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symbiotickeho rodu Asterochloris
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Diverzita protist

- Pawlowski et al. (2012): miliony druhU protist

A. Catalogued species B. Environmental OTUs
(Ntot= 2 million) (1430 18S V4 rDNA 97%)
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Environmenalni sekvenace, metagenomika
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Studium diverzity protist

Environmentalni sekvenovani SSU rDNA

Blepharisma americanum (\3‘)7‘)09)
8)

a nova (X039
poda inflata (M97908)

Paramecium tetraurelia (X03772)

Oxyrrhis marina (4)
Uncultured alveolate (AF372785)

t
60 100

100

100

W{:
100

- 9

Theileria (5)
Cryptosporidium (7)
Uncultured alveolate AT4-98 (AF530536)
Perkinsus (8)
Uncultured Peridinium (2)
Uncultured marm\ alveolate DH145-EKD20 (AF290067)
_: Hukaryote clone OLI11038 (AJ402328)
99 Eukaryote clone OLT11001 (AJ402!
Eukaryote clone OLI11011 (AJ402354)
W’I:: Eukaryote clone OLI11033 (AJ402353)
100 Eukaryote clone OLI11029 (AJ402352)
Uncultured marine alveolate Gr.I DH144-EKD3 (AF290064)
Eukaryote clone OLI11511 (AJ402343)
Associate 37 ex Androcyclas gamphonyca (DQ916408)
Uncultured alveolate AT4-42 (AF530537)
Uncultured Dinophyceac OLI02001 (AF167413)
Uncultured alveolate HE000323 (DQ186537)
99 Uncultured alveolate HE010218 (DQ186538)
Associate 68 ex Hexacontium pachydermum (DQ916405)
Uncultured marine alveolate Gr.l 48-5-EKD39 (AF290061)
Uncultured marine alveolate Gr.I DH148-EKD18 (AF290057)
Associate 29 ex of: Actinomma sp. (DQ916407)
Associate 11 ex Streblacantha circumtexta (DQ916406)
Associate 65 ex Challengeron diodon (DQ916410)
Associate 21 ex Hexacontium pachydermum (DQ916404)
Uncultured marine alveolate Gr.l DH148-EKD22 (AF290078)
96 Uncultured alveolate ATR-27 (AF530538)
Hematodinium sp. (2)
Assaciate 31 ex Hexacontium gigantheum (DQ916402)
Uncultured alveolate (DQ186525)
Unculwred alveolate AT4-21 (AF530532)
Uncultured marine alveolate Ge.IT DHI48-EKD14 (AF290079)
Unculwred marine alveolate Gr.Il DII47-EKD6 (AF290068)
Uncultured marine alveolate Gr.[l DHI147-EKD16 (AF290071)
Uncultured alveolate RA001219 (DQ186530)
100 —— Unculred alveolate RA010412 (DQ186533)
Amocbophrya sp. ex Alexandrium(2)/Ceratium(3)/Dinophysis(1)/Gymnodinium(2)/Karlodinium(1)/
Prorocentrum(2)/Scrippsiclla(1), A. sp. (1), Uncultured marine alveolate Gr.I (1)
Peridinium umbonatum (AF274271)
Dinophyceae sp. (AY251287)
Takayama cf. [\ul\.hdlum (AYR00130)
Gymnodinium sp. (AF274260)
Dinophysis rotundata (/ u«m\q“si
Prorocentrum panamensis (Y16233)
Uncultured marine dinoflagellate DH147-EKD21 (AF290050)
Adenoides eludens (AF274249)
Amphidinium semilunatum (AF274256)
Glenodiniopsis steinii (AF274257)
Pentapharsodinium (2)
Amphidinium longum (1), Lessardia (1), Roscoffia (1)
Associate 5 ex Androcyclas gamphonyca (DQ916409)
Associate 8 ex Ceratospyris hyperborea (DQ916399)
Dinophyceac sp. ex Thalassicolla nucleata (DQ116022
Dinophy p. ex Thalassicolla nucleata (DQ116021)
Gyrodinium fusiforme (1), G. spirale (1), G. rubrum (1), G. helveticum (1)
Lepidodinium viride (AF022199)
93 g3~ Gymnodinium sp. (3)
FE) =7 Heterocapsa (7), Cachonina (2), Uncultured alveolate (1)
—— Karlodinium micrum (1), Gymnedinium galatheanum (6), G. sp. (1), Gyrodinium galatheanum (1), G. sp. (1)

(\.
—— Karena brevis (3), Gy breve (2), G. (3), Gyrod aurcolum (2)

9% Ijgg~_Cochlodinium polykrikoides (4)
—[_Eg‘shmu sp.(2)
Scrippsiella nutricula (U52357)
100 Unidentified spumellarian symbionts (6)

Prozocentrum (13)
finium (2), Symbi

Marine alveolate
Group |

100

Marine alveolate
Group IT

s1

54

Polycystine parasites ?

70

Spumellarian symbionts

(7)., € ini
Uncultared dinoflagellate (15), I)lnuph\ cese sp. (2)
Peridinium wierzejskii (1), Peridinium aciculiferum (1), Scrippsiella hangoei (1)

Associate 62/66 ex Phorticium pylonium (D 16401) 2
Associate 23B ex Phorticium p_f;:mmm (DQ‘5? Spumcllanan S)’mbloms
Scrippsiclla sp. (5), Scrippsiclla sweeneyace (1), Pn:mhmun\ polonicum (1)
Thoracosphaera heimii (1), Stoeckeria algicida (1), Pfiesteria (12),
Dinophyceac sp. (7), Cryptoperidiniopsis sp. (1), S. trochoidea (3)

simplex (1), G. beii (5), Polarella glacialis (1)

MAGII — paraziti obrnének

Dolven et al. (2007): Protist
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- Realna diverzita
chrysomonad

« modre more

Clade G (28/10)

Clade | (40/-) - zelené sladka voda
« Jak definovat druh?

AYE3109G Spumela JEMOG
AY319818 LG48-

AJ235853 Paraphysomonas sp

AF 108323 Parsphysomonss imperionats

AFI08324 Paraphysomonas imperionata

AYBES005 Paraphysomonas sp.

238025 Paraphy somonas foraminiiera
Da31 SIF 1
52 AF174376 Paraphysomonas fomminifera

Clade F1 (22/8)

228335 Paraphrysomanas vesiita

ABO22864 Paraghysomonas foraminifera
AF 109325 Parsphy somonas vesila
L a@188083 Monas ap.

A1
AYGS1091 Spumelia JBNZ LD
030 Spumela JBC2S

Clade F2 (4/3)

L2454 Oikomonas mutablis
AYEB51071 Spumella JBAF3S
AY 50451 Dikomonas sp.

EF165101 Chromulina nebulosa
AF 123285 Chromuling nebuosa
AF123288 Chrysamoata pyrencidilens

AF 123287 Chrysamoeba mikrokonia

EF165102 Chryzamodba lenam

7 .2 Clade B2 (-/9)

AYE51093 Spumella JBCIT

AF123200 Cyclonesis annulbais

165148 Lagynion ampullaceumn

AF123288 Lagynion scherlelii

AF 12399 Chry asra parvula

EF165107 Chremophylon rosanedlii

EF165106 Chromopiyion rosanodlii

EF185121 Chrysosaccus sp. a

AF123300 Chrysosaccus sp. (_ ,..)
AF 4845 Chrysosaccus sp. Clade E ‘Ir"

EF 165120 Chryscsaccus sp.

MET332 Chromulina chionophila

AF123203 Qetvomonas liberculats
o A¥E51092 Spumslla JEM1E

— AYE5 1098 Spumella JEMOS

Clade H (28/9) del Campo & Massana (2011): Protist




Studium diverzity protist
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- OTU (operational taxonomic unit)
- nazaklade podobnosti SSU rDNA sekvenci
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Studium diverzity protist

- OTU (operational taxonomic unit)
- nazaklade podobnosti SSU rDNA sekvenci

- Je tato metoda vhodna pro definici druh?

A 1or

—o— HABITAT SIMILARITY
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0.8 |

EcoLogical SivILARITY

SSU SEQUENCE SIMILARITY

Schmidt et al. (2014): PLOS Coput. Biol.



Asterochloris

« jeden z nejrozSifenéjSich liSejnikovych symbiontu

N W = T A Ak N A s i i A e e RS et
Skaloud & Peksa (2010): Evolutionary inferences based on ITS rDNA and actin sequences reveal extensive
diversity of the common lichen alga Asterochloris (Trebouxiophyceae, Chlorophyta). Mol. Phyl. Evol. 54: 36-46.



Skryta diverzita v ramci rodu Asterochloris

Y 3av10

0.80/57/93 ]

8 3av1o

#8

1.00/87/89

-199/63

I

0.93/50/71

0.86/55/80~

#11

23av1d

#13 I A. italiana

.

A. phycobiontica

0.95/66/61

x Trebouxia glomerata (UTEX 895) e #1 | A. glomerata
from Cladonia arbuscula Peksa 789 @ #2 A. irregularis
............ Trobouxin orfci UTEXINO #4 _______lA.erci_____.
Chloroplastu : SRR T
|
from Leprana caesioalba Peksa 204 @
from Cladonia finbriata Peksa
from Stereacaulon sp. Nelsen 2181b
from Leprana nylanderiana Peksa 542 @ #10
0.97/81/70— from Leprana nigrocincta Nelsen L55
from Lepraria sp. Nelsen L59
from Lepraria fobificans Nelsen 153
from Stereocaulon paschale Talbot 101
from Leprana Peksa 551 #14
— from Leprania neglecta Bayerova 3600 @ #15
from Lepraria caesioalba Peksa 194 @
1.00/88/86]
from Diploschistes muscorum Peksa 182 e

from Diploschistes muscorum Pekse 498 ®
from Stereocaulon subcoralloides Talbot 167
from Lepraria neglecta Peksa 183 ®
from Leprana nigidula Peksa 236 @
- from Cladorua rei Peksa 787 @
from Stereocaulon saxatile Talbot KIS167
from Cladonia fofiacea Peksa 1008 @
from Leprana caesioalba Peksa 225 @
from Lepraria caesioalba Peksa 235 ®
from Leprania sp. Nelsen LE0
Trebouxia italiana (CCAP 519/5B) &
* L from Lepraria rigidula Peksa 186 &
from Leprania neglecta Bayerova 3606 @
from Lepraria caesioalba Peksa 2330 #16

« Asterochloris — pouze 15 % izolovanych fotobiontu pfifazeno
« mezi liniemi odhaleny jemné IR e
; from Stereocaulon botryosum Talbot 153
from Leprana neglecta Peksa 207 ® #6
— e e
from Lepraria lobificans Nelsen 154
0.01/87/83 from Cladonia fimbniata Peksa 815 @
Trebouxia magna (UTEX 67)
—— from Stereocaulon tomentosum Talbot 400
from Lepraria caesioalba Peksa 166 ®
Skaloud & Peksa (2010): Evolutionary inferences based on ITS rDNA and actin sequences reveal extensive

K jiZ popsanym druhim e
from Stereocaulon pileatum Peksa 999 ®
morfologické rozdily ve strukture
Trebouxia magna (UTEX 902)e #3 A, magna
from Pilophorus cf. cereolus Nelsen 2233f
from Lepraria caesioalba Peksa 231@
from Cladonia rei Peksa 921e #12
/E/’ Asterochloris phycobiontica (SAG 26.81)e
from Cladonia cf. bacillaris Nelsen 3950
diversity of the common lichen alga Asterochloris (Trebouxiophyceae, Chlorophyta). Mol. Phyl. Evol. 54: 36-46.




Asterochloris — definice druhu
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Asterochloris — definice druh

molekularni data
(ITS rDNA + actin)

100185197

0.97/82/61

0,961

0.98/80/68

1.00194/98

0.99"

10-

UTEX 895 - from Stereocaulon evolutoides
UTEX 1712 - from Cladonia squamosa
Peksa 498 - from Diploschistes muscorum A g/omerata
SAG 33.85 - from Stereocaulon evolutoides

Talbot 281 - from Stereocaulon vesuvianum

1.00198/74

Talbot 153 - from Stereocaulon botryosum
Backor 13 - from Cladonia mitis
Peksa 999 - from Stereocaulon pileatum
UTEX 2236 - from Stereocaulon sp.
Peksa 518 - from Lepraria sp.
UTEX 902 - from Pilophorus aciculare
T51501 - from Psora decipiens
PA3 - from Cladonia sp.
N 375 - from
UTEX 910 - from Cladonia cristatella
UTEX 911 - from Cladonia cristatella
Peksa 860 - from Lepraria alpina
/f——————— UTEX 1714 - from Stereocaulon dactylophyllum
Normore 4728 - from Cladonia pocillum
Peksa 207 - from Lepraria neglecta
Peksa 183 - from Lepraria neglecta
Peksa 173 - from Lepraria caesioalba
Peksa 204 - from Lepraria caesioalba
Peksa 870 - from Lepraria sp.

A. irregularis

A. magna

A. excentrica

A. leprarii

Peksa 873 - from Lepraria caesioalba

Peksa 886 - from Lepraria incana

Peksa 900 - from Lepraria rigidula

Peksa 236 - from Lepraria rigidula

Peksa 877 - from Lepraria rigidula

Peksa 796 - from Cladonia fimbriata

Peksa 787 - from Cladonia rei

Nelsen 2211a - from Lepraria sp.

A. gaertneri

1H20 - from Cladonia scabriuscula
Nelsen 2181b - from P
Nelsen 2233f - from Pilophorus cf. cereolus
Bayerova 3401 - from Lepraria borealis
Peksa 231 - from Lepraria caesioalba
Peksa 542 - from Lepraria nylanderiana
Peksa 1008 - from Cladonia foliacea
Bayerova 3402 - from Lepraria borealis .
MACB 95602 - from Cladonia foliacea A. woessiae
Talbot KIS 187 - from Stereocaulon saxatile
Nelsen 2166a - from Lepraria sp.
10009796 | Peksa 888 - from Lepraria crassissima
Nelsen 3637b - from Lepraria nigrocincta
— Peksa 225 - from Lepraria caesioalba

1.00/99/100

* Nelsen 3960 - from Lepraria lobificans

Nelsen 3966 - from Lepraria caesioalba
Nelsen 3965 - from Lepraria caesioalba
Nelsen 3974 - from Lepraria lobificans
Peksa 235 - from Lepraria caesioalba
Peksa 234 - from Lepraria caesioalba
Nelsen 2585 - from Lepraria sp.
Peksa 921 - from Cladonia rei
Peksa 815 - from Cladonia fimbriata
Talbot 101 - from Stereocaulon paschale
CCAP 219/5B - from “Xanthoria parietina*
Hammer 7212 - from Cladonia capitellata
UTEX 67 - from Cladonia sp.
Hammer 7090 - from Cladonia scabriuscula

A. friedlii

A. italiana

Peksa 551 - from Lepraria caesioalba
Peksa 185 - from Lepraria caesioalba

Peksa 186 - from Lepraria rigidula

Peksa 495 - from Diploschistes muscorum
Peksa 855 - from Lepraria rigidula
Talbot 400 - from Stereocaulon tomentosum
SAG 26.81 - from Anzina cameonivea
Bayerova 3600 - from Lepraria neglecta
Bayerova 3606 - from Lepraria neglecta
Peksa 858 - from Lepraria sp.

Nelsen 3950 - from Cladonia cf. bacillaris
Peksa 192 - from Lepraria alpina

Peka 866 - from Lepraria borealis

Peksa 194 - from Lepraria caesioalba
Peksa 233 - from Lepraria caesioalba
Peksa 166 - from Lepraria caesioalba
Peksa 182 - from Diploschistes muscorum
Peksa 196 - from Lepraria caesioalba

1005988
A. lobophora
= 1oar1e

@

®

A. erici ®

®

@

A. echinata e

®
A. phycobiontica

|:| Lepraria . Europe
(] cradonia [ Africa
|:| Diploschistes {195 1 . America
D Stereocaulon [] Asia

Q A. leprarii

: A. gaertneri

E A. woessiae
; A. friedlii

A. echinata

A. lobophora




Asterochloris — definice druhu

« ekologie...
— substratova specifita, nadmorska vyska, ombrotrofie

e OP546
b OPO61
Pagel's 3. 0 02 04 06 08 1 0.03 11 orese # A1
s —— - Lo
OP192
. o . Estimated probability of ombrophoby ﬂm‘[{- or2s f A2
Trait A Likelihood ratio P-value e
w— OP544
: — vazzeenz
Exposure to rain 0.946 1.53 <0.0001 — OP518
Altitude 0.045 1.01 <0.0001 ppE——————
s OP520
Substrate type 0.652 1.05 0.0011 @; #A3
OP186
583324
OP855
% ors2s #t A4
OP955
— DQ229887
e DQ229884
= . : SB3401
- Woad-bark oo fS®  #As

= . .
?’l Granite-gneiss

Amlﬂ

EU008667
_L':— DQ229886
0OP888
0.99 EU008681 # A6

= OP225

EU008669
EU008682
EU008668
0OP938

= EU008663

EU008B676

[EU008675 # AT
» OP234

DO229877
EU008661

EU008658

= EU008664
EU008678

- EU00BG83

0.00 g= oP183
OP173 # A8
— AMO05993

0.09 gu OP529 # A9

w— OPB60
OPB86

1.00 OP904
0P236 #A10

OP900

OPB89
0.01 OP868
oP8T2 # A1
OPB73
OP870

0.12 s AF345382
—— AF345404 # A1 2
—_ e DQ229885
1.0 1.0 — AF345411 #A13 |_|0.1

0.11
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Asterochloris — definice druhu

« morfologie...
— General Discriminant Analysis (tvar bunék, velikost bunék, tvar chloroplastu, pocet spor)

O taxon

O I7|en:hinata

* erici

O

excentrica
friedlii
gaertneri
glomerata

'0s iregularis
L
O italiana

leprarii

Root.2
|:I.

lobophora
O
8 magna

phycobiontica

‘. woessiae

&
“

-Ro of



« biogeografie...

f ’ 4 A : A .

A. irreqularis s b 4

€- . = | BTy
. o = N

-
- '2"\\ v . A. mediterranea
N, _ -
X
.!/f -~

s B - ¥ v

o - - v z

: t A. friedlii :



Asterochloris — definice druhu

« preference k mykobiontim

geography
3%

substrate 206 v

1%

29 6% 5%
0

3%

13%

Residuals: 55.8%




Asterochloris — definice druhu
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SSU rDNA

Asterochloris — definice druhu

molekularni data

Asterochloris echinata Peksa 186 (XXx)
Asterochloris erici UTEX 911 (Xx) *
Asterochloris erici UTEX 911 (AB080310)
Asterochloris excentrica UTEX 1714 (XX)
Asterochloris friedlii Peksa 235 (xX)
Asterochloris gaertneri Peksa 236 (XX) +
Asterochloris glomerata Peksa 498 (xX)
Asterochloris irregularis Peksa 999 (xX) *
Asterochloris italiana CCAP 219/5B (xX)
Asterochloris leprarii Peksa 183 (XX) *
Asterochloris lobophora Peksa 192 (XX)
Asterochloris magna UTEX 902 (xX)
Asterochloris phycobiontica SAG 26.81 (xX) *
Asterochloris woessiae Bayerova 3401 (xx) *
* Asterochloris sp. (JN573891)
Asterochloris sp. (JN573863)
Asterochloris phycobiontica SAG 26.81 (GU017647) §
Asterochloris magna UTEX 902 (z21552)
environmental clone Amb 18S 1244 (EF023800)
environmental clone Amb 18S 402 (EF023120)
environmental clone Amb 18S 672 (EF023347)
environmental clone Amb 18S 1126 (EF023527)
environmental clone Amb 18S 1224 (EF023783)
+* ¢ Myrmecia biatorellae UTEX 907 (z28971)
Myrmecia sp. SH2018 (JN573893)
Myrmecia astigmatica |B T76 (z47208)
Myrmecia sp. BCP-MX216-VF7 (JN785135)
Myrmecia sp. OB14 (JN573892)
1 00/85/80f~ Myrmecia israeliensis (M62995)
Myrmecia sp. H1VF1 (AF513369)
Trebouxia impressa UTEX 892 (221551)
Trebouxia usneae UBT-87.019A1 (z68702)
Trebouxia jamesii UBT-86.132E2 (z68700)
uncultured Trebouxia sp. BPE026 (AY250848)
-164/93| Trebouxia asymmetrica SAG 48.88 (221553)
Trebouxia aggregata SAG 219-1d (EU123942)
0.96/86/88L Trebouxia arboricola SAG 219-1a (268705)

* Botry sp. Tow 9/21 P-16w (AY197640)
ﬁ Elliptochloris bilobata SAG 245.80 (AM422984)

0.96/66/96

1.00/94/100

rbcL

1.0071/91

1.00/89/100

1.00/94/97

1.00/97/100
*

1.00/98/100 *

Asterochloris irregularis Peksa 999 (xX)
Asterochloris sp. Armaleo s.n, (JN573844)
1.00/88/99} Asterochloris glomerata 1B 355 (AJ969634)
Asterochloris glomerata |B 349 (AJ969633)
Asterochloris cf. glomerata SAG 33.85 (JF502541)
Asterochloris excentrica |B 345 (AJ959629)
Asterochloris echinata Peksa 186 (XX)
- Asterochloris gaertneri Peksa 236 (XX)
r Asterochloris leprarii Peksa 183 (XX)
Asterochloris italiana 1B 358 (AJ969632)
Asterochloris phycobiontica SAG 26.81 (xX)
Asterochloris erici |B 342 (AJ969631)
Asterochloris magna |B 354 (AJ969620)
— Asterochloris friedlii Peksa 235 (xX)
Asterochloris sp. Llsn (JN573807)
0.99/71/74E

Asterochloris woessiae Bayerova 3401 (xX)
Asterochloris sp. CG572 (JN573806)
Trebouxia anticipata 1B 340 (AJ969638)
Trebouxia gelatinosa |B 347 (AJ969641)
Trebouxia flava |B 346 (AJ969637)
Trebouxia potteri 1B 332 (AJ969635)
1.00/01/06p Trebouxia angustilobata SAG 2204 (JF502557)
Trebouxia australis SAG 2205 (JF502558)
Trebouxia simplex SAG 2207 (JF502559)
Trebouxia jamesii |B 336 (AJ969663)
Trebouxia showmanii |B 337 (AJ969661)

1.00/85/100F Trebouxia decolorans |B 327 (AJ969657)

Trebouxia arboricola SAG 219-1a (AM158960)
Trebouxia aggregata SAG 219-1d (EU123967)
Myrmecia biatorellae SAG 8.82 (AF499685)
Myrmecia sp. SH2018 (IN573809)
Myrmecia sp. CG579 (MN573808)
Myrmecia israelensis UTEX 1181 (EF113453)
Myrmecia sp. CG62 (JN573810)
Myrmecia sp. OB14.461 (JN573811)
Myrmecia sp. OB4791 (UN573812)

Trebouxia crenulata |B 359 (AJ969639)
1 .00/84/9(['

Elliptochloris bilobata SAG 245.80 (FJ217379)

Botryococcus sp. Tow 9/21 P-16w (JN3989235)



Definice druhu

Separatni, dobfe definované druhy mohou mit shodnou SSU rDNA
sekvenci!

Celkové mnozstvi druht muze byt mnohonasobné vyssi, nez jsou nase
aktualni odhady

Automatické odliSeni druht na zakladé podobnosti v SSU rDNA je
nepouzitelné pro hodnoceni rozSifeni, diverzity a ekologické role protist

A. Catalogued species B. Environmental OTUs
(Ntot= 2 million) (1430 185 V4 rDNA 97%)

] Metazoa P Stramenopila | | Amoebozoa
- Fungi Alveolata - Excavata
I Streptophyta . Archaeplastida [} Hacrobia’

= Rhizaria Opisthokonta
PROTISTS




Definice druhu

« Dobra definice druht musi
byt zalozena i na studiu
morfologie / ekologie /
fyziologie / distribuce...

Table 1 Humber of tintinnid cells, clone sequences and
pyroreads retained for comparison from the VilleFr-43 and loni-7
aamples

Tintinnidiidas

Eutintinnidas

Cyttarocylidas

Kystonallidas

VilleFr-43 loni-7
Calla 465 2048
Clone sequences 200 200
185 rDMA pyroreads 10504 B734
ITS p}Tm'ﬁal]_q 10504 BT 34

Codonellopsidas

Abbreviations: ITS, internal transcribad spacer; tDNA, ribosomal
DNA.

Codonallidag

Incartae sadis 1

Bachy et al. 2013, ISME Journal (tintinnids)
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W Calls m 1385 rDNA clones @ 185 ONA pyroreads  BITS pyroreads






