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Primarni produkce
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AQUATIC ORGANISMS (10800)/Algae Color Plates

DINOBRYON

OSCILLATORIA

FRAGILARIA

ANACYSTIS

TRACHELOMONAS

Plate 29. Filter- and screen-clogging algae.

Sinice a rasy

10-160 AQUATIC ORGANISMS (10900)/Algae Golor Plates 10-171

CLADOPHORA

RHIZOGLONIUM

PINNULARIA

SURIRELLA

CYCLOTELLA

ANKISTRODE SMUS

= A

CHRYSOCOCCUS

APHANOTHECA

ULOTHRIX

( CHAMAESIPHON

CHROMULINA

PHACOTUS

STAURASTRUM

LEMANEA

COCCONEIS

Plate 31. Clean-water algae.



Sinice a rasy

Carl Linné (1758)
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Sinice a rasy

Stephano Endlicher (1836): Thallophyta (rasy, houby, lisejniky)

GENERA PLANTARUM

SECUNDUM

ORDINES NATURALES

\\\.m ] nas
S /

DISPOSITA

AUCTORE

¢ Jaohe fons)
STEFPHANO ENDLICHER

VINDOBONAE
APUD FR. BECK UNIVERSITATIS BIBLIOPOLAM

1836 _ 1840

CONSPECTUS DIAGNOSTICUS.

REGIO 1. THALLOPHYTA.

Oppositio caulis et radicis nulla. Va-
sa nulla, organa sexualia nulla. Sporae
germinantes undique elongatae.

SECTIO I. PROTOPHYTA.

Sine humo enata, elementum nutri-
ens undique haurientia, fructificationes
indefinite explicantia.

Classis 1. Algae.
Protophyta aquatica.

¥. DIATOMACEAE. Individua ery-
stalliformia, lineis rectis v. rarius curvis cir-
cumscripta, plana, fragilia, libera v. varie
consociata. Gen. 1__24.
1. Diatomeae. Individua lineis rectis circum-
scripta , fuscescentia. Gen. 4_
@) FRUSTULIEAE. Individua nuda. Gen, 1—12.
) HYDROLINEAE. lndivdua tubulis inclusa. Gen.13—18.
2. Dermidieae. Individua cylindrica, viridia.
Gen. 19__24.
€) MICRASTERIEAE. Individua nuda. Gen. 49_21.

@) ECHINELLEAE. muco communi
v. tubulis inclusa. Gen. -2,

ﬁ’ﬂl mu Gelatina figura-
ta, 5 bulis v. filis farcta. Gen. 25_36.

CONFERVACEAE. Fila ;mlcu-
lata, libera v. reticulatim cohaerentia, sim-
plm:n ramosa. Gen. 37_75.

4. Lept i Fila ‘hnoidea, hyalina,
obsolete articulata, Gen, 87__88.

2, Oscillatorieae. Fila mucosa, demum in-
durata, e matrice gelatinosa, granulis y. annulis
seriatis farcta. Gen, 39_47.

3. Batrachospermeae. Fila mucosa, ra-
mos g Gen.

48_52.

1. Siph Spori iculis excepta.
Gen. 78_82.

2. Ulveae. Spomlm frondi inspersa. Gen. 83 __
86.

VI. FLQIIIDAE Frons plana v. filifor-
mis, corticata, nervosa, purpurea v. rosea.
Sporidia purpurea, in apotheciis tuberculifor-
mibus adnatis, v. punctiformibus innatis. Gen.
87_103.

VIN. FUCACEAE. Frons plana v. fili-
formis, corticata, nervosa, olivacea. Sporidia
nigra, in capsulis receptaculo proprio exceptis
v. frondi immersis. Gen. 104__122.

Classis TI. Lick
Protophyta aérea.

VEIL. CONTOTHALANY. Apothecla
primitus aperta, nucleo in sporidia nuda so-
luto. Thallus pulvereus, nucleo coétanens.
Gen, 123__130.

1. Pulverarieae. Thalli stratum medulla-
re in fr abiens ; apothecia nulla.
Gen. 123__126,

2. Calyeieae. Apothecia primitus aperta. Gen,
427__430.

IX. IDIOTHALANI. Apothecia de-
mum aperta , nucleum gelatinosum, sensim in-
durescentem enitentia. Gen. 131_146.

1. Gr id Nuel b1 v. linea-
Tis, e thalli strato corticali mmpenn excipulo
_proprio, raro obliterato. Gen. 131 _136.

e Glrpmou. Nucleus oblongus v, linea-
ris, thalli strato medullari immersus, eodem
erumpente exceptus, Gen. 157_189.

3. Limborieae. Excipulum proprium orhi-
culare, e thallo prorumpens v. eidem immer-
sum, excipnlu thallode cinetum. Gen, 150__14%.

4. Pyxineae. Excipnlum proyrmm thallo su-
perficialiter impositum, Gen, 145_146.

X. GASTEROTHALANI. Apothecia
semper clausa v. excipulo irregulariter dis-

4. Conferveae. Fila
viridia, libera v. nﬁcnlltl, tpcmdm farcta. Gen.

5. Ceramieae. Fila rigida, plernmque colora-
ta. Conceptacula v. tubercula ramulis apice in-
tumescentibus innata. Gen. 57__7%.

IV. CHABACEAE. Tubuli septati, in
caules convoluti. Organa propagationis dimor-
pha, globuli et sporangia apice dentibus quin-
que coronata. Gen. 76__77.

V. ULVACEAE. Frons plana v. tubu-
losa, ecostata. Sporidia frondi hlg;na V. Ve-
siculis inflatis excepta. Gen. 78

dente aperta. Nucleus aseigerus, deliques-
cens v. fatiscens. Gen. 147__159.

1. Verruenﬂem. Excthun proprmm sim-
plex, corneam,
Gen, 147_150.

2. Trypethellaceae. Excipulum verrucac-
forme 5 € thalli strato medulllrl formatum,

mcludem " Gen. 151._ lM

3. B » pulum thallodes gstio-
latum, 1 diffl includ Gen. 155
157
a. ene. Excipulum thallod

parmnn, nucleus fatiscens. Gen. 158_159.



Sinice a rasy

e polovina 19. stoleti - zacatek 20. stoleti:
— evolucni pohled na klasifikaci sinic a ras

/ ) ‘ \

Division Chlorophycophyta: Unicellular flagellated green algae
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Trachelomonas , Phacotus Chlamydomonas Carteria

Chlorogonium

pocet, usporadani, a délka bicikU



Sinice a rasy

e polovina 19. stoleti — zacatek 20. stoleti:
— evoluéni pohled na klasifikaci sinic a ras

Marker pigments

=y N N Okenone
['h'.’." Photosynthetic  Chlorobactene
' s Bacteria Isorenieratens
a-carotene
_Algxrlhin
Pendinin |
Dladmxm’
Diatoxcanthin
3 2030 Fucoxanthn
ol Chrysophyta [“Uioaxantn
Lutein
Chlorophyta Neoxanthin
Zeaxanthin
Myxcxanthophnyll
Echinencne
Canthaxenthin
Astaxanthin

Dinoflagellates

Cyanobacteria

r lanktor
LOOpiankion

Absorbance

400 500 600 700
Wavelength (nm)

slozeni pigmentu, zasobnich latek



Sinice a rasy

e predstavy o evoluci
- volvocinni evoluce
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Sinice a rasy

e predstavy o evoluci
~ od bi¢ikovcu ke slozit&j$im formam

STIGEOCLONIUM /%

COELASTRUM \

CHLAMYDOMONAS



Sinice a rasy

e predstavy o evoluci
- od bid¢ikovcu ke slozit&j$im formam = ruduchy???

PORPHYRA

HILDENBRANDIA




Molekularni revoluce
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e Casova kalibrace stromd - fosilni data

Molekularni revoluce
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Molekularni revoluce

¢asova kalibrace stromU — biogeochemické markery
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Molekularni revoluce
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Evoluce primarnich producentu

« Soucasny systém 5 FiSi, hluboké linie primarnich producentu
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Prokaryota



oxidované horniny = archean (3,8 mlid)




I Fotosyntéza l

e sinice Synechococcus
— produkce kysliku




Fotosyntéza

e sinice Synechococcus
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stromatolity




stromatolity

Diagrammatic

heliotropic —
grow toward
sunlight

representation of the growth of a
stromatolice over the period of a
year. A year's growth is represented
by an S-shaped curve




Sinice
e kyslikova katastrofa (great oxidation event) - 2,3 mld

— nahlé zvyseni kysliku v atmosfére

~ nutnost organismu prizpusobit se toxickému kysliku: velkd
diverzifikace heterotrofnich prokaryot (schovat se Ci mutovat)

— mitochondrialni endosymbidza
— oxidace veskerého Fe(II) na Fe(III)?

SCHMCEDHOTOLIBRARY




Vznik mitochondrie
e jedina endosymbioticka udalost

s
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Rickettsie — v soucasnosti znacné
redukovani vnitrobunécni paraziti.



I Vznik mitochondrie I

e ox-tox model: aerobni bakterie vychytava kyslik
toxicky pro anaerobniho primitivniho eukaryota

The ox-tox hypothesis

C,H,,O.# 60,‘—\\2‘2 0H,0 + Oa),
ATP

Currort Cperon s Mcrabiobogy
Ammau'oruhypod\uhfonnomlndm encoded by the hoat nuclear genome, The dashed arows represent
mpnmon“ammumuboqmb the trunsfer of bicenorgetic and information genes from the proto-
Mmhmwbyahucmmtmphm.h mitochondrion 10 the nuclear genome (phase ) and the evolution of
phase |, the symbiont detoxifies the host cytoplasm by consuming novel genes in the nuclsar genome for mitochondrial functions (phase

cxygen. Dunng phase |), the tranaport of ATP from the mitochondrion 1o 1l). See the text for further details.
the hoat cell is implemented by the acqualtion of appropriate proteins




dinosauri

Primarni endosymbioza w?f?‘—

zivocichové
e 1 500 mil. (paleoproterozoikum)
— rozpad kontientu Nuna

mnohob.

Prokaryota




Primarni endosymbio6za

e pohlceni sinice eukaryotickou bunkou
e plastid ma dvé obalné membrany sinicového puvodu
S pyrenOid primary endosymbiosis

Eukaryotic cell Phagosomal membrane
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Archaeplastida

Glaucophyta Rhodophyta Chloroplastida

A
CJ% Chioroplasti daG'aucov)hyta Discoba 7:4
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I glaukofyty (Glaucophyta) I

e nejmensi a nejpuvodnéjsi
rostlinna skupina (1,6 mld)

e chloroplasty: sinicova stavba
— peptidoglykanova bunécna sténa
— kruhovité usporadani thylakoidy

Glaucocystis nostochinearum



ruduchy (Rhodophyta)

vetSinou makroskopické, mnohobunécné stéelky
nemaji bicikova stadia
litoral mori

Bangiomorpha = prvni fosilie datovana 1,2 mld let

.




I ruduchy (Rhodophyta) - Cyanidiophytina I

e evolucné nejstarsi skupina ruduch
e extremofilni, thermoacidofilni organismy (ph 1,5)

e jeden z mala eukaryotu Zijici v prostfedi typickém pro Archaea
(biotechnologicky hodnotné enzymy)

e Cyanidioschizon = prvni eukaryoticky genom

Cyanidium



zelené rostliny (Chloroplastida)

e ohromné diverzifikovana skupina: poétem druhu, morfologii,
ekologii, biochemii

e vznik vyssich rostlin z rasového predka predstavoval klicovy

okamzik pro evoluci zivota na pevniné




Snowball Earth

e oxidace methanu v atmosfére 2,3-2,5mld.let 0,65 mld. let

Hadean Archean Phanerozoic

P
-
-
~ }
=
A
~
-~
<

2.0

Billions of years ago (bya)
Oxygenic
photosynthesis

1
2.0
Age (Gyr ago)




dinosaufi
savci ,---—>'

SnOWbaII Earth §8i rostlin
2ivoé‘i’Zhové ;%—
NEO (Neoproterozoic Oxidation

event.), 650 mil.

oxidace methanu v atmosfére, a jeho
nahrazeni slabsim sklenikovym plynem CO,

mnohob.

Eukaryota Prokaryota

-
'o




Snowball Earth

e neoproterozoikum (650 mil.)

Streptofyty
- sladkovodni
- optimalizace pro rychlé metabolické toky (oxidace pres H,0O,)

Chlorofyty

Seawater - morské
- optimalizace pro uchovani energie (oxidace glykolatu)

=




zelené rostliny (Chloroplastida)
e Chlorofyty + Streptofyty

Streptophyta

Chlorophyta
chloropht;ir)g ] [

Ulvophyceae
Chlorophyceae

charophyte
green algae

Trebouxmphyceae

prasinophytes

ﬁ

Chlorodendrophyceae

5 Picocystis

Mamiellophyceae

Zygnemophyceae 4

Phycoplast

Pyrarnlmonadales Charophyceae

Pycnococcaceae

/

@ Nephroselmido—
'\\__ phyceae P =
' Chlorokybophyceae %
@ Prasinococcales AGF

Palmophylales Mesostigmatophyce%&

Phragmaoplast

< Klebsormidiophyceae




I Chlorofyty - Chlorophyceae I

e prevazne sladkovodni, planktonni organismy
e modelové organismy (Calvintv cyklus objeven u Desmodesmus)
e Haematococcus — barvivo astaxanthin

Desmodesmus



Chlorofyty - Trebouxiophyceae

e prevazné pudni a aerofytické Fasy
e symbionti (zoochlorelly)




Chlorofyty - Trebouxiophyceae

e Chlorella — primyslové velmi vyznamny organismus
- rocni trzby nad 50 mld. USD
— lécba anémie, protinadorové efekty, prevence aterosklerézy, ...
— biopaliva




Chlorofyty - Ulvophyceae

e vétsinou makroskopické morské organismy, casto jednobunécné

e Spongiochrysis - evoluce pred oCima...

x . - P T BE . §
% algaesase ‘3 affs \ o y?‘:“, it 5 (it (e i




I Chlorofyty - Ulvophyceae ll

e Aegagropila na plazich u Sydney




Streptofyty

e evolucni cesta k cévnatym rostlinam s I Streptophyta
v , . v , . . an pants
e krome krasivek druhove chude linie |
. charophyte
green algae

Coleochaetophyceae ‘ ;
Zygnemophyceae

Charophyceae

V4
< Klebsormidiophyceae I {

P/
Chlorokybophyceae %

Mesostigmatophyceae  \. ‘




dinosauri

Sekundarni endosymbioza wf?——

zivocichové

e 1 300 mil. (mesoproterozoikum)
— vznik kontinentu Rodinia

mnohob.

Prokaryota

Eukaryota




I Sekundarni endosymbioza I

e pohlceni ruduchy heterotrofni eukaryotickou bunkou
e plastid ma ctyri obalné membrany

secondary endosymbiosis

Eukaryotic cell Nu(lec
(sacondary e_ﬂdos;mhom) . Quad ! braned Nu h Trlple-membraned chloroplast
| C f -
\ (;c{cndatyc: Eg:s,afmt (Secondary endosymbiont's

| '\_ = e P e
DR e o8 &

(Secondary endosymbicnt’s
cel membrane)

Epiplastid membrane Epiplastid membrane
Double-m: 'I ned chi last {phagosomal membrana)
(prmary endosymbicnt)

Thylakoids stacked Rough endoplasmic reticulum

e \,AST \DA EXCA l/4 r in threes (lamellag)
Chlo - Discoba <

Q.o ki O @ Malawimonas 4
odophyceae ,

k %% ﬁ /@ Metamonada
Stramenopi Ies%%

$ Alv eolataQ) @

Cercozoa @ 91
Foraminifera @
Polycystinea *

Telonema &' &
Haptophyta %

Original plastidial membranes
(of the red alga)
Periplastidial

Mucleoid

Girdle lamella Stigma

Chloroplast
inside the RER




I Sekundarni endosymbiodza I

e minimalné dvé endosymbiotické udalosti

Rhizaria '‘Chromalveolates’ Plantae Excavates
SAR (Archaeplastida)

2 8
P i :
Emd)gmg ﬂﬁﬁg
a3 8 82w 32
it sfgiiif
Es2ga= 2993593
§|2n150 wg:sc&gi

Endosymbioses

D 9 B B 455 o

Primary (1)  Secondary (2  Serial Tortiary (3°) Other lineages
Secondary (s2°)

Opisthokonts
(animals and fungi) ~ Amoebozoa

Current Biology



I skrytenky (Cryptophyta) I

e stari cca 1200 mil.

Rhizaria '‘Chromalveolates’ Plantae Excavates
SAR (Archaeplastida)

Simmenoiiios Alveolates
P A LR
Z E g : g 8 i
mn §§s§ i TR
HHHEEUL R U
jEER2S “\ 52538852882

EI e macos ® " .. Centrohelid Heliozoa
@ @ @ Feee-- Apusomonads
Primary (1)  Secondary (2  Serial Tortiary (3°) “ =« Otherlineages
Secondary (s2°) |

Opisthokonts
(animals and fungi) ~ Amoebozoa

Current Biology



ky (Cryptophyta)

skrytén

e sladkovodni bicikovci, mixotrofove

dro ruduchy (nukleomorf)

e ja

14

e zbytkov
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I haptofyty (Haptophyta) I

e stari cca 1050 mil.

Rhizaria '‘Chromalveolates’ Plantae Excavates
SAR (Archaeplastida)

Stramenopiles Dincflagelistes ®
RIS Y :
20‘”“ £ = @ § ﬁ""
jEgsEc % 5§ i§ § 28882 885335
ikt \E HHHH

EI e macos ® " .. Centrohelid Heliozoa
@ @ @ Feee-- Apusomonads
Primary (1)  Secondary (2  Serial Tortiary (3°) “ =« Otherlineages
Secondary (s2°) |

Opisthokonts
(animals and fungi) ~ Amoebozoa

Current Biology



haptofyty (Haptophyta)




Dover cliffs

haptofyty (Haptophyta)

e globalni klimaticky vyznam = kalcifikace
— vapence, ukladani CO, do sedimentu

Atmosphere

co,

de Vargas et al. 2007

co,

O . r O
X

Ca?+ + 2HCO5 = CaCOj + H,0 + CO,

'
‘-" 0 o Coccolithophore

Coccolith ==
Phytoplankton ()

Fecal pellet ‘

Marine snow

ll‘ll'll..l.l-.ll-..l"‘ll

cco



haptofyty (Haptophyta)

e globalni klimaticky vyznam = kalcifikace

— acidifikace mori: oxid uhli¢ity snizuje pH morské vody, ¢imz se
meni rovnovazny stav jeho tri rozpustnych forem ve prospéch
CO, (nevyuzitelny pro haptofyty)

OCEAN ACIDIFICATION

) preres e = [ I T 7
mospheric acidic NG ocidic | — : !
carbo:g'l‘oxldo Bt B H* Ssrface : oH
.Ch 'E' cean p L 1 .'
& i |
[=) , . / e
£-2.5 CO, HCO; | f 03
Hydrogen =i
ions E -3
=
e
i -3.5|
Bicarbonate 5 w
ions o
> Carbonate S -4
—> HCO3-1 ions E
\ = R
i €0 o =45
¢ S
D:fﬁrmed 9 o 5
i 0 14

Source: University of Maryland



Scyphosphaera



Calcidiscus






stari cca 400 mil. ‘

Acantharea / Polycystinea

Obrnénky (Dinophyta) 3 v\-/yééir:ostlinyéwmf—-

B

Rhizaria 'Chromalveolate
SAR

Alveolates

Stramenopiles Dincflagelistes %s_él
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Endosyrioeds Centrohelid Heliozoa

QQ/. 89 3) % ’%‘ﬂ : . Apusomonads
Primary (1°)  Secondary (2°) Serial _ Tertiary (3% - == Other kneages
Secondary (s2%)

Opisthokonts
(animals and fungi) ~ Amoebozoa

Cumrent Biology



obrnenky (Dinophyta)

morsti a sladkovodni bicikovci, mixotrofoveée
celulézni bunécna sténa (théka)

N ,/




I obrnenky (Dinophyta) I

e red tides — morské vodni kvéty
e produkce nebezpednych toxinu (shellfish poisoning)




obrnenky (Dinophyta)

e red tides — morské vodni kvéty

e produkce nebezpednych toxinu (shellfish poisoning)

— Guatemala 1978: zemrelo 50 % vsech nakazenych déti
(PSP, svalova paralyza)

SHELLFISH

Shellfish from this area
are unsafe to eat due

to shellfish toxins.

DO NOT EAT CLAMS,
MUSSELS, OR SCALLOPS

iCUIDADO! CRUSTACEOS TOXICOS
CRUSTACEOS SACADO DE ESTA
ZONA SON INSEGUROS DE COMER Y
PUEDEN RESULTAR EN PARALISIS.
NO COME ALMEJAS, OSTRAS,
MEJILLONES OR MOLUSCOS.

OREGON STATE DEPARTMENT OF AGRICULTURE
FOR FURTHER INFORMATION: (503) marzq .

. SA ) sh s Hosg
e A‘:f:. < /fof w o,sl gs '/. adires & ;
52 ﬂsimynclu.u wmn he;mn




obrneénky (Dinophyta)

e bioluminiscence ol
e Noctiluca scintillans <= \ ¥ |




obrnénky (Dinophyta)

e vyznam bioluminiscence?



stari cca 550 mil.

Rhizaria 'Chromalveolates'
SAR

Acantharea / Polycystinea

stramenopiloveé p———

zZivocichoveé s5Ma 46Ga
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Stramenopiles Dinoflagelintes
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I stramenopiloveé (Stramenopiles) I

e 0dlisna stavba bicikd
e hnéeda barva plastidu (fukoxanthin)
e velmi diverzifikovana skupina




stramenopiloveé (Stramenopiles)

rozsivky (Bacillariophyceae)

Asteriohella
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o zlativky (Chrysophyceae)
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stramenopilové (Stramenopiles)

e chaluhy (Phaeophyceae)
o Iitorél moFl' velky ekonomicky vyznam
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stramenopilové (Stramenopiles)

e radiace stramenopilnich skupin v ordoviku (450 mil.)
e v oceanech je chloroplast z ruduch efektivnéjsi
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stramenopilové (Stramenopiles)

e radiace
.1 O
stramenopilu
v ordoviku

o Chlorofyty
vyhnany z mori
do sladkych vod

o Streptofyty
vyhnany ze
sladkych vod
na sous Ci do
raselinist

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) \
+ Embryophyte water plants (first aquatic™
angiosperms: early Cretaceous Period)

Ocean
+ Ulvophyceae (e.g. Ulvales
Dasycladales, Bryopsidales,

Cladophorales) .
« ‘Prasinophytes’ (e.g. ;‘ X
Mamiellales, ’
Pyramimonadales)

« Rapid adaptive radiation of
Chloro- and Trebouxiophyceae

« Gradual reduction in

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. 490-400 MY ago)

v&é
)
&
Oy
> 690.@‘
Four clades &5«‘ &
ofderived & &
Chlorophyta: W EMBRYOPHYTA (bryophytes, lycophytes, ferns, spermatophytes)

Charales (stoneworts - branched filaments organized as

a main axis and whorls, resembling Equisetum)

Coleochaetales (parenchymateous branched filaments)
Zygnematales (conjugating green algae;
unicells or unbranched filaments)
and/or coccoids Klebsormidiales and Entransia
(unbranched filaments)
Mesostigma
and Chlorokybus

Ph ragm oplasl -f (flagellate, sarcinoid)

CHLOROPHYTA | STREPTOPHYTA

i o
Ancient Chlorophyta: _ &
several clades of marine 3 \§‘
‘prasinophyte’ flagellates

A g Phycoplast




I Sekundarni endosymbioza II. I

e pohlceni zelené rasy Eukaryotem (100 mil.)
e plastid ma ctyri Ci tri obalné membrany

secondary endosymbiosis

Eukaryotic cell Nu(len

(sacondary e"dossmbnml Quadru braned Nu h 'Mple-membmned chloroplast

\ chl deomorp

\\ {secondary yribions) &»mmher r'dow'nbmfs

— -s --
'— \ ~ -
éﬁﬁ/@@égéz @swﬁﬁf %ﬂsﬁ@
‘ Periplastid membrane
(Secondary endosymbicnt’s -
cel membrane)
: Ep-plastld membrane Eplplashd membrane

Double-membraned chloroplast fpragonal e

(permary endosymbicnt)

sTIDA  Exc
exh Alq

Glaucophyta Discoba 7~4
Chlo oplastida

Malawimonas

& Q 4
v odophyceae 4
Stramenopiles %‘k %% ﬁ’)@/ﬁ Metamonada @

Alveolata

Cercozoa &

1 |
> )
Polycystinea * "‘/_;_, / /
-:s‘ i
Haptophyta g"

Sk

Bigelowiella natans



I krasnoocka (Euglenophyta) I

e promeénlivy tvar bunék (pelikularni pasky)
e extraplastidialni stigma, paramylon




krasnoocka (Euglenophyta)

casto toleruji znecisténe vodni prostredi
— Cisténi odpadnich vod




Chlorarachniophyta

e ménavkovité organismy, nukleomorf (pouze 300 gent)

Chlorarachniophyte
B1,3 glucan

Chlorarachnioptyte nucleomorph (CCMP621)

—_— Single-copy L
5 DNA
Telomere Telomaro

i N

{Ii
Chromosome 1l (98 kb)

- Chromosome 11 (140 kb) o

i
Chromosome | (145 kb)



Terciarni endosymbiozy

e pouze u obrnének

— evolu¢né nejdokonalejsi otrokari plastidu

FsbA (2,151 bp)

— v plastidovém genomu pouze 14 genu (minikrouzky)

A dinoflagellate
ingests a eukaryotic
protist having a
secondary plastid.

Glaucophyta Discoba

@o% Chloroplastida
v. Rhodophyceae O% @
Stramenopnles%% @ % ﬁ @ /ﬁ

Q- Alveolata
3
w B .
Cercozoa @ (}1
Foraminifera @
Polycystinea *

Telonema &
Haptophyta g" 4

Malawimonas

Metamonada

Ductyosteha @

/;:% Tubulinea

Tertiary

plastid

The endosymbiont’s
plastid is retained by
the host as a tertiary
plastid having
multiple membranes,

apcA accB
apcF apeB
A ancD acpp A
ccdA apcE argé  P*

gimS cpcB  ces1 yef3g
ginB cpcG  cemA ycia1
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rpi34 Psal

hipA cysT  chiN
iVB  cysw menD
ivH  dfr menk
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moeB
lpxA ftrB  nblA
leuD ftsH ntc
lipB menA ©OdpA
me menB ©0dpB
menC PbsA
petf Psb28
pety Psb30 04y
pgmA preA (ol18
pSaE rize "PI29
psaK psbY
pht 32 07
pi12 I35 rpsy

Red algae

Haptophyte
O iy
o Peridinin dinoflagellates
or(.vencﬁcum

o C velia



e 7 nezavis

Terciarni endosymbiozy

Dinophysiales |

Cryptophyta

Lepidodinium
Chlorophyta

ych endosymbiotickych udalosti
Dinophysiales Il Kryptoperidinium Karenia
Haptophyta Stramenopiles Haptophyta

Gymnodinium aeruginosum

Cryptophyta

Podolampas

Stramenopiles




J

symbiotické obrnenky

e dirkonozci, mrizovci

g?\'P‘ST\DA

Stramenopiles

%P Glaucophyta _Discoba
C) Chloroplastida N ¢
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I nedokoncené endosymbiozy I

. TIDA
e Hatena arenicola Lot

D

R _—
CJ Chloroplastid
Q~ : Malawimonas
v. Rhodophyceae O % %
A
& L'Q.\ ‘ 4 ‘

Gl
a




kleptoplastidy

o Elysia viridis

Codium fragile




Pteraeolidia ianthina - dole juvenilni jedinec bez zooxanthel



Costasiella kuroshimae —,morska ovecka" -
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Dékuji za pozornost




