Fylogeneze
organismu




Co je vlastné Zivot / Zivot?

Jfenotypova“ definice (co vSechno dela,
jak vypada: pohyb, rust,
metabolismus...)

,hereditarni* (,darwinovska®) definice
(rozmnozovani, varabilita, dedicnost,
,biologicka evoluce”)

propojeni metabolismu a dediCnosti
(metabolismus dodava monomery, z
nichz se stavi replikacni
makromolekuly, ty zase ovlivnuiji
chemicke reakce v metabolismu)




Nejstarsi fosilie

3,5 Gya (nejstarsi sedimenty nejsou o moc starsi: 3,85)

izotopové doklady zivota: 3,7-3,8 Gya
Z Australie (Jack Hills): az 4,1 Gya??? (jenom izotopy)
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oldest known minerals oldest low-grade
(Jack Hills zircon) meta-sedimentary rocks

~

| oldest meta-sedimentary rocks | great oxvgenation evenl (GOE) | | global ice apes |
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modern levels
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Protobiologie

nauka o vzniku zivota (v podstate experimentalni)
 ALE
je to vubec legitimni?

realné zkoumame unikatni vznik Zvota na planeté Zemi
pred cca 3,5 miliardami let...

... tedy udalost srovnatelnou se vznikem savcu nebo
vznikem Karla Gotta




Existuje Zivot ve Vesmiru?

jisteze NE
(ledaze by na Marsu atp. byl Zivot pozemského ptivodu,
anebo naopak)

Zivot je to, co vzniklo

vzniklo-li nekde jinde nekde jinde neco jineho, neni to

(ten) Zivot, ale néco, co se Zivotu v né&em podoba a v
necem ne...

(tj. patrne budeme mit problem rozhodnout, zda je to
,ZIVE")




Protobiologie

vznik Zivota = historicka udalost, ktera je principialné
nepristupna experimentalnimu pristupu
ALE

tak jako muzeme rekonstruovat predka savcu nebo
,mitochondrialni Evu“, muzeme rekonstruovat i pfedka
dnesnich organismu (LUCA)

domains that
pacteria

the most recent ——Jm=
common ancestor
of all living things




LUCA
(= last universal common ancestor)

« spolecny predek
bakterii, archei a
eukaryot
nejde o ,prvni zivy
organismus”
vlastnosti zalezi na
topologii ,,Stromu
zivota® (napr. pokud
Neomura vznikla
uvnitr bakterii, byl by
LUCA negibakterie)




Present day crown

LUCA

« koren uvnitf ,domeny” Bacteria
— LUCA = (gramnegativni)
bakterie
» koren mezi ,doménami® MRUCA & 1o Ectinction
— LUCA = bunka nepatrici do
zadne ,domeny"”
— LUCA = ,progenot” (neuplna
bunecna organizace, bunecnou
strukturu si kazda ,doména” Drversy
vyvinula zvlast)




,Progenot”

~———— RNA-DNA-protein
S a— precellular era

Selection among virus-like replicons - efficient gene arrays

iy RNA World




LUCA

analyza strukturalnich typu proteinu (SCOP)

napadne slozity LUCA
tj. neni to ,progenot”

> ke vzniku Zivota ndm
chybi mezi dnesnimi
organismy ,klic"
predbunecny ,progenot”
jisté existoval, ale v
hlubsi minulosti — dnesni
bunecna struktura
vznikla jednou, pred
diverzifikaci ,domeéen”
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LUCA
biochemie a ekologie

355 proteinovych rodin zdedenych od LUCA

LUCA: anaerobie, fixace CO,, zavislost na H,, fixace N,,
termofilie...

geochemicky aktivni (hydrotermalni) prostredi bohaté na H,,

CO,, zelezo
autotrofie




Evoluce viru a bunéek

« parazitu je vic nez hostitelu (kazdy druh ma svého parazita,
svého vira a geny virového puvodu)

e parazitace vznika uz u nejjednodussich simulovanych
hypercykll = parazitismus jisté predchazel vznik bunécného

Zivota

distinct complements of viruses

archaea bacteria

?
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e Cellular escape“\
g 8 Q

Protocellular scenario Non cellular scenario




Lyticky a lyzogenni cyklus viru

LYSOGENIC
CYCLE

~[0O o

e Virus se necha bunkou

zreplikovat, vytvorit
viriony a infikuje novou
bunku, ¢imz tu puvodni
NiCi

e X Virus se zapoji do

bunecného
chromosomu a
replikuje se s nim (i
natrvalo) - provirus
(profag)

* viry nemusi ,zit"

samostatné, mohou se
skryvat v genomech
bunék




. . ©)Phage enzymes
‘-\ degrade host DNA
|

— S €) Cell synthesizes new

‘L )\ phages that incorporate
AL, | phage DNA and, mistakenly,
some host DNA

Transducing phage —<&§&

Redipient host cell

o Transducing phage
injects donor DNA

{©) ponor DNA is incorporated
into recipient's chromosome
by recombination

EREDEER o SR

* ruzného typu i puvodu: nejpocetnéjsi a
nejpestiejSi entity planety (5%107 fagl na
1 ml morske vody)

« vyznamny vliv na globalni biogeochemii:
role pri tvorbé sedimentu, ovlivauji cykly
klicovych prvku (C, N, P, O) — napfr.
cyanofag zlikviduje fotosystém sinice a
nahradi ho vlastnim = metabolismus
virového puvodu




Ebola virus

(OB Diverzita

B www . giantvirus.org/gallery. html

[t L)

Some viruses of archaeans

( Prangishvili et al., 2006)

Genetic material present in the virion

Group I Group IV Group V Group VI Group Vil
BB VAV AV AN AYE ATV AV AV AV A i 1) FAN
RNA (+/-) RNA(+) RNA(-) RNA(+) DNA(+/-)

Reverse
transcription
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proteins




Prokaryotni x eukaryotni viry

nektere viry u bakterii g archei, ale zadné viry u eukaryot a
kterékoli skupiny prokaryot

napadna prevaha eukaryotnich RNA virt (x u prokaryot dsDNA,
meneé ssDNA, vyjimecne RNA) — je v kompartmentalizované
eukaryotni bunce vic prilezitosti pro RNA replikaci?

casté evolucni propojeni mezi viry a jinymi sobeckymi elementy
(transpozony, plazmidy)




Viry: biologicka
podstata a |
puvod e

(not necessarily symmetrical and binary)

Trait Viruses
Information content Ye Yes
Self-maintenance Ye Ne
Self-replication Ye Ne

Evolution Ye By cells
Common ancestry Ye No

Structural historical continuity Ye No

Genes involved in carbon metabolism Ye Cellular origin
Genes involved in energy metabolism Ye Cellular erigin

Genes involved in protein synthesis Ye Cellular origin

* |sou zive? — viriony jiste ne, ziveé jsou jenom v bunce
* maji Casovou kontinuitu? — ne (virion nevznika z virionu)
* monofyleticke? — ne




Puvod viru

(a) zbytky predbunecneho zivota®?
(b) redukované bunky? (ale bunky ceho?)
(c) vzbourené skupiny genu (napf. transpozony)

neni zadny duvod predpokladat jednotny puvod —
jejich struktura, genomy, strategie etc. jsou
straslive variabilni




Puvod viru

Table 4: Major concepts in virus evolution

Concept

Principal message

References

Brief critique/comment

Cell degeneration model of virus
origin

Escaped-genes model of virus
origin

Orrigin of viruses from a primordial

gene pool

An ancient lineage of viruses
spanning the three domains of
cellular life

Three DNA viruses to replicate
genomes of RNA cells

Viruses, at least complex ones, evolved as a
result of degeneration of cells, perhaps,
through a stage of intracellular parasites

Viruses evolved from within cells, through
autonomization of the appropriate genes,
e.g., those coding for polymerases

Viruses are direct descendants of primordial
genetic elements

The presence of JRC in a variety of groups of
DNA viruses is taken as evidence of the
existence of an ancient lineage of viruses
infecting all three domains of cellular life

The hypothesis postulates that at least three
major lineages of RNA viruses emerged by
the escaped-genes route from RNA-based
progenitors of archaea, bacteria and
eukaryotes. These ancient RNA viruses are
thought to have given rise to three
independent lineages of DNA viruses that
imparted DNA replication onto their cellular
hosts

(40, 43, 45, 50)

[40, 43, 45, 55)

[40, 43, 87]

[13-15)

49, 55)

This route of virus evolution appears to be
inconsistent with the results of viral
comparative genomic, in particular, the
prominence of genes without cellular
counterparts in the conserved cores of viral
genomes

Similarly, this model lacks support from
virus genome comparison

Generally, this appears to be the most
plausible path for the origin of viruses.
However, non-trivial conceptual
development is required, given that viruses
are intracellular parasites and, technically,
could not precede cells during evolution
This concept capitalizes on a truly
remarkable observation of the near ubiquity
of JRC in viruses. However, inferring an
ancient lineage of viruses on the basis of the
conservation of a single protein smacks of
essentialism and does little to explain the
trajectories of most other virus-specific and
virus hallmark genes. Besides, this concept
does not specify the cellular context in
which the ancient virus lineage might have
emerged

This concept is based on important general
notions of the ancient origin of viruses and
their major role in evolution of cells.
However, the specific model of Forterre
appears to be critically flawed as it stems
from a model of cellular evolution that
appears not to be defendable (see text)




Viry nejsou (jenom) viriony

kde se berou geny virového puvodu?

jisté nevznikaji ve virionu, ale v napadené bunce (duplikace,
rekombinace, transpozice...)

viry jako specifické bunecné organismy (,virove tovarny®)

bunika po infekci virem uz neni ta puvodni burika, puvodni genom
je nekdy zniCen a bunécna struktura a metabolismus pozmeneneée
(T4) - bunecny organismus produkujici virion

tento organismus ukradl bunéénou strukturu od puvodnimu
organismu, ktery uz je mrtev (,nepratelske prevzeti bunky®)




,Virobunka”

virova tovarna mimiviru o velikosti hostitelského jadra a infikovana
,Ssputnikem®...

viral factory (VVF) ~ minijadro (jadro virobunky)

membrana z ER, nékdy i z jaderného obalu (nektere viry pfimo
invaduji jadro a meéni ho ve VF)

vznik jadra je porad zahadny — nehraly v tom roli viry???
(X nejsou nektereé obri viry ,vzbourena jadra“???)

(Q P ‘ #

Current Opinion in Microbiclogy




Viry — proC nevime, kam patri

1. extremneé rychla molekularni evoluce - skryta homologie
(homologicke geny nemusi byt identifikovatelné) x obvykle chybi
| strukturalni homologie proteinu

2. extremné malé genomy

3. ,kradeze genu“ (rekombinace, integrace do hostitelského
genomu) - gen bunééného puvodu nemusi znacit puvod viru
(kolagen v nimaviru, fotosystem Il v cyanofagu, kus kureciho
chromozomu 19 v herpesviru ...)

4. neexistuje ani jedna molekula, ktera by byla spoleCna vsem
virum (x ribozomy bunécénych organlsmu) + maly (obvykle
zadny) prekryv s genomy bunéénych organismu

- zname fylogenezi ruznych linii viru, ale netusime, odkud
pochazeji




Monofyletické linie viru
a ultrasobeckych genetickych elementu

Table |: The major monophyletic classes of viruses and selfish genetic elements

Class of viruses

Constituent virus lineages

Hosts

Support for monophyly

Positive-strand RNA
viruses

Retroid viruses and
elements

Small DNA viruses,
plasmids, and transposons
with rolling circle
replication

Tailed bacteriophages
(Caudovirales)

Nucleo-cytoplasmic large
DNA viruses (NCLDV)

Superfamily I: picorna-like;
superfamily II: alpha-like;
superfamily ll: flavi-like; the
exact affinity of RNA
bacteriophages within this class
of viruses remains uncertain
(possibly, a fourth lineage)
Retroviruses, hepadnaviruses,
caulimoviruses, badnaviruses;
LTR-and nonLTR retroelements;
retrons; group |l self-splicing
introns — the progenitors of
eukaryotic spliceosomal introns
Gemini-, circo-, parvo-,
papovaviruses, phages (e.g.,

$X 174), archaeal and bacterial
plasmids, eukaryotic helitron
transposons

Families: Myoviridae (e.g., T4),
Podoviridae (e.g., T7),
Siphoviridae (e.g., )

Poxviruses, asfarviruses,
iridoviruses, phycodnaviruses,
mimiviruses

Animals, plants, protists,
bacteria (one family of
bacteriophages)

Animals, fungi, plants,
protists, bacteria, archaea

Animals, plants, archaea,

bacteria

Bacteria, euryarchaea

Animals, algae, protests

Conserved RdRp; JRC in
most superfamily | viruses,
and subsets of
superfamilies 2 and 3
viruses. Reconstructed
ancestor with RdRp and
JRC

Conserved RT

Conserved RCRE, JRC,
S3H (in eukaryotic viruses)

Complex, overlapping
arrays of genes conserved
in subsets of tailed phages;
genes of all tailed phages
thought to comprise a
single pool

Core set of || conserved
genes, including JRC, S3H,
and a FrsK-like packaging
ATPase, found in all
NCLDVs; reconstructed
ancestor with ~40 genes

[103, 104

[17. 18,20]

[11,93, 94, 105, 106]

[50-53, 107]

Abbreviations: |JRC, Jelly-Roll Capsid protein; LTR, Long Terminal Repeat; RdRp, RNA-dependent RNA polymerase; RCRE, Rolling Circle
Replication (initiation) Endonuclease; RT, Reverse Transcriptase; S3H, Superfamily 3 Helicase.




Paralelni evoluce celularniho
a viralniho sveta

RNA Viroid-like Sell-suflicient
world RNA parasites RNA replicons

mR v

RNA-protein RNA virus-like Diverse protein-

world parasites coding RNA elements

Parasitic RNA, Diverse protein-

redukce bunécnych organismu

vede az k UpIné ztraté genomu [t St
(mitozomy) =

ale nikdy nevytvafri viralni
entity |
dokonale oddelené svety?

= >

Erlﬂ‘mj’nf('\‘

@

Multicellular eukaryotes

Planis, fungi, animals




Spolecna fylogeneze viru a bunék

zalozena na FSF (7/old superfamilies): proteiny sdilejici 3D
strukturu (je 3—10krat konzervativnejsi nez sekvence)

velky prekryv (457 ABE, 442 ABEV) — 66 FSF specifickych
pro jednotlivé skupiny viru

Total FSFs in Archaea: 1022

Total FSFs in Bacteria: 1535

Total FSFs in Eukarya: 1661
Total FSFs in viruses: 716

Eukarya (383) Bacteria (1,115)

Archaea (122) 7_53 g Viruses (3,460)

32




Fylogeneze viru
a bunek

viry vznikly z proto-bunek pred
vznikem soucasnych
bunécnych skupin

@ RNA viruses
_@- DMNA viruses
Ancestor
@ Archaea
® Bacteria
@ Eukarya

Archaca

ul

BS values
50-70%
70-90%
=804

0.01 changes

e -
@ Archaea
'@ Bacteria
m® Eukarya
EEEEEEEEEEEEER




_Ctvrta domén

hluboko zakorenené vetve z
prirodnich vzorku ve
stromech zalozenych na
recA (rekombinaza) a rpoB
(RNA polymeraza

,4. domeéna“ (bunecneho
Zivola) — preziva v
redukované podobé
megaviry), anebo zmizela,
ale jeji geny prezivaji v
megavirech?

1017 Q3914801 R. 1
17 7 42 N. crass
D17 gi13508: octocannatus
ID2 giT 1754481 T. brucei
100" 1D2 i1 §913065 T, brucel
349 S

Hanogaster
07 D. melanogaster
120 H sapior
S. con

D3 GOS 10966946
Q044589 A moorel

Bacteria and Plastids

Killer Plasmids

Eukaryotes (Rpa2)

otes (Rpb2)

Eukaryotes (Rpc2)

Archaea

Unknown 2

Pox Viruses




Megaviry (.giry")
NCLDV (nucleocytoplasmic large DNA viruses)




Mimivirus (APMV)

2003 — parazit Acanthamoeba
(Am oe bOZOa) acanthamoeba

o - - , polyphaga mimiviru
puvodne povazovan za G* e —
bakteri

velikost genomu srovnatelna s

bakteriemi (1,2 Mb, >900 gendu,
>450 unikatnich, vlastni tRNA a | —
aa-tRNA-syntetazy)

,nukleocytoplazmaticky velky
DNA virus® (NCLDV)

zlodéji genu nebo zivé fosilie?
(sesterska skupina eukaryot???)
(nebo oboji?)




Megaviry

*Megavirus, Mamavirus, Lentille
VIrUS...

virofagy (, Spuitnik”, parazituji na
virech — vznikly z nich transpozony
typu ,Maverick® zZivoc€ichu),
transpovirony (TE uvnitf viru...)

IMimivirus C)
Longchamps
TN Lactours
# Virophage Fauteuil
‘Cf' Available genome sequence Paintarouge1
) Mamavirus () B
Group A Lentille Os
Marais
Pointerouge?
Terra2
Group B Qchan
Moumou

Monve

__ICourdus
Bus

Courdo11
| Montpelier
YCourdo?
|'Terrat




Evoluce obrich viru

* obri viry vznikly nejméné dvakrat z malych megaviru

 eukaryotni geny velkych virt jsou vzdy uvnitf fylogeneze
pravych eukaryotnich genu - druhotna akvizice
* + ruzné geny z ruznych skupin eukaryot

DMNA polymerase phylogeny
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_Ctvrta doména

« monofylie nepravdépodobna

« X neobsahuiji velké viry skuteéné geny ,Ctvrté domény”,
ktera jinak neprezila?
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NEW BACTERIA GROUPS




Bunecné organismy

 tradicne Prokaryota x
Eukaryota

Prokaryota: malé jednoduse
stavene bunky, bez organel

a cytoskeletu, bez Cel
endocytdzy, kruhovy
chromosom bez histonu,
jednoduse stavene geny,
kompaktni genom s

operonovou regulaci genove
exprese, horizontalni prenos
genu, bunécna sténa

mnohé z toho ovsem neni
pravda

Mitochondria




Fylogeneze prokaryot

,Prokaryota” neprirozena (parafyleticka) skupina

dveé zcela zasadne odlisne skupiny (,domeny”),
rozlisene na pocatku 80. let (16S rRNA)

1. Eubacteria = Bacteria
2. Archaebacteria = Archaea
3. Eukaryota

Archaea a Eukaryota patri k sobe (= Neomura =
Arkaryota), nebo Eukaryota patri primo dovnitr
archei




Vertikalni x horizontalni prenos?

vertikalni = ,strom zivota® ( 7ree of Life, Tol)

znamena vysoky podil HGT, ze ToL neexistuje???

hodné genu - strom = existuje vétsinovy fylogeneticky
signal (jinak by se konfliktni signaly pochazejici z ruznych
genu ,,vyrusily®)

vertikalita urcite existuje (bunka vznika z bunky) — je podil
horizontality opravdu zasadni? (zkuste si to v laboratori: jak

casto se deli bunky a jak Casto preleze gen z bunky do
bunky?)

mnoho skupin bakterii vychazi zcela konzistentne
(Cyanobacteria, Proteobacteria, Actinobacteria)




Horizontalni prenos
genu

HGT neni nahodny ani
taxonomicky, ani

Jfématicky"”

bunecne procesy a

signalizace (CELL)
ulozeni a zpracovani

informace (INFO)

metabolismus (META)
v ruznych skupinach
ruzné silné
(Actinobacteria,
Proteobacteria)

CELL INFO META
Actinobacteria 33 41 48
Alphaproteobacteria 32 33 4588
Bacillales 26 25 35
Bacteroidetes/Chlorobi
Betaprotecbacteria 31 32 41
Chlamydiales-Verruco
Clostridia
Crenarchaeota
Cyanobacteria
Deltaprotecbacteria
Epsilonprotecbhacteria
Euryarchaeota
Gammaproteobacteria
Lactobacillales
Mollicutes
Spirochaetes

ALL PHYLA
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e X urcité nejde o ftri
rovnocenné skupiny:
Eukaryota jsou blizka
archeim (Neomura =
Arkaryota) nebo patri
primo mezi Archaea -
2 ,domeény“: Bacteria +
Neomura nebo
Bacteria + Archaea

(pokud jsou i bakterie
parafyleticke, je jenom
jedna ,doména®)

e —> zasadni implikace
pro rekonstrukci LUCA

,TFi domény"
Bacteria, Archaea a
Eukaryota

Archaea Eukarya
Animals

Enraamoebf “:m}:f §
malds &
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Tavobacteria
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BACTERIA

ARKARYA

ARCHAEA

EUKARYA

SARP

Cyanobocteria . ‘ “ Fhermotoge
Aguifes/
Chioroflexi

\ Actinobacteria
\, Deinocoecus

“Verrucomicrobloles
/ Chiamydiae
PVC superphylum
. Planctomycetales Poribactens’
-
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BEuryarchaeota' N

Piantog” Amorpha
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Fungl |
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=
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\_ Discoba

FIGURE 4 | Schematic simplified universal tree updated from Woese et al. (1990). Abbreviations are the same as in Figure 3

BACTERIA

Phermoron

" ¢yanobacteria

Chloroflexi

\ Actinobocteric

. Deinococcus

“IPermus
Spirecheto -

Bocteroidetes
~Temuamicrcbiaes
Chiomydiae
PVC superphylum

S Plonctomycetoies

FIGURE 5 | Schematic universal tree updated from Woese et al. (1890)
and meodified according to the “eocyte” hypothesis. Abbreviations are the
same as in Figure 3. In this configuration, Archasa is no more a valid taxon

ARKARYA

Lokiarkaryot
Theumorkaryoto
Crenarkaryota

Wedrvarkaryota

/ SARP
o / Avecata
Rhisoria

Somenopia ot

Excovato

do .
Dicriscristota
\, Discoba

since “Archaea” are paraphyietic (LACA is also an ancestor of Eukarya)
suggesting using the suffix karyota for the various “archaeal” phyla. Together
with Eukarya, these phyla became various phyla of Arkarya,




cteria




Bacteria

obrovska diverzita biochemicka,
fyziologicka a ekologicka

zasadni role v ekosystémech (fotosynteza,
chemosynteza)

zasadni role v symbiotickych komplexech

- mitochondrie, chloroplasty




Bacteria

Q.rafn}ib’i‘)‘“z"i‘-ti‘i‘in:l

AL

Gram-negativni

bunecna stena s peptidoglykanem a kyselinou muramovou

translace bilkoviny nezaCina methioninem, ale A-
formylmethioninem

dva typy stavby bunecného povrchu (,gramnegativni® a
,2grampozitivni®)




Cyanobactara

Chiorofiax)

Clostridia

Baalli

Mollcutes

Aclinobactera

a-proteobacieny

d-protecbactans

Sclibacteres

e-protecbactana

Bacieroidetes

Chioratia

Chlamydiae

Planztomycstacia

Sprochasies

Fusatanlenal

AQuilicae

GROUP-|

Temabacteria
{6167 sp)

GROUP-Il

Hyarcbaciena
(3203sp.)

Fuscbadena [328p)

[hermoiogas

Aquitcas (22 gp

Halobactana

Thermotogas (30 sp.)

Mathanomicrobia

frchasoglobi

Thermoplasmata

Methanococe!

Methanobacieria

Methanopyri

Thermeooeei
o

Cranarch wrala

Euryarohasota
(243 sp.)

Nanagrchaecta

Crenarchasota (£ ep

Nanoarchasota (1 sp )

I

ARGHAEAN |
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Last ocean-
vaporizng impact
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Bilion years ago

Guologs peod (gon)

Firsl accurence
\hgﬂ:)n.}u' recond

Fylogeneze bakterii:
zakladni rozdeleni
ekologicke?

dve superskupiny x
nejasna pozice korene

bazalni hypertermofilove
( Thermotoga, Aquifex)?
Hydrobacteria
Terrabacteria (G+,
rezistence vuci vyschnuti,

radioaktivite a vysoke
salinite, spory)




Fylogeneze bakterii
podle velkych evolucnich novinek

corticates
P T ~
bodiates PLANTAE CHROMISTA
ANIMALIA FUNGI .

wpt kﬂ :{:T:/:i/rvhcro sporidia

Amoebozoa

ciliary gliding pseudopodia

myosin Il
novel cytochrome ¢ haem lyase

0.8 Gy ago neozoa

cytopharynx  E0zoa
Euglenozoa tubular

7> Excavata Time.
move 105t ytopharnyx; heteromorphic ciliary paraxial rods;
Loukozoa ciliary pocket/reservoir; nuclear mRNA SL trans-splice:
ventral feeding groove, split right f transcriptional con ome ¢ bi
root, CENP-A, class 4 coronin coated vesic

Eukaryota
Prokaryota

ancestral lr.\;ez;lr}ilvl:lfan L“l:u-;'sulhieslun_ Filarchaeota

: : N-linked glycoprotein replaces murein; H3/4 histones
Actinobacteria o Mem/Cde6, actin, ESCRT membrane scission, Mem/Cde6
ioss Mre

photosynthesis lost proteasome, phosphatidylinositol, sterols
murein Mollicutes Cyanobacteria Aquificae

Gracilicutes Hadobacteria

Teichobacteria Photosynthesis las! Synergistia
photosystem |

Posi teri i i
osibacteria —— Eurybacteria  proteobacterium

Chl flexi pholosynthesis lost
oratiexi

chlorosomes Negibacteria R —- @
>2'7 Gy ago murein peptidoglycan

muren peptcoqean rigin of life, acyl ester M, murein, FtsZ, photosystem |
3.5 Gy ago

pOZor: jina pozice korene — ne

mezi Bacteria a Neomura, nybrz

uvnitr bakterii, u skupiny
Chlorobacteria

l/L
o
Ve {q

N~

Chloroflexus

J
N
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Cyanobacteria (G-)  Spirochaetes (G-)

,Terrabacteria® ,Hydrobacteria“
L P

-
-

dve vyjimecné skupiny T
bakterii, ktere jsou rozlisitelné.i- -
morfologicky :

-

Prochlorococcus




,Terrabacteria”

Cyanobacteria

 vetsinou maji
mnohobunéecné predky
sinice s ,rostlinnym*
typem chlorofylu (ga+b)
netvori zadnou skupinu
(,Prochlorophyta®) e

Chroocooous sp. JCM

Microcystis agruginosa 038
201

e Prachloron sp.

U Synechocystis sp. POC 6308
Prochlorococous sp. MIT9313
Cyanobium sp, U23-1
Synechococous sp. WHELGL
Synachococous sp: CCOGOS
Symechococcus elongatus FOC 6301

Thermesynechacac, elangatus BP-1
back transiton to multcellularity gid GAEGiaacctss it LY

Acaryochloris sp. J8AS
hark transiton tnouniceliolarity ; £

uniceliular Q node absent

miutteellular Synechococcus sp. P1
@ Les Argonauts - Glosobacter violaceus PCC 7421




Proteobacteria (G-)

,2Hydrobacteria"

e zdroj mnoha symbidz: mitochondrie, rickettsie,
hlizkove bakterie

Rhizobium

S Midichloria. v
8 mitochondriich klistat
(pfibuzna rickettsiim i
™ mitochondriim)

Carsonella

endosymbiont v bakteriomu mer
,nejmensi znamy genom®: 182
genu, 160 kbp




Proteobacteria (G-)

,2Hydrobacteria“

Pseudomonas
@ 2004 Dennis Kunkel Microscopy, Inc.

S\ TeN=  Pelagibacter
2 41 nejhojnejsi bakterie na svete
(1028 bunék), plankton, velmi
kompaktni genom

R BEED SO (i

Haemophilus influenzae




Planctobacteria (G-)

,Hydrobacteria“

 slozité bunky s vchlipeninami vnitrni membrany (nektere
maji ,Jadro”: kondenzovany chromosom v membranovém
obalu) — endocytoza? tubulin (sestersky eukaryotnimu®?)

« pfFibuzni eukaryotum??? x patfi do bazalni (?) skupiny
planktobakterii (PVC: + chlamydie aj.)

bakterie S eukaryota




S

,Terrabacteria“
Endobacteria = Firmicutes &

'

AN

y , Sl g ~ ..-“ . - .
[ oy > Wt ; Mycoplasma
Copyright © 2001 ict@¥copy, Inc. / Dennis Kunkel . g
[ v T < - ’ \ .
[ S B |

paraziti, druhotné

. e , ' bez bunécné
Bacillus 'y S Lt stény

Clostridium
Staphylococcus




Actinobacteria (G+)

,Terrabacteria“

Mycobacterium

Actinomyces




,candidate Phyla Radiation” (CPR)

> 35 kmenu

2015 — zvoden (aquifer) reky Colorado

,kandidatské kmeny“ maji malé genomy - malé
bunky = huste filtry (0,1 ym)
16S rDNA - zviastni skupina CPR (self-splicing

introny, proteinové geny uvnitf rRNA, divhé
ribozomy)

neuplny Krebsuv cyklus, nemaiji elektrontransportni
retézce, obvykle nemaji kompletni nukleotidove a
aminokyselinové biosyntetické drahy, nékdy chybi
ATPsyntaza - patrne fermentori pevnée zavisli na
bakterialnich konsorciich

nove skupiny pojmenovane po laureatech ceny
Americke mikrobiologicke spolecnosti za celozivotni
zasluhy...




(Tenertcutes
© 85% > Bootstrap 2 50% Bacteria

Rbrbacteres
— i
Actyagiomi
Thermutagae

ed representat; tolics
Majcr lineage lacking isolated representative: @

Candidate Phyla Radiation

Archoeogiohi

16 ribozomalnich proteinu




Archaea




Archaea

casta (puvodni?) hypertermofilie

unikatni stavba membranovych
lipidu (etherova vazba,
rozvetvene isoprenove retezce)

tetraethery v membranach =
membrany nelze podelne
rozdelit

unikatni molekularni znaky —
isoprene chains

85 % metanu na planeté o e
(metanogeneze mimo Archaea
neexistuje)

cytoplasm
cell membrane
cell wall




Neomura = Archaea + Eukaryota

histony

bunécna
stena/
glykokalyx
bez
peptido-
glykanu

introny a
sestrih
RNA

Table 2. Major archaebacterial properties not found In eubacteria

(a) Neomuran properties (i.e. those shared with eukaryotes)

. Signal recognition particle (SRP) with 7S RNA with a helix 6 that binds SRP19 protein; protein secretion generally
co-translational: SecA absent
. Co-translational glycosylation of surface glycoproteins by transfer of GlcNAc¢ and mannose-containing
oligosaccharides from a dolichol isoprenoid carrier to N-asparagine: homologous oligosaccharyl transferases; murein
absent
. Ribosomal rRNA pseudouridylated by C/D-box snoRNAs
. Core histones with histone fold [secondarily lost in some archaebacteria (e.g. Thermoplasma) and some eukaryotes
(dinoflagellates))
. Replicative DNA polymerases B type; inhibited by aphidicolin; replicative sliding clamp is PCNA-type, not part of a
type C DNA polymerase holoenzyme:; novel replication factor complex
. Flap endonuclease and RAD2 DNA-repair enzymes
. Seven or more RNA polymerase holoenzyme subunits (not four as in eubacteria)
. Many similarities of ribosomal RNA and proteins; a more substantial projecting bill on the small ribosomal subunit;
ribosomes insensitive to chloramphenicol; anisomycin inhibits peptidyl transferase by binding to 235/28S rRNA
. CCT-type group II chaperonins with eightfold symmetry, not sevenfold symmetry as in their distant eubacterial Hsp60
relatives; with built-in cap: co-chaperonin Hspl0 absent; prefoldin (GimC) channels nascent proteins to the chaperonin
lumen
. Some similar tRNA modification
. Exosomes; complex of 11-16 proteins involved in exonucleolytic digestion of RNA ; exonucleases, helicases and RNA-
binding proteins (Koonin ez al., 2001)
12. More similar protein synthesis elongation factors (e.g. sensitive to ADP ribosylation by diphtheria toxin)
13. Co-translational selenocysteine insertion requires a SECIS-binding protein in addition to a selenocysteine-specific
elongation factor
. CCA ¥ terminus of tRNA added post-translationally, not encoded by the gene
. Protein synthesis initiated by methionine not N-formyl methionine: several extra initiation factors (eIF-2, 2A, 2B and
5A)
. 5'-OH/ 3 -phosphate protein-spliced tRNA introns with homologous endonucleases
. Novel type I DNA topoisomerase VI/meiotic protein
. Insertion in catalytic subunit of the vacuolar-type proton-pumping ATPase
. Hexameric replicative DNA helicase Mcm instead of eubacterial DnaB (Poplawski er al.. 2001)




Archaea

1. Crenarchaeota
(hypertermofiloveé)

2. Euryarchaeota
(metanogeni, halofilové)

ALE:

+ Nanoarchaeota
+ Korarchaeota

+ Thaumarchaeota
+ Aigarchaeota

+ Lokiarchaeota

Neobacteria Halobacteriales
Methanobacteriales

Methanococcales halophily; heterotrophy &
loss of methanogenesis &
Qmurein reverse gyrase;
Methanomicrobiales

/ ,Mcthanosarclnales

SECONDARY MESOPHILY: biether lipids

Methanopyrales «¢—
methanogenesis | < 800 My ago

Archaeoglobales

sulphate/nitrate reduction

Split RpoB RNA
Euryarchaeota | polymerase; loss of

sulphur reduction Crenarchaeota

Picrophilales
A\ Sulfolobales Thermoproteales

cell wall becomes surface
coat; loss of
hyperthermophily,
histones & reverse gyrase

Thermococcales loss of histones,
FtsZ, MinD

Eurythermea /

HYPERTHERMOPHILY: prenyl tetraether lipids;

glycoﬁrotoin flagellar shaft; reverse gyrase; split | ARCHAEBACTERIA
NA polymerase A; sulphur reduction

|
THERMOPHILY: cotranslational
protein secretion and N-linked
NEOMURA glycosylation; glycoprotein cell wall |~ EUKARYOTA
~850 My ago replaces murein; core histones; 15
other neomuran characters

|
EUBACjTERIA

acyl ester phospholipids; peptidoglycan;
rubisco based photosynthesis

|
~3,850 My ago cool origin of life




Fylogeneze archei

konzervované
homologicke geny
vsech domén (29) —
obvykle spojene s
translaci

1. Euryarchaeota

2. Proteoarchaeota (=
Filarchaeota = TACK)

+ ,DPANN' (velka
skupina pro pribuzné
nanoarcheot) — mozna
patri dovnitr
euryarcheot

Nanosalinarum sp. JO7TAB56
Nanosalina sp. JO7AB43

Nanoarchaeum equitans
DUSEL4 Archaeon DPANN
Parvarchaeum acidiphium ARMAN-5

DUSEL 3 Archaeon
Micrarchaeum acidiphilum ARMAN-2

Pyrococcus furiosus
Methanothermobacter thermautotrophicus
Methanocaldococcus jannaschii
Thermopiasma volcanium
Methanosarcina mazei
Archaeoglobus fulgidus

Euryarchaeota

Korarchaeum cryplofilumi] Korarchaeota
—  Giardialamblia
Trichomonas vaginalis

Entamoeba histolytica
Dictyostelium discoideum
Saccharomyces cerevisiae
Homo sapiens
Thalassiosira pseudonana
Phytophthora ramorum
! Leishmania major
02 Arabidopsis thafiana
1 Nitrosopumilus maritimus
Nitrosoarchaeum limnia | Thaumarchaeota

Cenarchaeum symbiosum
Caldiarchaeum subterraneunt] Aigarchaeota
Thermofilum pendens
Pyrobaculum aerophilum
Caldwirga maquilingensis
Sulfolobus solfataricus
Staphylothermus marinus
Ignicoccus hospitalis
Aeropyrum pernix
Hyperthermus butylicus
Rhodopirelula baftica
Chlamydia frachomatis
Treponema palidum
Synechocystis sp.
Clostridium acetobutylicum
Rhodopseudomonas palustris
Escherichia coli
Campylobacter jejuni

Crenarchaeota

Bacteria

Eukaryotes




Euryarchaeota

* nekteri termofilni (primitivhe)
 vetsina metanogennich
 halofilie, fotergie




Nanoarchaeota

* Nanoarchaeum (na lgnicoccus)
epibiont archei, hypertermofil
‘nejmensi znamy genom ,volne zijiciho* organismu: 490 kbp)




lgnicoccus

' =~ — Pyrobolus
Nitrosopumilus preferovana

mezofil oxidujici amoniak, 113 °C
bézné v oceanu

Sulfolobus




Euryarchaeola

Crenarchaeota

Subdopales "TOTTOP
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* Eocyta: hypotéza
predpokladajici, ze
Archaea jsou
parafyleticka skupina a
ze Crenarchaeota (nebo cubacteria
Proteoarchaeota) jsou ik
sesterska skupina
eukaryot

puvodné podle tvaru
ribosomu, podporeno
nekterymi molekularnimi
analyzami (proteiny) a
unikatnim zpusobem
deleni bunek u
krenarcheot (nektere
geny homologickée
eukaryotnim)




Eocyta a puvod eukaryot

Monophyletic Archaea Paraphyletic Archaea

Eukaryota Euryarchaeota

Euryarchaeota Eukaryota

Eocytes/Crenarchaeota . | Eocytes/Crenarchaeota

Thaumarchaeota : i | Thaumarchaeota

Aigarchaeota ' . Aigarchaeota
. Korarchaeota K 1

Bacteria Bacteria

Three-domains hypothesis Eocyte hypothesis




Methanopyrus kandleri AV19

] Euryarchaeota

Lokilarchaeota

Thermococcales
14
Eukarya

Loki3 (low GC)

Loki2 (high GC)

Bl0SBY2RIH0T

Svalbard Lokiarchaeum

Mid-Atlantic
Ridge s P
te 3 . ] _ Korarchaeota

Loki's Castle

73°33N 8099

A

Jan Mayen
Island

@ Cellular organisms

Lokiarchaesum ® Eukarya
m Archaea

) { m Euryarchaeota
| sweden \ T Caldiarchaeum ’ @ Crenarchaeota
I | o Thaumarchaeota
m] gther archaea
B Bacteria
@ Firmicutes
[ 0 Other bacteria
@ Other
= No hits
R i B F
0.6

4 0.8 1.0
Normalized number of hits




Lokiarchaeota

Most recent common

dynamicky aktinovy
cytoskelet + endo/fagocytoza
=D S (pFestavby biomembran,
tvorba vezikuld)

Eukaryotes

Fungi

" | Prakaryotes s Eukaryotes

Animals

Lokiarchaeota

TACK Archasa

Gelsolin domains
Ubiquitin system
525e

L13e

Lide

L1Bae

L30e

L34e

TOPOIB

S30e
L31e
L38e
L22e

Tubulin

Actin
@ Longin-like domains
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o
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H Lokiarchaeota
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Archaeal Core eukaryotic proteins
cell-division systems
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() @ ESCRTIP

. (3 () @ ESCRTII

O

® 9

O
QO O O O @ BARIMD

C
O




Loki a evoluce eukaryot

¢ nenl’ tO HGT? . Euryarchaeota

° LOk/.ObsahUjl’ VéeChny ' DPANN
eukaryotni znaky
roztrouSené mezi ruznymi
skupinami archei
(,archealni eukaryom®)

¢ X nezname fenotyp
lokiarcheot!

Kararchaeota

Crenarchaeota

Proteoarchaeota/

Geoarchaeota
Aigarchaeota

Thaumarchaeota

Bathyarchaeota




Puvod eukaryot

Monophyletic Archaea Paraphyletic Archaea

Eukaryota Euryarchaeota

Euryarchaeota Eukaryota

Eocytes/Crenarchaeota ' Eocytes/Crenarchaeota

Thaumarchaeota ' @ | Thaumarchaeota

Aigarchaeota

Aigarchaeota
. Korarchaeota

~——— Korarchaeota

Bacteria Bacteria

Three-domains hypothesis Eocyte hypothesis

i archaeon bacterium v protoeukaryote bacterium
- =

o) @

<b

:

7\ D

eukaryote k\ ”’
-

archaeon




Eukaryota a Eocyta

zasadni problem: Eukaryota maji stejnou membranu
jako Bacteria, ale jinou nez vsSechna Archaea

X geny potrebné pro biosyntézu obou typu lipidu jsou u
v§ech organismu

nekteré bakterie maji archealni lipidy (i endomembrany
eukaryot)

Haloarchaea: HGT — bakterialni transportéry bez
problému funguiji v archealni membrané




ukaryota

CAndrew Khitsun Sy




Eukaryota

velka a slozita bunka s endomembranovym
systemem (kompartmentalizace bunky)




Eukaryota

 DNA v jadre s endomembranovym obalem

Nucleus...

(a) Cverview

Chromatin —& il NucLeus
Nucleolus -

Two s
membranes [’
of nuclear 4
envelope

S
(b) Surface of
nuclear envelope

- Outer
membrane
Ribosome
_-Inner
~  membrane

_~Nuclear
* lamina
Pare

complex

(c) Close-up of nuclear envelope u




e |[inearni
chromosomy s —
nukleosomovou YIS [
strukturou B @, e

Histones —%} Histone H1"
attaching

(a) Nucleosomes
(“beads on a string”)

o

NuclEﬁ&nme
{b) 30-nm
chromatin fiber

(d) Metaphase chromosome




Eukaryota

Plasma membrane _

[ ] CytOS ke I et Ribosomes —————

Rough —
endoplasmic
reticulum

Figure 4.21 The Cytoskeleton

_- Microfilaments ——

/

Intermediate ~
filament |

I

[ ] {4 i
O Oy ST i B o - A -
SRRETPRTRD 7 nm e 812 i -,., 22 25nm

Actin monomer lf&k\\x‘ﬁ;s\}s‘h}h 15”_' Li .:i

\ N \
4 —&( _'::"i-.—_- - . ' .
@ Fibrous & Tubulm B-Tubulin o-Tubulin
subunit dimer, monomer monomer

2001 Sinauver Associates, [nc.

*Maintaining Cell Shape *Maintaining Cell Shape *Cell Motility (cilia & flagella)
*Muscle Contraction :
*Anchoring Nucleus *Chromosome Movement

-Cy’ropl_a.srr.uc Siiititiis *Nuclear Lamina *Organelle Movement
*Cell Division




Eukaryota

biCiky/brvy (undulipodia) s tubulinovym
cytoskeletem (axonema)

Cross section of flagellum

Outer microtubule
doublet

Dynein arms

Central
microtubule

Plasma
membrane

Basal body

Cross section of basal body




Eukaryota

 deleni bunek: mitoza organizovana
tubulinovym cytoskeletem (centrioly, delici
vreténka)

- Mitotic center
>\ (centrosome)

microtubule Ce_ntriole
. air
Kinetochore p

Plat eells in vario 5 i rophase; (b} metaphase; (¢ anaphase; (d) telophase (all magnified about 2,700 timesk




Eukaryota

sex, meidza, rekombinace

MITOSIS MEIOSIS

Parent cell Chiasma (sie of
{bafore chremosome replication) crossing over) MEIDSIS |

Prophase ~ é‘-v:.___ D

\ j Chromosome '\\ / Chromosome
Duplicated chromosome replication 2 = ; replication
[two sister chromatids) ns=

|
@ Chromosomes align Tetrads

Metaphase | st Wi miskdph align at the
K ;.-" pine Pl metaphase plate

Anaphase /7 Homol A Anaphase |

Telophase Sigter chromatids A iz Telophase 1
& S0me: “p. - -
' separate during pstil .

‘-._'.anaphnle anaphase I;
sister
chromatids
ramain togather

‘ MEIOSIS i
Daughter cells -
of mitosis S n

Daughter cellz of melosis 1
Mo further chromosomal lﬂﬂifﬂp‘\iﬂﬂ::
sister chromatids separate during anaphase 11

Copyrighl & Paatacn Educalion, Inc. publishing ss Benjamin Gummings.
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Eukaryota T R
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AUG —>
translace

protein  N-konec C-konec
M —

* sestrih (splicing):
spliceozom (,sestrihovy I
komplex®) v ¥

 sestrih u ,prokaryot” (vC. ¥ oo ™"

mRNA

transkripce

: \ O ———
mitochondrii): bez
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spliceozomu

transkripce
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ACTIVATORS &
" REPRESSORS

TRANSCRIPTION =2
TF _— FACTORS sestfih
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Eukaryota

zakladni ,klicova
inovace” eukaryot:
schopnost endocytozy
(t]. pinocytoza,
fagocytoza)?

- vznik endomembran a
kompartmentalizace

—> schopnost pozrit
endosymbionta

Lt
EXTRACELLULAR CYTOPLASM

: Pseudopodium
of amoeba

Bacterium
Food vacuole

Plasma
membrane

4 e Vesicle
] . "
(b)Pinocytosis

Coated
v?slcle

(c) Receptor-mediated endocytosis
Copyright © Pearson Education, Inc., publishing as Benjamin Cummings




Eukaryota: 2-3 genomy

1. nukleocytoplazma (= hostitelska bunka ~
Archaea???)

2. redukovana symbioticka proteobakterie
,mitochondrie” (nebo ,hydrogenosom”)

3. redukovana symbioticka sinice ,chloroplast”

eukaryotni ,bunka“ neni zadna bunka, nybrz
ekosystém mnoha bunék ruzného evoluéniho
puvodu

Copyright © Pearson Educalion, Inc_, publishing as Benjamin Cummings.




Mitochondrie

endosymbioticke proteobakterie = mitochondrie -
hydrogenozomy (+ mitozomy)

—> aerobni | anaerobni metabolismus

mitochondrialni
matrix

Obr. 2.24 Mitochondrie.
(a) prostorové schéma, (b) foto EM. Zrasena
vnitfni membrana vybiha do matrix a tvofi kristy.




organely si
ponechavaji geny
pro viastni ribozomy
a pro
elektrontransportni
retézce

redukce az po
mitozomy (bez

genomu)

uplny zanik:
Monocercomonoides
(Metamonada:
Preaxostyla)

Dictyostalivm
Tetrahymena
Nyctatherus
Cryplosporidium
Arabidopsis
Chlamydomonas

O Trachepleistophora

s
o
i
Opisthokonta Amﬁebnzua Excavata Alveolata ﬁrﬁhaﬂplaﬁhda

Mitochondria

i E:
E 5
g 5
E

s 5
vy =

(b)

)

1 I
e %—8— O— O— O Anaerobic mitochondria
\ \ / / Facultative anaercbic mitochondria
\ / Hydrogen producing mitochondria
8 Hydrogenasomes

LECA’s mitochondrion Mitosomes

Cument Opinion i Microbiology




JPromiskuitni DNA"

& Q&
@

irst endosymbiosis: Eukaryotic cell
re-eukaryotic cell (archaeon?) with mitochondrion
a-protecbacterium (fungi, animals)

Second endosymbiosis: Eukaryotic cell
Eukaryotic cell with mitochondrion
with mitochondrion and chloroplast

+ cyanobactenum (plants, apicomplexa)

tok genu mezi genomy a
bunécnymi kompartmenty
(napr. ,,numt’)

photosyssem §
cytochrome b.f
ATP synthase

RuBisCO

\‘.‘ Precursor
/| polypeptides
1 /| with transit peptides




—Dictyostelium
Vermamoaba
Monosiga

-Tri

Malawimonas
Nasglaria

Angalucia
Jakobab
Jakobal
Seculamonas
Aaclinomonas

Hictinna

{Ee (=1} (=) 15
Phytophthora
Phasodactylum
Thalassiosira
Tetrahymena
Paramecium
Plasmodium
Thailaria
Babesia
Cyanophora
Cyanidioschyzon

presun mt genu do jadra
Jakobea: k prenosu dosud nedoslo




mitochondria

Puvod o —
m |t0Ch0nd rl I _T_< Rickettsiaceae

° N éJ a ké —T< Anaplasmataceae

Alphaproteobacteria

mitochondrie — blizce a-proteobacteria
pribuzné skupiny SAR11

(VOlneZIJICIa napr . presence of genes for flagellum + ¢cbb, oxidase
Pe/ag/baCl‘e/) a r|CkettS|e loss of genes for flagellum + cbb, oxidase

Midichloria mitochondrir
(parazit v mitochondriich
klistat) -2
protomitochondrie s
biCiky, mikroaerob,
energeticky parazit




Puvod
mitochondrii

mitochondria

0

M. mitochondrii

—1‘—-« Rickettsiaceae
—T< Anaplasmataceae

other
a-proteobacteria

presence of genes for flagellum + cbb, oxidase

loss of genes for flagellum + cbb, oxidase




 jedna z hlavnich skupin sinic

Chloroplas

plastidy blizko skupinam
fixujicim N, a tvoricim
heterocysty

x chloroplasty Paulinella
chromatophora patri mezi
sinice Synechococcus

ty (plastidy)

Cyanobacterial groups

Plastids

Gloeobacter violaceus PCC 7421
Synechococcus sp. JA-3-3Ab
Synechococcus sp. JA-2-3B'a (2—13)
Acaryochloris marina MBIC11017
r— Thermosynechococcus elongatus BP-1
= Cyanothece sp. PCC 7425

B
| :
[Gsener  Synechococcus sp. PCC 7335
Pes Synechococcus elongatus PCC 6301
| I.[Synechococcus sp. PCC 7805
| Prochlorococcus marinus MIT 930 c
11094 yr— Paulinella chromatophora
1™ Synechococcus sp. WH 5701
= Cyanobium sp. PCC 7001
Nostoc punctiforme PCC 73102
Nodularia spumigena CCY9414
Nostoc sp. PCC 7120 B1
Anabaena azollae 0708
1/0.54 Cylindrospermopsis raciborskii CS505
=oar Irichodesmium erythraeum IMS101
Oscillatoria sp. PCC 6506
Lyngbya sp. PCC 8106
——— Arthrospira platensis
Microcoleus chthonoplastes PCC 7420
Synechocystis sp. PCC 6803
Microcystis aeruginosa NIES-843
Synechococcus sp. PCC 7002
Crocosphaera watsonii WH 8501
r— Cyano

1/0.95 r— Cyanidioschyzon merolae I Red algae

= Thalassiosira pseudonana I ,
0.55
110.12 | Il 'If-g_y_ Phaeodactylum tricornutum Diatoms
r—fj== Ostreococcus tauri

I
| [ =t~ Chlamydomonas reinhardtii I Green algae
0

1 | Physcomitrella patens
091031 ke ™ Oryza sativa
10.77 = Arabidopsis thaliana

0.4

I Green plants




Pocatek
endosymbiozy:
Halena arenicola

(Hacrobia: Katablepharida)

Loss of
Feeding Appar atus

|
| Plastid: Enlarged :
1 Symtiont: Degraded

. T
Uptake of i Formation of

=1
the partner ' Feeding apparatus |

« cyklus strida predatora
a ,rostlinu”® (pozrena
zelena rasa
Nephroselmis)




Phagotrophy

Temporary retention
of the prey

Phagosomal R ioat Gene transfer,
o embgrgﬁ g el Division synchronisation Proeit kit

Green plants
Red algae

Primary plastid Glaicor

Current Biology

Figure 1. Main steps required for the transformation of a cyanobacterium into a
plastid.

(A) A eukaryote that feeds on cyanobacteria (e.g. Paulinella ovalis); (B) The temporary
retention and use of the cyanobacteria by the host (e.g. Petalomonas sphagnophila);
(C) Loss of one of the membranes of the symbiont, synchronisation of host and sym-
biont divisions, gene transfer from the symbiont to the host genome and development
of a protein import system. (D) Once these steps are achieved, we consider the
cyanobacterial endosymbiont fulfilling the criteria for a primary plastid.

Paulinella ovalis
Rhizaria: Cercozoa: Filosa

Petalomonas
Excavata:
Euglenozoa

Paulinella

chromatophora




Eukaryote
Mitochondrion

@'

Qfg //m‘x\, Primary {,(,9 —

endosymbiosis ( &

3 | Peplldoglycan layer
Nucleus Quter membrane (OM)
Cytoplasm Inner membrane (IM)

Cyanobacterium

Photosynthetic

eukaryote Plastid
Cytoskeleton . 3

Cyanobacteriai OoM

NUCIEUS Cyanobacterial IM

Eukaryote Photosynthetic Endosymbiont-derived

eukaryote membrane (?)
: Host-derived
membrane (?)

g :E.. % Plastid :: :
(’—- -' /F 3 . "\ endosymbiosis :
N & &

§

Secondary

5
' Plastid

[ g Cyanobacterial OM
Nucleomorph ([ Cyancbacterial IM

Photosynthetic
Periplastidial compartment

eukaryote

Symbiogeneze

* primarni symbioza
sekundarni a terciarni

symbioza

Plastid
Replacement o

Proteins

cRD>,
- Sl




Stari eukaryot

Molekularni hodiny nedavaji jasnou odpoved
kazdy gen fika néco jiného (ruzna rychlost evoluce)
neni cim to kalibrovat (zadné verohodné fosilie z té
doby)

~1,700-1,900 Mya

nejstarsi fosilie cca 1,800-2,100 Mya (?)

to znamena, ze bud ani Archaea nemohou byt starsi,
anebo nam chybi spousta ,kmenovych® eukaryot!

mlada Eukaryota uvnitr starych archei
X Euryarchaeota: produkce methanu ~3,500 Mya




Systematika eukaryot

+ tradiCni uCebnicova systematika

* 1. zivoCichove (heterotrofni pohlcovaci)
» 2. houby (heterotrofni nasavaci)

3. rostliny (autotrofove)

i

* {j. deleni
eko-
fyziologicke,
s fylogenezi
nema nic
spolecného




Systematika eukaryot

od 70. let: elektronova mikroskopie
od 80. let: molekularni fylogenetika

systém 5 risi (T. Cavalier-Smith):
Protozoa (parafyl.)

Animalia (monofyl. — pouze Metazoa )
Fungi (monofyl. — pouze Eumycota)

C

P
R

nromista (?77?)

antae (monofyl. — pouze Glaucophyta +
nodophyta + Viridaeplantae)




Systematika
eukaryot

Excavata (Protozoa part.)
Amoebozoa (Protozoa part.)

Opisthokonta (Protozoa part.
+ Animalia + Fungi)
Archaeplastida (Plantae)

,SAR" (Chromista + Protozoa
part.)

+ nekolik dalsich malych
skupin ,prvoku® a ,fas”




Fylogeneze eukaryot

* probléem : kde je
koren?

* 1. Opisthokonta vs.
zbytek eukaryot? (asi
ne)

« 2. Opisthokonta-
Amoebozoa vs.
zbytek eukaryot?

* 3. (uvnitr) Excavata®
(ruzné varianty)

Crypto;hyres
Katablepharids
Picozoa
Palpitomonas
Centrohelids

Haptophytes
Rappemonads

Kinetoplastids
@~ Diplonemids
Euglenids
R ol Heteroloboseans
\x@\a § Jakobids
e > Trimastix

el . Oxymonads
% == Parabasalids
e Retortamonads
/ 4 Diplomonads
= ‘H Malawimonas
Opisthokonts

Ichthyosporea
Filasterea

ifera Arcellinids

o a Tubulinids
Archamoebae 1l
Mycelozoa Vannellids Leptomyxids

Dactylopodids Acanthomyxids




Bazalni postaveni jakobidu?

« Jakobea: bakterialni RNA polymeraza v mitochondriich

« ostatni Eukaryota: RNA polymeraza z bakteriofagu
(enkodovana v jadre)

* -2 bazalni postaveni Jakobea? (Discoba???)




proteiny
bakterialniho
puvodu:
Opimoda =
Opisthokonta +
Amoebozoa +
,Sulcozoa“ +
Malawimonas
Diphoda =
Discoba +

Corticata

chybi Metamonada
(malo bakterialnich
proteinu, dlouhé vétve)
— fylogenomika:
sesterska skupina
Discoba x kdyz se
uziva pouze T7rimastix
(kratké vetve), vychazi
k malawimonadam -
Opimoda?

OPISTHOKONTA

.~ AMOEBOZOA

DISCOBA

ARCHAEPLASTIDA

Opimoda
0.95




Collodictyonidae

Imonadida

Acanthamoeba casfellani ! ;
= Mastigamoeba balamuthi
Physarum polycephalum
Dictyostalium discoideum

Amoebozoa

Opisthokonta

Monocercomonoides

B

Sophla |
—————— Pamnimastx pyrformis sp. PAZ03 IPreamst)fIa

11100 '.— ;
75% of izt Engn bitadp—— .
029100 it :
25% of actual length

. B0%.of actual lengm.

1/100 — ———Trypanos
I—... 3

Telonema s

| Glaucophyta

theta Cryptophyta

1100

11100 100

1/100

1100




" § Malawin

Physarum polycephalum

Dictyastelium discoidewm

Collodictyonidae

wonadida

castellan
Mastigamoeba balamuthV Amoebozoa

Opisthokonta

———

11100

0.98/100

L=

25% of actual leng

| Glaucophytia

Cryptophyta

~h
(1]

1100

1100

1100

1/100 1400 e

Monocercomonoldes sp. PA203

Preaxostyla

2—4 skupiny s
nejistymi
vztahy:
Opimoda
Metamonada

Discoba
(bazalni?)

,Corticata”“




puvodni eukaryota: ~ 2
biCiky s membranami,
potravni zlabek

- Opimoda: pseudopodia
v potravnim zlabku,
dorsalni pelikula -
Amoebozoa +
Opisthokonta:
pseudopodia na celém

povrchu bunky

NIMALIA FUNGI

Opisthokonta: * Miorosporidia
pseudopodia lovi bakterie —

z vodniho sloupce, biCik PLANTAE  CHROMISTA
- proud vody - /LI
9 =
—> Corticata: alveoly —-’@-*) Y :\
zpevnuji povrch
planktonnich bunek — ==

) gz %‘1 ey Eozoa
0
Excavata
ove Euglenozoa
ozoa




Haptophytes
Rappemonads

Colponemn

-:.T e5

Bicosoecids
Labyrinthulids
Thraust

QOomycetes

Actino *Tr’mf S

3 oph

ophytes

Cryptophytes Gla
Katablepharids
Picozoa

pl-'\f’f#'-‘f::

oridiophytes
Trebouxiophytes

Kinetoplastids
&~ Diplonemids
Euglenids

Heteroloboseans

Jakobids
Trimastix
Oxymonads
Parabasalids
Retortamonads

1! \\’ D!DiOmonads
Malawimonas

Collodictyon

= 7ygomycetes
Ascomycetes
Basidiomycetes
Chytrids
Microsporidia
Cryptomycota

Choanoflagellates

3

Apusomonads

Arcellinids
Tubulinids

Archamoebae
Mycetozo

Dactylopodids

a Vannellids Leptomyxids
Acanthomyxids




vyhradnée jednobunécni
bi¢ikovci (ruzny pocet
bi¢iku, puvodné dva) bez
pseudopodii (ameboidni
povrch druhotnée u
Heterolobosea)

cytostom a cytofarynx
(-exkavace®) u volne

planktonni)

velka diverzita mitochondrii
(od nejprimivnejsich
mitochondrii v ramci
eukaryot az po bizarni
editacni systemy
trypanosom), Casta uplna
redukce

vyjimecne sekundarni
chloroplasty

casto parazitikomenzaloveé

,Excavata“




,EXxcavata”
Fylogeneze a systematika

monofylie se dnes jevi spis
nepravdepodobna

1. Discoba

Jakobea + Tsukubea + Discicristata
(= Euglenozoa + Heterolobosea)

2. Metamonada

Preaxostyla (= Oxymonadida +
Trimastigida) + Parabasala (=
Trichomonadida + Hypermastigida) +
Fornicata

Tsukubamonas
(2011)




Discoba

akobea

% ek OGMP 2T elaT0
tpl31 rnS ms

cox2

Reclinomonas
americana
mtDMNA

Jakoba libera

nadll

nad]
coxll

Andalucid incarceraty Reclinomonas americana Histiona aroides

10 micrometres

Reclinomonas americana
Flavin & Nerad

,bakterialni“ mitochondrialni DNA




Discoba

Discicristata

 diskoidalni mitochondrialni kristy

 kortikalni mikrotubuly pod
bunécnou membranou

* 1. Euglenozoa
— Euglenoida: pivodné heterotrofove,

(zelené) chloroplasty jen u jedne
podskupiny (Euglenophyceae)

— Symbiotida: hlubokomofsti bi¢ikovci
s epibiotickymi bakteriemi (Posigaard,
Calkinsia)

— Glycomonada (= Kinetoplastea
+ Diplonemea): glykosomy
(organely pro glykolyzu)

« 2. Heterolobosea (= Percolozoa) Calkinsia




Euglenozoa

Euglenoida

« sekundarni endosymbioza se zelenou rasou (,,chloroplast”
s 3 membranami a chlorofyly a + b)

Astasia longa

/)

Rhabdomonas




Euglenozoa

Diplonemea

planktonic diplonemids

32/102 101 Vétéinou moi‘étl’
fagotrofove

obrovska
abundance

neznama,
diverzita...

Heami




Euglenozoa

Kinetoplastea

Sandfly Stages

o Sandfly takes a blood meal

(irgacis promasligsie stage
ingo thee skin)

Human Stages

F‘mmashgotes are
pnagncwzed by

ﬂ h
e Divide in midgut and ,'-—P‘ e macrophages
migrate to proboscis ?}‘L\ .

W &

Amastigotes transform into
P promastigote stage in midgut

e Ingest-on of
parasitized cell
B Sandfly takes a blood meal
(ingests macrophages infected
with amastigotes)
ﬂ= Infective Stage

A= Diagnostic Stage

Leishmania

Promastigotes transform|
into amastigotes inside
macrophages M

Amastigates multiply in cells
{including macrophages) of

h various tissues A

hitp:/heeerw. dpd, cdc qnwl:"p-da-:




Discicristata

Heterolobosea

) s ) ' flagellated
ameboflagelati: ,ameby” s 1 form

pseudopodiem (,/imax-
ameby)

. nucleus A

SHE )
; 3 Acrasida:
Vahlkampfia
drive razené
mezi ,hlenky*

contractile vacuales

Stephanopogon
konvergentne
vznikla
,2nalevnikovita

morfologie” Heteramoeba




Metamonada

1. Preaxostyla (Oxymonadida +
Trimastigida)
2. Trichozoa
2.1. Parabasala (Trichomonadida +
Hypermastigida)
2.2. Fornicata (Diplomonadida +
Retortamonadida)

anaerobni (hydrogenosomy), paraziti,
komenzalove "
Trimastix

obvykle 4 biCiky =
obvykle bez cytofaryngu (x 7rimastix)




Metamonada

Preaxostyla

Loss of cristae

Loss of MRO genome

A eukaryotic cell with typical mitochondria
,-””"#_—
Nucleus M:tochnndnor' (s)
( 5

@>- ISC > |

Mitochondrial Fe-3S cluster
assembly (ISC) system

Loss of oxidative An anaerobic eukaryote with
phosphorylation mitochondrion related organelles (MRBO)
_‘"-.._\_\

-4 (s) p
\ [ -1sc j‘@ @ e
Sl -—j Mitochondrial Fe-S cluster

X assembly (ISC) system

Monocercomonoides sp.
an amitochondriate eukaryote

"':>ﬁsu5**

Loss of MRO

—
....""-\-._

T,
3 el
! | f -

J*BUF

Bacteria

Sr— / Bactenal sulfur mobilization
\1___// (SUF) pathway

Manocercomonoides @
{Proaxostyla =

LGT of SUF system
Loss of ISC system

Transition to anaerobic metabolism

Trichomonas
(Parabasafa}

Spiranucleus
(Fomicata)

Transition lo mitosomes

Monocercomonoides. jediny
eukaryotni organismus zcela
bez mitochondrii




Metamonada

Fornicata

e Retortamonadida Diplomonadida:
i ) Giardia
« Diplomonadida

RL&Mamonadida:

Chilomastix (jediny
volneé zijici)




Metamonada

Parabasala

FIGURE 1

mimoradné . | y N
komplikovany vnitfni g
mikrotubulovy
cytoskelet

o Trophozaite in e Multiplies by longitudinal 9 Trophazolte in
vaginal and prostatic binary fission vaging or orifice

D/'enfamOEba secrelions and uring of urathra

Trichomonas




TRITRICHOMONADEA| SPIROTRICHONYMPHEA

Honigbergiellida Dientamoebidae

Tricer

UM+costa+iB+comb
lost, flagella reduced

Metamonada g 1

Parabasala @

Trichomonas group

fylogeneze a
diverzita

Trichomitus | Hypotrichomonas

Costa reduced

Comb, 4 flagella lamelliform Cresta, spiralised axostyle, Multiple flagella retained Multiple flagella
lamelliform UM, UM, costa B || modified UM, costa reduced during division, spiralised retained during
costa A rows of flagella and division, bi- or

- parabasal bodies, usually tetraradially
4 fl lla, | Ifi M A :
agella, 1B, comb, raiiform UM, costa modified axostyle. symmetric
rostrum

| stout Tritrichomonas-like axostyle |




Haptophytes
Rappemonads

Colponemn

-:.T e5

Bicosoecids
Labyrinthulids
Thraust

QOomycetes

Actino *Tr’mf S

3 oph

ophytes

Cryptophytes Gla
Katablepharids
Picozoa

pl-'\f’f#'-‘f::

oridiophytes
Trebouxiophytes

Kinetoplastids
&~ Diplonemids
Euglenids

Heteroloboseans

Jakobids
Trimastix
Oxymonads
Parabasalids
Retortamonads

1! \\’ D!DiOmonads
Malawimonas

Collodictyon

= 7ygomycetes
Ascomycetes
Basidiomycetes
Chytrids
Microsporidia
Cryptomycota

Choanoflagellates

3

Apusomonads

Arcellinids
Tubulinids

Archamoebae
Mycetozo

Dactylopodids

a Vannellids Leptomyxids
Acanthomyxids




14 (Breviatea
¢ Apusomonadidae
() Ancyromonadidae
4" Collodictyonidae
#2 Rigidifilida

= 4 o:j, -,
@ ‘w_t‘
VIVAVOXH

%)
]
=
< .
L
l
<

-. @ Katablepharidae
Telonemia (\‘ | {;;) Cryptophyta
Haptophyta * Jv"":"..@ S~

Rappemonads ' / /' / [ | %Jr Glaucophyta
Centrohelida S / |

LD
-~ . ‘{"

]

ARCHAEPLASTIOM




nonadida

] O p i m O d a

Acanthamoeba caslelani

Mastigamoeba balamuthi
Physarum _Dofyoe;mium Amoebozoa

Dictyosteliim discoideum

0.98100

« Amoebozoa
* Opisthokonta

Opisthokonta

st pyrionmis

Monocercomonoides sp. PA203 IF'E‘HSMB
1100 [ nnchomonasiostus.

T5% of BoiuB! Engh

25% of actual length

&= 2l ° * nékolik malych

skupin

1/100

Telonema st

| Glaucophyta

Cryptophyta

Multimonas



,Sulcozoa“

plosi benticti biCikovci s obvykle 2
biCiky a nekdy s ventralnimi filopodii
(~ primitivni Excavata)

az 6 skupin, rizné pribuzni
opisthokontum (Obazoa) a
amebozoim nebo na bazi Opimoda:
Apusomonadida, Breviatea,
Ancyromonadida, Rigifilida,
Diphyllatea (+ Malawimonas?)

A~ O

Rigifilida

-

)

5 pm

“==“WMalawimonas

N |
T E
A \
-I'-‘ll ll
i R 7
".
’/_

Ancyromonas




Amoebozoa

,korenonozci” se sirokymi a
pomalu se pohybujicimi
lobopodiemi

biCikata stadia (pokud jsou)
obvykle s jednim, prednim

bicikem

mitochondrie s vetvenymi
trubicovitymi kristami

heterotrofove, vzacne paraziti,
obCas mnohobunecni (,hlenky"
— nejasna monofylie)

pozor: nektere tradicni ,hlenky*”
(Plasmodiophorida, Acrasida) patfi jinam!!!

ectoplasm




Amoebozoa

Fylogeneze a
systematika

AMOEBOZOA

1. Lobosa

e 2. Conosa
— Archamoebea

— Variosea (napt.
Protostelida)

— (Macro)mycetozoa

Protostelium plodniCky na
jednotlivych amébach




Amoebozoa Arcella

Lobosa




A\ = nfective Stage

Am Oe bozoa A\ = Diagnostic Stage

Archamoebea

= Non-invasive Colonization
= Intestinal Disease
= Extra-intestinal Disease

S——
Excystation Trophozoites

©

Pelomyxa Entamoeba




Amoebozoa

Mature
spore

Spor(azr,\'g);ium Matur.e (n)
Initiation of sporangium

sporangium
formation

Young

Sclerotium
Multinucleaiie
plasmodium

/ Zygote

(2n)

Figure 15-58
Biology of Plants, Seventh Edition
© 2005 W.H.Freeman and Company




vegetative

Amoebozoa cycle
Mycetozoa

s mature

=8 fruiting

depletion of
food source

.

l chemotaxis,
cell adhesion

Dictyostelium o

-,

migrating slug




Opisthokonta

T e 54

oo




Haptophytes
Rappemonads

Colponemn

-:.T e5

Bicosoecids
Labyrinthulids
Thraust

QOomycetes

Actino *Tr’mf S

3 oph

ophytes

Cryptophytes Gla
Katablepharids
Picozoa

pl-'\f’f#'-‘f::

oridiophytes
Trebouxiophytes

Kinetoplastids
&~ Diplonemids
Euglenids

Heteroloboseans

Jakobids
Trimastix
Oxymonads
Parabasalids
Retortamonads

1! \\’ D!DiOmonads
Malawimonas

Collodictyon

= 7ygomycetes
Ascomycetes
Basidiomycetes
Chytrids
Microsporidia
Cryptomycota

Choanoflagellates

3

Apusomonads

Arcellinids
Tubulinids

Archamoebae
Mycetozo

Dactylopodids

a Vannellids Leptomyxids
Acanthomyxids




OPISTHOKONTA

Opisthokonta

zdaleka nejvetsi skupina eukaryot (cca 2 miliony popsanych
druhu), heterotrofni

1. Jeden zadni (,tlacny”) biCik
2. syntéza chitinu (?)

3. syntéza kolagenu

4. glykogen jako zasobni latka
5. ploché mitochondrialni kristy




Amoebozoa

Apusozoa (" -«
Nucleariidae .

- Chytridomycota

—— Zygomycota

Ascomycota

Basidiomycota

—— Choanoflagellata

Porifera

Placozoa

Ctenophora °°°°°°°‘°

‘e Cnidaria ooooo."o

Bilatera °.’°°°°‘°

unicellular
colonial
siphonous

filamentous

=SS pseudoparenchyma

°°.b°°°‘° parenchyma




Opisthokonta

fylogeneze a SR ol i s

. loss of
() flagellum

SySte m ati ka W N [ — ® ® Choanoflagellatea s

- 'f @ C. owczarzaki

7."’;" biflagellate

L——— @ M. vibrans

* Holomycota

. . . . Metazoan ) o AR
- CflStldlSCOlda rchmy...w,w o >~ @ @ Ichthyophonida 35 6580

- OpiSthOSporidia A () Dermocystida

| Holozoa

C. limacisporum (%) Fss

— Funagi
 Holozoa

— Teretosporea —— © Mewia o TES
" @ Cryplomycola
* |chthyosporea
» Corallochytrea
¥ g W— ® Blastocladiomycota .

- F||Ozoa ’ K ‘ ® Zygomycota + Dikarya
® Fllasterea ® Apusomonadida 1

Breviatea

« Choanimalia <] ® @ Amoovozo
— Choanoflagellata
— Metazoa

Discicristoidea

| ’ Opisthokonta

Js

—*t__f @ Microsporidia
— @ Chytridiomycota

Holomycota




Holomycota
Cristidiscoida

- fagotrofni ,améby*
bez bunecné steny,
bez biciku

* Nucleariida

* Fonticulida
(agregatni
mnohobunecnost)

Fonticula




Holomycota

Opisthosporidia

,Cryptomycota“ — 2011:
velka skupina zalozena na
environmentalnich vzorcich
(morske, sladkovodni,
pudni)
epibionti na jinych bunkach, SAms @ g 2o
biciky, bez chitinové ¢ =Fagelum tel?
bunecné steny
® Q)

. ? ? ? % 8 Attachment to

second-party
Cysts (b and c) & & cell(dand e)




Holomycota

Opisthosporidia

Amoebaphelidium:.
parazit zelenych ras

_ et Nucleophaga a
Rozella. parazit hub, 4L A Paramicrosporidium.
oomycet i zelenych ras s & endonuklearni (!)

(Coleochaete) D m @ - o paraziti améb




Holomycota

Opisthosporidia

intracelularni
paraziti/parazitoidi +
endonuklearni paraziti
ameboidni vegetativni
stadium

Invazivni spory/cysty s
chitinovou bunecnou stenou
a penetracnim aparatem
(penetracni trubice,
posteriorni vakuola — injekce
protoplazmy do hostitele)

Fungi:

Basidiomycotas w
— osmotrophic

ngom“ chitinous hyphal stages

flat mitochondrial cristae
Chytndioa“
Microsporidia

nenmotile P -
walled Opisthosporidia:

spore
primarily phagotrophic

- Microsporidia

Cryptomycota: ' gpisthokont . :
zoospore cyst with penetrative
apparatus

Aphelida amoeboid/ Rtybular/flat
‘ °"‘5th§r';°“‘ mitochondrial cristae

200Sp
Nucleariida

filopodial phagotrophic amoebae

Ichthyosporea OUTGROUP




Opisthosporidia
Microsporidia

j ed n O b u n é én I’ Proposed exclusion from ICBN N"'g{?l';sdsiisff&'ﬁssghﬂ%ﬂ?’éﬁ{is

Molecular phyjogeny o .
shows fungal origin Balbiani classifies

endoparaziti zivocichu ¥ Qs e seornes
a vyjim. alveolat

bez mitochondrii I

bez bi¢iku o

spory s chitinovou AV
stenou W s
slozity infekCni aparat

(z Golgiho komplexu)




A= Infective Stage

Opisthosporidia A Dot soge

SAFER-MHMEALTHIER: P rLE™

Microsporidia e

Anchoring Disk
Lammellar Polaroplast

]
o— Exospore g E. hellem

E. cuniculi

Endospore E. intestinalis

Vesicular Polaroplast

E. bieneusi
E. intestinalis

Polar Filament

Intracellular development of E. bieneusi and E. intestinalis spores.
(Polar Tube)

O0AA 12 © 0 06 0
Posterior Vacuole O AL PO AT,

. .-r\_‘_ % 1 % 06

®0 —

J* f‘ Y F YN n'Y‘ﬁTT‘! I“l’\"{‘ﬂ'\(‘-\,\

@® G-

\_Q

Encephalitozoon intestinalis*

E ncepha//'IOZ (0]0)4] £y 2% -j gl *Development inside parasitophorous vacuole also occurs in E. hellem and E. cuniculi.
- : ¥ ' E --."'- I‘;.




Opisthosporidia

Microsporidia

Paramicrosporidium - endonuklearni parazit ameb

Mitosporidium - zachované mitochondrie, parazit
perlooCek

Metchnikovellida — hyperparaziti gregarin
(Apicomplexa) v krouzkovcich, redukovany
infekCni aparat

Phycomyces blakesleeanus
i stolonifer

eoformans
nyces pombe

s ranarum
brassicae
Allomyces arbuscula

Spizellomyces punctatus
Amoeboaphelidium protococcarum
Rozella allomycis
Rozella sp. JEL347
Paramicrosporidium saccamoebae
Mitosperidium daphniae
Amphitamblys sp.
Amphiacantha sp.

Nematocida parisii

Vavraia culicis

Brachiola algerae

Vittaforma corneae
Encephalitozoon cuniculi
Nosema bombycis

: ;
Amo m parasiticum
Corallochytrium limacisporum




Holomycota

©Tom Dempse! -.
- ~Photoseek.con




(300 000)
+ + + + Conifers

(650)

Holomycota

(12 000)

Lycopods s
(1200)

Hornworts é
(250) el.
Mosses 2
(13 000)
Liverworts | 2 E
(9000)

Green algae

(20 000)

cca 70 tis. popsanych druhu (ve skute€nosti zfrejmé pres milion)

heterotrofove schopni exportovat hydrolyticke enzymy (ziji uvnitr
své potravy), obvykle dekompozitori, ale Casto i paraziti a
symbionti (liSejniky, mykorrhiza, endofyty)

jednobunécné nebo viaknité formy (nepohyblivé hyfy)

chitino-glukanova bunéecna stena (vyjimecné druhotné i celuldza u
nekterych askomycet)

unikatni biosyntéza lysinu




Houby a symbioza:
Jlisejniky”

pozor: lisejniky jsou ,lichenizované®
houby (LH; ,houby, které vynalezly
zemeédélstvi“ — 40 % vSech hub),
nemaji nic spolecného s
mechorosty!

LH vznikly nekolikrat nezavisle
hlavné v ramci askomycet — 98 %

vSech ,lisejniku®), ale také
nekolikrat zanikly (volné zijici sinice
uvnitr ,liSejnikovych® skupin, volné

zijici houby odvozené od

Jisejnika”

houby specializovanég, rasy/sinice
obvykle ne

e« Acarospora complanata

s Acarospora cf, dissipata

« Basomyces piacophylius

» Diploschistes scruposus

» Gyalecta jenen:

» Patractis clausa

o Slictis radiata

s Placopsis perrugosa

« Trapeliopsis granulosa
Capronia pilosella

oFonsecaea pedrosol

o Exophiaia jeanselmei

+Lasallia pens)
oChromocleista malachitea

= Xanthoria parietina

m viride

arpon disporum
# Leptogium cyanescens

«Lobaria quercizans
« Peifigera canina
« Sphaerophorus globosus
21 PaSC
= Porpidia albocaerulescens
*Dibaeis basomyces
» Thamnoilia subuliformis
« Ochrolechia frigida s.).
« Pertusaria amara
o Curvuiaria brachyspora
phaseolorum
ea schweinitzii

atomma pericleum
la umbilicata
la obscurans

°8
o Schizosac
irreguilaris
o Taphrina pruni
oAthelia bo
==06 Coprinus cinereus




Holomycota
Fungi

Fylogeneze a systematika

tradicni systematika:
Chytridiomycota (vodni, biCikata
stadia, Ccasto jednobunecne)
Zygomycota

Dikarya: Ascomycota +
Basidiomycota

(Z + D = Eumycota:

suchozemské houby bez biciku) glfjfogazxge;

pozor: ostatni ,-mycota“ nejsou vubec
houby! (nybrz Amoebozoa, Excavata,
SAR)




Neurospora crassa
Arthrobotrys oligospora
Yarrowia Npolytica _ Ascomycota

Saccharomyees cerevi
5 e

Basidiomycota

e L - Holomycota

Mortiereila elongato

Mortierelia vertieitista | VIO tierellomycotin

Rhizophagus Jm-u:h—GFm romycotina
Pandora formi

|
Zoophthora ra adicons Entomoph-
thromboid o
“xb:‘:;,mmms thorales  |Entomophthoromycotina | g

PP mtpaparaisionis z(mpagumycota

ki |¥‘ kxellomycotina 3.
Ramicandriober brevisporus
Pigtocephaiis cylindrospora == Z00PAEOMYCO h
Al macro
oo e| Blastocladiomycota
Batrachochytrium dendrobatidis
Homolaphiyetis polyrhize
rellomyces
i gdoriocyad Chytridiomycota
Orpinomyces sp. C1A
Gonapodya prolifera
Rarella alomycl —Cryptomvcota
Mﬂn sige

Drosaph; w«loutgroup
Capsaipara uw::wmu

,chytridiomycety” tvori 2 samostatne skupiny:
Chytridiomycota (incl. Neocallimastigomycetes a
Monoblepharidomycetes) a Blastocladiomycota)
,<Zygomycety”® jsou urcCite umela skupina: Zoopagomycota
(incl. Entomophthoromycotina) a Mucoromycota (incl.
Glomeromycotina)




Fungi
Chytridiomycota

» sesterska skupina vsech hub
* X Olpidium. paraziti rostlin i

zivoCichu — postaveni nejisté:

uvnitr ,zygomycet"
(Zoopagomycota?), anebo
sesterska skupina eumykot?

O

Smytbum culisotne X
Fumubmyoes boomarangus X
Spimmycas aspimls X
L‘um;:rmu x
Dirma gya s hacilispors X
Conidiabalus coronatus %, “Zygomycota,
E;rrmh'uammcu:{ unresoved”
o | LLomra— Basidobobss ranamm Olpidium
i -Basiiip bolus haplosporus X st
o ey 2 Olpid um virulontus O
Ol pidium bornovanus o
Pipiocaphalls corymbifara X
-Rhopabnym s alagans X
voaver— Cokpomyan s mourvatus X
1 Rhizropus oryme X
L Phycamycas binke desanus X
yrr- Umb alopsis mmanniana X, Mucoromycotina
s — Endogone piskamis X
Moiarall vedcilat X
Glomus intumdoes X
Soutelb pom haloogama X
o Sacdhammyces com visioo
L Candida abicans X Asco-
Yarmwia lpalytica X mycota
Naurospora crass X,
1 ot = P anarocha ato J'rymwumi
rorw Copanop 95 cinarea 5, Basidio-
Coyptosoccus neofaemans ¢ mycota
Puccinia graminis X
1 Albmyoas arbusoulus O §
e Albmyces macrogynus O--
Calonaria an, 180 O
s mwumwm,ri ;x Blastocladiomycota
Coslamamyces slegomyise o~ X,
Physoderma maydis 0%
Rz phydium macroporasum O
-Batrachodh i sum dand mb atidls o
Speallomycas punciatys 0
Entophlyols conforegbmoralne O
Pal ym.mw - ) 4
fum O~
Lol s Chytromym s 'ryllnuso., “Core chytrid
— Rhzoch snatium . 0 clade”™
Phiyciochytrum plmmm O
Fhizophlyclis rosea o~
Nowakowskalla alagans o X
Cladodh et fumn mploatum 0—
-Syndh i sum mace sporum O
Neocallmast fonials o | Nnouln;stqunycoh
1 v Monob pphare macmindra O-
Mardiphn palymarpha 0%, | Monoblepharido-

T

IGlar.mytou

1 0o

L

Co fum [
Taxoplasma gondi
Phylophthom sojae

o2 AuoB Az

wnpidio + |Bury (pejejebe|juou) |elISeI0 )

16uny (pme|ebe)y) onenby




« vodni, pudni saprotrofoveé i
paraziti

Fungi

(Neocallimastigomycetes: C hytnd |OmyCOta

anaerobni v travici soustavé
herbivornich savcu a plazu,
mitochondrie zménéné v
hydrogenosomy)




Fungi
Blastocladiomycota

- izolovana skupina (blizsi o W

o \ WY
eumykotim?) \\/ﬁ«

 Casto paraziti rostlin | AP
zivocichu, jindy saprotrofové ’-’_“-

Female
; gametang!um

(keratin, chitin, celul6za) ‘ ¥

sporangium FALES
_ =2\l /B \
N

S o\ 5 - i Zo0Spores ¢
. : % i J
fiale gametangi;;m J4 ; Pk Sporothallus \
o - ) - ' £ {"'\
: A< Alforyees | Germinating}<H

in agar culture zygote

p //0m yces Sie ks ol

Piasmogamy




primarne suchozemské houby, vzdy
bez biiku (x Olpidiun. uvnitf
Zoopagomycota, anebo sesterska
skupina eumykot?)

1. Zoopagomycota: obvykle
paraziti’komenzalové zivodichu, hub a
ameb, vzacne saprotrofove

2. Mucoromycota (incl.
Glomeromycotina): obvykle
saprotrofoveé na rostlinnem materialu,
korenovi symbionti rostlin, mykorhiza
(druhotné i paraziti zivoc€ichu a hub,
ale vzdy jde o odvozené saprotrofy)
3. Dikarya: diverzifikace se
suchozemskymi rostlinami,
dvojjaderné stadium a prepazkoveé
hyfy

Fungi
Eumycota

 Olpidium

o




Fungi
Zoopagomycota

vétSinou patogeni ¢lenovcu (i jinych zivodichu), vzacné
saprotrofové nebo specializovana fytopatogeni
vzacné fakultativni patogeni obratlovcu (Basidiobolus)

zbytky biCiku: centrioly (chybi u Mucoromycota + Dikarya) x
Olpidium?

Entomophthora




Fungi
Mucoromycota

Paraglomus
arbuskularni
mykorhiza

coiled intraradical hyphae

gy .‘
arbuscule

9 .\ —PLASMOGAMY —.

T Young
Gametangia with .

5 zygosporangium
haploid nuclel (heterokaryotic)

(4]
; ~ Mating Sexual

reproduction Zygosporangia

kARYogamy (heterokaryotic)
0.

Mycelia ’ %

MEIOSIS
-
Dlspers:m‘ Spores
germination ~
o

h
Sporangla s f\g

Sporangium

Diploid
nuclei

[] Haploid (n)
[] Heterokaryotic

reproduction ["] Diploid (2n)

K_/

Mycelium

5 Dispersal

al
germination

Copyright © Pearson Educat

as Benjamin Cumming:




«— Tephrocybe rancida
— Agaricus bisporus
~ Remaria stricta

[ ] P ¢
" r alaret Sebacina ingrustans Agaricomycotina
il Pirifarmospora indica
P i Hydnum repandum

£i5G
L Calocera viscosa

Tramella mesenterica

) Malassezia pachydermaris Basidiomycota

807 " Ustilago trilici

u
E wjeiel - Tillatis gok ycotina
| l I I | I l L Exabasidium vaccinii
O I Z O C O a I L Wallemia sebi
u F Agaricostiibum puicherrimum

. - Mixia osmundae
L Microbolryum violaceum
Puccinia graminis __
e Neurospora Grassa
. Magnaposihe grisea
—— Sclerolinia sclerotionum
Aspergillus fumigatus
Lecanora hybocarpa
Alauria surantia Ascomycota

Saccharomyces cerevisias

Pucciniomycotina

Pezizomycotina

ssiess! |
| Candida albicans

halky na korenech sitinovitych a |

Neolecta vitellina
r Enforrhiza sschersoniana

( « Entorhiza casparyana Entorrhizomycota

Sachorovitach rostlin s —

Saccharomycotina

~ Funneliforn ‘;-.w,-l
Mucor hiemalis Mucoromycotina
la verticdlata  Mortierellomycotina
s ranarum  Entomophthoromycota

nové rozpoznany jako bazalni =
skupina dikaryi x chybi genomicka | e

i Blastocladiomycota

Coslomomyces stegomyiae
Physoderma maydis
Polychytrium aggregatum
Cladochytrium repiicatum

Synchytriem macrosporum | ChYtridiomycota
Hyalotaphidium curvatem
Monoblepharis macrandra
Neocallimastix frontaiis Neocallimastigomycota
Encephalitozoon cuniculi  Microsporidia

Earlier branching fungal lineages

Drosophila mela
— Caenorhabditis slegans




Fungi
Ascomycota

CHOrdur Kristinesan 2000

Saccharomyces

Peziza




Fungi
Ascomycota

Ascospore —

Conidiophore

o Ascospore S —:;N/

) Ascus opens germinates Conidiophore |r €) Hypha produces

Aspergillus conidia ascospores . .7’ T _ hyphae

to release =1 to produce *nljlophore

o Meiosis

then . x
mitosis 5, ! Asexual reproduction

G ki’ “" Sexual reproduction .
"’ ' / \ €) Conidia are released

(4] Vegetati I'rom conidiophore
mycelium

grows

e COnldIum germlnates

Karyogam :
0 ryog d e EsImogamy to produce hyphae

Copyright © 2004 Pearson Education, inc., publishing as Banjamin Cummings.




Fungi
Basidiomy

Amanita

O~ josef hlasek
www.hlasek.com
Fomitopsis‘pinicola a7030




Fungi
Basidiomy

Puccinia

| PLASMOGAMY | w, Dikaryotic
N %" mycelium
4

Mating =

type (=) .\,

] ,“ r o >
~ 4 - Mating

. type (+)

.’ Haploid

(¢ mycelia Gills lined
s g SEXUAL with basidia .

e REPRODUCTION

gL

& (dikaryotic)

."; . '/f/
* Dispersal \ )
and \_@’

germination

Basidiospores

», Basidium with Basidia
four appendages (dikaryotic)

Basidium containing
four haploid nuclei

| MEIOSIS |

Key
Haploid (n)
1 pm Basidiospore




blize o fylogenezi zivo€ichu
KZO/571 Evoluce
Zivocichu




Opisthokonta
Holozoa

cca 1,2 milionu popsanych druhu

obvykle pohyblive diploidni mnohobunecné formy s
haploidnimi gametami (Metazoa)

vzdy heterotrofni
+ 3 skupiny jednobunecnych forem

— Teretosporea: Corallochytrea + |chthyosporea (=
Mesomycetozoa)

— Filasterea
— Choanoflagellata

Ichthyospbjre”a:
Sphaeroforma

— ¥ L g z A
") f@futiedigengmelad,




Holozoa
Ichthyosporea

konvergence s houbami (osmotrofie,
bunécna stena), kdysi povazovani za
houby (, Trichomycetes®)

obvykle komenzalové €i paraziti zivocichu

o . o -
L v e 0 - L)

Amoebidium

Amoebidium




Holozoa
Filasterea

* prvoci se zpevnenymi
filopodiemi, prisedli
modifikovanym biCikem
(Ministeria), nebo
symbionti mékkysu
(Capsaspora)
agregatni
mnohobunéecnost

Capsaspora

Ministeria




Holozoa

Choanoflagellata

sjednobunecni nebo kolonialni
prvoci

*nekdy s kremicCitymi lorikami
filopodia usporadana kolem
biciku: filtraCni organ trubenek a
primitivnich mnohobunecnych
zivoCichu (choanocyty)

Monosiga Sphaeroeca

Sexual
life i
[
cycle "
Acexus  H1@ploid Diploid

reproduction v reproduction

Meiosis and
recombination

Salpingoeca




Metazoa

i

Cell division
Cell differentiation Fertilization
Gastrulation (7)

Bacterivo '
i Collar cells /
~7)

Gametogenesis

Proto-epithelium

Apoptosis }

Somatic
cell differentiation

)~




Skin Celis

Holozoa Lo
Metaz BN PN [
elazoa s

(Exiamal Layer)

Gastrula

Zygote Blastocyst

@

mnohobuné&cnost: adheze a
komunikace — spojeni fagotrofnich
bunek

dva typy tkani: epitel a pojivo
(mezenchym) === ge — ||L0. s ko

mimobunecna hmota (s o T
kolagenem), rozdelena na dve

vrstvy: 1. vnejsi - kutikula; 2.

vnitini - bazalni lamina epiteld,

propojeni pojivovych bunek

unikatni typy mezibunecnych

spojeni

primitivne jednobicCikaté bunky

epitelu s pridatnou centriolou na

bazi biCiku

Mesoderm
{Middle Layer)




Sperm

Sperm .
| r':ui.; g-F-TI'.I'\Ct\.' Lierm FIlJ'.-l'ﬁ

& FERTILI-

3 Docyte :
( female gamete) ZATION

GAMETOGENESIS

MATURITY

Metamorphosis
LM SO Species)

LARVAL

STAGES

i
Immature larval

‘u\\ﬁiugﬂ;

2w =

-~

] . .-.. .i
Blastula el
Location ol R ;

EL'I'I!Ih.I.'”a Blastocoel \M___/\‘

CLEAVAGE
Blastopore -

GASTRULATION
ORGANOGENESIS

Hatching
i birth)




Primary
| & oocyte

Holozoa A

_—

In embryo [ f ey
. i | ~ o Growing
Primordial germ cell [ = follicle

Metazoa ) s -

2n - - Qogonium

* unikatni ontogeneze: meidza Ao N

produkuje primo gamety (ne spory), /1" it o e—" —
skoro cely vyvojovy cyklus v 21 fazi SR
oogeneze: jedno vajicko a 2-3 et i

o

polocyty __ S

Secondary oocyte,
arrested at metaphase of /'

spermie: akrosom, modifikovane o /4 ot
mitochondrie a jeden zadni biCik — \ S

corpus hiteum |

SPERM TAIL

meiosis
—

ol oL
e Tl on )

End Piece

Longitudinal . ¥ :
r-4 Mitachondria
¢ Doubletsof  Outer Dense o Calironafthe %
= - the Axoneme Fibre (ODF). .
Axoneme L Axoneme
® A ___central Pair  Curcumferential e F O, s Outer Dense
g ribs of the FS - = Do 3 Fibre (ODF)
Plasma 3 Longitudinal ey -
Membrane Column of the FS

mitosis

Plasma

Electron Micrograph Cross Sections of Mouse Sperm Membiane




T

Zebrafish

Fertilization

-
— Primordial
germ cells

Mature sporophyte (2n)

Megagametophyte (n)

nuclei-

™

(+)— Megaspore (n) Microspore {n) ()
Mimsisl

'\.\_\__/
Mitc:sisl

Microgametophyte (n)
{germinated pollen grain)
-
L0 .T |
| A
| Vegatative
nucleus
Sperm nucle

Nature Reviews | Genetics




Holozoa
Metazoa

embryonalni vyvoj

1. ryhovani

2. migrace bunek

3. pohyby ,zarodecnych
listu“ (propojeni bunék v
tkanich)

4. kmenové bunky

(nerovnocenné deleni
bunék X > X +Y)

5. apoptoza

Cleavage

N

Eight-cell stage

N y - -

Gastrulation
Archenteron
Endoderm
Ectoderm

~——— Blastopore
Gastrula P

© 1999 Addison Wesley Longman, Inc

Cleavage

Blastula
(haollow ball)

Cross section
of blastula




Holozoa
Metazoa

* nervova tkan (z
epitelu)

 svalova tkan (z epitelu
| pojiva)

 mnohobunécne
smyslove organy




Holozoa

Metazoa
Fylogeneze a systematika

« 1. Ctenophora

o 2. Porifera

e 3. Parahoxozoa
— 3.1. Placozoa
— 3.2. Planulozoa

« 3.2.1. Cnidaria
(vCetne myxozoi)

« 3.2.2. Bilateria
(vCetne mesozoi)




Fylogeneze metazoi

i

* predek
Zivocichu
slozity, s NS
(homologicka
pro vsechna
Metazoa -
nekolik redukci

Gain of mesoderm

—— silaterians

Cnidarians

Loss of
nervous system

—Di Placozoans

Gain of
nervous system

-

Loss of
nervous system ’
—D Poriferans }

Gain of mesoderm

l Ctenophores

Unicellular \

relatives




Fylogeneze
metazoi

Deuterostomia

Bilateria

hlavni
evolucni
novinky

Protostomia

Spiralia

Ctenophora
Porifera
Placozoa
Cnidaria
Xenacocelomorpha
Echinodermata
Hemichordata
Cephalochordata
Urochordata
Craniata
Chaetognatha
Bryozoa
Entoprocta
Cycliophora
Annelida
Mollusca
Nemertea
Brachiopoda
Phoronida
Gastrotricha
Platyhelminthes
Gnathostomulida
Micrognathozoa
Rotifera
Orthonectida
Dicyemida
Priapulida
Lornicifera
Kinorhyncha
Nematoda
Nematomorpha
Tardigrada
Onychophora
Arthropoda




Metazoa

Ctenophora




Metazoa

Porifera

central
cavity

sponge
wall

amoeboid cell

pore cell

epidermal cell

spicule
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Metazoa
Placozoa

Dorsal cilium —,

\
\__ Lipophil cell

“\—Ventral cilium

Trichoplax




Metazoa

Barbs

Cnidocil

Hinged
operculum

Nanomia bijuga
Hydractinia polyciina
ivtia hemisphaernca
Hydra magnipapillata
Ectopleura larynx .
Craspedacusta sowerbyi
Tripedalia cystophora
Cyanea capiliata "
omolophus meleagris
Aurelia aurita
Polypodium hydriforme

Capsule
] Tentacle P
Gorgonia ventalina 5
Eontiola cavolint Octocorallia
Pocillopora damicomis
Montastraea faveolata
Porites australiensis

Homo sapiens
Petromyzon marnus
Ciona intestinalis
Deuterostomia

‘allicula muﬂjfoar‘r’m's .
bz s - Chlorohydra

Beroe abyssicola

Monosiga ovata
Acanthoeca sp
0 Stephanoeca diplocostata Choanoflagellata
Salpingoeca sp
Monosiga brevicollis

Ministeria vibrans
Capsasgora mr\gfzafzam "
aeroforma arclica
Amoebidium parasiticum Ichthyosporea




Cnidaria

Endocnidozoa

Myxobolus

Buddenbrockia




Metazoa

Bilateria
Fylogeneze a systematika

« 1. Xenacoelomorpha
« 2. Nephrozoa
— 2.1. Hyponeuria
« 2.1.1. Chaetognatha
e 2.1.2. Protostomia
—2.1.1. Spiralia
—2.1.2. Ecdysozoa
— 2.2. Deuterostomia
« 2.2.1. Ambulacraria
« 2.2.2. Chordata




Metazoa
Bilateria

dve telni osy: antero-
posteriorni a dorso-
ventralni

Hox komplex

obvykle mnohobicCikaté
bunky epitelu

+ trubicovita travici
soustava, celom, cevni
soustava, protonefridie
(spolecne znaky bilaterii,
nebo nefrozoi???)
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Bilateria

Xenacoelomorpha

« primy vyvoj nebo jednoducha planktonni larva
bez travici trubice, nefridii, celomu...

Xenoturbella

Convolutriloba Flagellophora




Bilateria
Deuterostomia

zvlastni typ embryonalniho vyvoje (ryhovani, vznik streva,
vznik celomu, druhotny ustni otvor)
puvodné sit'ovita nervova soustava




Bilateria
Deuterostomia

Fylogeneze a systematika

* 1. Ambulacraria
— 1.1. Echinodermata
— 1.2. Hemichordata

« 2. Chordata
— 2.1. Cephalochordata
— 2.2. Urochordata
— 2.3. Vertebrata




Deuterostomia

mbulacrar

7:Charles G, Messing
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Vertebrata

Urochordata




Deuterostomia

Chordata

notochord (chorda)
trubicovita nervova soustava

notochord

dorso-ventralni inverze 2 5
neuralni lista (Urochordata + Vertebrata) [EEEsctE

—

ATAEA" -
|}
3 / e —

—

Annelid

neural tube

Ventral

Chordate (upside down) T




Chordata e i Y Migatoy
AR ANAAAN S kb b sensory neuron
CRURTRL R ERY Y W Q. : *

Urochordata + e :

% Melanocyte

Vertebrata e

4 Migratory neural

#% border precursor

iqr
%

neuralni lista:
kompletni predelani

embryonalniho
vyvoje

neuralni lista je
,Ctvrty zarodecny list"

Miure Réviews | Houros EE T T




Chordata
Vertebrata

vicevrstevna multiciliatni pokozka + mezodermalni dermis

vznik skeletalnich tkani (puvodné dermalni kosti a
chrupavcCity endoskelet)

diferencovana nervova trubice
cévy s mezodermalnim epitelem (célom + amebocyty)

zaberni kos: redukce slizového filtru (= dychani), pohanen
hitanovymi svaly, redukce poctu sterbin, endostyl - stitna
zlaza

smyslove a neurogenni plakody

neuralni lista - skelet, svaly,
smyslove organy, pigmentace

adaptivni imunitni system
duplikace genomu




™l / mphioxus
————  dr- e
4{——‘ Y hagfishes -
Al |ampreys O r a a

— conodonts

>

- - pteraspidomorphs

anaspids

thelodonts

ertebra
osteostracans

antiarchs
ptyctodonts
arthrodires
2 actinopterygians
= I{ ia
‘—-"‘ ?a copter)fgi F“S Caliorhinchus miiir
acanthodians — Leucorgja erinacea Chondrichthyes
‘acanthodians’ X \— Soyliorhinus canicuia

L =W chondrichthyans Actinopterygii |f
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Teleostei

Amphibia

AmByzroma mexicanum
Xenopiz tropicaliz
Rana chensmensiz
Cyciorana albogutiar
Sphenodon punc tatus Sphenodontia
Eubleni

Squamata

Testudines

l Crocodylia
Dromaius novoeholiandiae
Archosauria Seruthio cameluz
Anas piagriynchos
Gails gailuz
Amniota | Columba ifvia
Faico sp. _
Afelopzittacus undulancs | L and Birds™
Ficeduia albicolliz Non-monophyletic
Taemiopygia gunata
Zonotrichia aibicolis

l Palaeognathae

|Mm|hu'u

| Xenarthra
Eutheria

l ,




Deuterostomia Protostomia

Lophotrochozoa Ecdysozoa

Chaetognatha

Parasaggita
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Bilateria
Protostomia

* blastopor se meni v ustni i fitni otvor
* briSni nervova soustava

apical tu

apical ganglion-._ ||

- cerebral ganglion

episphere prostomium
__—mouth

1 peristomium

___ perioral
ganglion

mouth-

prototroch ==

~ 1st setiger

circumblastoporal \ = ~f—_ 1st ventral
nerve cord

ganglion
protonephridium
gastrotroch =
telotroch—""




Protostomia

Spiralia

mnohobicCikaté bunky
trochoforove larvy
spiralni ryhovani
célom casto
redukovany, strevo

nekdy druhotne vakovite
(plostenci)




Protostomia

Spiralia

« 1. Gnathifera (= Gnathostomulida + Micrognathozoa + Rotifera)
* 2. Rouphozoa

— Platyhelminthes

— Gastrotricha

* 3. Lophotrochozoa

— Trochozoa (?)
* Mollusca
* Annelida (v&. Echiurida, Sipunculida, Pogonophora, Myzostomida)
 Nemertea

— Lophophorata (?)
» Entoprocta
» Cycliophora (??7?)
» Bryozoa (= Ectoprocta)
» Brachiozoa (Brachiopoda + Phoronida)




Spiralia
Gnathifera

Rotifera

e hb N i e WrrsaprT T

Gnathostomulida




Spiralia

Rouphozoa

Platyhelminthes




Spiralia
Trochozoa"
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Spiralia
,Lophophorata®

Entoprocta

v %




Protostomia
Ecdysozoa

epitely bez biciku
mnohovrstevna kutikula
svléekaci cyklus fizeny ekdysteroidy

primy vyvoj (bez jednoduchych planktonnich larev
trochoforoveho typu)

I | Apolysls separation of Secretion of fluid.
ASIOR Sage epldermls from cuticle Growth of epidermis

n ;




Protostomia

Ecdysozoa
Fylogeneze a systematika

* 1. Cycloneuralia (?)

ONYCHOPHORA | } PYCNOGONIDA

NEMATODA

. TARDIGRADA :a ﬁ ‘-‘
— 1.1. Scalidophora (= Priapula + | | | i

& B

Kinorhyncha + Loricifera) —emis. 8 J € 3
— 1.2. Nematomorpha
— 1.3. Nematoda -
« 2. Panarthropoda
— 2.1. Tardigrada
— 2.2. Onychophora
— 2.3. Arthropoda




Ecdysozoa

Cycloneuralia

Nematoda

Nematomorpha




dysozoa

Tardigrada




Panarthropoda

Arthropoda

Mandbutats
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Corticata

Archaeplastida (PSymb) +
,LChromista“ s.lat. (SSymb)

monofylie obou skupin
nejista, zvlaste Chromista

X vSechno dohromady asi
patri k sobe (,Corticata” =
,Diaphoretickes")

X problem s HGT pres
sekundarni symbiozu!




Fig. 28-02-2

Cyanobacterium

Primary
endosymbiosis
[

Heterotrophic

eukaryote

Over the course
of evolution,
this membrane
was lost.

Red alga

- |

Green alga

Plastid
N\

Dinoflagellates

s

— -

Apicomplexans

Stramenopiles

Plastid

—_—

Euglenids

—-

Chlorarachniophytes

Taxon

Conserved, diagnostic plastid features®

Presumed plastid ancestor

Approximate time

of vertical descent”

Glaucophyta

Rhodophyta
Viridiplantae

Paulinella

chromatophora
Euglenophyta
Chlorarachniophyta

Cryptophyta

Haptophyta
Ochrophyta

Dinophyta

I'wo-membrane envelope,
peptidoglycan wall,
phycobilisomes
I'wo-membrane envelope,
phycobilisomes
I'wo-membrane envelope,
Chl z and b
I'wo-membrane envelope,
peptidoglycan wall,
phycobilisomes
T'hree-membrane envelope,
Chl a and b
Four-membrane envelope with
nucleomorph, Chl aand 5
Four-membrane envelope with
nucleomorph, Chl aand «
and phycobilins
Four-membrane x-u\rlnpm
Chl 2 and ¢
Four-membrane envelope,
Chl a and ¢
I'hree-membrane envelope
and pigment peridinin in
ancestral plastid. Various
])i;_l,mrnla and structures
in tertiary replacements

Cyanobacteria

Cyanobacteria or serial endosymbiosis

Cyvanobacteria or serial endosymbiosis

Synechoowecus-like cyanobacterium

Green alga
Green alga

Red alga

Red alga, or by serial endosymbiosis
Red alga, or by serial endosymbiosis

Red alga, or by serial endosymbiosis

1500 MY

1400 MY
1400 MY

60 MY

100 MY

(no clear estimate found)

800 MY

700 MY

750 MY

700 MY




Sekundarni symbioza a
fylogeneze

kdyz najdeme v

genomu rozsivky gen

Z ruduchy...
... pribuznost?

.. HGT?

a jak to pozname,
kdyz oboji jsou
eukaryota?

Archaeplastida

{

géﬁé 1

Archaeplastida Archaeplastida

S\R V 6 s |JR v ¢

'\V/
tree based tree based
on gene 1 on gene 2

S

Archaeplastida

m)
gene 2

Archaeplastida
‘\\‘ R V
\"'\.

tree based on
gene 1 + gene 2




Cryptophytes Gla ytes
Katablepharids yanic =
Picozoa E ' 3 phytes
B " oridiophytes
> Trebouxiophytes

Haptophytes
Rappemonads

Kinetoplastids
B 3 __#@%~ Diplonemids
T Cillates G . Euglenids
; - e Heteroloboseans
. " ' Jakobids
Trimastix
) ; s Oxymonads
SSCySa : - 7 Parabasalids
i . / : Retortamonads
omyc : A iahs \\‘ Diplomonads
g .’ Malawimonas

Actinophryids
Collodictyon

= 7ygomycetes
Ascomycetes
Basidiomycetes
Chytrids
Microsporidia
Cryptomycota

Bicosoecids
Labyrinthulids
Thraust

3 oph

ophytes

Choanoflagellates

3

Apusomonads

e i rcallinids
-y ubulinids
A — a Vannellids Leptomyxids

Mycetozo _




Archaeplastida
(= Plantae s.str.)




Archaeplastida

 chloroplasty (primarni endosymbidza),
puvodné se zachovanou
peptidoglykanovou bunecnou stenou (=
,cyanely”)

 chlorofyl a nebo a + b, Sskrob mimo
chloroplasty

* izokontni bunky (oba biCiky stejné, bez
mastogonem)




Archaeplastida
Fylogeneze a systematika

* 1. Glaucophyta (= Glaucocystophyta: sladkovodni
jednobunecné rasy s cyanelami)

« 2. Rhodophyta (ruduchy)
» 3. Chloroplastida (= Viridaeplantae)
— 3.1. Chlorophyta (vetsina zelenych ras, obvykle morske)

— 3.2. Streptophyta (Cast zelenych ras a vyssi rostliny,
obvykle sladkovodni/terestricke)




Main habitat

-—>

Morphology

O unicellular

(0D multiceliular

@ Complete genome(s) available
@ Ongoing genome projects

terrestrial
— freshwater
brackish water

-» marine

Archaeplastida

750-850 my (6) .

980-1120 my (6)

780-925 my (7

)
N

1400-1757 mym/

1277-1579 my (2) *
825-1155 my (3) *
785-1117 my (4)*

1520-1680 my (6) *

1425-1665 my (7) =

)
655-880 my (3)
700 my (4)

= 1200my(1)/|
786-1150 my (2

660-1140 my (5)
1160-1280 my (6)

860-1020 my (7) /
900-1040 my (6)

450-850 my (7)

596-835 my (1) =~
~700 my (4)

—————

eI

568-815 my (8)

1298-1519 my (1)~
~737 my (4)

1180-1285 my (7)

7

1116-1222 my (1)

1180-1340 my (6)

~700 my (4) o

500-990 my (6)
550-930 my (7)

#

~ 590 my (1)

.l O(HD Ulvophyceae

| O(IH] Chlorophyceae @
|| Oﬂﬂ) Trebouxiophyceae @
ni O Pedinophyceae
Chlorodendrophyceae
Picocystis clade
Mamiellales @
Dolichomastigales
Monomastigales H
Pyramimonadales .
Pycnccoccaneae
prasinophyte clade VI
prasinophyte clade IX
Nephroselmidophyceae :

Prasinococcales

Palmophyllales

Mesosllgmamphyceae- E
Chlorokybophyceae
| O(I[D Klebsormidiophyceae
(HD Charophyceae
I O{HD Zygnematophyceae
(Iﬂ) Coleochaetophyceae

| (D Land plants @

O Cyanophora @
Glaucacystis

10

10
L[]
I O(JD stylonematophyceae
B (D compsopogonophyceae

0

Cyanidiaceae @
Galdieriaceae @

Porphyridiophyceae

Rhodellophyceae
(IID Bangiophyceae @
(IID Hildenbrandiophycidae
(HD Nemaliophycidae
(IID Corallinophycidae
(D Annfeltiophycidae

C[ID Rhodymeniophycidae @

Mamiellophyceae

i prasinophytes

: charophytes

] Cyanidiophyceae

core
chlorophytes

Strepto-
phyta

:I Glaucocystophytes

Cyanidio- |
phytina

Rhodo-
phytina

Florideophyceae

N Mesoproterozoie |

1000 542

Paleozoic  Mesozoic Cen,

250 65 0




Archaeplastida

Glaucophyta

Glaucocystis

Gleochaefte

Jason Oyadomari




Archaeplastida

Rhodophyta

* redukce bi¢iku a
centriol + unikatni typ
mitozy

v chloroplastech
chlorofyl a, fykoerythrin
a fykocyanin
obvykle morske, casto
mnohobunecne

Fram the transparencies o accompany Peter M, Raven, Ray F. Evarl, and Susan E. Elchhern, l
ooy af Flants, Sth edition, Worlh Publishers, Mew York, 1982, Reproduced with perrnissian. |

Transparedcy 46 gt @ 259 by 'Weeth Pulihens. Inc
Figure 14-5, page 275
Life cycle of a red alga, Polysiphonis
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Archaeplastida
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Callophyllis

Bangia atro-purpurea

UTEX LB #2617




Archaeplastida

Chloroplastida

 chloroplasty s chlorofyly
a+ b, ztrata fykobilinu

chloroplasty s
lamelatnimi thylakoidy a
S pyrenoidem

gen pro RuBisCO
presunut z chloroplastu
do jadra




Archaeplastida

Chloroplastida

zakladni
diverzifikace
ekologicka: more
(Chlorophyta) x
sladke vody a vihké
pudy (Streptophyta)

Marine
planktonic

Origin of the
grean plant
lineage:
700-1500

Mya

— @

Hypothetical
ancestral
green

700-900 Mya

Marine benthic

————————————nl] Uhophyceae

| Chlorophyceas

]
Phycoplag

el Trebouxiophyceae

Picocystis clade @,

Mamiellales
&g Ostreococcus, Micromanas

Dolichomastigales
Crustomastix, Dolichomastix

Monamastix

Pyramimonadales
Pyramimonas, Cymbomonas

Pycnococcaceae

Pycnecaccus, Preudescourfieldia

prasinophyte clade VIl

prasinophyte clade X

Nephroselmis

LA

9

Prasinococcales
Prasindcoccus, Prasinoderma

Marine deep-water

Palmophyllales
Palmopfylum, verdigeios

Mesostigmatophyceae
Mesastigma

flagellate
Y-
(AGF)

Mesoproterozoic

Chlorokybophyceae

Chiorokybus

1000

Neoproterozoic ‘_\

Zygnematophyceae

T
Phragmoplast

Coleochaetophyceae

250 65 0 million years ago
)

Chlorodendrophyceae d;{\
4

Monomastigales ? ‘

Klebsormidiophyceae / -

Charophyceae ——

Chaetosphaeridium, Coleochaete

m’ﬁ-’-‘ Land plants
Terrestrial @

@

%.

core chlorophytes

prasino-
phytes

B —

Nephroselmidophyceae '\ 1y

@.,

@ ! (22

Chlorophyta

Streptophyta




Chloropastida

Chlorophyta
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All after Entwisle et al.(1997)
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Chloroplastida

Palmophyllophyceae

* bazalni Chlorophyta (ctDNA) nebo bazalni
Chloroplastida??? (rDNA)

« jednobunecné nebo unikatni typ
mnohobunecnosti (bunky v zelatindzni

matrix) v morskych hlubinach (az do 200 m:

~0.05 % zareni)
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Chloroplastida

Streptophyta e

Chlorokybus

k

Mesostigma:
jediny zastupce
s pohyblivym
vegetativnim
stadiem




Land plants Zygnemato- Coleochasto- Charophyceas  Klebsormidio- Chlorokybo- Mesostigmato-
phycsae phyceae 5.54r. phyceae phyceae phyceae

Desmidiales Coleochaetales  Charales Klebsormidiales Chlorokybales Mesostigmatales

Zygnematales
i : ” h.

Chloroplastida

Streptophyta

Chara Life Cycle
Haploid (N) &

Mftos is

Male

- Female
Gametes

Gametes

Diploid (2N)




N

Vznik vyssic
rostlin

h

Key:

& Cte-ycfl
& Ste-ycfl
O ftsH
& yef2
& tufA

Polyplastidy

o

Chloroplastidal
ancestor

& & Dicots

& € Monocots

€ ¢ Gymnosperms

& © Monilophytes

& & Lycophytes

& & Bryophytes

& & Zygnematophyceae
< @ & Charophyceae

4+ & & Coleochaetophyceae |

Klebsormidiophyceae

aed|e aytydoidans

& Chlorokybophyceae
& Mesostigmatophyceae

<& & & Chlorophyta

,Skupina ZCC*
polyplastidie

Z + Embryophyta: presun
nékterych plastidovych
genu do jadra




Streptophyta

Embryophyta

 mnohobunécnost (bunecné
stény - ontogeneze zalozena
pouze na diferencialnim rustu a e
mnozeni bunék) e

mala skupina (300 tis. druhu),

ale obrovsky ekologicky _

vyznam -> architektura [N
ekosystému B

..
-
1] G
LT
=515
{faishipanse
AR O

—
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Plant Cell Wall - . Middle
Structure & P =Xz Lamella

P G
{suFaSs
gFine

Cross-Linking
Glycan
% " -Membrane
Cellulose y




Streptophyta

Embryophyta

* pozor: rostliny jsou
podstatné mladsi nez
zivocichové!
oddeleni semennych
rostlin od mechu je
mladsi nez zakladni
rozdéleni obratlovcu




Streptophyta
Embryophyta

-zmény vyvojovych cyklu (stfidani gametofytni a sporofytni
generace, postupna redukce jedne z nich)

Syngam
/ r"/‘ JJ s% —’@-"“*
Zygote (2n) \

‘< Gametes (1n)

H
Ulva Life Cycle Mature

sporophyte (2n)

Haploid (n) a “ -#

Diploid (2n) o Spore  Young
— gametophyte
[ wetosis |

Archegoniul
Egg—=.
T

ol ;
Sporangium _Sg8 Mature New

8 a4
sporophyte sporophyte Zygnle\ FERTILIZATION|
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Zebrafish

Fertilization

-
— Primordial
germ cells

Mature sporophyte (2n)

Megagametophyte (n)

nuclei-

™

(+)— Megaspore (n) Microspore {n) ()
Mimsisl

'\.\_\__/
Mitc:sisl

Microgametophyte (n)
{germinated pollen grain)
-
L0 .T |
| A
| Vegatative
nucleus
Sperm nucle
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Streptophyta

Embryophyta

1. Bryophyta (parafyl. nebo
monofyl.?)

2. Tracheophyta
2.1. Lycophyta

2.2. Monilophyta
2.3. Spermatophyta

PR

% T
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Embryophyt
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mnohobunécného

sporofytu? (interkalarni

x apikalni rust)

~

Euphyllophytas

Tracheophytes

Cataranius mseus
Alamands Gihiﬂlﬁ
(pomoes

DiDspyiDs Me&DaTica
. Kochia smpaia

sta. [

YWILm pe s um
Aquledia fodnoss
Eschscholis calfomics
Sarcand@ gabiE
Linodendon i
Perses am
a.rma omsa

pem
\u.m Hi"a“msu
Smisx bona-nox
Coichicum autumnaie
Dioscomea wlc&
IS &M

Angiosperms
(Flowering Plants)

Spematophytas
(Seed Plants) CLnnnghemE (ancesiats
= Junperus scopusorum
*12 *5 TEXUS DECElE
| - Sciadopitys vertclists

Ihrmrl'vs:*ﬂru

" Gnefum momntsn
A@vlls,oa rmbls

Ginkgo bilces

C
(Vascular Plants) 5 1 Psiotum mudum
P L= e
= L evects
o 'I}I'l,'ﬂ

Embryophytas
(Land Plants)
"B

C vma
o
Dnmho Im ooscurum

Pseudalypodiels caraihians
Lpens sqtﬁw
xagned el
Saagnae msleq.crrﬂn TKP)
mmccr Sciuroies

nomodon & fien ustus
Ymﬂum 080G AT

3 (Miohats
Mem;snu Crass(
Naﬂtxa'os 05 2engmartus ns

Penium Fhrgm
CI‘Sf'hﬂU" ocrthodes

Aoy oblus
Netrum digtus

ptophytes

Sptogym sp
Cylingrocysfis cushiackae

[
Cylndmocysts DrEnssmF "

Mesots enum endich e num
[r— Luma"iislrregun

Coisochaste scutats
[=2 ertlium gabosum

Chara vugas

anils mnuts

Ci ma*mymsfs ammognycus

esostigme rige

Uronama sp.
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Chloranthales
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Liverworts
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Coleochaetales
Charales

Klebsormidiales, Chlorokybales
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Streptophyta

Embryophyta

« totéz, ale po procisténi
matice - monofyletické
mechorosty???

Matrix type
Alignment
Codon positions
Sister to land plmls
Z,Tam»vchy'

Amboraile + Nyphar
Ambarails-sister

1N

S0geneEs unpar
tes 25X urpan

Sgenessist e

B04genes.mn

trang Support . Weak Support Compatible (Wesk Rejection) . Strong Asjection

Cathamn thus roseus
Allgma rch cat rarica
A'm'r.nru d‘:mdls
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Magnoliids

Angiosperms i - --
(Flowering Plants) e Monocots

Spermatophytes p “, ANA Grade
(Seed Plants) _ clan

Gymnosperms
Euphyllophytes
‘4

Tracheophytes
(Vascular Plants)

-—{ Angopeens evecin Monilophytes

Lycophytes

Embryophytes
(Land Plants)

Streptophytes

Liverworts

Homworts

Zygnematophyceae

Coleochastales

hars il Charales
= ‘m " sveK|ebsormidiales, Chiorokybales
= »warm wmmrs Mesostigmatales

cshgma urck

ot ™
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Grows continuously
from basal meristem.

Embryophyta W\ [ ||
nthocerotophyta

hollow column that splits
open at maturity.

involucre

-+——— gametophyte

Single large chloroplast inside
each cell readily identifies it from
liverworts & fern gametophytes.

@ WP Armstrong 2011

Rhizoids produced on underside
of thallus-like gametophyte.

Columells
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Embryophyta

Marchantiophyta

Archegonial head

i )
Fr_!m-:ilé
Gamdataphyte
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Shizaids *

Liverwort Life Cycle
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Embryophyta

ryophyta

Enlarged ‘1\ o
Early embryo,_ venterwall \ _falyptra Sno

Venter wall RN Capsule
Calyptra

Neck canal__‘_
Neck wall -
2Zygote —___

Meiospores'
(spores)

Life Cycle of a Typical Moss
Spore case/

QFemam
N
/
/ g

Rhizoids

Sphagnum N Andraea




Embryophyta
Tracheophyta

Fylogeneze a systém

* 1. Lycophyta (= Lycopodiophyta)
» 2. Euphyllophyta
— 2.1. Monilophyta

—2.2. Spermatophyta
e 2.2.1. Acrogymnospermae
e 2.2.2. Angiospermae




Tracheophyta

Lycophyta

SPOROPHYTE

v Leaves
7 (Microphyll);
GAMETOPHYTE._

Egg and
sperm unite___
forming /-

Rhizome

2n SPOROPHYTE
n GAMETOPHYTE

Antheridium

Sporangium
containing spore

Spore mother
cells undergo
MEIOSIS

1o produce
spores @

L ]

elaginella




Embryophyta

Monilophyta
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Haploid (n)

®

Embryophyta s

= ’ (n} gametophyte
ME105IS dispersal

Monilophyta [

gametophyte
(n) Archegoniu

_ Egg
wT & Mature ga.m
JR Sporangium sporophyte New Zygote ——

i — ‘f
. sporophyte (2n) \7. |FERTILIZATION
Sorus o g : * W

WGametophyte

Life Cycle of Equisetum .
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1. Equisetopsida

2. Filicopsida

2.1. Psilotidae + Ophioglossidae
2.2. Marattiidae + Polypodiidae
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ctDNA




Embryophyta
Spermatophyta

1. Acrogymnospermae
1.1. Cycadopsida
1.2. Ginkgoopsida
1.3. ,Gnetifera”

1.3.1. Gnetopsida

1.3.2. Pinopsida

1.3.3. Cupressopsida (=
Taxopsida)

2. Angiospermae
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Spermatophyta

3 Tsuga

Cedrus

Acrogymnospermae

Pinus

l Epledra
g Gnetum Gnetales

Welwitschia

Agathis
Araucaria
Podocarpus
o Cryptomeria | Non-Pinaceae
K Juniperus Conifers
Metasequoia
Taxus
Torreya

94

Ginkgo
Cyreas
| Cycads
Zamia
Ambaorella
Austrobaileya
o Micium .
o _ Angiosperms
schisandra
Chiloranthus
-Nymphaea % "
W I

Angiopteris |
Adiantun = . \\
S B Egy L

= Gnetum Welwitschia

Equisetum
——— 005 substitutions/site




Spermatophyta
Acrogymnosperame

po procisténi matice 2>
monofyletické jehlichany
,Gnetifera®)???

Matrix type
Alignment
Codon positions
Sister to land plmls
Z,Tam»vchy'

Amboraile + Nyphar
Ambarails-sister

1N

S0geneEs unpar
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trang Support . Weak Support Compatible (Wesk Rejection) . Strong Asjection
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Spermatophyta
Angiospermae

KEY 7O LARELS 4
Haplaid [m) 4 | Micro: P
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Triploid (3m) *--. 1 MElosis \"l o
p- 41 _ —
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Chloranthaceae

Spermatophyta sl g
Angiospermae

Monocots
outgroup

Mesodicots

Sarcandra glabra
Chloranthus japonicus

| chioranthaceae
@ Ceratophyllum oryzetorum

94"

Mesangiospermae

& Ceratophylum demersum

$

=
E‘

chyp

Zingiberales
recales

Musa acuminata
Trachycarpus fortunei |

Yucca filamentosa

Asparagus officinalis | Asparagales

Iris japonica

Cannaindica l

Lilium brownii | Liliales
Pandanus utilis | Pandanales
Dioscorea opposual Dioscoreales
Pinellia ternata
Alisma plantago-aquatica I-““S"“"“E“ﬁ'S

Acorus calamus] Acorales

—
0.05 substitution per site

Ginkgo biloba

Hicium henryi | Austrobailey ales
Cabomba cardliniana
Nuphar advenda
Amborella trichopoda IAmborellales

INymphaeales Basal
anglosperms

I Ceratophyllaceae

$1000UOH
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Angiospermae
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Amborella trichopoda




Angiospermae
Nymphaeanae

Austrobaileyanae

lllicium




Angiospermae

Mesangiospermae

1. Magnolianae
2. Monocotyledoneae (= Lilianae)
3. Eudicotyledoneae

(+ 4. Ceratophyllales as.
Chloranthales) ,




Chlorophyta

core
chlorophytes ”“
\
“ 3 Ulvophyceae

" Chlorophyceae

‘W Trebouxiophyceae 4
prasinophytes

Chlorodendrophyceae

" ‘ @ Picocystis
| Mamiellophyceae £
Pyramimonadales
‘ Pycnococcaceae

u Nephroselmido-
phyceae \

‘ Prasinococcales ™

Palmophyllales

Putative secondary Secondary
symbiosis in progress | endosymbiosis

Hatena Euglenophytes Chlorarachnio-

tKalabEephavids]‘ phytes
]

;ﬂ N
e |

N

LY N

Streptophyta

. charophytes
Coleochaetophyceae
Zygnematophyceae g

Charophyceae

Land plants

‘I

Klebsormidiophyceae ""
¥ é
ré

Chlorokybophyceae CQ
U

Mesostigmatophyceae ‘

Serial secondary Putative ancient
endosymbiosis endosymbioses

Green dinoflagellates Chromalveolates  |Choanoflagellates

e ()
Lepidodinium Diatoms Monosiga

Archaeplastida jako vnitrobunécni symbionti

1. uvnitf Heterokonta a Alveolata (endosymb. ruduchy, vyjimecné
druhotné i zelené frasy)
2. uvnitf Rhizaria: Chlorarachnea (endosymb. zelené fasy)

3. uvniti Excavata: Euglenophyceae (endosymb. zelené fasy)




Haptophytes
Rappemonads

Colponemn

-:.T e5

Bicosoecids
Labyrinthulids
Thraust

QOomycetes

Actino *Tr’mf S

3 oph

ophytes

Cryptophytes Gla
Katablepharids
Picozoa

pl-'\f’f#'-‘f::

oridiophytes
Trebouxiophytes

Kinetoplastids
&~ Diplonemids
Euglenids

Heteroloboseans

Jakobids
Trimastix
Oxymonads
Parabasalids
Retortamonads

1! \\’ D!DiOmonads
Malawimonas

Collodictyon

= 7ygomycetes
Ascomycetes
Basidiomycetes
Chytrids
Microsporidia
Cryptomycota

Choanoflagellates

3

Apusomonads

Arcellinids
Tubulinids

Archamoebae
Mycetozo

Dactylopodids

a Vannellids Leptomyxids
Acanthomyxids




,Chromista“




~OAR"

heterotrofové i fototrofove s
endosymbiotickou ruduchou
(,chloroplast®)

,chloroplast® s 4 membranami
(vnejsi pochazi z ER) a s

chlorofyly a+ ¢

nekolik nezavislych |
sekundarnich endosymbioz

dva odlisne bicCiky

n’l*

4

is
KmWMm 2
-
2 a .

Karenia

oy “"*"'*%5 =

Ciliates Apicomplexans

(Glos

Secondary Endosymbiosis
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Euglenids Chlorarachniophytes




~OAR"

,SAR" (Stramenopila +
Alveolata + Rhizaria) =
Harosa = Sar

1. Stramenopila (=
Heterokonta)

2. Alveolata
3. Rhizaria

sesterska skupina
Hacrobia? (sesterska
skupina Archaeplastida?)

— 2.1. Haptista

— 2.2. Cryptista (sesterska
skupina Archaeplastida?)

Rhizaria

Archaeplastida

*pozor: nazev ,Chromista“ puvodné
pro Stramenopila ¢ast Hacrobia

*pozdéji Stramenopila + Alveolata +
Hacrobia = “Chromalveolata”

*po zjisténi, ze sem patfi i Rhizaria,
obnoven nazev Chromista v
Sirokém smyslu (Cavalier-Smith
2010) — zatim se neujal
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,SAR"
Stramenopila

(= Heterokonta)

STRAMENQFILE%

WITH
e = STRAW
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,SAR
Stramenopila

(= Heterokonta)

,2heterokontni biCiky"
(predni a zadni odlisneho
tvaru, predni nese trojdilne
mastigonemy)

unikatni stavba baze bicCiku
obrovska heterogenni
skupina (foto- i
heterotrofove, nekdy
mnohobunecni)

Stramenopile

Hairy flagellum

n
Hairless : A\
fl agellum\?,a Sl
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Stramenopila
ogeneze a systemati

Bigyra
1. Opalozoa
2. Sagenista
Gyrista
. ,Pseudofungi
2. Ochrophyta (,zlaté*,

Jhnédé" a ,zlutozelené
rasy” + druhotni
heterotrofové: mnoho
tradicnich taxonu neni
monofyletickych!

Bigelowlelia natans

| rRHZARIA

Protocruzia adherens

Vitrella brassicaformis
omera velia
Incisomonas matinga

‘Cafeteria sp’ (MAST-3) I Placidozoa

Cateteria roenberge
‘Bicosoecid sp'
MAST-4
Thraustochytridae
Thraustochytrium sp

Aurantiochytriom iimacinum
Aplanochylrium stocchingi
Aplanochytrium kerguelense
Saprolegnia parasitica
—— Pythium ultimum ﬂ q
L Phytophthora infestans

Vaucheria litorea | Xant
Ectocarpus siliculosys | Phai

Fibrocapsa japonica
Heterosigma akashiwo

Chattonelia subsalsa

hophyceae
phyceae

Raphidophyceae

Synchroma pusitum | Synchromophy

Maliomonas sp |
Dinabryon sp
——— Chrysoreinhardia sp
Chrysocy fragilis
Pelagomanas calceolata
——— Aureococcus anophagefferens
Rhizochromulina marine
Pieridomonas danica
{:Pseudupedmeﬂa elastica Dictyochophyc:
Fiorenciella parvula
Dictyocha speculum
Bolidomonas sp s
Bolidomonas pacifica IEmm“F‘"y"Ed

| [Rhizosolenia setigera
—4—E Thalassiosira pseudonana l Diatomeae

Minutocelius polymorphus

Pelagoph

Oxytricha trifaifax
insus marin ALVEOLATA

Blastocystis hominis

Blastocystis ST4 Opalozoa

Bikosia

Chrysista

Ochrophyta




Stramenopila: Bigyra gy dravi

; ey heterotrofni
Opalozoa © | pigikovci, nékdy
74 prisedli, nékdy s
' lorikou

Cafeteria

5

Blastocystis

paraziti/

Proleromonas komenzaloove
R —_ obratlovcu




Stramenopila: Bigyra

Sagenista

Amphitrema. bazalni

jsou fagotrofni

.krytenky“ (s dvéema

otvory pro filopodia) bothrosom: organela produkujici vngjsi
cytoplazmatickou sit’ (absorpce zivin, klouzavy
pohyb)




Stramenopila

,Pseudofung

1
I

Phytophthora

Pirsonia:
parazitoid rozsivek

Developayella
,Bigyromonada”“

Disease cycle of Phytophthora i

Pythium

root and crown rots.

Oomycetes




,Pseudofungi”

Oomycetes

puvodné paraziti,
druhotné saprotrofove

puvodné morsti

OOMYCETES

heterokonts

Achiya biserumiis
Achiya apicutata Ecosytem
[ Saproiegnia ferax
Saprolegria porasitca
Pyivopsis cymose
Saprvkegaisles jﬂﬂm: torrostns
Laptcdegria cacdata
Lepiolegnia chapmani
Aptanonyces inedens
Leptomitales Apodachiys drachynena
Atkinsiellales Athingiolla dubia
s Hymoperonospora parasitios [l
| Prasmopars witcols |
Foronophythara ichii
Eihstysns Psoudoperonospor cubenss |
=5 Prytopitihors wnckdata
Phytophthors mogaspommo
Pythium insidiosum
Pythium aphankismnatum
Logenitum mryophitum
Lagonidium gigorieun
Logenidium thormophilum I
Lagonidium callnaectes
Myzocytiopsss intermadia
My2OCYtOPSIS vanalTy
Myzocytiopsis sp.
Lagoriahun coudatun
—-Sapromyces clongaius
‘Chiamydomyzivm sp.
abalone endoparasite NJM00I4
Olpidiopsis porphyrae
Olpidiopsis bosirychise
Haliphtiroros mitfordensis NJMO131
 Holiphthoros miliordensis NJMO4TO
Holiphthoros sp. NJMOL40
Haliphthorales > Haliphthoms sp. NIMO44Y
g Haldaphoea pavasica
] Hakodastioea baberss Ecosytem
Haiodaphrea panirata
Haptoglossa s Freshwater
Eurychasmales Eurychasma dickeonii Eury0S. .
Maptoglossa == Eurychasma dicksonii Eury36 . Marine
Coraiopayora eiegans
Hyphoctytriun calencides Soil
Fihizidiomycos apophysatus
[ e ateee Terrestrial

Pirsonia punctgorns [ |
Apianochytnum mintum Basal stramenop Leaves efc.

OiongIChyIrLAT Mminutm
Theaustochytrium multiudimentale
Cafotons roenborgonsis
Siluania monomastiga
Armphcinim Dainsenso
Prorcentrum misimum

Rhipidiales | Leptolegraceae
-

Olpidiopsidales

Alveslais (outgroup)

Host or lifestyle
o
Saprolegnian
m Clades

Peronosporalean
Clades

T ——
Early Diverging
Clades

Host or lifestyle
Plant pathogen

- Ochrophyte pathogen

m Rhodophyte pathogen
Insect pathogen
Vertebrate pathogen
Crustacean pathogen
Nematode pathogen
Saprotroph
Bacteriotrophic




1.

Diatomista:
Khakista (rozsivky a
bolidomonady) +
Dictyochophyceae +
Pelagophyceae
Chrysista: zlativky,
chaluhy, ruznobrvky
etc.

Stramenopila

Ochrophyta

natans | rHZARIA

Protocruzia adherens

Ouytricha trifallax
Perkinsus marinus ALVEOLATA

Vitrelia brassicaformis
Chromera velia

Incisomonas maring

‘Cafeteria sp’ (MAST-3) I Placidozoa
Blastocystis hominis

—
L Blastocystis ST4 Opalozoa

Cafeteria ro ge

‘Blcosoecid sp’ Bikesia

MAST-4"
“Thrausiochyinidae QPX
Thraustochytrium sp
Schizochytrium aggregatum

Aurantiochyirium limactnum

Aplanochytnium stocchinoi

Aplanochytrium kerguelense
Saprolegnia parasitica

Vaucheria itorea |-M,.y|;[_.|,yw.u_‘
f—— Ectocarpus sfliculosus l Phaeophyceae

Fibrocapsa japonica
.= Heterosigma akashiwo Raphidophyceae
Chatfonelia subsalsa Chrysista

Synchroma pusilluim | Synchromophyceae
L sp | synurophyceae

1 Ochromenas sp S
—a— i Chrysophyceae
Dinobeyon sp I
Chrysoreinhardia sp

—
. ChrySOCYSIS fragilis ol shvceae
- = Pelagophyceae Ochrophyta

Aureococcus anophagefferens
Rhizochromulina marina
Pteridomonas danica
Pseudopedinelia elastica Dictyochophyceae
Florenciella parvula
- Dictyocha spacutum
Bolidomonas sp
Boirdomonas pacifica
Rhizosolenia seligera

“"Ij Thalassiosira pseudonana | Diatomeae
Minutocellus polymomhus

Diatomista

I Bolidophyceae

GYRISTA




Diatomista

Khakista

Bolidophyceae + Bacillariophyceae
= Diatomeae

permissive <
threshold




Diatomista

Dictyochophyceae

(= Silicoflagellata)

BT, LGS
4

Multinucleate Transition
Cell Swarmer Stage

"
X LERE s &
Multinucleate f- -,,"', .
pit ¢

Dictyocha speculum

Skeleton-
Bearing
Cells

Cells Connected
By Cytoplasmic
Bridges

| © Pavel Skaloud

Dictyocha speculum, SEM skeleton of cell undergoing division.




Ochromonas

(D)
©
(D)
g £
w
%D.
5 &
-
i -
®




Chrysista
Xanthophyceae

Eustigmatophyceae

X: Vaucheria

X: Tribonema




Chrysista
Phaeophyceae

Macrocyslis




Chrysista
Raphidomonadea

pribuzné fototrofnim rasam
Raphidophyceae (,chloromonady”)




Stramenopila
Platysulca

Platysulcus:. objeven 2011
ostrov Ngerutkabel (Palau

morsky bakterivorni

heterokontni 2-bicikovec
klouzani po povrchu ras —
bézné u eukaryot, vzacneé u

chromist

- fylogeneze (zatim jen 18S

Hadorasigen e
Paibgor

mciins calcsodat U1 4359

Auwmoumbin buands 140255, Palagophycans

38304

————— Eustigmatbphyceaa
Chrysophyceas
————— Synchromophyceas

Triparms
iy

i
Pescrs purigen ABS1H1S

Rucamon ;m-n:\ 167157

Rz M\wus e ———oonod Hyphod
Acnya swamats szTos .

s . A8
MAST-1

MAST-23

e
e [ MAST2

usTior ———— Bigyromonadea

Phaeophyceas
Schizocladiophyceas
phidophycese

Pinguiophyceas

Dictyochophyceas

eyiydoiyop

Bacil aiophyceas

hytraa

(MAST-3)

EussEsm
Wiabhlio lunata ABIZ2E0S

Blascyska

Blnrsnoyati
2 Jend AoF R
52 mwu;\w: DO43 1242
l—: Frotoopaina hisstinals AvsTss-s | Slopaiinea
- - = = mismmans boedns UF108

& ras1ze || Pl
MAST-21

Actiamonas pericrmsaens A8

Flos agils FJS7 1858
‘Noraria moxcana AYSIMSS

Halomatatart
Beesoacs actisns

a sscinamis DXRES4TD
[t

cuszI0es
HMT4353

=]

ELM453M
mufans AE21508

P

MAST-16

=t

rasssos | MAST-24
SO0

MAST-22

seamies
AF383188 MA

MAST-7
AENE ) paer g

araEnE

I AT
18151475
AEZTSEA
RYZRSEET

MAST-6

BrIENSE ST MAST-11

st - ot# | masT-25

MASTS
MAST-1D

“Apimoc yaTum kvguoknse ASIZ2103

Casdialus par

Leveas

velus AYSIO4S

wrmazz || Labyrinthulea

a—=r=T

wvzssms ———— MAST-20

Platysulcus tardus g

Alsndtum
1 BURDN FFETE0R.

atyratn gosmanka £YS41300

Gramia ovlormis AJ4TE 14
2 RYBEDS

1o FAromoentum mias M14643
10 R ndl MSTTO3
. I—ﬁ-{:’ pe—T e |A VEOLATA
SR

= comonas lonplosuda DOAZES
- '_|—|:r.,w_‘.° sngitla HO L1439

RHIZARIA

SATNHONINVHELS




SAR”
Alveolata

fototrofove, volne zijici
heterotrofove, paraziti vCetné
vnitrobunecnych

zbytky endosymbioticke
ruduchy obvykle zachovany
(= apikoplast)

alveoly (submembranozni
vacky) — metabolismus
vapniku (?)

—> schranky obrnenek

extruzivni organely
(trichocysty)

Kryptomitoza

typical motile
thecate cell

e longltudinal

flagelium

madified after Taylor 1980




EF1A EFL

,,SAR“ . 9 ﬁpicumplaxans
Alveolata

Fylogeneze a systematika @ O Apphamonas
O . Perkinsus

(O @ Dinoflagellates

. O Acavomonas
ii Col
1. Ciliophora @ O colponema

() Ciliates
2. Colponemidia (dravci)

3. Acavomonidia (dravci)
4. Myzozoa (puvodni myzocytéza)

— a) Dinozoa (fototrofoveé se sekundarni a terciarni
symbiozou, dravci i paraziti — druhotne ztracena
myzocytoza)

— b) Chrompodellida (fototrofove, dravci)

— ¢) Apicomplexa (paraziti)




Alveolata

Ciliophora

‘nejslozitejsi eukaryotni
bunky (cytostoma,
cytofarynx, exkrecni
vakuoly)

sextremne slozity
bunéecny povrch s
mnohocetnymi biCiky
(,orvami®)

*konjugace

«dimorfni jadra
(makronukleus s
metabolickymi funkcemi
~ soma)

Mic

by mit

two ma 3 :
(four micronuclei in
groove)

develop




Alveolata

a8
| | i
= agiopylea
L 1 Prostomatea
10 ﬂ Phyllopharyngea
25 ; : Nassophorea
¥y olpodea

: 100 Voo !

:

1

Fylogeneze a systematika

V1VITONNOHIVINVYHLNI

« 1. Postciliodesmatophora

— 1.1. Karyorelictea (makroN
se nedéli a je skoro L= ‘-;r----f-‘-?mr?‘g:;::“‘?%ml,:oouff el
diploidni)

— 1.2. Heterotrichea
(makroN se deli pomoci
vhéjSich mikrotubulu)

* 2. Intramacronucleata
(makroN se deli pomoci ais 4
vhitfnich mikrotubult) Loxodes

Litostomatea




Paramecium

Ciliophora
Intramacronucleata

Trichodina Vorticell.




Alveolata

Ciliophora

* mozna jeste dalsi

bazalni skupina:
Mesodiniea

Spirotrichea

(76) (77)
| Gy T
v e
2 R

78

& 75

Phyllopharyngea
(20 %fi {30)

VA
v

i ; {14} [15) F'laglﬁpﬂea

4
[46) 7] {48)

el Oligohymenopharea

Myrioneclta:
endosymbiotické
plastidy z kryptomonad




Eimeria tenella Apicomplexans
99/.99/1 Toxoplasma gondii RH Chromera and
Thefleria annulata Ankara Vitrella

AR“ 69/-/.93 Babesia microti Rl
= 96/ 99/.97/1 osporidium parvum lowa

Cryptosporidium muris RN66

Ascogregarina taiwanensis

Vitreila brassicaformis CCMP3155

Chromera velia
e Darkinsus marinus ATCC50983
3, bl bl i Dinoflagellates
et . and Perkinsus

Nnutum

Acavomonas peruviana Loi

Colponema vietnamica Colp-14
Colponema vietnamica Colp-62
88 Colponema vietnamica Colp-7a
*gg ENV: Lake Tanganyika TKRO7E.24
Colponema vietnamica Colp-7 clone 2-1
Colponema vietnamica Colp-7 clone x1
Colponema edaphicum Caucasus2005
Colponema edaphicum Chukotka2008

), IS pisces
94/.88/.99 alteria grandinell:
- lla histriom " Ciliates

98/.99/1

96/0.95/1 [

Thraustochytrium aureum ATCC34304
Nannochloropsis gaditana CCMP526
Spumella sp. OF40 (prey)
Ochromonas danica
Heterosigma akashiwo
Ectocarpus siliculosus Ec 32 B
Aureococcus anophagefferens Stramenoplles
Thalassiosira pseudonana CCMP1335
Phaeodactylum triconutum
Pythium ultimum
2gniaceae
Caecitellus parvulus
Cafeteria roenbergen

65/.91/-

100/.99/1

55/.88/.95 Paracercon
60/.89/.96 | 'aumatomonas cc i o2 Rhizarians
94/.97/1 Paulineila chromatophora FKO1

. Jigelowiella natans CCMP621

99111 | Gymnophrys sp. ATCC50923

Plasmodiophora brassicae NGY

Other eukaryotes (21)

Co/ponen%a




Alveolata

Myzozoa

i el Apicomplexan apical complex
i el g e

Colpodella (na “R\$ o el (ot Sty
Cryptomonas) 1 - e




Myzozoa

Dinozoa

« vetSinou jednobunécni sekundarni
Ci terciarni fototrofove
(Dinoflagellata), vzacné paraziti
(Perkinsus. ustrice) a
endosymbionti (Symbrodiniun.
korali)

 dinokaryon (bez nukleosomu)

* redukce apikomplexu

Noctiluca scintillans

T

/ _w\..,
4

B0 o4% ;
® g ﬂ?'jl_c_feraz‘/um

S 4% 20.00um
B o

. ;
O~ VN

Perkinsus Symbiodinium




Alveolata apikoplast _ s

\ate—_

Chaperone A o

Myzozoa .

Apicoplast
circular DNA
(35 kb)
from Plasmodium

falciparum N- "_‘-‘LR
A\ ot
" o VN
RNA polymerase * '\ . >/N rRNA Inverted repeat

/-

s

2=NCTTTO

»

/

— ‘-s AN
e\
VT su MR

rRNA
YCFP24 -

., WA
# {; b*g'[“n:;n'u:::rpl.':1sma Genomes

Mitochondnl
& K tandem repesil
OO, Dk
Fragrmenied rRMA

9 . 10 20

~
20
— —

— Muclear Genome i o, :
. s : Apicoplast
. I ehrvmosonses = .
Ch ro I erlda . 65 % 107 B haploid 35 kb zenoeme

Vitrella Map unit 100 kb Plastid like rRNA

rped. ufA ol




Myzozoa
Apicomplexa
(= Sporozoa)

Iy
&e'l‘
a -

M\ = 1ntective Stage
L\ = Disgnostic Stage

Mosquito Stages
Ruptured
e amml

= Release of
@ Cocyst lnspommilcs

i

Sporogonic Cycle

Macregamelocyle

Microgamede entenng

FrdCr O Ariild B ‘?

Exflagellated
micregameatocyle

Microneme
Microtubul

Polar rings

Dense granule

Rough endoplasmi¢
reticulum

Human Liver Stages

Liver cell # ‘ ’
e

BAFE®: HEALT FEGFLE

hitp: e dpd, cde. govidpds

oA

Mosquits lakes

a blood rmeal
MRS SEO RGeS |

Exg-erylhrocytic Cyele
ORup{u!Ed :.Ehr.z\;mt %" B
- . Schizom
LA

1 . Human Blood Stages
— Imnrnature
trophazoile
[ (ring staga)
Mosquita takes
a blood meal
(ingests gameiocybes)

=
Erythrocytic Cycle

Mal:urcA

troghozode
i
.L?_U

Voo re
- iyl
T ]

2] .‘m!:pnum (j - - aad
Ruplured [ ‘/

of ‘ thnlk o :1:
L Schizunlﬂ. ﬁ

. L7
e ﬁﬁ' Gametocytes

7 7 d
2 @- Gamcm'ncs.&
2w
Fowmls - .L-c - |:r
P i
Mitochondrion

Apicoplast

Attachment
stalk

Nucleus

Plasmodium

Nuclear coated vesicles




,SAR'
Rhizaria




~SAR"
Rhizaria

morfologicky heterogenni seskupeni ,prvoku®, obvykle s
tenkymi filopodiemi, nebo s vyztuzenymi axopodiemi
obvykle 2 biCiky

heterotrofni (vyjimecne fototrofni se sekundarnimi
endosymbionty), vzacne paraziticti

morsti, sladkovodni, pudni, nékdy makroskopické formy
(Xenophyophorea, Gromiida)

mineralni schranky vznikly nekolikrat nezavisle (zasadni
pro geologii a paleontologii)




~SAR"
Rhizaria

Fylogeneze a systematika

tradicné Cercozoa, Radiozoa,
Foraminifera — ale ,Cercozoa“ a
,Radiozoa" nejsou monofyleticke
skupiny

1. Filosa (= Cercozoa s.str.)
2. Ascetospora + Apofilosa
3. Phytorhiza

4. Retaria

— 4.1. Polycystinea
— 4.2. Acantharea
— 4.3. Foraminifera U pr——

|

2 RHIZARIA

ALVEOLATA

STRAMENOPILA




Rhizaria

Filosa

Paulinella
primarni
endosymbidza
se sinici

Guttulinopsis
agregatni mnohobunécnost
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al

Aulacantha
omylem razenée k m

(Radiozoa)




Filosa

Chlorarachnea

endosymbioza
se zelenou
rasou

Crvmsnenciloro spelfat r 1%
»

(]

Lotfarefla plobosa

Chlorarachniophyte

f1,3 glucan
™~

Periplastidal '
space

_ Chiorarachniophyte nucleomorph (CCMP621)

Telomere

P

—_— Single copy A
Sy

58 LSy DNA

— T H

T N7

i

am—— { []
Chromosome Il (98 kb)

i

Chromosome Il (140 kb)

Chromosome | (145 kb)




Z00o-

1n germination sporangium

Rhizaria

Phytorhiza

primary

‘-\‘t I 5
1I'I plasmodium

zoospore
root
A P! J, J & = hair
rassica sp. ;
secondary \ J :| /

/

plasmodium @ ( infection
appressorium
~N

infection

© M. Piepenbring, CC BY-SA

Vampyrella




Rhizaria

Apofilosa

duté koule vyplnéné
vodou, ziva povrchova
vrstva




RHIZARIA
—— Mikrocytas macki
Hapiosporidim ittarslls

Bonamis ostrese _

[ ] [ ]
Gromia companile
Filorets composte
Polycyatie comp

Larcopyls butschii

Ascatosporoa

forzminiteran composite

acantaraan compoat I
plasmediophond composie _ .. Phylomyxes _
Thsumatamarys cormpo

Limnefils sp. ATCC 50823
Bigeiowialls natans
granchilosesn compasts __

gondn
Crypeasporicdivm pary
alveolate sp. RM11

Alveolates

Synura sphagnicola
Ectocarpus siliculosus
Heterosigma akashiwo

T

FPhytophthora composi
Supeoiagnis compoaits
Thravslochytrivm
Ehrysnchirom
EmiSais hacwy! Haptophytas
Pavicva campastie e Mikrocytida
Niamydomanss reinhardd '
Eall Haplosporida
varlsbilis 2
myxa subalipsoides Gromia
o Viridipiantse Filorota
Phytomyxea
Retaria

Cryptaphytas Fllosa

Glaucopnytos other

oukaryolos
aipitomanat

Gl MHSX

 paraziti mékkysu,
krouzkovcu,
¢lenovcu

« paraziticke
plazmodium

FRT=12.08 KV 38A0m — UTHS 12-Now-1999
etectar- sK1 Mag- 1851 K X Photo No.-1296

Haplosporidium
Mikrocytos




Legion Acantharia.  Orders Actinellida et Acanthonida
Families Astrolophida, Litholophida, Chiastolida et Astrolonchida.

The Vovatie of HLAL S™Challenger? B Radislaria 1. 129

Rhizaria: Retaria

Acantharia

N =

Acanthoriélia

1. ACTINELIUS, 2. LITHOLOPHUS, 3. CHIASTOLUS,
JIMACANTHONIA
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Retar
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Polycyst

Rh




Rhizaria: Retaria

Foraminifera

Reticulomyxa

sladkovodni bez

schranek
Hantkenina

Ammonia




Foraminifera

Xenophyophorea

hlubokomorsky bentos

az 20 cm v prumérul!

schranky postavené z ,xenofyi’
= aglutinovanych castic z
vnejsiho prostredi (hlavne
vlastni vykaly

ROTALIIDA

Astrammina iriangularis (¢
Astraummina rara (A131

Alogromia sp. (X86093)




Hemimastigophora
(= Spironemida)

e posledni vyznamna skupina, od niz nemame Zadne
sekvence — Euglenozoa??? ,Apusozoa“??? Rhizaria?

» heterotrofni sladkovodni a pudni bi¢ikovci s 2 fradami biciku




\ -7 .
h.  Breviatea

" & Apusomonadidae

() Ancyromonadidae
¢ Collodictyonidae
%2 Rigidifilida

o
4/

P
R
~ -

2
-4
m Katablepharidae

{) crypophyta

w0
u
e~
<
®)
L
A
<

Telonemia ©
S5
/'} ’é-lﬁ

Haptophyta “r""‘"’..@ ~L_
] "'gﬁ-;; Glaucophyta

Rappemonads
Centrohelida - -
LR

ARCHAEPLAST\OR




Endohelea

Telonemea -
Picomonas

Cryptista i
yp Palpitia Microheliella

. 4
,Hacrobia _— Letcocrypia

Haptista |:

Haptophytina o

* 1. Haptista
— Haptophyta
— Centrohelea
« 2. Cryptista MO

heterotrofni
— Cryptomonada (+ Leucocrypta = bigikovec

= Katablepharida) Palpitomonas
. _ — (2010)
— Palpitia (= Palpitomonas)

— Corbihelia (= Endohelea +

Picomonadea + Telonemea)
Telonema




,Hacrobia“?

* monofylie?

« X podivna a malo
podporena fylogeneze
archeplastidu!

* X nejasne postaveni
Telonemea a

Picomonadea
(Cryptista?)




Monofylie hakrobii®?

* sekundarni symbioza s ruduchou - rhodofytni geny v
(nekterych?) hakrobiich, spojeni Cryptista—Archaeplastida

« X experimenty s pridavanim/ubiranim ruduch vedou ke
spojeni Hacrobia—Archaeplastida, ne k polyfylii hakrobii!

Roombia fruncata 10141
1/94 { Palpitomonas bilix 39966
Rhodomonas saiina 7159
Guillardia theta 46862
Goniomaonas sp. 5 PRAGS 10372
Gonlomenas ¢f. pacifica 5944 4
Microheliella maris 20546 +— |
Telonema sp. 21170 bist |
Picomonas sp. 13945 |
Polyplacocystis contractilis 21383
Oxnerella micra 7375 +—
Diacronema lutheri 20871
. Prymnesium parvum 20757
Imantonia rotunda 28684
g Isochrysis galbana 26020
. —_— Emiliania huxleyi 37162

! .
.94/- -89/93 ]

5tis NOSIOC: 18988
Cyanophora paradoxa 36618
Mesostigma viride 14404
Closterium pst 6974
Physcomilrella patens 48641
Selagmelia moellendorffii 45832
— Pinus laeda 31058
£ Sorghum bicelor 43751
— Oryza sativa 47448
Arabidopsis thaliana 47908
° Ostreccoccus laurf 40541

I — Ostreococcus lucimarinus 41432
Micromonas 43412

Acetabuiaria acetabulum 4928
Coccomyxa sp. 29885
Prototheca wickerhamii 14620
Chlorella NCB4A 34670
Scenedesmus obliquus 18900
Dunaiiella saiina 14679

bt Polytomeilla parva 16503
=0 l; Chlamydemonas 45101

Glaucophyta

Viridiplantae

P
L
A
N
T
A
E

——

Roombia truncata 10141
Paipitomonas bilix 33966
Guillardia theta 46862
Rhodomonas salina 7159
Goniomonas sp. 5 PRABS 10372
Goniomonas cf. pacifica 5944
Polyplacocystis contractilis 21383 |
Oxnerella micra 7375 «+—
- Diacronema lutheri 20871
imantonia rotunda 2864
——— Prymnesium parvum 20757
Isochrysis galbana 26030
Emiliania huxieyi 37162
Coccolithus braarudii 7647 !
Microheliella maris 20545 =+
Telonema sp. 21170
- Picomonas sp. 139451 !
Cyanidioschyzon merolae 39371

Galdieria suipi 30646
Porphyridium purpureum 25614

.—.—|

. |95ﬂ*‘*‘ Prolotheca wickerhamii 14620

74/.68
.

f marinus 36275 Rhodophyta
Pyropia yezoensis 25404
— Gracilaria changii 16882
— handrie mrisnie RG7E
UL 3US 1RSI Ieai Uil | Ga00
Cyanophora paradoxa 36618
——————— Micromonas 43412
‘ . I Ostreococcus fauri 40541
Osireococcus Jucimarinus 41432

| Glaucophyta

Acetabularia acelabulum 4928
Chlorella NC844A 34670

- Coccomyxa 29885
- Dunalielia salina 14679
e r Polytomeila parva 16503
b Chlamydomonas 45101
Scenedesmus obliquus 18900

Viridiplantae

viride 14404
= CJDs?rJ;nt;f 6974
[ Pinus taeda 31
S Oryza saliva 47448
Sorghum bicolor 43751
Arabidopsis thaliana 47908
Physcomilrella patens 48641
Selaginella moellendorffii 45832
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*haptonema (,treti
biCik")

*povrchové desticky,
nekdy vapenate
(,kokolity®)

Prymnesium

Phaeocystis

Haptista

Haptophyta




Haptista
Centrohelea




Cryptomonad

-

Cryptomonad nucleomorph (Guiliardia theta)
Chromosome | (190 kb)
Chromosome Il (181 kb) -

(B3

Chromosomae Ill (174 kb) €1

symbiont se
zachovanym
nukleomorfem

Crypfomonas

Cryptista

Hatena. inicialni
fototrofie: jedna dcefina
bunka zdédi
,chloroplast®, druha
musi sezrat novou rasu




Cryptista?

Picomonadea
(=Picozoa)

« 2007: z environmentalnich vzorku:
fototrofoveé blizci kryptomonadam
-> ,Picobiliphyta” — pozdeji
zpochybnena fototrofie

SpiS nano- nez piko- (vetsi nez 2 |
um?) = ,Biliphyta* Yy
prvni kultivovatelny zastupce:

pikoplankton, heterotrofie, dva S)J‘.
nestejné biCiky bez vlasku, dvé i,
casti bunky (predni s organelami,

zadni s vakuolami a potravnim

aparatem)

E

Picomonas




