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Protista

» Eukaryotické organismy s jednoduchou organizaci stelky (jednobunécne,
kolonialni i vlaknité).

Finlay 2002, Science



Protista

« Stafi protist— 1.2 — 3.5 mild let
* Last common eukaryotic ancestor (LECA) — cca 1 mid let

) Noopiivited Eukaryotic bauplan established; Increased sophistication,
Configuration : phagocytosis, nuclear membrane specialized systems
internal compartments d ’ t
endomembrane system, flagellum sculpting
small GTPases » Rab
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Dynamin ESCRTI&II
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Field et al. 2011, JCB



Protista

Historicky byly tyto organismy fazeny do fiSe Protista (systém 5 fisi)

Whittaker 1969, Science




Protista

* Chromista — zasadni modifikace systému (1981)
* Vznik sekundarni endosymbidzou chloroplasti ruduch
* 4membranové chloroplasty autotroft, odliSna stavba biciku

Rough endoplasmic reticulum

Thylakoids stacked
in threes (lamellae)
Tinsel flagellum

with mastigonemes (of the red alga)

Periplastidial

Direction
of swimming

Smooth
flagellum

Girdle lamedla

Chloroplast
inside the RER

Stigma




Soucasny systém 5 fisi

Protista

Drtiva vétsSina eukaryotni diverzity je tvofena protistnimi organismy

cerkozoa
(Cercozoa)

dirkonosci
(Foraminifera)

haplospondle
(Haplosporidia)

mfizovci
(Radiolaria)

lobézni améby
(Lobosa) %
hlenky
(Mycelozoa) (H

archamoeby
(Archamoebae

trubénk
(Choanoﬂage%ata)f::

plisfnovky
(Ichthyosporea)
nuklearie

Zivocichove
(Metazoa)

S
®)
m
m
z
4

o
%

nalevnici

obrnénky (Ciliata) stramenopilové
(Dinoflagellata)

vytrusovci
(Aplcomplexa)

d}\

(Slnmenopnlos)
centrohelidni slunivky

Witltz, (Centrohelida) 4
= Telonema ?
N ; haptofyt
a Hapl?uplztayl O

skryténky
(Cryptophyta)
s zelené fasy
(Viridiplantae)
ruduchy
(Rhodophyta)

@ glaukofyty

rostliny a

(Glaucophyta)

O‘Q Heterolobosea
4’_2) Euglenozoa
% jakobidi
(Jakobida)
\@ Malawimonas

@ Preaxostyla

& (Nucleariida) oi
% tr(lghobmo'r‘\e:dy
ho b arabasalia
(Fuﬁgi fornikati @

Breviata ?pusomonady

(Fornicata)

kolodlktyonidi

Apusomonadida (Collodictyonida)

ankyromonady
(Ancyromonadida)

INCERTAE SEDIS

© Vlada Hampl




Protista

podiates
e ANIMALIA  FUNGI

L

1 f
Choanozoa

ciliated epithelia
amoeboid mesenchym
eggs + sperm

chitin | OPisthokonts

walls

PROTOZOA

Amoebozoa

anterior cilium, groove, ciliary
gliding, and roots R1 & R3 lost

pellicle, groove, and
posterior ciliary
gliding lost

Apusozoa

Sulcozoa  Varisulca
vane lost; ciliary gliding; filopodia

coronin lost

corticates

CHROMISTA

novel >700 Ma ago
membrane | Cojponema
topology &-‘ p PLANTAE
T;;o;ﬁ:g; 4Rhodophyta Viridiplantae
ciliary hairs;

tubular cilia lost

cristae

Glaucophyta

class 4

cortical
alveoli

~ 750-800 Ma ago

Ccms lost

cyt c haem lyase

Sarcomastigota

>800 Ma a92_

Malawimonas -eg————
dorsal vane lost =

anaerobiosis
Metamonada --—

Excavata

class 3 coronin

ventral vane ==
Eolouka 2
Jakobea

composite fibre
dorsal ciliary vane

Tsukubea--—

Percolozoa
Pharyngomonadia

Tetramitia
eruptive .
pseudopodia;

centri

les
B fibre; singlet root/K ) paraﬁel »
Golgi stacks lost ; 4 cilia

Loukozoa

suspension feeding

groove; split right root =
| fibre; C fibre

orthogonal centrioles
class 4 coronin

Euglenozoa
ciliary gliding

paraxonemal rod
cytopharynx

trans-spliced mRNAs

Reclinomonas

\ &/
\ﬁrobc (flat cristae), phagotrophic, biciliate ancestral

eukaryote cell with rigid microtubule-supported cortex
>1000 Ma ago

Cofponem@

neozoa

Eozoa

secondarily acquired from a
green alga (Viridiplantae)

cytopharynx

euglenoid

gliding cilium  iiary pocket with

parallel centricles

Cavalier-Smith 2012, Eur. J. Prot.
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Globalni vyznam protist

Emiliania huxleyi — kokolity Ca + 2HCO; ---> CaCO; + H,0 + CO,
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de Vargas et al. 2007



Globalni vyznam protist

e Emiliania huxleyi
— acidifikace mori: oxid uhliCity snizuje pH morské vody, ¢imz se meéni
rovnovazny stav jeho tri rozpustnych forem ve prospech CO,
(nevyuzitelny pro emilianii)
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Skryta diverzita protist

» Geneticka diverzita bodonidu (Kinetoplastida)

* Rhynchobodo ATCC 50359
85 * Rhynchobodo sp. UK A
99 82 LK.[_osteria bodomomhrs
94 ) Dhnastfgeﬂa trypaniformis ULM
* I'f- Dimastigella mimosa
78 { Dimastigella sp. (Phanerobia-like)
= * * Dﬁﬂasﬂge.’fa n,‘farmfs GLASGOW
A - Rﬁynchomonas nasuta ATCC 50105 qp
* Rhynchomonas nasuta PP oVt
* yrchomonas nasuta BSZ1
chamonas nasufa CBR1
nchomams nasuta DB8
_|— AT5-43 ‘CLADE 1’
Umderttlﬁed eukaryote {Neohodonids)
89 , Neoboda
designis ONGS‘I‘OCK
87 Neobodo GOW “1c’
Neobodo ,e‘es!gms St. "Petarsburg
eobodo designis SA :
N&obodo saﬁangs ATCE 50358 | Marine
sp. CPT
§ lastid ﬂagellate
% like |'1D’
*
* Novel bodonid N2 7
_|T_r—— Novel bodonid UK |e
* Novel bodonid NZ 1
Parabodo caudatus-like RDF
Parabodo caudatus
- . [T
50 * l Parabodo n ilus
-\ Parabodo caudatus-lm‘; A
u a2 sp.
* Procryptobia sp. NZ ‘CLADE 2’
* ” L ATféDCWPWa sorokini | (Parabodonids)
* Crypiobia bullocki
* E Cryptobia catostomi
anoplasma borelii
* rypfobia salmositica
Bodo salt;
_E Bgdo sa.\‘tans NZ 3 | & S. HEMISPHERE
+]
E/ BEI:;FOO saffan:tPETERSBURG 84 N. HEMISPHERE
uncinalus
” E Boda saliana JC0Z & “CLADE 3’
saltans
_‘::': Bodo: mns’-l%?a | 80 N+S. HEMISPHERE (Eubodonids)
* Bodo
* Bodo salfans JC1
Bodo saltans KONSTANZ 89
B°d° saltans NZ4 88 N+S. HEMISPHERE
Bodo saﬂans NZ 5
Leishmania tarentolae
o RIS
aceina brevicula
ﬂ“'\ L Poannsnmahd G755
7 eplomonas s
73 92 N ghytomnas serpens TRYPANOSOMATIDA
= Herpetomonas sp. TCC 263
97 L ————— Hempetomonas muscarum
1 Trypanasoma cruzi
Trypanosoma brucei

— 0.01 substitutions/site

von der Heyden et al. 2004, J. Euk. Microb.




relative proportion of unique tags

100%

Skryta diverzita protist
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i Phaeophyceae
Ll Pelagophyceae
i Eustigmatophyceae
i Dictyochophyceae
i Chrysophyceae
i Bolidophyceae
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'« Diverzita protist v morském bentosu (454 sekvenovani)

Stoeck et al. 2009, BMC Biology



Skryta diverzita protist
« Ohromna proporce nepopsanych druhu (genotypu) protist

A. Catalogued species B. Environmental OTUs
(Ntot= 2 million) (1430 18S V4 rDNA 97%)

= Metazoa — Stramenopila Amoebozoa

- Fungi 7 ] Alveolata - Excavata

 E— Streptophyta [ Archaeplastida  —r "Hacrobia’
Protista: I Rhizaria " Opisthokonta
» 43 000 popsanych druht PROTISTS

 vicjak 1 milion druht nepopsanych Pawlowski et al. 2012, PLOS Biology



OdliSnosti protistnich organismu
g

Finlay & Fenchel

 Kratka generacCni doba
* Enormni velikosti populaci
* Nelimitovaneé Sireni a gene flow

v

Na rozdil od makroorganismu:

 Ubikvitni rozsireni

 Velmi nizka speciacni rychlost
 Evoluéni a morfologicka staze

» Absence populacni diferenciace

€y

Mofrsky fytoplankton — 10%° bunék
Pramérna velikost jedné burnky — 2 um
Deska o Sifce 30 cm a tloustce 8 cm
(150 000 x 40 000 bunék)




Odlisnosti protistnich organismﬁ
Finlay & Fenchel

 Kratka generacCni doba
* Enormni velikosti populaci

* Nelimitovaneé Sireni a gene flow m '
Proc tedy existuje tolik
~drubht E@[ﬁ@ﬁﬂ@ﬁ@ '

Na'ubull U TTIUIN VI 3(.4 11

 Ubikvitni rozsireni

 Velmi nizka speciacni rychlost
 EvolucCni a morfologicka staze

» Absence populacni diferenciace



Druhova diverzita

« Srovnatelna mira globalni a lokalni diverzity

Globalné maly pocet druhu

100.000
—~@— Ciliates
©- Heterotrophic flageliates
—¥— Rotifers
10.000 - v Turbellarians
—{— Ostracods
) ~@— Bivalves
g —4&— Polychaetes
@ 10004 ¢ Malacostraca
&
6
£ 1l
E
=
=
10 _

Fenchel & Finlay 2004, BioScience
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Druhova diverzita

Dulezité je funkéni (incl. fenotypickeé) odliseni druhu

Vv pfirode, jsme zmateni molekularnimi daty

T
= 0.1
&
&
S
o :
2
o ;
= 00y "° Fd wte. UL marinum, Greenland
% 4 —o— UL nigricans, Denmark
=) —o— U nigricans, Red Sea
0.0011 . . . .
0 10 20 30 40 50

temperature ("C)

Figure 1. Maximum growth rate constants of the cliates
Uronema marimem isolated from the east coast of Greenland
and Uronema nigricans isolated from the Red Sea (Eilat) and
from Denmark, as a function of temperature. The tropical
1solate grows significantly slower at temperatures below 10°C,
but it is more striking that all three strains show balanced
growth within a temperature range that far exceeds that of the
habitats from which they were isolated (1. Fenchel,
unpublished data).

10 pm

100/100/(100)/1.0

Spamn 3

Spain 1 Spain2,  |97/32/(77)/1.0

98/97/(98)/1.0

100/100/(100)/1.0

key:
- freshwater (less than 0.5 p.p.t)
- brackish/seawater (0.5 - 40 pp.t)
hyperhaline (greater than 40 p.p.f)

Fenchel & Finlay 2006, Phil. Trans. R. Soc. B

97/99/(100)/1.0



Druhova diverzita

Funkéni odliSeni kryptickych druht

A

0.02 subst./site

0.065

Orbulina universa — jemné ekologické a morfologicke rozdily
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* Funk¢ni odliSeni kryptickych druht

Druhova diverzita

« Sellaphora pupula — morfologické odliSeni kryptickych druhu
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Fig. 16. Contour scgment analysis: maximum curvature of all contour

points (cx) plotted against the maximum of
curvatures (xn), giving six clusters corresponding to the six demes of

S. pupula.
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S. blackfordensis (deme
‘rectangular')

S. lanceolata (deme 'lanceolate')

Mann et al. 2004, Phycologia




I Druhova diverzita l

» Funkéni odliseni kryptickych druht — houbovi paraziti
« Asterionella formosa — geneticky odlisné kmeny jsou infikovany
specifickymi kmeny parazitu

De Bruin et al. 2004, J. Phycol.



Druhova diverzita

Fotobionti liSejniku
» LiSejnikova asociace: 15 000 druhu hub + 100 druhu fas

Ascocarp of fungus
/ A \ Soredia @ Bill Malcolm 2004

Fungal
hyphae Algal

4, layer
w0,




Druhova diverzita

« Fotobionti lisejniku

» LiSejnikova asociace: 15 000 druhu hub + 100 druhu fas

Algal Partners

Fungal Partners

~ {rom Ciadonia crispata (MN103)
b from Cladina arbuscula (1334)
— from Cladonia robbinsii (KK145)

'—i from Cladonia cenotea (MN1086)

from Cladonia uncialis ssp. uncialis (1049)

from Cladonia gracilis ssp. graciis (1050)

from Cladonia ica (MNO70)

I— from Pycnothelia papiltaria (2903) ————————————— Ci pelt (MNO70)
Cladonia spinea (MNOG9)
from Cladina stellaris (2904) Cladonia pulviniformis(MNOG8)
C didyma (MN082)

/4 V

Cladonia crispata (MN103)
Cladonia cenatea (MN106)

Cladina arbuscula (1334)

Cladonia turgida (1018)
Cladonia rapp (MN098)

from Cladonia rappil (MNOS8)
from Cladonia spinea (MN0G2)
from Cladonia pulviniformis (MNOG8)

/AN ""‘ Cladonia furcata (101)

Cladonia (7080)
X /> Cladonia farinacea (1038)
N Cladonia robbinsil (KK145)

from Cladonia pyxi (MNOB3)
from Cladonia turgida (1018)
from Cladonia furcata (1024)

ymphycarpia (KK321)

Cladonia symphycarpia (KK321)
Cladonia pyxidata (MNOB3)

Cladonia gracilis ssp. gracifis (1050)

from C ia fe (1038)

7 \Y
X
Cladonia ph (MN161)

from Cladonia chlorophaea (MN181)

from Cladonta cri (MNO57)

7 / A_ Cladonia imbriata (MN107)
Cladonia subulata (2709)

from Cladonia subulata (2708)
from Cladonia fi (MN107)

(2904) ———

from Cladia aggregata (7000)

& Cladina
—— Pycnotheka papiliaria (2903)
e

Cladka aggragata (7000)

from Cladonia scabri la (7090)
0.01 substitutions/si

— 0.01 substitutions/site

Piercey-Normore & DePriest 2001, Am. J. Bot.



Druhova diverzita

Trebouxia pyriformis (UTEX 1712)%
Trebouxia glomerata (UTEX 895)» #1 | A. glomerata
from Diploschistes muscorum Peksa 498 *
from Stereocaulon vesuvianum Talbot 281
Treb ia irregul; (UTEX 2236) *
from Stereocaulon pileatum Peksa 999 *
from Cladonia arbuscula Peksa 789 % #2 A. irregularis
from Stereocaulon subcoralloides Talbot 167
from Stereocaulon botryosum Talbot 153
Treb i (UTEX 902) #3 A. magna
............. rebouxia erici (UTEX9)x_#4 _______ lA.erci _____
Treb i ica (UTEX 1714)% #5 A. excentrica
from Lepraria neglecta Peksa 183 *
from Lepraria neglecta Peksa 207 * #6

'

'

'

'

'

'

'

'

'

'

'

'

'

'

v

'

'

'

:

"

'

'

'

:

: from Lepraria caesioalba Peksa 173 *
. from Lepraria caesioalba Peksa 204 *
'
'
:
'
r
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

* Fotobionti lisejniku
* Diverzita fotobiontu rodu
Asterochloris

v 3avi1o

g 3avi1o

from Lepraria rigidula Peksa 236 *
from Lepraria rigidula Peksa 877 * 7
from Lepraria rigidula Peksa 900 *
from Cladonia fimbriata Peksa 796 *
from Cladonia subulata Peksa 787 *

from Lepraria sp. Nelsen L54
from Pilophorus cf. cereolus Nelsen 2233f
from Stereocaulon sp. Nelsen 2181b

from Stereocaulon saxatile Talbot KIS187

. from Lepraria borealis Bayerova 3401*
from Lepraria caesioalba Peksa 231 %
from Lepraria nylanderiana Peksa 542 * #10

'
'
'
'
'
'
'
'
'
'
'
1
'
'
'
'
'
'
'
'
'
from Cladonia foliacea Peksa 1008 * :
from Lepraria borealis Bayerova 3402 * .
'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

-

L from Lepraria sp. Nelsen L18
from Lepraria nigrocincta Nelsen L55
from Lepraria caesioalba Peksa 225
from Lepraria lobificans Nelsen L12
L. from Lepraria caesioalba Peksa 234 *
from Lepraria sp. Nelsen L59
from Lepraria caesioalba Peksa 235 *
from Lepraria lobificans Nelsen 154
from Lepraria caesioalba Nelsen L36
from Lepraria lobificans Nelsen 153
——— from Lepraria sp. Nelsen L60
from Cladonia fimbriata Peksa 815 *
from Cladonia rei Peksa 921 % #12
from Stereocaulon paschale Talbot 101

Trebouxia italiana (CCAP 519/5B) » #13
Trebouxia magna (UTEX 67)

from Lepraria sp. Peksa 185 *
4'{ from Lepraria neglecta Peksa 551% #14
from Lepraria rigidula Peksa 186 *

from Stereocaulon tomentosum Talbot 400

Asterochloris phycobiontica (SAG 26.81)*
from Lepraria neglecta Bayerova 3600 * #15
from Lepraria neglecta Bayerova 3606 *

from Lepraria alpina Peksa 192 *
from Cladonia cf. bacillaris Nelsen 3950
from Lepraria caesioalba Peksa 194 *
from Lepraria caesioalba Peksa 233 * #16

from Lepraria caesioalba Peksa 166 *
from Lepraria caesioalba Peksa 196 *
from Diploschistes muscorum Peksa 182 %

#11

J3avi1o

I A. italiana

A. phycobiontica

Skaloud & Peksa 2010, Mol. Phyl. Evol.



Druhova diverzita

Fotobionti liSejniku

Ekologicky diferenciovane
linie fotobiontu

Pagel’s &
Trait A Likelihood ratio P-value
Exposure to rain 0.946 1.53 <(0.0001
Altitude 0.045 1.01 <0.0001
Substrate type 0.652 1.05 0.0011
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EU008661
EU008659
= EU008664
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0.00 g= oPita3
_ropﬂa # A8
— AM905993
0.09 OP529
—: OP860 #A9
OP886

1.00 OP904
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Peksa & Skaloud 2011, Mol. Ecol.



Evoluce

Fosilni zaznamy poukazuji na morfologickou stazi

» Kifemicité chrysomonady (60 mil.)
» morfologie Supin na SEM
~ odpovida soucasnym druhim

~

- B~y ; s
g B Pt @ - :
x 2 el e e - g & N
p* F >y & (‘O - N 4,_/" ! N
R ) - 4 "
¥ » o A i B
v o R uf

Siver & Wolfe 2005, Int. J. Plant. Sci.
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« Ameby a nalevnici (220 mil.)
* 81 % soucasnych druhu
nalezeno V jantaru
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‘2_ cv o
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= 49 ‘ 28 31
— 3w O

Bryometopus triquetrus Pseudoplathyophora nana

/ re—

Schonborn et al. 1999, J. Eukar. Microb.




- Spatny druhovy koncept protist

Synura multidentata
— Synura mammillosa $89.C3 @
Synura mammillosa S105.A @
15_3_E Synura mammiflosa MUCC 298 @
Synura echinulata (GU325513)

Iuj1so

Evoluce

0.99/75/97— Synura curtispina (CCMP 847)
1.00/92/100 Synura spinosa
Synura curtispina (SAG 29.92)
Synura mollispina
1.00/100/100

1.00/78/93
Synura sp. (CNU52)
Synura sphagnicola

Synura multidentata
Synura echinulata

Synura mammillosa (MUCC 298) ‘
Synura mammillosa (S105.A) @
Synura mammillosa (S89.C3) @

1.00/96/100

1.00/100/100

Synura splendida
Synura uvella (CCMP 871)
Synura uvella (CNU53)
Synura macracantha

Synura petersenii f. asmundiae
Synura petersenii f. bjoerkii
Synura conopea

Synura truttae
Synura glabra

1.00/96/96

IUId PO




Evoluce

- Spatny druhovy koncept protist — Acritarcha / obrnénky

small GTPases ) Rab

: Protocotomer “wwsss Coats, NPC, HOPS/CORVET, IFT
Machinery ESCRTIII SNARE
Dynamin ESCRTI&II

ESCRTO

Cellular
architecture

Nucleus Nochondrion
:
1
1

FECA

y Early Late
Cellular Sophisticated Modern
Prokaryote iti iti
category y prokaryote transitional transitional eukaryotes

eukaryote eukaryote




Evoluce

« Rychla morfologicka evoluce — Parachlorella-clade

1.00/100/1007 Mucidosphaerium sphagnale CCAP 222/93 d I a
B 1.00/78/95| | Mucidosphaerium sphagnale SAG 70.80 ST . )

0.98/73/93 Mucidosphaerium palustre CCALA 332
Mucidosphaerium pulchellum UTEX 731
Mucidosphaerium pulchellum ACOI 755
Mucidosphaerium planctonicum ACOI 1719
Compactochlorella kochii CCAP 222/61
Compactochlorella dohrmanii CCAP 222/5
Marasphaerium gattermannii CCAP 222/24
Parachlorella beijjerinckii SAG 2046
Parachlorella kesslerii SAG 211-11g
Parachlorella hussii ACOI 473
Planktochlorella nurekis CCAP 222/25
Planktochlorella nurekis CAUP
Dictyosphaenum lacustre CCAP 222/85
Dictyosphaerium lacustre CCAP 222/62
Dictyosphaerium ehrenbergianum CCAP 222/23
Dictyosphaerium libertatis CCAP 222/92
Dictyosphaenium ehrenbergianum UTEX 75
Dictyosphaerium ehrenbergianum CCAP 222/20

Dictyosphaenium morphotype CCAP 222/43

0.97/51/76

1.00/100/100

1.00/100/100~_ |

1.00196/97 ~_ |
1.00/98/92 |

1.00/92/89

= Closteriopsis acicularis SAG 11.86
1Aoo'/1ooToo{ Closteriopsis acicularis EN 2003/36
e Masaia oloidia CCAP 211/85

Masaia oloidia CCAP 222/32
Kalenjinia gelatinosa CCAP 222/8
Maninichlorella kaistiae KAS005
1.00/99/100— Marinichlorella kaistiae KAS007
—— Dicloster acuatus SAG 41.98

Hegewaldia parwila UTEX 929

Didymogenes palatina SAG 30.92
Hindakia fallax CCAP 222/29
0.90/-/82 Meyerella planctonica CCMP 2446
Chlorella wilgaris SAG 211-11b
Heynigia nparia CCAP 222/47 <
Micractinium belenophorum SAG 42.98 c
Actinastrum hantzschii SAG 2015

1.00/100/100

0.98/-/61




Rychla morfologicka evoluce — Peridinium / Scripsiella :

Kryptoparidinium folifaceum AF231804
Durinskia baltica AF231803
Pendimium wumbonalfum AF274271

Scrppsisiia nutnicuwa US2357
1.00, Peridirium gatunense DO166208 +
0.98 Pendinium cinctum DQ166209 +
Feridinium bipas AF231805
1.00

0.98

0.96

Pericinium wiliei AF274272
\_41} Perdimserm sp. DQ1G6210 «
0.99 Peridinium cf. cinctum DQ166211 «

Pendinium sp. AF022202

Scrippsiella sweeneyae AF274276
Scrppsiella sp. AB183675
Scrppsiefla trochaidea AF2T427T
Paridinfum polonicum AY 443017
Peridinium wisrzeiskii AY443018
Peridinium aciculiferum - Scrippsiella hangoei AYST0653/62 +
Dinophyceae sp. Shepherds Crook AY 580478
f Ffipstona-like sp. AYS580480
Ffiastena-ike sp. AY 5280476
_LPfrasrarfa-Iiku sp. AY0IMET
Pflasfera-like sp. AY245688
1.00 l FPfiestena piscicida AF 149793
Ffiestena piscicida AFOTTO5S
Pfiegtena sp. AF218805
199} Priasteriafike AF80098
Fliestera shumwayae AY 245684
e ryptoperidiniopsis brodyi AFB008T

Evoluce

shodné ITS sekv.

BRACKISH - FRESHWATER

| FRESHWATER
1 MARINE

FRESHWATER *

MARINE - BRACKISH

| BRACKISH - FRESHWATER

| FRESHWATER
| FRESHWATER / BRACKISH

MARINE - BRACKISH

Logares et al. 2007, Microb. Ecol.




Biogeografie

* Prvni zminka o specifické biogeografii protist pochazi od Ehrenberga
 Leden 1832 — Darwin Ehrenbergovi zasila vzorky prachu
pochazejici z boure na Kapverdskych ostrovech...
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Biogeografie

* Finlay & Fenchel — neutralni teorie ubikvitniho rozsireni protist
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Biogeografie

* Finlay & Fenchel — neutralni teorie ubikvitniho rozsireni protist
* VSechno je vSude, ale mnoho druhu je extrémné vzacnych
(velké populace s neomezenym rozsSifenim)
* Neni tfeba chranit protista, diverzita se mize studovat ,za humny*
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Organism size (mm) Finlay & Fenchel 2004, Protist



Biogeografie

Foissner — moderate endemicity model
* | kdyz je mnoho druht kosmopolitnich, tfetina druhu ma
endemicke rozsireni

Table 5.3 Percentages of dispersal routes of protists. Based on the calculation of Foissner
(2008) that one-third of ciliates possibly have restricted distribution.

Dispersal routes Amount (%)

Cosmopolitan distribution due to step-by-step dispersal and 35
human introductions

Cosmopolitan distribution due to geological processes, 30
euryoecious lifestyle and others

Restricted distribution due to morphological and physiological 35
peculiarities of the resting cysts, break-up of Pangaea and
insufficient time to disperse in young species

Foissner 2011, Biogeography of Microscopic Organisms




Biogeografie

« Foissner — moderate endemicity model
» Flagship species

Micrasterias hardyi - Australie Maristentor dinoferus — J Amerika



Biogeografie

moderate endemicity model

Apodera vas — Gondwansk

Foissnher —

v rv V4

e rozsireni

/4




Biogeografie

Test ubikvitni teorie na zakladé 51 fylogeografickych studii

A

Prob. of biogeography

% Species with bicgeographies

Microbes Macrobes

— am s ==
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O DD OOOTO
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Logistic regression:
0.6 = Slope not significant (p=0.785)
Linear regression:
0.4 4 slope not significant (p=0.790)
intercept = 0.87 (p<0.0001)
0.2 =
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Biogeografie

« Fylogeografie — endemické druhy rodu Skeletonema

S. marinoi . 2007, Protist



Biogeografie

« Fylogeografie — biogeografie dvou kryptickych druht krasivek

Frequency

-80 60 -40 20 0 20 40 60 80
Discriminant axis

Discriminant axis

1.00/72/86

M. fimbriata CAUP K608 FR691070

M. fimbriata Q2 v 5
M. fimbriata Q10 M. fimbriata

M. fimbriata C5
M. fimbriata C11
M. fimbriata C14
M. fimbriata B1

| M. fimbriata W1

M. fimbriata 15
M. fimbriata |7
M. fimbriata 110
M. fimbriata 111

M. fimbriata Q14 i
M. fimbriata SAG 162.80 A Imeage

M. fimbniata L1
“— M. brachyptera SVCK 65 FR731996

M. fimbriata C1 FR731997

M. fimbriata
B-lineage

= Neustupa et al. 2011, Hydrobiologia



Geneticka struktura populaci

« U protist velmi malo prostudovana
* Finlay — diky ohromnému Sireni a velkému gene flow se diferencované

populace utvorit nemohou
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Genetic distance
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U‘“ ¥y = 0. 0498Ln(x) + 0. 2866
° R® = 0. 2809
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Geographical distance (km)

Fig. 5. Logarithmic correlation between genetic distance (Nei and Li
1979) and geographical distance (r = 0.5300, P< 10~ ).
Carchesium polypinum

Zhang et al. 2006, J. Eukar. Microbiol.



Geneticka struktura populaci

Prostorova populaéni struktura — Pseudo-nitzschia pungens

Balgium Denmark Ireland Canada USA Japan Mew Zealand

ME Atlantic MW Atlantic ME Pacific MW Pacific  SW Pacific

Fig. 3. Structure plot for K = 6. Each individual is depicted by a vertical line that & partitioned into £ wlored sedtions, with the length of each section
proportional to the estimated membership coefficient (g,,4) of the isolate to each cluster.

Pacific LISA
o
Atantic Canada
i (]
o
E Faland
L=
Belgiumn 2%
Dienmank
I
o Japan
Mew Zaaland
Az 1

Fig.4. Principal component analysis of pairwise Firvalues among the seven

predefined populations of £ pungens clade |, The first and second principal
components account for 59.47% and 24.58% of the total variation, re-

spectively.
Casteleyn et al. 2010, PNAS



Geneticka struktura populaci

Prostorova populacéni struktura — Scrippsiella hangoei
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Fig. 1. Map of Vestfold Hills showing location of study lakes
and Davis Station.

Rengefors et al. 2012, Mol. Ecol.
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Fig. 3. Population analyses results from structure shown as
bar plots. Only the models showing the highest likelihood




Populacni struktura v ¢ase — Ditylum brightwellii
Meziro¢ni populacni diferenciace dvou bloomu

Geneticka struktura populaci

Valve diameter (um)
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Priciny populacni struktury

« Specializace na habitaty - Sulfolobus

92(86)| Mutnovsky

lceland feniH1

100(100)
Uzon/ (

Geyser Valley _Fassen :

e Yellowstone

Whitaker et al. 2003, Science




Priciny populacni struktury

« Specializace na habitaty (Peridinium/Scripsiella)

Perndinium werzejskii AY443018

Peridinium aciculiferum - Scrippsiella hangoei AYS70653/62 ¢
ossld " Dinophyceae sp. Shepherds Crook AY590479
Pfiestena-like sp. AY590480
0.96 -rPﬁoslen'a—like sp. AY590476
Pfiesteria-like sp. AY033487
0.97 —r— Pfiesteria-like sp. AY245689
1.00 [ Pfiestena piscicida AF 149793
Pfiestena piscicida AF 077055
Pliestena sp. AF218805
&[ Pfiestenaike AF80098
Pfiestena shumvwayae AY 245694
b Cryptoperidiniopsis brodyi AF80097
[ [l [l 1 ]
r T ) T 1
170 0.53 0.35 0.18 0.00
PAER-3
e“3‘|-| PAER-9
100 PAER-2
108

PAER-8
PAER-1
- 63 SHTV-1
&7 SHTV-5
100 SHTV-2
SHTV-6

AFLP

Logares et al. 2007, Microb. Ecol.
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Priciny populacni struktury

« Selekéni tlak (Desmodesmus armatus vs. Daphnia magna)
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Priciny populacni struktury

Monopolizacni hypotéza — founder efect (velka banka dormantnich stadii)

Rychla adaptace na lokalni podminky
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Priciny populacni struktury

« Monopolizacni hypoteza
» Mozaikovitost populaci u dobre se sificich populaci (Daphnia)

¥ /49

De Gelas & De Meester 2005, Mol. Ecol.



Geograficka speciace

Genetic distance (% divergence)

14 -
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10 1

g <

Alopatricka speciace je mozna

Speciace

| u kosmopolitne rozsSirenych

druhu
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E Asia
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Mills et al. 2007, BMC Evol. Biol.



Speciace

* Reprodukcni bariery
* Pseudo-nitzschia pungens

Clade 1 PNp' Cn=172 | [0]

ns PNp' | Cn-195 | 0 [g) i o)
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Speciace

* Reprodukcni bariery
» Polyploidizace

*

SVCK 287
=159 chromosomu

0.1

@3 Micrasterias truncata HS2

(79 Micrasterias truncata SVCK 51

@ Micrasterias truncata SVCK 412
. . @ Micrasterias semiradiata CAUP K606
MI C raSte rias :' Micrasterias decemdentata ASW 07023
- obsah DNA 2 ’ 1-39 ’ 2 Pg Micrasterias laticeps SVCK 430

o Micrasterias zeylanica SVCK 291
~ 17-250 chromosomu '@ Micrasterias ‘pusilla’ NIES 783
Micrasterias furcata CAUP K609
-. Micrasterias pinnatifida SVCK 411
—‘ Micrasterias dickiei ASW 07056
13 =@ Micrasterias ceratofera SAG 21.97
@) Micrasterias crux-melitensis SVCK 128
Micrasterias radians var. bogoriensis SVCK 389
@ Micrasterias radians var. evoluta SVCK 519
Micrasterias rotata C8
_— (69 Micrasterias rotata SVCK 287
(c) Micrasterias rotata CAUP K6
Micrasterias rotata SVCK 212
Micrasterias rotata SVCK 1
@3 Micrasterias rotata SVCK 26 *
(D) Micrasterias jenneri SVCK 298
12.6 ® 214 . Triploceras gracile SVCK 366
Triploceras gracile SAG 24.82
4 Mic.rasteria?s swainei SVCK 138 DNA content (pg)
(G) @ Micrasterias tetraptera SVCK 195
f‘ Micrasterias conferta SVCK 110 2 8 14 20 26 32 39

l i @ Micrasterias radiosa SVCK 303 r_.-_‘-

h{ Micrasterias novae-terrae SAG 158.80

SVCK 26
= 226 chromosomu

*

CAUP K604

p Micrasterias papillifera CAUP K603 ~] 250 chromosom I:I

Q Micrasterias hardyi SVCK 249
(H) Micrasterias americana SVCK 290
Micrasterias mahabuleshwarensis SVCK 324
Micrasterias muricata SAG 157.80




Speciace

« Ekologicka speciace
» Oxyrrhis marina — ekofyziologické odliSeni kryptickych druhu
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Speciace

« Klebsormidium — velka mira kryptické diverzity, linie morfologicky

nerozlisitelné

Rindi et al. 2011, Mol. Phyl. Evol.
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Speciace

Klebsormidium — ekologicka speciace

Skaloud & Rindi et al. 2013, J. Euk. Microb., in press
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Shrnuti

Speciace druhu je mozna i za pfedpokladu enormnich velikosti populaci
a nelimitovaného Sireni

Je nutné vzit v uvahu existenci ohromného mnozstvi kryptickych,
nepopsanych druhu protist

Druhy se Casto odlisuji svymi ekologickymi charakteristikami

Ekologické studie na zakladé protistnich morphospecies?
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» Speciace druhu je mozna i za pfedpokladu enormnich velikosti populaci
a nelimitovaného Sireni

« Je nutne vzit v uvahu existenci ohromneho mnozstvi kryptickych,
nepopsanych druhu protist
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Shrnuti

Speciace druhu je mozna i za pfedpokladu enormnich velikosti populaci
a nelimitovaného Sireni

Je nutné vzit v uvahu existenci ohromného mnozstvi kryptickych,
nepopsanych druhu protist

Druhy se Casto odlisuji svymi ekologickymi charakteristikami

Ochrana protist?

HadCM3 model, SRES A2a scenario
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27

PCM-PCM model, SRES A2a scenario
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