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I Protista I

« Eukaryotické organismy s jednoduchou organizaci stélky \
* Dlouha evolucni historie







I Protista I

 Historicky byly tyto organismy razeny do rise Protista
(systém 6 frisi)

Eukaryota &< @ /




I Protista I

e Soucasny system 5 risi
» Drtiva vétsina eukaryotni diverzity je tvorena protistnimi
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Protista

- Protista jako nejdulezit€jsSi primarni producenti
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Stages Biozonation Phylogenetic relationships
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oxidované horniny = archean (3,8 mlid)




I Fotosyntéza l

e sinice Synechococcus
— produkce kysliku




Fotosyntéza

e sinice Synechococcus

Tree of Life
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stromatolity




stromatolity

Diagrammatic

heliotropic —
grow toward
sunlight

representation of the growth of a

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

3,5 mld let staré fosilie (Australie)



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

— nahlé zvyseni kysliku v atmosfére

— nutnost organismu ptizpUsobit se toxickému kysliku: velka
diverzifikace heterotrofnich prokaryot (schovat se ¢i mutovat)

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

SCHMCEDHOTOLIBRARY




Vznik mitochondrie

e jedina endosymbioticka udalost
e nejblizsi zijici pribuzni mitochondrii: a-proteobakterie

Acrasid slime molds
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I Vznik mitochondrie I

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

The ox-tox hypothesis

C‘Huo.’ 60, \ 0H,0 + Q(X),
ATP

- Curront Operon s Microdiokogy
AWMo‘hu-uhypom“hfounodginoluub&c encoded by the hoat nuclear genome, The dashed arrows represent
mpnmonouamﬂmuwmhlbnﬁmb the trunsfer of bicenorgetic and infoemation genes from the proto-
anmwwuhdommtwomm.h mitochondrion 10 the nuclear genome (phase ) and the evolution of
phase |, the symbiont detoxifies the host cytoplasm by consuming novel genes in the mucisar genome for mitochondrial functions {phase

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




dinosauri

Primarni endosymbiodza Wf?—-

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

mnohob.

Prokaryota




Primarni endosymbioza

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

Glaucophyta Rhodophyta
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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

.




ruduchy (Rhodophyta) - Cyanidiophytina

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

jeden z mala eukaryotu zijici v prostiedi typickém pro Archaea
(biotechnologicky hodnotné enzymy)

Cyanidioschizon = prvni eukaryoticky genom

Cyanidium



zeleneé 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 Phancrozoic
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Oxygenic
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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

-
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Snowball Earth

e neoproterozoikum (650 mil.)

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

Chlorofyty

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

=




zeleneé rostliny (Chloroplastida)
e Chlorofyty + Streptofyty

Streptophyta

Chlorophyta
chloroph(ﬁcrag ] [

Ulvophyceae
Chlorophyceae

charophyte
green algae

Trebouxlophyceae

prasinophytes

ﬁ

Chlorodendrophyceae

€5 Picocystis
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Zygnemophyceae ; R

Phycoplast

Pyramlmonadales Charophyceae

Phragmoplast

@/ Pycnococcaceae
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Palmophylales Mesostigmatophycea\\eﬁ

< Klebsormidiophyceae




I Chlorofyty - Chlorophyceae I

e prevazne sladkovodni, planktonni organismy
e modelové organismy (Calvinuv 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
- |écba anémie, protinadorové efekty, prevence aterosklerézy, ...
— biopaliva

Carbon Algae Recycling System (CARS)




Chlorofyty - Ulvophyceae

e vétsinou makroskopické morské organismy, casto jednobunécné




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 i 5
Zygnemophyceae *

Charophyceae

Y )

< Klebsormidiophyceae ”

P/
Chlorokybophyceae %

Mesostigmatophyceae 1. ‘




dinosauri

Sekundarni endosymbiodza Wﬁ

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 Nuclei
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I Sekundarni endosymbioza I

e minimalné dvé endosymbiotické udalosti

Rhizaria ‘Chromalveolates Plantae Excavates
SAR (Archaeplastida)
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I skrytenky (Cryptophyta) I

e stari cca 1200 mil.

Rhizaria ‘Chromalveolates Plantae Excavates
SAR (Archaeplastida)
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Current Biology
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I haptofyty (Haptophyta) I

e stari cca 1050 mil.

Rhizaria ‘Chromalveolates Plantae Excavates
SAR (Archaeplastida)
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haptofyty (Haptophyta)

G w
L %

e produkce vapenatych supin (kokolitky)




haptofyty (Haptophyta)

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

Dover cliffs

Atmosphere "’

H
- 0 o Coccalithophore

Coccolith =

o Phytoplankton ()
Fd
\ ? Fecal pellet ‘

- Marine snow

S

BN T

I.III.I.I.‘.I..I-...."I.I

cco

de Vargas et al. 2007



haptofyty (Haptophyta)

e globalni klimaticky vyznam = kalcifikace

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

OCEAN ACIDIFICATION

1) Atmospheri !Lﬁ oy e ' i ' /
mospheric  acidic T cidic ! }
carbon dioxide — e H* Ssrface i OH-
' E cean p i f
o - :
= . 4
© , =11 / 2
g -2.5/ €0, HCO; | § €03
Hydrogen 'E' 4
ions o -3
=
iy
o -3.5/
Bicarbonate w
ions o
3 Carbonate S -4
> HCO3-1 ions o
v [
o _2 e
s CO3 o -4.5|
¢ S
Defolrmed 9 @ 5
shells -
1] 14

Source: University of Maryland



Scyphosphaera



Calcidiscus






stari cca

Acartharea / Polycystinea

obrnénky (Dinophyta)
Ari 400 mil.

savCi z——=x
vy$$i rostliny >/-

zZivocichoveé gsMa 46Ga

=

2
ﬁ‘
Ga

Rhizaria ‘Chromalveolate
SAR
St . Alveolates .
ramenopiles : ! ! 3
g Dircflagellates l 'T’a,{.‘_
'E" o o 4 a
3 2 93 8 2
32882‘ %:i 5E§gg_§ %ig& ggg; mnohob.
co8as §883 238 gE 2288 EsS58552
£2s2538Es8c558483283325s85¢8¢2
EECc 355485480 =g28s58¢
E o Q=2 ﬁ Qoo o g @ § j -
SEEES FLLULCC S TR
Laxd s \‘\‘g‘- ll ?l
& N \\\§ Y
s 1;\?' \/
on, “‘ "
Poacooa., N
" o, ?
.... .”“----*---
'4- ------- 'l
& Endosymbioses = Centrohelid Heliozoa
&0 ',;}3) Qﬁ 9@ . Apusomonads
Primary (1%) SOCCO;’.‘Rly () Senal Tertiary (3°) Other lineages

Secondary (s2)
Opisthokonts
(animals and fungi)

Amoebozoa

Cumrent Biology



obrnenky (Dinophyta)

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

P




I obrnénky (Dinophyta) I

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




obrneénky (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 3
'FOR FURTHER INFORMATION: (503) 986-4720

o BN RA A/o."/ w HOH G P o
Tho Oregon Dept, of Fish & Wildilfe requires a clam
= ﬂshmhduod ‘when hunh dvlou}n mhmdn




obrnénky (Dinophyta)

e bioluminiscence e~
e Noctiluca scintillans s ¥




obrnénky (Dinophyta)

e vyznam bioluminiscence?



stari cca 550 mil.
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I stramenopiloveé (Stramenopiles) I

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




stramenopiloveé (Stramenopiles)

e rozsivky (Bacillariophyceae)

Asteriohella

/') Thallasiosira
=
\ //Q/‘ \\

&'

'




I stramenopiloveé (Stramenopiles) I

o zlativky (Chrysophyceae)




stramenopilové (Stramenopiles)

e chaluhy (Phaeophyceae)
litoral moFl' velky ekonomicky vyznam
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v\ Sargassum . Macrocystis



stramenopilové (Stramenopiles)

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

r".:.:[ ;& r!.' -F‘E‘- o
e " - | -

¥ ™ -.I.-: _..
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stramenopiloveé (Stramenopiles)

e radiace
.3 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 iy
250 MY ago) ol

« 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. ,‘ \
Mamiellales, L
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)

&5
& &
P
L
Four clades o o &
of derlved & aéo

Chlorophyta: 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)
NS Klebsormidiales and Entransia
(unbranched filaments)
Mesostigma

and Chlorokybus

A g Phycoplast Phragmoplast (flagellate, sarcinoid)

‘prasinophyte’ flagellates
and/or coccoids

)]

CHLOROPHYTA | STREPTOPHYTA




I Sekundarni endosymbioza II. I

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

secondary endosymbiosis

Eukaryotic cell Nucle'
{sacondary eﬁos)mhnm) Quadru braned N h 'l‘riple-membvaned chloroplast
I\k { ;é(cnda ﬁ‘b@l‘ﬁ I,’S«omiary ndow biont's
— ——
'— \ ~-
~ Periplastid membrane
(Secondary endosymbicat's v
cel membrane)
Ep-plastid membrane Eplplastld membrane

Double-membraned chloroplast ipragosal e

(pemary endosymbicnt)

sTIDA  Exc
6 \‘A G| ophyta Discoba 4V47~4

QS) Malawimonas
v. Rhodophyce 4
% %%@ﬁ’@ @ Metamonada @O

Stramenopiles 2 %‘
Dictyostelia G

Q' Alveolata
”! @% Tubulinea
Cercozoa
@ Fungi
Foraminifer: . &
A : .
7/ & 0
\.- N A

Polycystinea ﬁ
Haptophyta g’

S

G, Ichthyosporea

(o,
%
>
o B
‘. Nuclearia g
6 >
(@)
=

Bigelowiella natans



I krasnoocka (Euglenophyta) I

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

Copyright © The MG il Companies, e Py wpared o rguich or chaplay

reservoir

contractile

chloroplast]

pellicle




krasnoocka (Euglenophyta)

casto toleruji znecisténe vodni prostredi
— Cisténi odpadnich vod




Chlorarachniophyta

e ménavkovité organismy, nukleomorf (pouze 300 gent)

Chlorarachniophyte
1,3 glucan
Chiorarachniophyte nucleomorph (CCMP621)

HEH
Chromosome llI (98 kb)

Chromosome 11 (140 kb)

Chromosome | (145 kb)

/ a4 . Wy ~ J N . e e o
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Terciarni endosymbiozy

e pouze u obrnének

— evolu¢né nejdokonalejsi otrokari plastidu
— v plastidovém genomu pouze 14 genu (minikrouzky)

A dinoflagellate
ingests a eukaryotic
protist having a

secondary plastid.

Discoba

%P Glaucophyta
o Chloroplastida
v,a Rhodophyceae

Stramenopiles%%

Q' Alveolata @
< |
m ')
Cercozoa @ q}
Foraminifera @
Polycystinea ﬁ

Telonema &
Haptophyta g’ 4

9}%@% 08

7 Metam
; \% Dictyostelia
/% Tubulinea

Oy

Malawimonas

. Y

p-
Nuclearia
i

psbA (2151 bp)

Tertiary

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

multiple membranes,

apcA accB
apcF apcB
A ancD acpp €A
ccdA apcE argB P

gimS cpcB  ces1 yef3g
ginB cpcG  cemA yci41
gitB cpeA cxQ ycfa2
165 rps6 ycfsS
hisH cpeB ChiL ycfag psal ¥C 35
hip ¢tR  chiB ;352 Psam 3tPDypipy  ycfB0 ¥cf27 YCUB yefas

hipA cysT  chiN
ivB  cysw menD
ivH  dfr menkE
infB dnaB menF
infC fabH moeB
nbiA
ne
lipB menA ©OdpA
me menB ©dPB
menC PbsA
petf psb28
pet) Psb30 4
pgmA preA (ol18
psaE :Zm l29
psaK psbY
ph P32,
pi12 I35 rpsy

N psbT ycf19 Pt thiG
psb) pet rpl22 46
tbeR PsaDypp3  psbZ ycf20 YO petm

o Red algae
Haptophyte
[ Py
o Peridinin dinoflagellates
o Kveneficum

0 cveiia




e 7 nezavis

Terciarni endosymbiozy

Dinophysiales |

Cryptophyta

Lepidodinium
Chlorophyta

ych endosymbiotickych udalosti
Dinophysiales Il Kryptoperidinium Karenia
Haptophyta Stramenopiles Haptophyta

Gymnodinium aeruginosum

Cryptophyta

Podolampas

Stramenopiles




| symbiotické obrnénky

e dirkonozci, mrizovci

// K~ =
Q&tﬁ Ichthyosporea
A

e



I nedokoncené endosymbiozy I

. TIDA EXx
e Hatena arenicola ngs o XCay %

Qo% Chloroplastida .

Rhodophyce:




kleptoplastidy

o Elysia viridis

Codium fragile




Pteraeolidia ianthina - dole juvenilni jedinec bez zooxanthel



Costasiella kuroshimae — , morska ovecka"



a ovecka"
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Dékuji za pozornost




