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Prvni zlom — vstup do mikrosveta

Zacharias Janssen Galileo Galilei Antonie van Leeuwenhoek

1590? 16107 1676



Ernst Hdeckel, 1834-1919










Animalia

e Protista

Prvni komplexnéjsi systém zalozeny na morfologii vyclenujici
prvoky jako samostatnou linii vedle ZivoCichu a hub

Definoval nékteré dnes uznavané taxony, Protista zahrnuje i
prokaryota

1,Feld: pmngq { 43 Stamme)

i, Fed: Pxyq (JStmme) Mon letischer -
M, Peld: P l_ (v: Stamm.) Stamﬂﬁaﬁ}z Orgmismm f
:::Mn'f"en.iw Fdﬁﬁ: entworfin und greechaet von -

s Ernst Haeckel. Jena, 1866, "  —
b d t Ernst Hoeckel, 1834-1919
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Fig. 4. Simplified phylogeny and six-kingdom classifi-
cation of living organisms suitable for elementary
teaching. The major evolutionary events are shown in

TABLE 11

Simplified six-kingdom classification of living
Organisms

Superkingdom Kingdom Subkingdom
1. Prokaryota 1. Bacteria 1. Eubacteria
2. Archasbacteria
2. Eukaryota 1. Fungi 1. Eufungi
2. Ciliofungi
2. Animalia 1. Parazoa
2. Mmozoa
3. Metazoa
3. Protista 1. Protozoa
2. Euglenozoa
4. Plantae 1. Biliphyta
2, Viridiplantae
5. Chromista 1. Cryptophyta

2. Chromophyta
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Treti zlom — molekularni fylogeneze

Jednogenové fylogeneze umoznili objev kryptické diverzity a lepsi definici taxonl do Urovné kmenu

Phylogenetic Tree of Life

Bacteria Archaea Eucarya
Green
nonsulfur Animalia
bacteria Fungi
Plantae
Gram Methanomicrobiales

Purple positives
bacteria

extreme
Halophiles

Methanobacteriales
Ciliates

Methanococcales

Thermococcales
Cyanobacteria
Thermoproteus
Flagellates

Bacteroides

Microsporidia

Thermotoga

Woese et al., 1990

Eubacteria

Brown algae
Chromophytes { Chrysophytes
Oomycetes Xanthophytes

Diatoms

Ciliates

Fungi Dinoflagellates
« v ) Apicomplexans
—

Animals '

Plants
Green
algae

Archaebacteria

Red algae

Slime molds
Entamoebae

Amastigote
amoebae

Kinetoplastids
Euglenoids

Trichomonads

Microsporidians

} Protists

Diplomonads )

Sogin 1991 Curr Opin Genet Dev
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Ctvrty zlom — molekularni fylogenomika
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Ctvrty zlom — molekularni fylogenomika
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Soucasné chapani fylogeneze eukaryot
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Taxa containing some photosynthetic lineages with secondary plastids

@ Taxa including lineages with complex multicellularity (organized tissues)
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Fotosynteticka endosymbidza vyssich radu

heterotroficky fagocytujici eukaryot pohltil primarniho symbionta, pfipadné sekundarniho atd.

Heterok-onla,-Haptophyla r Dinophyta
Cryptophyta Bacillariophyta ! (pigmentované
peridininem)

v
>

Apicomplexa (P. falciparum)




Fotosynteticka endosymbidza vyssich radu
Kolik jich bylo? A &0

Glaucocystophyta
Primary -'”Q@'- » @

Plastid
Evolution

Rhodophyta -
@ » e

%
Glaucocystophytes 0
Red algae

Heterokontoph
(Kelps, diatoms, chrysophyles [

5]

)

4

Tertlary >|ﬁ"§‘

Haptophyta C k% i

Chl.a,b& |[Chl.ac& |ChlLacé I@Q
Carotene | Peridinin | Fucoxanthin “

Euglenids Chlorarachniophytes

G G D I* i 2 1 O
Cryptomonads 0( o . @ Nucleus

@ Mucleomorph

Heterokon
eterokonts Ciliates a% Mitochondrion

Haptophytes Apicomplexans Dinoﬂalgellates aliw Plastid - 2 memb.

@ Plastid - 3 memb. Dinophyta Aplcomplexa

Archibald & Keeling, 2003. @@ Plastid - 4 memb.

Modified from Delwiche, CF, 1999, Tracing the thread of plastid diversity through the tapestry of life, Am, Nat, 154:5164-5177,



Archaeplastida

Archae — stary, pGvodni, prvni
Plastid — fotosynteticka organela
zahrnuje potomky primarni fotosyntetické endosymbidzy
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Archaeplastida

Viridiplantae Rhodophyta Glacophyta



http://protist.i.hosei.ac.jp/PDB/Images/Others/Glaucocystis/sp_02.jpg

chlorofyll a,b, siphonaxanthin, Viridiplantae
violaxanthin, zeaxanthin

Streptophyta se vyvinula v
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zemskou sous

puvodné sladkovodni? biCikovci
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Rhodophyta (ruduchy)
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Glaucophyta

e nejmensi a nejpuvodnéjsi skupina (1,2 mid)
e chloroplasty - cyanelly pripominajici sinice

— zbytkova peptidoglykanova bunécna sténa

— pouze chlorofyl a, fykobiliny sinicove struktury

~ kruhovité usporadani thylakoidu



http://www.biol.tsukuba.ac.jp/~inouye/ino/gl/gl_pic.html

Archaeplastida

Plus dalsi dvé heterotrofni skupiny dulezité hlavné z evolucniho a ekologického hlediska

Picozoa

Rhodelphidia o . o o
e morského nanoplankton, environmentalnim sekvenovani

e nefotosynteticti (zbytek plastidu

. , o , . e az Ctvrtina biomasy planktonu tropickych mori
biosyntéza hemu a mastnych kyselin) yp PICKY

e plvodné popsdna jako autotrofni linie ,Picobiliphyta“

bicikovci, lovi bakterie a malé eukaryoty
a b

Picomonas judraskeda

Gawrviiik et al 2019 Natiire 57?9



Obazoa- Opisthokonta, Breviata, Apusomonada ZOA
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Opisthokonta - majici zadni (tlaény) bi¢ik

Nejvetsi cast makroskopické diverzity




Opisthokonta

Eukaryota syntetizujici glykogen a chitin, majici mitochondrie s plochymi
kristami a dva bazalnimi télisky a jednim nahym zadnim bicikem.

Biciky?

spermie, choanocyty, nefridie... chytridie




Opisthokonta

Jedina Cisté heterotrofni superskupina eukaryot?

http://www.youtube.com/watch?v=yQNIpWOLIsU



http://www.youtube.com/watch?v=yQNIpW0LlsU
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Amoebozoa

Amorphea (e
e
)
o\ M ( 3
~ ' ") ‘-‘ "I\ .::i' % t "9‘- 4
N ] VI 3 }‘
NS AR
P —— n
3.)  V 2 o 8 o &
5 : 7 o % ©. g 3 8§ 8§
CRuMs’ N/ & &\% ¢ £ 8.5
/ - P s\ § €
\ L VRR\\REn
\ 70® % % \
\ A% Haptista
) 27N % % > o
A : %, ° )
e/ 4’9 O, ‘o
‘Excavates’ .- Sy 7, e® \ag
— oe ‘\*
L) ‘09
i ise, 2°
- 7> oba s \a £i) f
AT 74 o & NN
\. 7 o e 1e\°°e 1 :
- tamonay A ‘“TSAR’
e/ Malawimep, o N
) Ancyromonads

LY

.

| C
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Taxa containing some photosynthetic lineages with secondary plastids

@ Taxa including lineages with complex multicellularity (organized tissues)



Amoebozoa

vétSinou ménavkovité organizmy, pavodné se dvéma zadnimi biciky

pseudopodia/lobopodia - panozky Pohyb pomoci poly- a depolymerizace aktinu

hY



http://www.biolib.cz/cz/image/id10338/

Amoebozoa

Eumycetozoa - hlenky vytvari mnohobynécna mycelia a "fruiting bodies”

,\ fruiting body for

migrating slug

@ prespore cell
@ prestalk cell

icLyovstLenuri uiseviucu



Amoebozoa

Polychaos dubium — nejvétsi zndmy genom (cca 700 bbp)




”Excavata”

Dvé nejspiS nepribuzné skupiny: Discoba a Metamonada

Amorphea ;:L) Archaeplastida
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@ Photosynthetic lineages with primary plastids
Taxa containing some photosynthetic lineages with secondary plastids

@ Taxa including lineages with complex multicellularity (organized tissues)



”Excavata”

Nékolik hodné divergentnich skupin bi¢ikovcl ancestralné s ventrdini ryhou, kterou prochazi zpétny bicik s “ploutvickami”

A dvé bazalni téliska (zpétného a predniho biciku) s
mikrotubularnimi koreny (svazky mikrotubul().




”Excavata”

(Ne)Maji taky Casto velmi podivné mitochondrie

* nejméneé redukovany genom (Jakobida)
e nejvetsi mitochondrie (Kinetoplastea)
e zcela bez genomu (Metamonada, ¢ast Jakobida a Heterolobosea)

e Uplné chybi (alespon nékteré oxymonady)



Discoba

Zadna morfologicka synapomorfie

Jakobida
Kinetoplastea

Diplonemea Euglenozoa
Euglenida

Heterolobosea

Tsukubamonas
Jakobida




Discoba Euglenozoa: Euglenida - krasnoocka

Kinatoplastaa Pivodné asi heterotrofni, odvozenéjsi linie fotosyntetické

DI I Vé v 4 M 4 4 1
P““‘T“‘“ (sekundarni “zeleny” plastid), zasobni polysacharid paramylon
Euglenida

Heterolobosea

Tsukubamonas

Jakobida

Metanema strenum Notosolenus ostium Euglena polymorpha Euglena oxyuris

Biotechnologicky zajimavi (produkce a-tocopherol, estery,
polyunsaturated fatty acids, biotin a tyrosin )


http://protist.i.hosei.ac.jp/PDB/Images/Mastigophora/Euglena/polymorpha_1.jpg

Discoba

~— Kinetoplastea

e Diplonemea

— Euglenida

- Heterolobosea
o Tsukubamonas
' Jakobida

Cell, Vol. 46, 819-826, September 12, 1986, Copyright © 1986 by Cell Press

Major Transcript of the Frameshifted cox/l Gene

Euglenozoa: Kinetoplastea - bicivky

Volneé zijici predatori (2 biciky) a parazité

Jedind obfi mitochondrie (kinetoplast) tvoreny siti fragment

]

guide RNAs

-

guide RNA 2

-
poly-U tail 4(

RNA transcript

guide RNA 1

sites missing =~

U nucleotides

PAIRING TO
GUIDE RNA 1

3
5
:-""UL“—“] -

3

nucieotides in

, guide RNA

specifying missing
U nucleotides

from Trypanosome Mitochondria Contains Four
Nucleotides That Are Not Encoded in the DNA

Rob Benne,” Janny Van Den Burg,
Just P. J. Brakenhoff, Paul Sloof,
Jacques H. Van Boom,t and Marijke C. Tromp'

spite of this discontinuity, the gene appears to be func-

I EDITING FOLLOWED BY

PAIRING TO GUIDE RNA 2

P_P;_‘u"f

HTING

inserted U nucleotides

Je RNA pro RNA editing (mini)

u RNA
editing
substrate
binding 1
complex

| RNAediting
| core complex

'I Polyadenyla- |
. tion complex ) \

in the three trypanosome species studied (Hensgens et
al., 1984; Payne et al., 1985; De la Cruz et al., 1984). In




Discoba Euglenozoa: Kinetoplastea - bicivky

Kinetoplastea
Diplonemea J Trypgpanouraansgrioiéng Chagasonamem O/ ilgatdihes. rocne)

Euglenida

Heterolobosea

Tsukubamonas

Jakobida > g.‘ (
¢




Discoba Euglenozoa: Diplonemea - diplonemy

Kinetoplastea

Diplonamea
Euglenida
Heterolobosea NejspisS volné Zijici bicikovci, vice nez 50% celkové DNA
Tsukubamonas v mitochondriich, ekologicky relevantni
Jakobida
reads OTUs
diplonemids. others other
diatoms -\ rarefaction stramenopiles
other curve slope: _ d
stramenopiles 7x10°% diatoms
45000 unknown
‘ eukaryotes
— rhizarians
1.4x107
unknown 5.3x107

35000-

eukaryotes diplonemids

richness

30000-

rhizarians
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Metamonada: Diplomonadida Giardia intestinalis

Asi nejrozsirenéjsi lidsky ,parazit”




Metamonada: Parabasalia

Symbionti nizSich termitu a drevozravych svabu
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Haptista - Haptophyta
jednobunécni mofsti bicikovci, dva hladké biciky a haptonema, schranka/Supiny z kalcitu (kokolity)

skupina zasadnim zpUsobem ovliviiuje globalni klima na Zemi (biogeochemicky
cyklus uhliku a siry - dimethylsulfid), srazkova kondenzacni jadra, ,viiné more”
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Haptista - Haptophyta

Gephyrocapsa (=Emiliania) huxleyi - jeden z nejpocCetnéjSich organismu na planeté
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Telonemia — Stramenopila - Alveolata — Rhizaria
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@ Photosynthetic lineages with primary plastids
Taxa containing some photosynthetic lineages with secondary plastids

@ Taxa including lineages with complex multicellularity (organized tissues)



Stramenopila (Heterokonta)

obrovsky ekologicky vyznam (primarni producenti | konzumenti), parazité, obrovska diverzita

heterokontni biCik — tazny i tlacny, primarné asi heterotrofni

Nucleus

Food storage
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Stramenopila (Heterokonta)
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@ Photosynthetic lineages with primary plastids
Taxa containing some photosynthetic lineages with secondary plastids

@ Taxa including lineages with complex multicellularity (organized tissues)



Alveolata

Cortical alveoli
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Alveolata: Ciliophora - nalevnici

Zmnozené biciky zmensené na brvy - cilie
Aktivni pohyb — dlleziti predatofi a filtratori — cytostom/cytopharynx

Vicejaderni s funkéné odlisenymi jadry (mikro- a makronukleus)

Pohlavni rozmnozovani (konjugace) a pricné déleni

Tetrahymena thermophila — prvni modelovy prvok, objev dyneinu (1965), funkce telomer (1978)%,
katalyticka aktivita RNA (1981)* a histon-modifikujici enzymy (1996) *Nobelovy ceny



http://protist.i.hosei.ac.jp/PDB/Images/Ciliophora/Campanella/umbellaria_1.jpg

Alveolata: Dinozoa - obrnénky

Extrémné druhové bohata a pocetna slozka planktonu
50% heterotrofni (parazité a predatori, zbytek auto- a mixotrofni), symbionti koralt - bleaching

Hospodarsky vyznam — red tides a shelfish poisoning

Corals and their symbionts

polyp

ectoderm

‘mesogloea’ |

ehndoderm

symbiotic microalgae




Alveolata: Apicomplexa - vytrusovci

Bazalni predatofi a fotosynteticci sym/epibionti, odvozené skupiny vnitrobunécni parazité
Plasmodium — malarie 249 mil/608 tis, Toxoplasma — toxoplazmdza 2 mld

i parazitiCti vytrusovci jsou vlastné rasy — apikoplast, pozUstatek plastidu

Achillova pata — nemohou se ho zbavit, centrum syntézy dulezitych metabolitQ
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@ Photosynthetic lineages with primary plastids
Taxa containing some photosynthetic lineages with secondary plastids

@ Taxa including lineages with complex multicellularity (organized tissues)



Rhizaria
Dva biciky (vétSinou) a panozky — retikukolopdie, filopodie a axopodie

Casté minerdlni schranky — souéast sedimentu

Endomyxa, Filosa a Retaria (dirkonozci a mrizkovci)
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Jak vypadala LECA? — Kde ma strom eukaryot koren?
Tradicné dveé mista

o e zi vodi dit@xdk inaatbye tamnbarzad sy Bysedba

Amorpha Corticata




Exkavatni exkavati jsou si navzajem podobni, morfostaze nebo primitivni znak?

LECA = exkavat?
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Jaka je skutecna diverzita?

Soucasna taxonomie zaloZzend na mikroskopii/kultivaci+sekvenovani

Dobre znamé jsou hlavné taxony s vyraznou morfologii (rozsivky, obrnénky, haptofyty, dirkonosci)
pripadné duleziti parazité (kinetoplastida a vytrusovci)

Archaeplastida
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Embryophyta (350000)
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vasea (1:00) Rhodelphidia (2)

Metazoa (>1200000)
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Unexpected diversity of small
eukaryotes in deep-sea
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Phylogenetic information from ribosomal RNA genes directly e —
amplified from the environment changed our view of the bio- ¢ i d.=|
sphere, revealing an extraordinary diversity of previously unde- r a,,wn.;.w;g'ﬁ'mw; Labyrhulics

tected prokaryotic lineages. Using ribosomal RNA genes from | né&ﬁﬁ%ﬂﬂ&‘}nmwm Ireaussinyrs
marine picoplankton, several new groups of bacteria and archaea rlpapais sisgans

Laganiahim pigardeim
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Haptophyceas
Green plants

have been identified, some of which are abundant™. Little is A
known, however, about the diversity of the smallest planktonic
eukaryotes, and available information in general concerns the
phytoplankton of the euphotic region. Here we recover eukaryotes
in the size fraction 0.2-5 pm from the aphotic zone (250-3,000 m
deep) in the Antarctic polar front. The most diverse and relatively
abundant were two new groups of alveolate sequences, related to
dinoflagellates that are found at all studied depths. These may be
important components of the microbial community in the deep

ocean. Their phylogenetic position suggests a radiation early in Cryptophyta
the evolution of alveolates. Wﬁﬁ’ﬁﬁ.ﬁae
We amplified 185 rRNA genes from samples taken at 250, 500, Red algae
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Eupanichium javanicurm —F

2,000 and 3,000 m deep at the Antarctic polar front limit in a
transect along the Drake passage (59°19'48"5, 55745" 11"W, sea e
floor at 3,671 m). This sampling site interested us because it is a
region of water-mass mixing from the Atlantic and Southern Figure 1 "uia.nim;m-likﬂlirum treg of eukaryotic phylotypes ndnepﬁmrctcwfam

oceans. It corresponds to cold and oligotrophic waters where constructed uging 101 eukenyatic 185 rANA sequences. The tres has been split in two
microbial biomass, especially at 3,000m deep, reached minimal perts rEpresentng e base p_mia‘_mpmlﬂ?& cravm (b) o the ?,mecmm'mm

values in the area as deduced from DNA y‘ields (see Methods). We phylogeny. The outgroup branch (archaes) is not shown. Thin trizngles correspond &0 two

; . . reprasentztive species of a given teman, thrae in the cesa of Apicomplexa. Bootstrap
T
constructed 185 rRNA environmental gene libraries from the 0.2- vallas e givan only below nades conceming the naw eukanyatic ssquances. The cour

T

code indicates sea depths &t which sequences were obtained. Scale bars correspond to
e Bl | RAA 15 substiutions per 100 positions for & unit branch length.
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Earth Total Eukaryotic Biodiversity:

Environmental OTUs
(1430 185 V4 rDNA 87%)

A. Catalogued species
(Mtot=2 million)
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Bacteriastrum/Chaetoceros
Centric

Corethron

Cylindrotheca closterium
Dactyliosolen/Guinardia
Ditylum brightwelii
Eucampia/Hemiaulus
Fragilariopsis sp.
Lauderia annulata
Leptocylindrus
Lithodesmium sp.
Pennate/Navicula
Planktoniella

Proboscia spp.
Pseudo-nitzschia
Rhizosolenia
Skeletonema sp.
Thalassionema sp.
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