Od sinice k prvni Kyftce...

Po stopach evoluce primarnich producentu

Pavel Skaloud
katedra botaniky PrF UK
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Primarni producenti

AQUATIC ORGANISMS (10800)/Algae Color Plates

ANACYSTIS —

DINOBRYON

CLOSTERIUM

OSCILLATORIA

TRACHELOMONAS

FRAGILARIA

Plate 29. Filter- and screen-clogging algae.

AQUATIG ORGANISMS (10900)/Algae Golor Plates 10-171
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/ RHODOMONAS

RHIZOGLONIUM CLADOPHORA

SURIRELLA

CYCLOTELLA

ANKISTRODE SMUS

APHANOTHECA

ULOTHRIX

( CHAMAESIPHON

CHROMULINA
PHACOTUS

HILDENBRANDIA

LEMANEA

MICROCOLEUS

COCCONEIS

Plate 31. Clean-water algae.



I Primarni producenti I

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

CHLAMYDOMONAS



Molekularni revoluce
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e casova kalibrace stromd - fosilni data

Molekularni revoluce
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Molekularni revoluce

e dasova kalibrace stromu - biogeochemické markery
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Molekularni revoluce
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Evoluce primarnich producentu
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oxidované horniny = archean (3,8 mlid)




I Fotosyntéza l

e sinice Synechococcus
— produkce kysliku




Fotosyntéza

e sinice Synechococcus
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savCi Z——
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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 organismuU pfizpUsobit se toxickému kysliku: velka
diverzifikace heterotrofnich prokaryot (schovat se Ci mutovat)

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

SCHMCEDHOTOLIBRARY
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Eukaryogeneze
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Genes of bacterial
origin acquired
by HGT
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dinosauri

Primarni endosymbiodza w?f?‘—

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

mnohob.

Prokaryota




Primarni endosymbioza

e pohlceni sinice eukaryotickou bunkou
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Archaeplastida

Glaucophyta Rhodophyta Chloroplastida
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I glaukofyty (Glaucophyta) I

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

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

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




I Sekundarni endosymbioza I

e plastid ma ctyri obalné membrany
e Cervena a zelena

secondary endosymbiosis

Eukaryotic cell Nuclei
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I Zelena sekundarni endosymbioza I

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

secondary endosymbiosis
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I krasnoocka (Euglenophyta) I

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




krasnoocka (Euglenophyta)

casto toleruji znecisténé 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)



Cervena komplexni endosymbioza

Zimorski et al., 2014

Chlorarachniophytes Euglenophytes Apicomplexans Chromerids Perkinsids Dinoflagellates

Cﬂ.ates\)e = (

Host ¢? ’0

Land Plants

Chloroplastida o
Rhodophytes

Glaucophytes
il Cryptophytes

- Cyanobacterium

Current Opinion in Microbiology



r V7

e staril cca

skrytenky (Cryptophyta)
1200 mil.

Chlorarachniophytes

Land Plants

Glaucophytes

Euglenophytes

Apicomplexans

Chromerids

Cyanobacterium

Perkinsids

Dinoflagellates

Cryptophytes

Current Opinion in Microbiology




ky (Cryptophyta)

skrytén

=/

e sladkovodni bicikovci, mixotrofove

dro ruduchy (nukleomorf)

e ja

14

e zbytkov

>
=
0
e
O
| -
—
=
o
~
&
[

» .
.r..‘: 2 cnt.\wlhungl}»

e PR di@}%«_ -

’“-o

L
.n Al N la\ls.—rg\a!

3 \su? S 1: g \‘\:
rrnlc* )-(\-..L

)/»J ‘w 5 ot SN q

Host cell
nucleus

Mitochondrion

\._-. o

~ -

SN

..v..C —
Ty

. 4 .

— =N

Nucleomorph



haptofyty (Haptophyta)
e stari cca 1050 mil.

Chlorarachniophytes Euglenophytes Apicomplexans Chromerids Perkinsids Dinoflagellates

Land Plants

Glaucophytes
il Cryptophytes

Host - Cyanobacterium

Current Opinion in Microbiology



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 uhlicity snizuje pH morské vody, ¢imz se
meéeni 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
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> 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






stramenopilové

e stari cca 550 mil.

Chlorarachniophytes Euglenophytes Apioomplexans Chromerids Perkinsids Dinoflagellates

Host a?

Land Plants

Glaucophytes
e Cryptophytes

i Cyanobacterium

Current Opinion in Microbiology



I stramenopiloveé (Stramenopiles) I

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




stramenopiloveé (Stramenopiles)

rozsivky (Bacillariophyceae)
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stramenopilové (Stramenopiles)

e chaluhy (Phaeophyceae)
|itoré| moFl' velky ekonomicky vyznam
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A\ Sargassum . Macrocystis



stramenopilové (Stramenopiles)

e radiace stramenopilnich skupin v ordoviku (450 mil.)
e v oceanech je chloroplast z ruduch efektivnéejsi
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obrnénky (Dinophyta) [EEETrewEG—

¥

e stari cca 400 mil.

Chlorarachniophytes

Euglenophytes Apicomplexans Chromerids Perkinsids Dinoflagellates

Ciliates

Land Plants

Glaucophytes
il Cryptophytes

Host Cyanobacterium

Current Opinion in Microbiology




obrnenky (Dinophyta)

morsti a sladkovodni bicCikovci, mixotrofove
celulézni bunécna sténa (théka)

N ,/




I obrnénky (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?



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,
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e 7 nezavis

Terciarni endosymbiozy

Dinophysiales |

Cryptophyta

Lepidodinium
Chlorophyta

ych endosymbiotickych udalosti
Dinophysiales Il Kryptoperidinium Karenia
Haptophyta Stramenopiles Haptophyta

Gymnodinium aeruginosum

Cryptophyta

Podolampas

Stramenopiles




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" -



a ovecka"

k

>

wn
o
o
=
_

S
S

fla kuroshi

Costasi




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




zelené rostliny (Chloroplastida)
e Chlorofyty + Streptofyty
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Snowball Earth

e oxidace methanu v atmosfére 2,3-2,5mld.let 0,65 mld. let
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NEO (Neoproterozoic Oxidation

event.), 650 mil.

oxidace methanu v atmosfére, a jeho
nahrazeni slabsim sklenikovym plynem CO,
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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)
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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
- |écba anémie, protinadorové efekty, prevence aterosklerézy, ...
— biopaliva




Chlorofyty - Ulvophyceae

e véetsinou makroskopické morské organismy, casto jednobunécné




I Chlorofyty - Ulvophyceae ll

e Aegagropila na plazich u Sydney




Streptofyty

e evolucni cesta k cévnatym rostlinam Streptophyta

Land plants
-
. charophyte
: green algae
Coleochaetophyceae
Zygnemophyceae

Charophyceae

— Klebsormidlophyc%/
/4

Chlorokybophyceae %

Mesostigmatophyceae

Chaetosphaeridium spajivky




J Streptofyty L

e thylakoidy zpravidla agregované v granech




Streptofyty

e fragmoplast, plasmodesmata

new cell plate maturing cell plate
/ /
Cytokinesis top / ® ‘
view

A phragmoplast
developing between two

cells of root meristem in D) D) O O
O

L (ECE) sidel 1 | L | o |_|_|H! ||
This potassium view | ||l] i I iy I

permanganate Q D) D
/

preparation for TEM
shows membranes
almost exclusively, so nucleus phragmoplast microtubules
cytoplasm looks “simple”

as do mitochondria.

Note: nice Golgi —
(dictyosomes)! —
i o—

Phycoplast Phragmoplast




l Streptofyty l

e stavba bicikového aparatu - MLS (Multi-layered structure)

s EEas
MLS




Vyvoj vyssich rostlin

e radiace
. O
stramenopilu
v ordoviku

e Chlorofyty
vyhnany z mori
do sladkych vod

o Streptofyty
vyhnany ze
sladkych vod
na sous

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)

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

Cladophorales Y
. ‘pras?gophyte;’ (e.q. N\ « Embryophyte water plants (first aguatic™
Mamiellales. 7 angiosperms: early Cretaceous Period)

Pyramimonadales)

« Rapid adaptive radiation of
Chloro- and Trebouxiophyceae

« Gradual reduction in
diversity and abundance
streptophyte green algae

I (exception: evolutionary diversification
and speciation of the Zygnematales

U
L |
' I “ Nl ’ during the Jurassic and Cretaceous Period)

B. Paleozoic Era:
Ordovician—early

Devonian Period

(approx. 490-400 MY ago)

ol

S
)

o ‘i\“
)

Four clades &5«‘ Q\&
ofderived & Qﬂ'}‘
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: R &
several clades of marine 3 \§‘
‘prasinophyte’ flagellates

h g Phycoplast
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Vyvoj vyssich rostlin
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Vyvoj vyssich rostlin

e mnoho preadaptaci (mykorhiza, adaptace proti vyschnuti, proti
svetelnému stresu....)
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Fig. 4. Stepwise acquisition of symbiotic genes in the green lineage. The
appearance of new domains in advanced charophytes led to the emergence
of new protein families and to the evolution of the symbiotic signaling
module via the neofunctionalization of existing proteins (DMI1 and CCaMK).
Most of the downstream symbiotic genes evolved in basal land plants via
gene duplication in these newly evolved gene families (i.e., STR) or by
combining existing domains in new proteins (i.e., VAPYRIN). Finally, genes
originating from lineage-specific duplications were recruited independently
to fulfill their symbiotic functions (PT and H™-ATPase).




Vyvoj vyssich rostlin

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

Desmidiales - :
Fyoninaales Coleochaetales  Charales Klebsormidiales Chlorokybales Mesostigmatales
| o S—




(Chlorophyta, Ulvophyceae)
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