4.10. MK — Co jsou a nejsou zvirata

11.10. MK - Nebilateralia

18.10. MK - Lophotrofozoa

25.10. MK - Ecdysozoa

1.11. MK - Hmyz

8.11. RF Obratlovci biologie

15.11. RF - Obratlovci evoluce I (v€etné€ ostatnich strunatciia druhoustych)
22.11. RF - Obratlovci evoluce II (Jednotlivé tiidy Celistnatcii)
29.11.RF—- Biogeografie obecna (co formuje rozsifeni zivo¢ichii)
6.12..RF- Svétova fauna (rozsifeni skupin na kontinentech)
13.12. MK — Fauna Evropy

20.12.RF — FaunaCR

3.1. MK — Ochrana fauny

DL na esej: 24.12.




Literatura

bezobratli:

Zrzavy J., Fylogeneze ZivoCiSné FiSe

Zrzavy J., Jak se déla evoluce (prvni kapitoly, jednoduché vysvétleni fylogenetiky)
Sedlak E., Zoologie bezobratlych

(+ kterakoli novéjsi zahrani¢ni college-level Invertebrate zoology)

obratlovci:

Gaisler - Zima, Zoologie obratlovci (Praha, 2007)

Absolvovani kursu

1) Pisemna zk. (3+3 otazky) — budou komplexn¢;jsi a povidaci, neplijde o pamétovy test
2/3 znamky

2) Mini-esej (3-5 pp + seznam literatury) — rozbor zadané taxonomické skupiny, druhu, nebo
otazky. S pouzitim +/- 5 ptivodnich zdroji. Zkusime hodnotit kvalitu a sviznost mysleni, stejné
jako novost zpracovani.

1/3 mamky

Kdo bude mit 7 nékteré casti ,,nevyhoveél, opakuje tuto Cast.



Zoologie 1 — cile prednasky
a) stru¢ny uvod o fylogenetické klasifikaci a vyznamu molekularnich znakt

b) postaveni ZivoCichu v Zivém svété — piehled Sesti eukaryotnich 1iSi, jak je to
s ,,prvoky®, ,rostlinami* a ,houbami“

¢) vznik mnohobunéc¢nosti

d) nejjednodussi Metazoa: houbovci (Porifera) a vloCkovci (Placozoa)



ZOOLOGICKY SYSTEM V KOSTCE

| i
Proc zvirata studovat? i

- obrovska diverzita tvaru a forem

- ortentace, hledani a testovani
modelovych organismi

- kladeni smysluplnych ekologickych a
evolucnich otazek

- kli¢ k pochopeni nas samych

Systematici a evoluce

- odnepaméti vnimana hierarchie (Zebftik Ci
strom Zivota)

- s hierarchii pracoval uz Linnacus

- od dob Darwina a Haeckela snaha ‘ L
,,zevolucnit* Linneovsky systém :




Linneovsky systém
Parnassius apollo (Linnaeus, 1758) - plné védecké jméno
celed’ Papilionidae
fad Lepidoptera
tfida Insecta
kmen Arthropoda

risSe Animalia

Toto je zjednoduSeny (+ 1dealizovany) pohled



platné jmeéno
++ Abrostola tripartita (Hufnagel, 1766) /

#= KirjosuomuyGkkonen =& Spectacle

Phalaena tripartita Hufnagel, 1766; Berlin. Magazin. 3 (4) - 414

Noctua urticae Hibner, [1817]; Sammi. eur. Schimett. [4] - pl. 137, T 625, TL. Europe

Abrostola tripartits, Svenska fjdrilar [SVE

Abrostola tripartits, Morges Sommerfugler [NORLEF

Abrostols tripartita, UK Moths [lan Kimber]

Abrostola tripartita ; [NE10: 163, pl. 12, f. 6-10, gen. 157, 268]; Ronkay, Ronkay & Behounek, 2010, Witt Catalogus 4: 25

zavadé&jici neplatné synonymum

Misidentified/misapplied:

Phalaena triplasia Linnasus, 1758,

&
<

TOExT3
(~108Kb}
Russia, Moscow
area, 14.6.2008
(36°25°E,
S5°23'N), Photo
& 0. Smirngy

S00x555 (~48Kb)

W |FINLAND: Ka:

\irolahti, 571:53,
m28-3.6.1988; N:

g TEnhola, 656:27,
'=;. 30.7.1981, Markku
Savela leg.

Larva on Urtica dioeca

neplatne synonymum

++ Abrostola triplasia (Linnaeus, 1758)

Noctua trigemina Werneburg, 1864; Beir. zur Schimet. (1) 308 (unnec. repl.) <

Abrostola triplasiz, Svenska fidrilar [SVE

Abrostola iriplasiz, Morges Sommerfugler [NORLEF
Abrostols triplasiz, Moths and Butterflies of Europe [MBE

Abrostols triplasiz, UK Moths [lan Kimber

4—
4+ Lyijysuomuydkkonen == Dark Spectacle

platné jméno

Phalaena triplasia Linnaeus, 1758; Syst. Nat. (Edn 10) 1 : 517

Abrostola triplasia ; [NE10: 168, pl. 12, f. 1-2, 4-5, gen. 200, 271]; Ronkay, Ronkay & Behounek, 2010, Wilt Catalogue 4: 23

| 500x505
® | (~41KDb)
| FINLAND: Ka:
! Virolahti,
g 671:53, m
& 17-22. 71985, f
5-11.9.1976
i KMarkku Savela
leg.

neplatné synonymum

Larva on Urtica dioeca, Humulus lupulus, Parietaria? [NE10, 169]




Kladisticka revoluce v systematice

monkeys

reptiles
apes
& Yman

fish

Willi Hennig:

Grundziige einer Theorie der
phylogenetischen Systematik (Berlin 1950)

Simple cladogram based on data matrix given
to illustrate relationships of groups discussed in
text. Position of number indicates change from
state O {primitive condition) to state 1
(derived or advanced state). Fish are included
as an "outgroup,” a taxon related to reptiles
but more primitive in the characters analyzed.

- klasifikace zaloZena sdileni odvozenych znakovych stavii (synapomorfii)
- ty se poznaji srovnanim s vnéjSkem (outgroup comparison)

Ingroup Outgroup Ingroup Outgroup
Number of fingers A A 5 1 1 5 5 5 5 1 1 5
Qo o
£ 2 s 5 £ =
2 T % a = = o B2 2 g © =
.- c L = o = £ [ w5 @
@ @ 2 & o I T © £ 6 & N
o ¥ = I ™ — — > 0 ¥ = I N —

mammal ancestor mamma

amniote ancestor
with S fingers



Princip parsimonie (Occamova biitva)

- Hledame kladogram s takovou fopologii, ze pottebuje minimum evolucnich
zmen (kroki)

Ab Bb c? Out* ﬂb Bb c Out ”

¥ a
Hypothesis 1 Hypothesis 2
; .1, S . g
skupina monofyleticka S5 T8 %
2 T 5 2 5 4
. , .2 @ = S 5 terminal taxa
arafyleticka T s 2 8 8
i A -
b r f—% ﬁf Q a. Q.
polyfyleticka

terminal branch
internal nodes

Kladistika uznava jen
monofyletické taxony ooty 7
root



Proc¢ slo o revoluci?

-hierarchicka:
- algoritmicka:
- reprodukovatelna:

- informativni.

veétveni stromil odrazi, co vime o modelech speciace
nepostupujeme chaoticky, ale podle jasnych pravidel
kdo dodrzi algoritmus, dospéje ke steynym vysledkiim

vysledna klasifikace odrazi realnou distribuci znaku

D¢la ze systematiky védu.

Lze ji aplikovat i na skupiny, o kterych mnoho nevime.

-‘I.\"
.ﬁ-:g:l
& oF
& ¢ o &
& & @ g F§& A
@ & 5 S 3
§ ¢ F 0§ 5888 &
o & & g‘? . e &Ehuj’-'" @ ¢ QGQ Cl
g& & 8 § & o & &£
v Q @c?* G o} 5 OF g& ¢ 3
5

“&Ftht feathers

\J true" feathers
fibrous feathers

Dinosauria
Archosauria —_— Coelurosauria



Molekularni revoluce v klasifikaci

Znaky mohou byt morfologické, anatomickée, ultrastrukurni, fysiologicke,
ctologickeé. ..

- sekvence aminokyselin, nukleotidovych bazi

- ,,molekularni morfologie*: fiize, redukce, delece €1 zmnoZeni a genli, pienosy gent
mezi organelami. ..

- DNA neposkytuje,,lepsSi* znaky, ale potencidlné nekonecny zdroj fylogeneticke
Informace

- zisk&ni znaki je mnohem rychlejsi & levnéjsi nez prace se znaky tradi¢nimi

- snadné¢ sdileni informaci (databaze jako GeneBank)

Fylogeneticka metoda a dostupnost molekularnich znakii behem poslednich
dvou desetileti zasadne zménily nas pohled na genealogii Zivého sveta.

Dalsi krok — GENOMIKA

Do rozsiteni rychlosekvenatori se ¢lanky psaly ,,na vybéru gen®, to pomalu kon¢i.



Prokaryoticka bunka Eukaryoticka bunka

Bicik . , Endoplazmatické Jadro  itochondrie
Eas retikulum / y,

| Cytoplasmaticka
membrana

Miller 11th©Brooks-cole

Ribozomy

Cytoplazmaticka komplex
membrana a sténa

Margulis(ova): endosymbioticky vznik organel



EUKARYOTA PROTI BAKTERIIM

Eubaktérie

Archebakt

EUKARYOTA sesterska
archebakteriim:

S Eubakteriemi: slozeni membran, zakladni

energeticky metabolismus

S Archebakteriemi: metabolismus DNA,

genove exprese

Crenarchaeota

LUCA

(Last Universal Common/Cellular

Euryarchaeota

Eukaryota

Animals

erie

Fungl

Plants

Y

Plants

aestablishment of refationship
with phatotrophic coll

primitive chloroplast

Ancestor)
universal ancestor
(prokaryotic)
Bacterla :
4—7

\‘ O nucloar Itht) T‘
.

Archaea

.

ey @
x>
o® —E ®

ncrease in
coll size

primitive eukaryote
onigin of nucleus

modem eukaryole

i

Animals




_|Evolution of Eukaryotic Cells

Nuclear envelope
Endoplasmic
reticulum \ Nucleus
\ " Mitochondrion
Infolding ) / Ancestral
el |1 Coll with | photosynthetic
" /nucleusand | d Nklrvoto
b endomembrane
- - BYSlEeM
= &/~ @ d
\ / Enguiing of
photosynthetic
prokaryote
\ / f
. \ —— Cytoplasm Engulfing — Lﬁ. y 1K
of aerobic | =4 { ﬁ -
» 4 ‘an heterotro;:hn: ’ \ | Q !
prokaryote . ) /
Plasma /
heterotrophic
eukaryote

Copynght © Paarson Education, Inc,, publighing as Banjamin Cummings



NOVINKY EUKARYOT

Mitochondrie— endosymbioticky, spole¢ny pfedek s rickettsiemi (bakterialni
vnitrobunécni paraziti), pak redukce m. genomu

Cytoskelet, centrioly, biCiky — bud’ endogenné nebo symbioticky (napt. adopci
spirochét), centriola dfive nez bicik, predpokladase jeji protazeni ven

Jadro— endogenné z membran nebo endosymbioticky splynutim bakterii nebo infekci
virem

Endomembranovy systém — Endoplasmatické retikulum + Golgiho aparat+ lysozomy

Peroxizomy (endosymbioticky z Grampozitivnich bakterii nebo endogenn¢ z
end.retikula)

Mitoza, jinak kontrolovany bunéc¢ny cyklus
Linearni chromozomy

Pohlavni rozmnozovani (splyvani gamet a jader, nasledované redukci genomu na 1/2)

[Plastidy — jednoznac¢né endosymbioticky]



O AnimeQu'ngi Chromista Plantae
Archae‘bactena Protozoa EU KACF?YOT A End()symbiOtiCk}” vznik
[ ondomembranes, coated vesicies. ] cukaryotni bunky

VPR THERMOPHILY: | | e o ot ot s:
loxgowﬁm?: dynain, modn. xinesin motors; sex ] Y d,l - d k tni h
shaft; reverse gyrase """"‘"""’“""3‘&;‘5’3‘.,".7{3“ pO. 11 Tady prokaryo Il1°C >
NEOMURA PHAROTE ale 1 eukaryotnich, tvoru
B [ e —
EUBACTERIA | Pglycosylation: glycoprotein

replaces mu n.1 other

neomuran characters
1
Actnobactera Arabobactena Protoobactaria

Streptomycetes \ Iu.mhl Sphingobacteria

Arthrobaciona - *
HT hislones; [zphingol pids |

protcasomes

Planctobacteria

Endobactoria -

[ }rosoncrens

,f;”v«az;::'n: am;“ loss of cuter
C——— mambrana Spirochaeles
A
Cyanolaciand) Qe \
NEGIBACTERIA % Eobacteria
=3700 My ago coenancestor . -
@ double cell envelope; porins; acyl T. Cavalier-Smith, Int. J. Syst. Evol.
bt v gy et Microbiol. 52, 297-354 (2002)




Zakladni vztahy eukaryot (systém 5/6 1iSi/superskupin)

Chromalveolata

Haptophyta
Cryptophyta
Stramenopila

Rhizaria
Archaeplastida

Alveolata Radiolaria
Glaucophyta Cercozoa

Rhodophyta (incl. Foraminifera?)

Green algae Euglenozoa,

Plantae Heterolobosea,
Jakobida

Oxymonadida,

Lobosea Trimastix

Amoebozoa Mycetozoa

Excavata
Malawimonas
. Diplomonadida
Pelobionta - i ;
Carpediemonas,
Entamoebae Retortamonadida,

e tnanne Apusozoa Parabasalida
Metazoa v e, _ _
Choanoflagellata tﬂ, "**« Collodictyonida

Ichthyosporea ~ Centrohelida

Cristidiscoidea

Opisthokonta

Bacteria

Archaea



>—1ZOX:_ZC

1
1

: E Oxymonadida
: Trimastix

A

e =

1

g '.‘ 1 Rhodophyta (punavetikad)
N |—E Glaucophyta (liitvetikad)
T Vv h kad, n

[ Fungi [seened (+Microsporidia)]
Nucleariidae

?

Aphelidea

Capsaspora

r Icthyosporea (Eccrinales, Dermocystidium, Amoebidium, Ichthyophonus etc.)

L Corallochytrium

Ministeria
—E Choanoflagellatea (kaelusviburlased)
Metazoa (hulkraksed loomad) OPISthOKOHta

Tubulinea (Amoeba proteus, Chaos, somerlane - Difflugia, karglane - Arcella etc.)

Flabellinea
Conosea (Entamoeba, Pelomyxa, Mastigamoeba, limakud - Mycetozoa etc.)

Acanthopodida Amoebozoa

Radiolaria (kiirelised)

Cercozoa (kodalane - Euglypha, vorelane - Clathrulina etc.)

Phytomyxea (nuuterseened)
Gromiidea

Foraminifera (kambrilised)
Haplosporidia Rhizaria
r— Cryptophyta (neelvetikad)

1
| — Haptophyta

!) ; Heterokonta (stramenopiilid; pruunvetikad, rénivetikad, munasseened etc.)
Ciliophora (ripsloomad)

Apicomplexa (Gregarina, Plasmodium etc.)

Chromalveolata

Dinoflagellata (vaguviburvetikad)

) Plantae

iridip (ro

r— Malawimonadida

iburlased; Euglena, Bodo, Leish ia, Tr etc.)

H 1 Parabasalia (Trichomonas etc.)
: . Carpediemonadida

1 Retortamonadida

1

1 Diplomonadida (Giardia etc.)

1

1

1

1

1

1
1 Euglenozoa (sil
2 I ;

l— Jakobida (Reclinomonas, Jakoba etc.)

Excavata

Fungi
Nucleariida
Aphelidea
Capsaspora
Icthyosporea
Corallochytrium
Ministeria
Choanoflagellatea
Metazoa
Tubulinea
Flabellinea
Conosea
Acanthopodida
Radiolaria
Cercozoa
Phytomyxea
Gromiidea
Foraminifera
Haplosporidia
Cryptophyta
Haptophyta
Heterokonta
Ciliophora
Apicomplexa
Dinoflagellata
Rhodophyta
Glaucophyta
Viridiplantae
Oxymonadida
Trimastix
Parabasalia
Carpediemonadida
Retortamonadida
Diplomonadida
Malawimonadida
Euglenozoa
Heterolobosea
Jakobida

B

Wiki: The classification produced in 2005 for the International Society of
Protistologists,[30] which reflected the consensus of the time, divided the eukaryotes into
six supposedly monophyletic 'supergroups'. However, in the same year (2005), doubts
were expressed as to whether some of these supergroups were monophyletic, particularly
the Chromalveolata,[31] and a review in 2006 noted the lack of evidence for several of
the supposed six supergroups.[32] A revised classification in 2012[1] recognizes five

SLIVSAVY/NNY AL IO,



The Journal af

Eukaryotic Microbiology

J. Enkaryai. Micrabiol., 505), 202 pp. 420403

© 2012 The Aunthor(s)

Jourral af Ewkaryotic Wicrehisdogy © 2002 Intermational Socety of Protistologists
DL 10 ETTES. 1 550aTS08. 200 2. 006445

The Revised Classification of Eukaryotes

SINA M. ADL*® ALASTAIR G. B. SIMPSON,” CHRISTOPHER E. LANE.® JULIUS LUKES,® DAVID BASS
SAMUEL S. BOWSER.! MATTHEW W. BROWN.® FABIEN BURKL" MICAH DUNTHORN,' VLADIMIR HAMPL/
AARON HEISS," MONA HOPPENRATH." ENRIQUE LARA,' LINE LE GALL,™ DENIS H. LYNN,*' HILARY MCMANUS,”
EDWARD A. D. MITCHELL,' SHARON E. MOZLEY-STANRIDGE.” LAURA W. PARFREY." JAN PAWLOWSKL'
SOMJA RUECKERT." LAURA SHADWICK.! CONRAD L. SCHOCH." ALEXEY SMIRNOV' and FREDERICK W. SPIEGEL'

podiates
ANIMALIA FUNGI

* / Microsporidia

Amoebozoa TALE
Choanozoa PLANTAE CHROMISTA

_@)Sulcozoa/

clliary gliding peeudopadia

corticates

groove

Colpanema
cortical alveol

neozoa

Eozoa

g cylopharynx
(& = Excavata __@—\

G oo Euglenozoa
Jowoda (Loukozoa)

Cavalier-Smith et al., 2014, Molecular Phylogenetics and
Evolution, 81, 71-85




Diaphoretickes

—Red algae (Rhodophyta)

Archaeplastida

—picozoa

—Glaucophyia

Eukaryotes

— Haptista

—Green plants (Virdiplantae)

— Cryptista
Hacrobia

Telonemia

—atramenopiles

Amorphea

Discoba

—Amoebozoa

SAR

—Alveolata

—Rhizaria

Cpisthokonta

Apusomonadida

—Holomycota (inc. fungi)

—Holozoa (inc. animals)



1) Archaeplastida

« Buriky bez centriol, ploché mitochondridlni kristy
* Bunécné stény s celulozou, zasobni latkou Skrob

Rhodophyta — ruduchy

Nejvetsi skupin a fas vitbec




Picozoa

Teprve nedavno popsany ,,.kmen*
nejmensich eukaryot viibec

Moiské, planktonni

PLoS One. 2013; 8{3): e59565. PMCID: PMC36086582
Publizhed online 20113 Mar 26. doi: 10.137 1fjournal pone. 0059565

Picomonas judraskeda Gen. Et Sp. Nov.: The First Identified Member of
the Picozoa Phylum Nov., a Widespread Group of Picoeukaryotes,
Formerly Known as ‘Picobiliphytes’

Ramkumar Seenivasan,!” Nicole Sausen,! Linda K. Medlin,2 and Michael Melkonian

1

d



Glaucophyta

Primitivni chloroplasts peptidoglykanovou vrstvou je pokladan za
relikt jeho endosymbiotického vzniku

Glaucocystis sp.



Viridiplantae
celulozova bunécna sténa, chlorofyly a+b,
pohlavni rozmnoZzovani se stfidanim gametofytu (n) a sporofytu (2n)

(u,,vySSich* rostlin je gametofytem jen nékolik bunék v kvétech...)

Diversity of living green plant (Viridiplantae) divisions

Informal group  Division name Common name No. of living species Approximate No. in informal group

Green algae Chlorophyta green algae (chlorophytes) 3,800—4,300 [26127] 8,500
Charophyta green algae (e.g. desmids & stoneworts) | 2,800-6,000 [281[29] (6.600-10.300)

Bryophytes Marchantiophyta | liverworts 6,000—8,000 [30] 19,000
Anthocerotophyta | hornworts 100-200 [31] (18,100-20,200)
Bryophyta mosses 12,000 [32]

Pteridophytes | Lycopodiophyta | club mosses 1,200 [21] 12,000
Pteridophyta ferns. whisk ferns & horsetails 11,000 [21] (12.200)

Seed plants Cycadophyta cycads 160 [33] 260,000
Ginkgophyta ginkgo 1 [34] (259.511)
Pinophyta conifers 630 [21]
Gnetophyta gnetophytes 70 [21]

Magnoliophyta flowering plants 258 650 [33]



Hacrobia

Dosud neustalend skupina, jez by obsahovala Cryptophyty a
Haptophyty



Haptophyta r‘j

I[.v" ! Hatftalgen Prymnesiim parvum.

,/I Bild Seiia Hallfors.

- 2 biCiky + zkroucen¢ haptonema

- n¢které druhy jsou kokolitoformni, tv. vapnité kokolity, a to vnitrobunééné, v
Golgiho aparatu.

- extréemn¢ hojn¢ mikrofosilie — napt. White Cliffs of Dover




Cryptophyta (= Cryptomonadina)

. gr gholloiuplast
O sl

| %.-r =B L ;.' ‘
- drobné jednobunécné fasy T - T

- 2 biciky + vystielovaci téliska
- eJektisomy




2) SAR supergroup

Jesté neddavno do 2 skupin (Rhizaria, Chromalveolata)

Vérohodné podpoiena genomicky

Obs. Heterokontofyty, Alveolaty, Rhizarie (,,kofenonozce*)

Harosa

Rhizaria

Halvaria

Alveolata

Fhytomyxea Engler & Prantl 1897 em. Cavalier-Smith 1993
YVampyrellida West 1901 emend. Hess etal. 2012
Filosa Leidy 1879 5.5,

Retaria Cavalier-Smith 2002

Eromiidea Cavalier-Smith 2003
Mikrocytida Hartikainen et al. 2014
Ascetosporea Sprague 1879 emend. Cavalier-Smith 2009

—Ciliophora Doflein 1901 stat. n. Copeland 1956

Heterokonta

—Myz0ozZoa Cavalier-Smith and Chao 2004
—Platysulcidag Shiratori, Nkayama & Ishida 2015
—Sagenista Cavalier-Smith 1995 stat. n. 2006

Bikosea Cavalier-Smith 2013

Placidozoa Cavalier-Smith 2013

L —Bigyromonadea Cavalier-Smith 1998

Oomycota Arx 1967

Syrista

Hyphochytriomycota Whittaker 1969
FPirsoniales Cavalier-Smith 1998

Ochrophyta Cavalier-Smith 1986 (Brown, golden & yellow algag)



Heterokontophyta (,,hnédé tasy*)
- 2 biciky, kazdy jiny
- 0od jednobunécnych rozsivek po obrovské chaluhy

chaluha

Opalina

21 — nezeleni, endosymbionti
A8 obojzivelnika

5
»
g -
\ -
s
3
-2

Rozsivky (Diatomae)



(podskupina) Oomycota

- diive fazeni mezi houby — vlaknite stélky pripominajici hyfy hub
ALE

- celul6zova bunéénasténa

- diploidni jadra (pravé houby maji haploidnijadra)

- sttidani sexualnich a asexualnich spor Sifenych vodou, vétrem

Cryphonectria parasitica — prakticky zlikvidovala
americky kastan (Castanea americana)

Phytophtorainfestans
— hladomor v Irsku

Pseudoperenospora humuli



RHIZARIA

- morfologicky heterogenni, molekularné,,odhalena*a velmi dobte nemolekularné

podpofena monofyleticka skupina

- puvodné 2 biciky; tenké panozky - retikulopodie (kotinek) nebo filopodie

—

Coelodendrum ramosissimum
Aulosphaera trigonopa
Aulacantha scolymantha
Lecythium sp.
Pseudodifflugia cf. gracilis
Euglypha rotunda

Paulinella chromatophora

Th tomastix sp. ATCC50250
Cercomonas longicauda
Heteromita globosa

Gymnophrys cometa

Clathrulina elegans

Hedriocystis cf. spinifera
Massisteria marina

Nuclearia-like filose amoeba N-Por
Chlorarachnion reptans

Nummudites venosus
Bolivina spathilata
Eggerelloides scabrum
Trachammina sp.

Syrin, ina corbicula
Cribrothalammina alba
Reticulomyxa filosa
Astrammina rara
Allogromia sp. A

Bonamia ostreae
Minchinia teredinis
Haplosporidium nelsoni
Urosporidium crescens

Gromia oviformis
uncultured cercozoan clone CCA44

Plasmodiophora brassicae
Polymyxa betae
Spongospora subterranea
Maullinia ectocarpii
Phagomyxa bellerocheae

uncultured cercozoan clone Sey055

Callozoum inerme
Raphidozoum acuferum
Sphaerozoum punctatum
Siphonosphaera cyathina
Acrosphaera sp. CR6A
Thalassicolla pellucida

uncultured radiolarian clone DH145-HA2

Chaunacanthid sp. 217
Symphyacanthid sp. 211
Acanthometra sp. 205

uncultured acantharean clone OLI11032
uncultured acantharean clone DH147-EKD17

Sticholonche zanclea

uncultured radiolarian clone DH145-KW16

uncultured radiolarian clone AT4-94

Onitoronm

core Cercozoa

Foraminifera

Haplosporidia
Gromiidae

Phytomyxea

Radiolaria



CERCOZOA: Chlorarachnion

PHYTOMY XEA

Plasmodiophorabrassicae —
Nadorovka kapustova

Tradicné fazena mezi houby...

autotrofni skupina:

- plastid ziskan endosymbioticky ze

zelene¢ fasy

@ M.Sedlafova, 2004



FORAMINIFERA — dirkonosci

- vapenita schranka, nékdy Clenéna

- paprscCité panozky — pseudopodia—
zpevnéne trny

Live planktonic foraminifera: Globigerinella
aequilateralis, from near the Bermuda Islands,
showing extensive spine array, and pseudopodia
running along them. The test, not including the
spines, is about 1 mm in size




FORAMINIFERA — dirkonosci

Sex: stfidani haploidni generace (gamont, déli se, produkuje mnohacetné dvoubicikaté
gamety) a generace diploidni (schizont, délenim tvoifi nové gamonty)

Vyskyt: 240 000 recentnich a fosilnich morfodruhti

Bentické (vétSina) €1 planktonni (hrstka); malo v brakickych a sladkych vodach, ptidach

Sedimenty od kambria do soucasnosti; produkuji odhadem 40 000 000 t vapencovych
usazenin ro¢n&; EGYPTSKE PYRAMIDY




ACTINOPODA
- vice skupin, zejm. Radiolaria (miizovci) a Heliozoea
(slunivky)

- dv¢ oblasti cytoplazmy — endoplazma s jadrem a
ektoplazma s vakuolami a symbiontickymi rasami,
oddéluje je mukoproteinova kapsule s otvory,

- panozky - axopodia — se slozitou mikrotubularni kostrou

- cysty a zoospory se dvéma biciky

- Kostry: siran strontnaty SrSO, (skup. Acantharea), SiO,

(Phaeodarea), chitin (Heliozoea)




Alveolata: Ciliata

- dv€ jadra, macronucleus a micronucleus
- brvy a obrvené pasy
- pohlavnirozmnoZovani

Paramecium (trepka), Vorticella, Stentor...



Alveolata: Dinophlagelata (= Dinozoa)

- zvlaStni jadro (dinocaryon)— bez histonti, chromozomy nalepené ptimo k
membrané

- vn¢jSi schranky (fosilizuji)
- spec. uspofadani bi¢ikt

- velka diverzita plastidu -




Alveolata: Apicomplexa ) >

- obligatni vnitrobunéCni parazité, sporujici, se slozitymi i e
vyvojovymi cykly
- biCiky a brvy pouze v pohlavnich fazich

- apikadlni komplex: k zavrtani se do bun¢k
- apicoplast— nepigmentovany relikt chloroplastu

Apicomplexan apical complex

inner double membrane  plasma
(sutured alveoli) '

rhoptry

5 \
Plasmodium, Toxoplasma, Eimeria,
Sarcocystis. ..




Malaria Human Liver Stages

(Plasmodiwm spp.)
Lvercel g A .. infected

e =+ liver cell
PO
Mosquito Stages | G 2]
® Ruptured (1) A 4 .
aocyst Mosquito takes A

CEYEAGS \ a blood meal Exo-erythrocytic Cycle
& / V<X Release of 1, e, e Sl
ocyst Asporozoites

3 Ruptured schizont
- o . ©
‘ / ,:to & : Schizont
\ Q r .
—_ ,;-. { >
.
2 .
Sporogonic Cycle ‘ Human Blood Stages
o ’

ﬁ Immature
trophozoite

@ Oockinete 0 p
Mosquito takes .

a blood meal
ingests t
Macrogametocyte ol by
-t“ s B
f PR g ’,’3
«251“_3 7‘{ / 2 Erythrocytic Cycle Melkiie A
Microgamete entenng SPr= “ .‘ : . @ trophozoite
{{ Y
macrogamete 0 ‘ ‘é P g .‘..
> ] 0 o™
s9079
Exflagellated Ruptured ’ ‘\ ‘
microgametocyte schizont \.

chtzont A ‘
(7]

Gametocytes

d
Q ‘ GametocytesA

A= Infective Stage
P vivax

A\ = Diagnostic Stage P ovsie " -
P matanae




Ptredpokladalo se, Ze apikomplex je odvozen z
plastidii Dinoflagelat

Ale jak studovat ptivod plastidi
Apicomplex, kdyz v apicoplastech
nejsou skoro zadné plastidove geny?

Australsky koral Plesiastrea

Moore, Obornik et al., A photosynthetic alveolate
closely related to apicomplexan parasites.
Nature 451 (2008), 959-963



3) Discoba (diive ,,Excavata®)

* Buiky s podélnouryhou obsahujici bi¢iky

» Porad trochu sbérna skupina (bazalni bi¢ikaté organismy vs. dost
odvozena krasnoocka

« Parazitni, volné Zijici 1 fotosyntetizujici

Superphylum

Discoba or JEH

iMetamonada or POD

Phylum/Class
Tsukubea

Euglenozoa

Heterolobosea (Percolozoa)

Jakobea

Preaxostyla

Fornicata

Farabasalia

Representative
genera (examples)

T. globosa
Euglena, Trypanosoma
Maegleria, Acrasis

Jakoba, Reclinomonas

Oxymonads, Trimastix

Gilardia,
Carpediemonas

Trichomonas

Description

IMany important parasites, one large group with plastids
(chloroplasts)

Most alternate between flagellate and amoeboid forms

Free-living, sometimes loricate flagellates, with very gene-
rich mitochondrial genomes

Amitochondriate flagellates, either free-living {Trimastix,
Paratrimasiix) or living in the hindguts of insects

Amitochondriate, mostly symbiotes and parasites of
animals.

Amitochondriate flagellates, generally intestinal
commensals of insects. Some human pathogens.
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Titichomonas vaginalis

=5 S|
10 um

Perclozoa: stfidani bi¢ikatych a amébovych forem

Metamonady:

druhotné
amitochondrialni
parazité

Giardialamblia (lamblie stfevni)

Naegleriafowleri— primarni amébova meningocefalitida



Kinetoplastida — kinetoplast je velkd masa
kruhovée DNA ve velké mitochondrii

- Kinetoplast

1 Mitochondrion

Nucleus

e Sy, <

Bodo — volng& Zijici

Leishmania |

H I4 !I:'i
Trypanozomabrucei (spava nemoc, nagana)

Trypanosoma

Trypanozoma cruzi (Chagasova choroba, pienos pres plostice)

- Golgi body

Nucleus

Mitochondrion



Tsetse fly Stages Human Stages

Epimastigotes multiply .o T“E;ﬂ' ‘E":Is

in salivary gland. They . a me Injected metacyclic

transform inte metacychc (injects metacyclic irypomastigotes) trypomastigotes transform
into blogdstream

trypomastigotes, which
are carried to other sites.

rypomastigoles. ,—“‘ %
e E,
- ¢

Procyclic trypomastigotes Trypomastigotes multiply by
lzave the midgut and transform E&“ﬁﬂ?::)g '; vglr:;:s
into epimastigotes N '
pimastig lymph, and spinal fluid.
Tsats.a fly takes
a blood meal
[blmdwm:r.-pnmwa
are ngeated)
o @\v’ "Fé A
Bloodstream lrw:masllgulea
transform into procyclic )h‘, @) Trypomastigotes in blood
trypomastigotes in setse fiyv's \_
midgut. Procyclic tryposmatigotes ”ﬁ*ﬁ\

multiply by binary fission,

A= Infective Stage
A‘ Diagnostic Stage itbpt

Spava nemoc (lid¢), nagana (zvirata)

2 faze choroby, hemolymfaticka a neurologicka



African trypanosomiasi
0 160

MNaathe nar 10N NNN AAantilatian



- autotrofni Euglenozoa — plastid ziskan sekundarné pozienim (celé) fasy,
ma 3 membrany

flagellum

) eye spot okstigma

paraxdh@mal body (light sensitive)

reservoir--rg Laes non-ema&rgent (secondary) flagellum

/‘:—l' {i T chloroplasts

contractile '\
vacuole

pyrenoid

please click to gcenee

»\\\“/

nucleus

"»ﬁof'::'ﬁc . o :
/ / Rusgﬁwghﬂey ed}? - 1 kolonialni,,hlenky* (Acrasis)

nucleolous




4) Amoebozoa

e Ameboviti prvoci s prstovitymi panozkami a tubuldrnimi mitochondr.
Kristami

« Na 7200 spp.



Entamoeba histolytica (akutni amébova dyzentérie)



Hlenky: socialni ameby

= bacteria
vegetative ﬂ
. cycle ol
Ar"\”-_ Cel .- ,-anng ;na!:l_.are
- - ruitin
spore coat \M tmdg
/ depletion of v . y v
food source volné jako améby nebo agregované jako
g s \ . plodnice nesoucispory
I chemotanxis, e
cell adhesion basal disc [ sm
developmental
+ cycle

treamin
\ St ing mexican hat

t|pp-ed A
aggregate
i prespore ned.l's nr\esm'k cells

first finger migrating slug

Dictyoseliumdiscoideum— modelovy organismus



4) Opisthokonta
» tlaCny bicik
 mitochondrie s plochymi kristami

» schopnost syntetizovat kolagen
» hlavni zasobni latkou je glykogen

+ genomove znaky
spole¢na unikatni inzerce v elongacnim faktoru-lalfa

unikatni gen pro tyrozyl-tRNA-syntetazu

Bazalni stépeni vede k houbam (Holomycota) a k ,,pravym‘ zivo¢ichiim
(Holozoa)



Amoebozoa

1 - Holozoa

Fungi

Muclearnmorpha

Aphelidea

Mesomycetozoa

Capsaspora

Corallochyirium

Choancflagellata

Ministeria

Metazoa

~ RiSe pro nas

P

SLEgoine)zajimave)s$i, nebot
sem patii opravdove

houby a opravdova

JLChoanozoa®



MEZI-SHRNUTI
- systém Sesti eukaryotnich ,,fi8i* (zvl. na zaklad€é mitochonrdidlnich gent) prekonan
po nastupu genomiky — za¢iname znat vztahy mezi nimi, ale ,,je to vlastn¢ jesté horsi*

4

- s jakousi bidou 1ze znovu rozeznat ,,rostliny* (eukaryotni organismy péstujict
fotosyntézu)— ASI +/- Archaeplastidy, nikoli vSak ,,zivocichy* (fagocytujici
heterotrofni eukaryota) — ani houby (heterotrofni organismy s chitinovou
bunécnou stenou)
- ,,prvoci®, ale1 ,,fasy* jsou ucebnicove parafyleticke skupiny
- ,,mnohobunécnost®, ,,autotrofnost* 1 ,,jednobunécnost* mohou opakované¢
vznikat a zanikat

- naopak Metazoa, mnohobunééni zivoCichové, monofyleticti jsou

. navysost diverzifikovana a zajimava vétev Opistokont...



Fungi (pravé houby)

- heterotrofni organismy s bun. sténami tvofenymi peptidoglykany a chitinem

- rostou zpravidla jako mnohobunécna vlakna — hyfy

- asexualni rozmnoZovani pres jednobunécné spory, vznikajici v plodnicich

Lnikanta

Dnisthokonta

Amoshorog

Fungi

—Animalia

—Choanozog
Chytridiomycota
Blastociadiomycola
Neocalimastigomycola

Zynomycola

Glamearomycota

, Ascomycota
Dikarya
Basidiomycola

e systematika v neustalémpohybu

* slozité systemy sexualniho
rozmnozovani

» zoufalé mezery ve znalostech
ckologie, ochrany...




Mikosporidie

-Samostatny kmen uvnitt hub
- Dlouho pokladani za ,,prvoky*

- Na 1500 popsanych druhii, mnohem vic
nepopsanych

- VétSina parazituje hmyz, ale 1 ryby, plosténce
nebo koryse

- Hyperparazitismus (mohou napf. parazitovat
parazitické plosténce...)

Nosema apis— hmyzomorkavceli

znamy Sktidce vcel

(o} o 9
MEROGONY -— @-ﬁsl)rlnger



Choanoflagellata (trubénky) — sesterska skupina Metazoi

- mofiské Ci sladkovodni solitérni nebo kolonialni potviirky, ca 150 spp.
- kolonie, cytoplazmatickeé mistky

- limecky: vybézky cytoplazmy s aktinovym skeletem

Salpingoeca (solitérni zastupce)



Konkurence o sestersky status: opistokontni pfibuzenstvo trubének

Mesomycetozoa (Plisnovky)

Ministeriida (Ministerie)

Divni mofsti prvoci. ..

- chitinova(?) bunécnasténa

- paraziti ryb, Clenovci i obratlovcli, Rhinosporidiumseeberi,napadai ¢lovéka

Corallochytrea (Koralochytrie)

Saprofagni bezbiCikaty
jednobunécny ,,prvok,
zije v mofich, déleniv ) g
bunice a sporulace, nékteré £ @#
houbove biochemické

znaky




MNOHOBUNECNOST

1) Vzajemna synchronizace a komunikace bunék, umoznujici jejich specializaci

2) Mimobunécéna hmota obsahuje kolagen a sit’ glykoproteind
3) Dva typy tkani

epitely sedici na bazalnilaminé z mimobunécné hmoty, s riznymi typy
mezibunécnych spojii

pojivavoln¢ organizovana, zanofena v mimobunécné hmot¢

4) Bunky v ptivodnim stavu obrvené (leckde jen gamety), jednobicikaté (monociliatni),
9+2 part mikrotubult

5) Kazdy bi¢ik ma 2 kotvici kofinky a 2 vzajemné kolmé centrioly — Synapomorfie
Metazoi

6) Mitochondridlni genom je maly (16 000 bp), s podivnou strukturoutRNA a rRNA



ONTOGENEZE
1. Pi1 oogenezi (vzniku vajicka): vajicko + 3 polove bunky
2N oocyt -> 1N oocyt + 1N polocyt -> 1IN vajicko + 3 x IN polocyt

2. Velké vajicko umoznuje ryhovani, naslednou migraci bunéénych
populaci (= gastrulace)

3. Diferenciace tkani podle signdlnich gradientu ve vajicku 1 signali z téla

diferenciaci nasleduje migrace celych bunécnych populaci - gastrulace



Modern Synthesis
Kinorhyncha Ye®
Loricifera 4% SCALIDOPHORA
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Trichoplax adherens

- nejjednodussi volné Zijici Metaozoon (2 placky bunék, 4 typy bunék)

- objeven v akvariu.. pokladan za ,,planulu®, pozdé€ji za zjednoduseného
meduzovcee (t). Zahavce)

- nejnoveji (2006): mitochondridlni genom ukazuje na sesterskeé postaveni viici
ostatnim Metazoim



Potrava: rasy -

Direction of mction
I—'> Cilia
S—

J.LLLLLLLLLL

Trichoplax Food particle

1. Moving toward a
nutrient particle

Digestive cavity \ 4
) 2. Forming a digestive
.‘j E; . @ % i cavity around the

nutrient particle and

74 / / / / /' / / digesting it externally

-symbioticke baktérie

- rozmnoZzuje se asexualné (sebeklonovani) i sexualné — vznik vajicka uvnitf
télni,,dutiny*

- extrémné maly genom



Kmen PORIFERA - HOUBOVCI

water out

- 2 vrstvy bunék - dlazdicovité pinakocyty,

osculum limeckovité chodnocyty
water in
through

pores

- mezi nimi dutina mezohyl

- v ném pohlavni bunky + sklerocyty
(produkuji anorganicke jehlice)...

- buniky jsou diferencovany, ale integrace je
slaba: rozbijeme-li houbovce...

central sponge
cavity wall

amoeboid cell

L pore cell

L epidermal cell

+— spicule

el | 5
Sponge Organization W




Diverzita: asi 10 000 spp., vétSinou morsti

Parafyleticka skupina, vice ,.kmeni*®.

HEXACTINELLIDA:

syncytialni téla, kiemicite jehlicky, spise hlubsimore

'68—28—68 1816 :3243
Depth Temp ¢ [ Salin
1761 3101 Spmis) 10135 8 35 o8



CALCISPONGIA:

kostra z vapnitych jehlic, spiSe mélka mote, volné plovouci,,blastulove® larvy




DESMOSPONGIA:

-ktemicité jehlice Hexactinellida (ale jen 1-4 Cetné), doplnéné nebo
narazené kolagenni hmotou zv. Spongin

- velka ekologicka valence, od hlubokych mofi po sladké vody

Spongillaofficinalis, houba myci
Stifedomofi, lovena od starovéku...




Wrhled kolonie.
[ MpecHoBogHaa ryoka (Spongilla lacustris)
/ ¥
Floché narosty, gemule maji kosterni Kolonie ve tvars prstovitfch viristld, - .
Zdstice sloZené z jehlic na koncich s gemule hez amphidiskd, skladaji se = Spongl I Ia |aCUStrIS, h .
terciky, tzv. amphidisky, primér kolonie rovnych jehligelk kalonie o primén: 40 cm. vy
10-20 crn * rybni¢ni
l Rod Spongifiz
Rod Ephydatic
amphidisky
¥
e




Heterokontophyta
- 2 biciky, kazdy jiny
- 0od jednobunécnych rozsivek po obrovské chaluhy

rd Sl AR,

(\ $,'_

Q -
j‘ e “" .‘Q‘,"h,\.,’ 't‘g \ > "‘V'/

6/

L, . 8.88..838.8 .

chaluha

Opalina

21 — nezeleni, endosymbionti
A8 obojzivelnika

Rozsivky (Diatomae)



