISMY
» objekty zajmu algologie (sinice a rasy)

Primarni plastidy ( )

¢ Rhodophyta (ruduchy)

% zcela chybi bicikata stadia

% typicky morské makrorasy (litoral teplych mori)
% sladkovodni zastupci
% extremofilové

Cyanidium
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Primarni plastidy (chloroplasty)

% Viridiplantae (zelené rostliny)

= zelené rasy + vyssi (suchozemské) rostliny

Zea*
Oryza*

100
700 (160]

" Nicotiana*
Oenothera*
Pinus*
Marchantia*

Mesostigma* _

Chlorella*
Nephroselmis *
Euglena™*
Cyanidium*
Cyanidioschyzon merolae 10D*

"
.Odon.feﬂa Red Lineage
Guillardia**
Porphyra*

Cyanophora* Glaucophyta

Synechocystis (outgroup)

Pcb/IsiA (Chl a+b7)

Cyanobe.-:tcterium

First photosynthetic eukaryote
P26 s
CP29  LHCII

trimer  LHCI
» Plants and green algae
Chlsa+ b

» Red algae

Chl a enly

» Glaucophytealgae

Chl a only



» FOTOSYNTETIZUJICI ORGANISMY
» objekty zajmu algologie (sinice a rasy)

Primarni plastidy (chloroplasty) Chlorophyta e Streptophyta

core . : Land plants
chlorophytes

% Viridiplantae (zelené rostliny)

charophyte

Ulvophyceae
green algae

% 2h lavni VyVOj OVé linie o Chlorophyceae

Coleochaetophyceae 2

< Chlorophyta '

Zygnemophyceae ¥

B

s Stre ptop h yta .':::I -::IIII " Mamiello phyceae

. . Charophyceae
|\ Pyramimonadales phy

PyCI'I ococCacCeae

Klebsormidiophyceae

l‘_d_e phroselmido-
phyceae

- J Chlorokybophyceae
(ak L “

a Prasinococcales AGF
* Palmophylales % Mesostigmatophyceae

Leliaert et al, 2012
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Primarni plastidy (chloroplasty) Chlorophyta e Streptophyta

core . : Land plants
chlorophytes

% Chlorophyta
charophyte

Ulvophyceae
green algae

< bazalni linie 2~ Chlorophyceae
prasigs
s parafylum
% prevazné morsti
pikoplantonni bicikovci |
*»+ variabilita blél'klj II l F Charophyceae
(pocet, tvar) S

Zygnemophyceae %

Klebsormidiophyc

_l‘_d_e phroselmido-
phyceae

Chlorokybophyceae
:"._' L . ﬁ

1
a Prasinococcales

Palmophylales Mesostigmatophyceae

Leliaert et al, 2012
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Primarni plastidy (chloroplasty)
% Chlorophyta - ,,core*

s LUTC clade
vétsina diverzity

Chlorophyta b 3 Streptophyta

core . : Land plants
chlorophytes

charophyte
green algae

Zygnemophyceae %

Charophyceae

Klebsormidiophyc

_l‘_d_e phroselmido-
phyceae

Chlorokybophyceae
:"._' L . ﬁ

1
a Prasinococcales

Palmophylales Mesostigmatophyceae

Leliaert et al, 2012
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Primarni plastidy (chloroplasty)
% Chlorophyta - ,,core*

% Chlorophyceae

% prevazné sladkovodni
< fytoplankton rybnikd
% cenobia

Desmodesmus

Chlorophyta Streptophyta
core Land plants
chlorophytes f ,
K charophyte

L M ophyceae

Trebouxiophyceae

green algae

prasinophytes ) Coleochaetophyceae 4
Chlorodendrophyceae
& Picocystis

Mamiellophyceae

Zygnemophyceae

Pyramimonadales Charophyceae

Py'( nococcaceae

Klebsormidiophyce.

Chlorokybophyceae
5

Palmophylales Mesostigmatophyce

Nephroselmido-
phyceae

@ .
‘ Prasinococcales

Leliaert et al, 2012

Pediastrum
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chlorophytes
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Chlorophyta ‘ Streptophyta
» objekty zajmu algologie (sinice a rasy) | Lendpints

charophyte

)ph)@kl green algae
Trebn uxiophyceae ‘ f_," ¢, 3
° 7 4 ° prasinophytes Coleochaetophyceae :
Primarni plastidy (chloroplasty) oechophycese ‘ _
Zygnemophyceae %

& Picocystis

‘:’ Chlorophyta - ,’Core“ >yramimonadales Yoopiaey Charophyceae \\%/

Klebsormidiophyceae
@
0 Prasinococcales &

_f Chiorkybophycese
prevazné sladkovodni W,
% fytoplankton rybnikd %3? N T
% cenobia

V4

% Chlorophyceae N ..
phyceae

Leliaert et al, 2012

% bicikovci (modelové organismy)

Chlamydomonas I/o/vox

(plasténka)
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Primarni plastidy (chloroplasty)
% Chlorophyta - ,,core*

+» Ulvophyceae

% prevazné morské makrorasy

Ulva lactuca (= morsky salat)

Chlorophyta Streptophyta

core Land plants
chlorophytes AN 4

“ yas charophyte
'ﬁ green algae

. Trebouxiophyceae f p
prasinophytes ] Coleochaetophyceae

Chlorophyctm

Chlorc;dendrophyceae
& Picocystis

Mamiellophyceae

Zygnemophyceae

||\ Pyramimol nadales Charophyceae

Pycnococcaceae
Klebsormidiophycez
Nephroselmido-

phyceae

@ )
‘ Prasinococcales

Chlorokybophyceae
5

Palmophylales Mesostigmatophycea

Leliaert et al, 2012



Chlorophyta Streptophyta
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” Chlorophyctm

Trebouxiophyceae

/‘.‘.., —— l ! w charophyte
green algae

prasinophytes Coleochaetophyceae

Primarni plastidy (chloroplasty)

Iorddendrophyceae
& Picocystis

Mamiellophyceae
«» Chlorophyta - ,,core* . (E— P

Py'( nococcaceae

Zygnemophycea

. Klebsormidiophyce.
0 ~ -
* U lvophyceae Nﬁphroselmido-
phyceae

Chlorokybophyceae
5

Palmophylales Mesostigmatophyceae

@ )
‘ Prasinococcales

% prevazné morské makrorasy
% nékteré aerofyticky
(borka/kamen/...)

Leliaert et al, 2012

Ulva lactuca (= morsky salat) Trentepohlia
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Chlorophyta Streptophyta

Land plants

charophyte
green algae

“ N Ulvophyceae

Chlorophyceae ; %
° ” e ° h l l prasinophytes YY) Coleochaetophyceae 4
P r] m a r n ] p la St] d y (C 0 ro p asty ) 4 - Chlorodendrophyceae k.
_ Zygnemophyceae %
& Picocystis

f Mamiellophyceae
.:’ C h lo ro p h yta - » CO re ¢ Pyramimonadales Prveorlay Charophyceae

Py'( nococcaceae

Klebsormidiophyce.

Chlorokybophyceae
5

Palmophylales Mesostigmatophyce

+» Trebouxiophyceae

Nephroselmido-
phyceae

@ .
‘ Prasinococcales

% prevazné aeroterestrické mikrorasy

Leliaert et al, 2012

Apatococcus (zrnénka) Chlorella (zelenl\[ )



y

Mouse
Mus musculus

Frog
Xenopus laevis

o~

el

Zebrafish
Danio rerio

2

Yeast
Saccharomyces cerevisiae

Mustard Plant
Arabidopsis thaliana

Roundworm
Caenorhabditis elegans

Fruit Fly
Drosophila melanogaster
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Chlorophyta Streptophyta

» objekty zajmu algologie (sinice a rasy) roopts N/ % L plnts

2 »

charophyte

Ulvophyceae
green algae

Chlorophyceae

° 7 ” ° rasinophytes Coeomi;ton;qe ':(A"
Primarni plastidy (chloroplasty) T chortmropeen \ oorhye

Zygnemophyceae 9
@ Picocystis

f Mamiellophyceae
.:’ C h lo ro p h yta - » CO re ¢ Pyramimonadales Prveorlay Charophyceae

Py'( nococcaceae

Klebsormidiophyce.

Chlorokybophyceae
5

Palmophylales Mesostigmatophyce

+» Trebouxiophyceae

Nephroselmido-
phyceae

@ .
‘ Prasinococcales

% prevazné aeroterestrické mikrorasy
% Casti symbionti (zoochlorelly) -

lisejniky, nalevnici, nezmar
Leliaert et al, 2012

Apatococcus (zrnénka) Chlorella (zelenivka)



Calvin-Benson-Bassham cycle
(= Calvinuv cyklus)

Chlorella (Trebouxiophyceae)
a Desmodesmus (Chlorophyceae) ‘.




. Granum

Calvin-Benson-Bassham cycle
(= Calvinuv cyklus)

Stroma

Thylakold *~

Inner bilayer <~
membrane

O

3-fosfoglycerat

RuBisCO
ibuléza-1,6-bisfosfat-
-karboxylaza/oxygenaza

ribuléza-1,5-bisfosféat

o NADP+ + Pi

Chlorella (Trebouxiophyceae)
a Desmodesmus (Chlorophyceae) ‘.

——O

lze6
glyceraldehyd-3-fosfati
je produktem fotosyntézy

syntéza sacharidd, bilkovin,
Skrobu, ...

ribuléza-5-fosfat
glyceraldehyd-3-fosfat




Enzymes and shell proteins

l |
FEr oy

. —
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Primarni plastidy (chloroplasty)

< Streptophyta Chlorophyta

core
chlorophytes

hlorodendrophyceae

e Picocystis

Pycn ococcaceae

I;Iep hroselmido-
phyceae

|:..U i
‘ Prasinococcales

Palmophylales

Streptophyta

Land plants

charophyte

Ulvophyceae
green algae

Chlorophyceae

Coleochaetophyceae

Zygnemophyceae %

Charophyceae

Klebsormidiophyces

Mesostigmatophy:

Leliaert et al, 2012




» FOTOSYNTETIZUJICi ORGANISMY
Chlorophyta ) '3 N Streptophyta
» objekty zajmu algologie (sinice a rasy) chlrophyie \W( !

& charophyte
“ - Ulvophyceae charophyte

green algae

"' Chlorophyceae

Trebouxiophyceae ! p
Coleochaetophyceae

Primarni plastidy (chloroplasty)

Zygnemophyceae %

/

** St re p to p h yta Phycoplast Charophyceae

Klebsormidiophyce.

Chlorokybophyceae
0y

*

L)

L)

roselmido-
phyceae

» Zygnematophyceae (spajivky)

(g .
‘ Prasinococcales

*

% nejblizsi pribuzni vyssich rostlin (Embryophyta)

% TFasy sladkovodnich mokfadd (raselinité, slatinisté aj.) renerhee rrem—
% vlaknité i kokalni (krasivky)

% preadaptace na prechod z vody na sous Leliaert et al, 2012

Micrasterias

Spirogyra
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prechod z vody na sous

...je pribéh na jinou prednasku v

cyklu ZSR...=)

C. Paleozoic to Mesozoic Era:
Carboniferous-Cretaceous Poriod
(approx. 360-65 MY ago)

Dizsan
AUI\npw-m e.g Ubmles
yeladales, Bryopsidales
A EC)
- ‘Frn;u ophylea’ (2.g.
Llamie lales.
Pyramimonadaies)

Freshwaler
I, &« Chloro- and I'rel:lmuiur-h\lcﬁnr
: LY (Chiloroghy ety
= phytoplank
/ ’?‘ PamianTr
250 MY ap -
. 51r|=rln||mrrr algas imainly Charales 3
"',l namatass)

Chiore- and T:dmz nphrr.m

= Gradual reduction in
diversity and abundance of
stieplophyle gresn alg

B. Paleozoic Era:
Orcovickan-oarly
Devonian Perlod

Q0400 MY ag)

g Phycoplast

Phragmoplast ¥

(@xcepion: evollcna

and specialicn o
during the Ju

Klabearmidisos and Enfransis
unbranch od flamante]
Mesasliama
| |.1| o Ciorokyinrs
(Mapalala sacinoid

CHLOROPHYTA STREPTOPHYTA

A. Neoproterozolc Era:
Cryogenlan—Edilacaran Period
(approx. B30—540 MY ago

Oc:nan

Ancient Chlomophyia
vaErme amd Drackish
Iinsphaedils a

{=caly groon £
Ll

CHLOROPHYTA

Freshwater

Ancient Smnphm
anknown
freak figdla

saidnoids ad Mamanis { Mesostigma

Chorokybis |
Treshwatar Magel: alng

STREPTOPHYTA
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Archaeplastida (= Plantae s.l., rostliny)

% a jak to bylo dal s fotosyntézou oxygenniho typu???
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Eukaryonc Cenl, July 2011, p. 856868 Vol. 10, No. 7

1535-9778/11/812.00  doi:10.1128/EC.00326-10
Copyright @ 2011, American Society for Microbiology. All Rights Reserved.

MINIREVIEW
Archaeplastida (= Plantae s.l., rostliny)

Do Red and Green Make Brown?: Perspectives on Plastid

. . : : : Acquisitions within Chromalveolates”
% a jak to bylo dal s fotosyntézou oxygenniho typu??? Richard G. Dorrell* and Alison G. Smith

Department of Plant Sciences, University of Cambridge, Downing Street, Cambridge CB2 3EA, United Kingdom

FIG. 5. A history of algal evolution. The timeline
maps changes in atmospheric composition and

Mass Mass Mass  Mass Mass global extinction events from the end of the
extirsciion ExnnCion extinciion extmction extinciion Precamb”an .tD .the prEEEr‘It "'u'rE'rtICEll arrows

indicate the origins of key photosynthetic

Eaml;mm - 30 eukaryotic lineages as determined from fossil
i records (A, 1to 4) or from fossil constrained
6000 molecular data (B to D). (A to D) Algae( A,
| 20 archaeplaatiinc::ﬂagellates

®A iatoms. (0 and 2 to 4) Plants: 0,
early land plants (embryophytes); 2, vascular
plants; 3, conifers; 4, flowering plants. This

Atmiospharic =10

Atmosphernic concentration of CO; (ppm)
Atmospheric concentration Of O, (%)
—
L
A
-
(]
o
o
=
i

2000 Uz'evel® image was created from data provided by the
ENSEMBLE project (2, 8, 57, 77, 106, 107) and H.
i : Griffiths, University of Cambridge (personal

500 400 300 200 100 communication).
Date before present imillion years ago)
Ordowvician SIunnn] Dhevorwin [ L'arb-:lﬂﬁmj Permian | Triassic ] Jurasic | Critacbawt ] Comaron: |

G S

0 2 3 C

| Cambrian

e ) 4
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Eukaryote Photosynthetic
» objekty zajmu algologie (sinice a rasy) Mitochondrion eukaryote  Ppjastid
I ~. | » Cytoskeleton - Tl

endgsr,i;rqr?t;?gsis Y?@\
‘ <

Outer membrane (OM) Nucleué; ) - | Cyanobacterial OM
Inner membrane (IM) Cyanobacterial IM

Cyanobacterium

Vznik sekundarnich plastidua ;ﬁ o

% sekundarni endosymbidza
% hostitel = eukaryot (heterotrof)

Nucleus |
Cytoplasm

Photosynthetic Endosymbiont-derived \

eukaryote membrane (?)
ga—| Host-deri\t/)ed )
P * || membrane (7

0 & X

Secondary o aN\e
endosymbiosis | ° \ k.

Cyanobacterial OM

Nucleomorph [ Cyanobacterial IM
eukaryote Periplastidial compartment

Archibald, 2015 Current Biology
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Vznik sekundarnich plastid

s sekundarni endosymbiéza
% hostitel = eukaryot (heterotrof)
% symbiont = eukaryot se zelenym nebo
plastidem (autotrof)

Plastid
Evolution

Glaucocystophytes .

Red algae

Eugiénlds Chlorarachniophytes

5/ , 4
Heterokonts : Clllates

Haptophytes Apicomplexans Dinoflagellates

Archibald & Keeling, 2003.
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Vznik sekundarnich plastid

s sekundarni endosymbiéza
% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

X/

% zeleny sekundarni plastid

¢ Chlorarachniophyta (Rhizaria)

Plastid
Evolution

®

Glaucocystophytes .

Red algae Green algae

5/ , 4
Heterokonts : Clllates

Haptophytes Apicomplexans Dinoflagellates

Archibald & Keeling, 2003.
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—— nukleomorf
Vznik sekundarnich plastidu

mitochondrie
’ y 4 o r
% sekundarni endosymbidza AN\ 28, Watka
% hostitel = eukaryot \= paramylon
% symbiont = eukaryot se zelenym nebo AN 2y |
plastidem - i - | ~ pyrenoid

X thylakoidy

R/

% zeleny sekundarni plastid

¢ Chlorarachniophyta (Rhizaria)

_ e:-:_truz:jm' _
(trichocysta)

Chiprargchniophyis - Sk bufky. E6TidkdE Ky

et

Chlorarachnion
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Vznik sekundarnich plastidu Plastid

. » Evolution
s sekundarni endosymbiéza

% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

®

Glaucocystophytes .

% zeleny sekundarni plastid Red algae Green algae

(x

Cryptomonads J U
Heterokonts - Clllates

Haptophytes Apicomplexans

¢ Chlorarachniophyta (Rhizaria)

% Krasnoocka (Euglenales, Discoba,
,Excavata“)

Dinoflagellates

Archibald & Keeling, 2003.
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Vznik sekundarnich plastidu

s sekundarni endosymbiéza
% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

X/

% zeleny sekundarni plastid

% Krasnoocka (Euglenales, Discoba,

,Excavata“)
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Vznik sekundarnich plastid

s sekundarni endosymbiéza
% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

hnédy
» vznikl nékolikrat nezavisle

Plastid
Evolution

®

Glaucocystophytes .

Red algae Green algae

Eugiénlds Chlorarachniophytes

5/ , 4
Heterokonts : Clllates

Haptophytes Apicomplexans

Dinoflagellates

Archibald & Keeling, 2003.
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Vznik sekundarnich plastidu
Archaeplastida

Viridiplantae v¢.

Embryophyta (350000)
Glaucophyta (25)

., . ., Amoebozoa
% sekundarni endosymbiéza

Discosea (200)
Tubulinea (1200)

% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo

X3

*¢

X3

*¢

L X4

plastidem

Skryténky (Cryptophyta, Cryptista)
Haptophyta (Haptista)

Obrnénky (Dinophyceae, Alveolata,
SAR, TSAR)

Ochrophyta (Stramenopila, SAR,
TSAR) - cca 10 trid

Evosea (1500)

Metazoa (>1200000)
Choanoflagellata (350)
Filasterea (5)

Obazoa Pluriformea (2)

Ichthyosporea (50)
Fungi (120000)
Opisthosporidia (1400)
Nucleariida (10)

Apusomonadida (20)

Breviatea (4)

Collodictyonidae (5)
Rigifilida (2)
CRuMs Mantamonas (1)

Ancyromonadida (15)
Malawimonadida (2)

+ sinice @

Rhodophyta (7000)
Rhodelphidia (2)

. Cryptomonadida (220)
Katablepharida (9)
Palpitomonas (1)

.. Rhizaria (>12000)
@ @ Alveolata (20000)
‘Stramenopiles (22000)
Telonema (2)

Picozoa (1)
Ancoracysta (1)

Hemimastigophora
Discoba (>2000) .

Metamonada (700)

“.. Excavata }
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flagella

contractile vacuole

Vznik sekundarnich plastidu

% sekundarni endosymbiéza

% hostitel = eukaryot W L : | " A R——
% symbiont = eukaryot se zelenym nebo W FisRig - =
plaStldem g e -8 furrow-gullet system
s . with ejectosomes
2 . ' i J pyrenoid
% Skryténky (Cryptophyta, Cryptista) e o /A
.,_ f plastid

Clear-water. Aug./Sept.
Winter  Spring  phase Minimum Fall
Light e ——
Day length

mixing mixing depth a few m

Stratification
nucleus

SRP [ug - I1] !
o Cryptomonas

Fig. 1. Morphology of a Cryptomonas cell

.‘ ; Y-/ aal
Rhodomonas Pandoring I ¥ OB
Sepre Diatoms Anabaena nqridiaceen
— Cryptomonas—— CFrmIFJLIir:obryon Mougeotia PE G d I
- Diatoms mo e

autogenic succession allogenic
shift

{ plisi |
+ +Si
SERS /
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Vznik sekundarnich plastidu

s sekundarni endosymbiéza
% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

hnédy
% Haptophyta (Haptista)

e T ti 5 - ; I .
L . _-l-'l.. i - T = - e
SR ‘a : TR = : 4
N R e G | % B - =
=k B e < 3 O.nr0
',"? _-.,_-."::-' '.:;-J'._.rl_'-‘ L ‘ 1 : ~ 000 o
. (3
h"t“.ﬁ i i"n.."-:\-" Y L 5 Ca2+ + 2HCO;~ = CaCO, + H0 + CO,
=% lu.,_.__ ¢ L 1 - u pa— = 0o

Photic Zone

I

o

Deep seal

Gephyrocapsa [Emiliania] huxleyi
= nejpocetnéjsi eukaryot na planeté!

de Vargas et al. 2007
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Vznik sekundarnich plastidu

s sekundarni endosymbiéza
% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

hnédy
% Obrnénky (Dinophyceae, Alveolata,
SAR, TSAR)

Peridinium Ceratium
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Peridinin plastids e Peridiniales

Symbiodiniaceae
Prorocentrales
Dinophysiales

Kleptoplasty

Nonphotosynthetic plastids

Chlorophyte plastids
Vznik sekundarnich plastidu Haptophyte plastids — Conyallacales

Plastid losses e@e Akashiwo

Chromerid plastids e Gymnodiniaceae

0
o)
2
o
©
o)
S
=
o
£
T
£
£
S
—
[0
a

% sekundarni endosymbiéza
% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

Dinoflagellates

Kareniaceae

Dinozoa

e A mphidinium

e Noctilucales

esemee Syndiniales
Oxyrrhis
Perkinsozoa
ChromeralColpodellids
Colpodellids
Vitrella

e Apicomplexa

% Obrnénky (Dinophyceae, Alveolata,
SAR, TSAR)

Ciliates

Koreny a Waler 2017

Peridinium Ceratium
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Vznik sekundarnich plastidu
Archaeplastida

Viridiplantae v¢.

Embryophyta (350000)
_Discosea (200) Glaucophyta (25)

Evosea (1500) Rhodelphidia (2)

Metazoa (>1200000) ;
Cryptomonadida (220
Choanoflagellata (350) . rypK iy '(d (),
atablepharida (9

Filasterea (5)
Obazoa Pluriformea (2) Palpitomonas (1)

Amoebozoa

% sekundarni endosymbiéza
% hostitel = eukaryot

% symbiont = eukaryot se zelenym nebo
plastidem

Cryptista

Ichthyosporea (50) .
% Ochrophyta (Stramenopila, SAR, Fungl (120000)
TSAR) - cca 10 tnd Opisthosporidia (1400) @ ®FRhizaria o200

Nucleariida (10)

Apusomonadida (20)

@ @ Alveolata (20000)
Heterokont Flagellae ‘Stramenop“es 22000,

Telonema (2)

Breviatea (4)

Picozoa (1)
Ancoracysta (1)

Hemimastigophora
Ancyromonadida (15) Discoba (>2000)

Malawimonadida (2) Metamonada (700)

Collodictyonidae (5)
Rigifilida (2)
CRuMs Mantamonas (1)

Tinsel
flagellum

“.. [Excavata

+ sinice @ T

~.
______

Smooth
flagellum
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cca Ya svetové
primarni produkce!

Vznik sekundarnich plastidu

s sekundarni endosymbiéza
% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

hnédy
s Ochrophyta (Stramenopila, SAR,
TSAR) - cca 10 trid

/7

% Rozsivky (Bacillariophyceae)

REFRCGOLICTION

SEXUAL
KHPRCOUC TN -‘.-:l.'| !

BHETT |'.'|I--:..':.|I ’l._:jl *

https://youtu.be/qxkbSk--EUY



https://youtu.be/qxkbSk--EUY

» FOTOSYNTETIZUJICI ORGANISMY
» objekty zajmu algologie (sinice a rasy)

Vznik sekundarnich plastid

s sekundarni endosymbiéza
% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

hnédy
% Ochrophyta (Stramenopila, SAR,
TSAR) - cca 10 trid

¢ Rozsivky (Bacillariophyceae)
% Chaluhy (Phaeophyceae)

.kelp forest" — Macrocystis aj.
az 45(80) m!
az 60 cm/den!
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Vznik sekundarnich plastidu

% sekundarni endosymbiéza
% hostitel = eukaryot
% symbiont = eukaryot se zelenym nebo
plastidem

hnédy
s Ochrophyta (Stramenopila, SAR,
TSAR) - cca 10 trid

Rozsivky (Bacillariophyceae)
Chaluhy (Phaeophyceae)
Zlativky (Chrysophyceae)

) )
LS X4

oo algAEBASE

X3

*¢

s with long s on Mallomonas species;

Synura







uzitecné odkazy:

% https://botany.natur.cuni.cz/algo/praktika/index.html

% http://www.sinicearasy.cz/134/uvod

»» https://www.youtube.com/watch?v=8dPG16sRPLQ

https://youtu.be/bcylbg3Nhl0
?si=NmeKPtZh9Z-Rg5n7



https://botany.natur.cuni.cz/algo/praktika/index.html
http://www.sinicearasy.cz/134/uvod
https://www.youtube.com/watch?v=8dPG16sRPLQ
https://youtu.be/bcyIbq3NhI0?si=NmeKPtZh9Z-Rq5n7

