Evoluce rostlinné bu nky

« Vznik a evoluce eukaryotnich organismu
o strom (kruh, sit...) zZivota
. Zafazeni rostlin v ramci eukaryot

« Endosymbioticky vznik organel
« mitochondrie

. plastidy - primarni (a sekundarni) endosymbiosa



Zlvota

Berthold Furtmeyer: Baum des Todes und des Lebens, &4 Pacino da Bonaguido, Christ and the Tree of Life, 14t century



Ernst
Haeckel

(1834-1919)

Zavedl mimo jiné pojem fylogeneze

“*Ontogeneze opakuje fylogenezi”
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... a jak se to zjistuje?




Studium evolucnich vztahu

« morfologické znaky

« biochemické analyzy (n&pizoenzymyj) .
. molekularni analyzy
« 16S RNA
« Geny kodujici proteiny
. Cele genomy
« Genove fuze

« DalSi (AFLP atpi)



Tradicni cleneni organismu
(Whittaker 1969)
 Monera (prokaryotes)/Bacteria + Archaea
 Animalia (Metazoa)
* Plantae
e Fungl
e Protista
ALE: skupiny nejsou monofyletické.

(,Protista“ jsou sbérna skupina pro to, co se jinam nehodi.
Neéktera jsou také zelend.)



Studium evolucnich vztahu

« morfologické znaky

v

« biochemické analyzy (n&pizoenzymyj)

FIGURE 2. () Dorsal view of the

« molekularni analyzy
. 165 RNA i

. Geny kodujici proteiny -

7 H e H 8 A ¥
Figure 1. Poly 1 gradient 6-15%) for
[ ) ihe detection of isoforms of the enzyme alkaline phasphatase in
Trichophyron isolates, A) cellular phospl T
Extracellular phosphatas Stain = o- il 7
atpH84.

« Genoveé fluze

« DalSi (AFLP atpi)




Woese et al., 1977 vyuziti sekvenci RNA

Relationships between 16S ribosomal RNAs

Proc. Natl. Acad. Sci. USA 74 (1977) 5089

Evolution: Woese and Fox

Table 1. Association coefficients (S45) between representative membx

1 2 3 4 o 6
1. Saccharomyces cerevisiae, 185 — 029 033 0.06 006 0.08
2. Lemna minor, 185 0.29 — 036 010 005 0.06
3. L cell, 185 033 0386 — 0.06 006 007
4. Escherichia coli 005 010 0.08 — 024 025
5. Chlorobium vibrioforme 0.06 0.05 006 0.24 — 022
6. Bacillus firmus 008 008 0407 025 022 —
7. Corynebacterium diphtheriae 009 0.10 007 0.28 022 034
8. Aphanocapsa 6714 0.11 0.09 0.09 0.26 020 0.26
9. Chleroplast (Lemna) 0.08 011 0.06 0.21 019 0.20
10. Methanobacterium thermoautotrophicum (011 0.10 0.10 0.11 0.06 0.11
11. M. ruminantium strain M-1 0.11 010 0.10 0.12 0.07 0.13
12. Methanobacterium sp., Cariacoisolate JR-10.08 0.13 0.09 0.07 0.06 0.06
13. Methanosarcina barkeri 0.08 007 0.07 0.12 0.09 -0.12

The 165 (18S) ribosomal RNA from the organisms (organelles) listed were digested with
to two-dimensional electrophoretic separation to produce an oligonucleotide fingerprint. *
were then sequenced by established procedures (13, 14) to produce an oligonucleotide cata
22, 23; unpublished data). Comparisons of all possible pairs of such catalogs defines a se
2N ap/(N4 + Np), in which N4, Np, and N 4p are the total numbers of nucleotides in sequer
A, in that for organism B, and in the intﬂ}uﬁ:ﬁﬂn of the two catalogs, respectively (13, 23,
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Woese et al., 1990: vyuziti sekvenci rDNA
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Studium evolucnich vztahu

« morfologické znaky

v

« biochemické analyzy (n&pizoenzymyj)
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. 165 RNA i
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16S ribosomal RNA




Moderni pohled na evoluci (nejen) eukaryot

Vychozi data:
o Sekvence MNOHA genu

e Srovnavani celych genomu

« Sledovani osudu charakteristickych genovych

fuzi



a Bacteria Archaea Eucarya b
Eukaryotes
= Prokaryotes
Eubacteria
Archaebacteria
Hypotéza ¥ domén zaloZena na stromu ribozomalnich Navrh dvou FiSi, oddlujicich eukaryota od prokaryot
RNA. Woese et al. PNAS. 87:4576-4579.990) a eubakterie od archei Mayr, D. PNAS 95:9720-23.
' ' T (1999.
€ Bacteria Archaea Eukarya d Eukaryotes
o [ . IRl - . |
a a H H i Eubactena Archaebacteria
qd P - j oy
[ ¢ i -

Hypotéza t¥i domén s kontinualnim horizontalnim Kruh Zivota, obsahujici horizontalni genovy ffenos
genovym grenosem mezi doménami. Doolittle Science ale zachovavaijici rozdleni prokaryot a eukaryot.
284:2124-2128.1999 Rivera MC and Lake JA. Nature 431: 152-155(2004)

Martin & Embley, Nature 431:152-5.2004



The ring of life provides evidence for a
genome fusion origin of eukaryotes

Rivera, M.C. & Lake, J.A. Nature, 431; 152-155. (200¢

Eukaryotes

Proteobacteria Eocyta

Cyanobacteria

Bacilli Euryarchaea

“Our analyses indicate that the eukaryotic genomeesulted from
a fusion of two diverse prokaryotic genomes, and #refore at the
deepest levels linking prokaryotes and eukaryoteshe tree of life
Is actually a ring of life.”
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Soucasny pohled na fylogenezi eukaryot

*

Chromalveolata
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Figure 1. A diagrammatic tree depicting the organisation of most eukaryotes into six major
groups. The relationships amongst most of the major groups and the position of the ‘root’
of the tree are shown as unresolved (note however, the grouping of Opisthokonta and
Amoebozoa). The arrow shows a possible precise placement of the root, based on gene
fusion data (see text).

(Simpson and Roger, Curr. Biol. 14:R693, 2005)
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Figure 1. A diagrammatic tree depicting the organisation of most eukaryotes into six major
groups. The relationships amongst most of the major groups and the position of the ‘root’
of the tree are shown as unresolved (note however, the grouping of Opisthokonta and
Amoebozoa). The arrow shows a possible precise placement of the root, based on gene

fusion data (see text).
(Simpson and Roger, Curr. Biol. 14:R693, 2005)



Tree of Life Web Project




Co vSechno
Jsou rostliny?

= Embryophyta

= + Charophyta +
Chlorophyta =
Viridiplantae
(Fotosyntetizujici zelena

eukaryotaj

* + Rhodophyta +
Glaukophyta =
Archaeplastida (Plantae) f



Viridiplantae:
kdo je kdo

Ph ys::'ﬂmitreifd '

showing basal rhizoids

- P
- ]
o

Sakakibara ef o/ N

\
._

Chlorophyta
| Zygnema sp

.‘,\




Jak rostliny
o vznikly?

— Jednim z kritickych
krok G v evoluci rostlin
bylo ziskani organely
schopné fotosyntézy
(plastidu) 1



Endosymbioticky puvod organel:
od spekulace k faktu

Julius von Sachs (1832-1897) 1

o 1882: chloroplasty se chovaji jako nezavislé autonomni
organismy

Richard Altmann (1852-1900)

e 1886/1890: ,bioblasty” (mitochondrie) se podobaji
bakteriim

* Chybné predpokladal jadro jako shluk bioblastu
* mj. zaved| pojem Nukleinsaure (misto ,,Nuklein®)



Endosymbioticky puvod organel:
od spekulace k faktu

 Andreas Schimper (1856-1901)
pozoroval vyvoj chloroplastu z
preexistujicich proplastidu v
embryich — plastidy jakozto
symbionti

Konstantin Merezkovskij (1855-1921) 1
1905 teorie symbiogenese

Plastidy jsou redukované cizi
organismy (cyanobakterie), které se
vyvinuly jako intracelularni symbionti v
heterotrofnim hostiteli béhem rane faze
evoluce bunky




Lynn Margulis:

the endosymbioticka teorie evoluce eukaryot

Lynn Sagan (1967), "On the origin
of mitosing cells", J Theor Bio.
14(3): 255-274

O Photosynthetic
@ Plantae ancestor

Plastid
establishment

O Primary
&) endosymbiosis

f Prey

retention

s —
Prey
digestion
Cyanobacieria
(prey) Phagotrophic Plantae ancestor

Figure 2

Hypothetical model showing the primary endosymbiotic origin of the
plastid in the ‘Plantae’ common ancestor.

http://www.mrs.umn.edu/~goochv/CellBio/lectures/efeshdo.html



Kdy to vlastn e vzniklo?

Bacteria Eukarya

Mnohoburg¢nost
(-0.75/-1.3 Ga)

Endosymbiosa
(chloroplasty, -1.6 GaJ~

Endosymbiosa
(mitochondrie, -2 Ga

Billion y&ars ago

Predek eukaryotnich bgh
(fuze bakterii a archakeil)

Nejstarsi spokny predek véeho __—— o
zivota (-3.5 G4) -

Origin of life



Fotosyntetické organismy v ramci 5 FiSi
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Puvod plastidu: jednou a prece vickrat!

Chromalveolata

Alveolates
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opiPrimarni endosymbidza
(sinice)

FOTgr (e,
microspaoridia)
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Eukaryotes
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Current Biology

U sekundarnich endosymbiontu je plastid vlastné rasa,
z jadra nékdy ,nukleomorf*.
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Paulinella — endosymbiosa v pfimém pfenosu




Casova Skéla fylogeneze fotosyntetickych eukaryot
— z plastidovych genu
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(Yoon, Mol. Biol. Evol. 21:809, 2004)



Mnohobunécnost vznikla u rostlin nékolikrat
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« Vznik a evoluce eukaryotnich organismu
o strom (kruh, sit...) zZivota
. Zafazeni rostlin v ramci eukaryot

« Endosymbioticky vznik organel
« mitochondrie
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Polyploidie rostlin

3N, 4n, 5n, 6N, etc.
30-80% rostlinnych druhje polyploidnich
Malo ¢asta u zivoichu

Plazi, obojzivelnici, ryby

Typy
Autopolyploidie

Allopolyploidie

ALE: Polyploidizace hrala kritickou roliip
evoluci VSECH eukaryt!



Autopolyploidie

VSechny sady chromozanpochazi ze stejného druhu

Pavod

I'?'.I" 2n
"y e AN
NeprolEhla segregacerpmeiodze N /,I XS
el 1!"&2{7 4t

Vice spermii oplodi vagko
Triploid vznikly zkiizenim diploida s tetraploidem

Da se experimentatmavodit pomoci
chladového/tepelného Sokuptisobenim kolchicinu



Allopolyploidie

Mize vzniknout hybridizaci “vysoce”ifbuznych
druhi

Allotetraploid - 4n

Amphidiploid — 4n ale zname “ro¢ibvské druhy”

Napr. tabak (icotiana tabacum) je amphidiploid vznikly
hybridizaciNicotiana sylvestris a Nicotiana tomentosiformis

Triticale je allohexaploid vznikly Kizenim tepraploidni
psSsenice s diploidnim zitem



Upoutavka na 6.10.
Bunécna sténa
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