Generating the diversity

Uncovering the speciation mechanisms

In eukaryotic microorganisms
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General outline
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* How to delimit the microalgal species?

« What are the general causes of microalgal speciation?

 What | do when | cannot asleep...



How to delimit the microalgal species?
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Morphological species concept

The traditional tool in describing the diversity
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Morphological species concept

Still applied in some algal groups (e.g., diatoms)

HE
x
D
S|

/AT
NG 7777

Van de Vijver et al. (2013): Fottea 13: 1-14



Morphological species concept

- Poor knowledge of the phenotypic plasticity
- Micractinium

Luo et al. (2006): Protist 157: 315-333



Morphological species concept

Dictyosphaerium
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Morphological species concept

- Convergent morphological evolution = 9 cryptic genera

0.99/100/011 Mucidosphaerium sphagnale CCAP 222/9 * Chlorella Heyn Igla Hindakia
A 1.00/87/97| L Mucidosphaenum sphagnale SAG 70.80
0.99/53/- Mucidosphaenum palustre CCALA 332

0.96/76/73 Mucidosphaerium planctonicum ACO] 1719
Mucidosphaerium pulchellum UTEX 731
Mucidosphaenum pulchellum ACOI 755 #
Marasphaerium gattermannii CCAP 222/24
Compactochlorella kochii CCAP 222/61 ;
Compactochlorella dohrmanii CCAP 222/5
0.90108/87~ Parachlorella beijerinckii SAG 2046
Parachlorella hussii ACOI 473
Parachlorella kessleni SAG 211-11g
Dictyosphaerium libertatis CCAP 222/92 * *
Dictyosphaerium ehrenbergianum CCAP 222(23
Dictyosphaenum ehrenbergianum UTEX 75
0.99/88/85L Dictyosphaerium ehrenbergianum CCAP 222/20
T~ r Planktochlorella nurekis CCAP 222/25
1.00/100/100 ~ | Planktochlorella nurekis CAUP
1.00/59/97 Dictyosphaerium lacustre CCAP 222/85 *
L Dictyosphaenum lacustre CCAP 222/62
Dictyosphaerium morphotype CCAP 222/43*
1.00/96/100 Closteriopsis acicularis SAG 11.86
1.00/100/100 C/osreﬁopsiicicularis EN 2003/36

1.00/100/100 ~_| |

1.00/94/97 —_ |

~

1 00/100/100\

-195/63

™t~ [ Masaia oloidia CCAP 211/85
Masaia oloidia CCAP 222/32

Kalenjinia gelatinosa CCAP 222/8
Dicloster acuatus SAG 41.98
Marinichlorella kaistiae KAS005
1 00/100/98[—— Marinichlorella kaistiae KAS007
Hegewaldia parwula UTEX 929
Didymogenes palatina SAG 30.92

Compactochlorella  Kalenjinia Masaia

1:00/100¢100 Chlorella wigaris SAG 211-11b

Heynigia nparia CCAP 222/47
r‘j Micractinium belenophorum SAG 42.98
A

0.99/61/85 ) =
ctinastrum hantzschii SAG 2015

Skaloud et al. (2014): Fottea 14: 53-62




Biological species concept

Applied for sexually reproducing organisms only

Poulickova (2008): Preslia 80: 87-99



Biological species concept

- Laboratory vs nature
> mating of allopatric populations
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Figure 5. Boxplots of the average percentage of
cells involved in sexual reproduction in crosses with
Eunatia bilunans strains of the same (‘slender” and
‘robust’) and different groups (‘hybrid’). A logle+1)
scale was used because of the large differences
between the different categories. For crosses within
the group ‘slender’ three different combinations of
strains (four different strains) were used, within
‘robust” five combinations (seven strains) and
between slender and robust ten (four “slender” and
six ‘robust’ strains).

Vanormelingen et al. (2008): Protist 159: 73-90



Phylogenetic species concept

Based on a tree topology

speciation

speciation




Phylogenetic species concept
-  Where are the species barriers?  rig.s
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Phylogenetic species concept
-  Where are the species barriers?  rig.s
i 50 4 &
bootstrap support vilues: :'L 210 ..":
nelghlsour  maximum é 10 4 =
joining likelihood = 5. :
L0} : | fF
® > 0% L
Q> 0% time i
() (@O ﬁ ‘ o
® P

DNA species delimitation
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DNA species delimitation

- DNA barcoding

intraspecific/ interspecific/
O coalescent o speciation

barcoding

1rgapu
-

genetic distance

Meyer & Paulay (2005): PLoS Biol. 3: e422
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DNA species delimitation

- Uneven mutation rates
> tropical vs temperate zone
> Islands vs continents
> free-living vs symbionts
> ...
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Wright et al. (2009): Evolution 63: 2275-2287



DNA species delimitation

- Uneven mutation rates

Asterochloris echinata Peksa 186 (KP318827)
a 'E‘ Asterochloris erici UTEX 911 (kP318632) -
Asterochloris erici UTEX 911 (AB080310)

Asterochloris excentrica UTEX 1714 (KP318693)

Asterochloris friedlii Peksa 235 (KP318688)

Asterochloris gaertneri Peksa 236 (KP318634) §

Asterochloris glomerata Peksa 498 (KP318639)

Asterochloris irregularis Peksa 999 (KP318690) *

Asterochloris italiana CCAP 219/5B (KP318654)

Asterochloris leprarii Peksa 183 (KP318683) *

Asterochloris lobophora Peksa 192 (KP318688)

Asterochloris magna UTEX 902 (KP318691)

ﬂ;ﬂstemchloris phycobiontica SAG 26.81 (kP318695) <4
Asterochloris woessiae Bayerova 3401 (KP318685) *

Asterochloris sp. (JNS73891)

* Asterochloris sp. (JNS73863)

- Asterochloris magna UTEX 902 (221552)

environmental clone Amb 18S 1244 (EF023800)

environmental clone Amb 18S 402 (EF023120)

0.96/66/95 | environmental clone Amb 18S 672 (EF023347)
environmeantal clone Amb 18S 1126 (EF023527)
environmental clone Amb 18S 1224 (EF023783)

% r Myrmecia biatorellae UTEX 907 (z28971)

Myrmecia sp. SH2018 {JN573833)

1.00/24r100]  Myrmecia astigmatica IB T76 (247208)

Myrmecia sp. BCP-MX216-VF7 (JN785135)

Myrmecia sp. OB14 (JN573832)

1.0085/8a - Myrmecia israeliensis (M&2935)
Myrmecia sp. HIVF1 (AF513368)

Skaloud et al. (2015): J. Phycol. 51: 507-527



DNA species delimitation

- CBC species concept

111

ITS
rRNA transcript
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Coleman (2007): Nucleic Acids Res. 2007: 1-8



DNA species delimitation
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- ITS-2 barcoding concept
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Positions 000000000000000 00000 Q0000000000 0000000000000000000000000000000000000000000000000
in 000000000111111 11112 22223333333 4455555555556666666666 777777777 78E8BE8888899993939
alignment 123456789012345 67890 67890123456 BO901234567890123456789012345678901234567890123456
11111313113131313131311 Q0CO0 Q0000000000 111131213333311311133131131333333331313133333311111000
655555555554444 22222 44444444333 4444443333333333222222222211111111110000000000999
0%8765432109876 54321 76543210987 54321098765432109876543210987654321098765432109487
Barcode position 000000000111111 11112 22222222233 33333333444444444455555555556666666666T77777777778
123456789012345 67890 12345678901 234567B90123456789012345678B9012345678901234567850
M. monadina Barcode A: 234421342453326 64142 65344374441 38BBBA338BB13438B33B448B43B3344541142434214341348
(BRE 55.72) s i sssekeass seaEa skisesaseEa e e ke R SR R T R R R SRR R R R R AR B
M. basinucleata Barcode B: 237421342453326 64142 65342374441 323135338251143-!13393-IEB4434344541142434384341345
(SAG 67.72) L e e e LR ®k L. .. L
M. braunii Barcode C: 234121342453325 64112 65342374441 3251313335113435431344EE-‘333344541154311314311345
* * *

(SAG 50.88)
Demchenko et al. (2012):

Eur. J. Phycol. 47: 264-290




DNA species delimitation

« Coalescence-based species concepts
° GMYC, BP&P, bPTP, _____ interspecific .intraspecific
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 Coccomyxa

DNA species delimitation

Darienko et al. (2015): Plos ONE 10: e0127838

D T

C. subellipsoidea (NIES 2166) GENOME —
C. sp. (NIES 2353)
Psendococcomyxa simplex (CCAP 812/3)

C. sp. (NIES 2252)
Choricysiis sp. (CAUP H5105)
C. sp. (Wien C20)

C. subellipsoidea

ITS2/CBC ABGD K/8 GMYC [ST/MT) PTP [ML/MB)

® 00 00 OO

C. pringsheimii (SAG 216-T) *
C. pringsheimii (SAG 69.80)
C. subellipsoidea (SAG 216-13) *

S

C. elongata (SAG 216-3b) *

Choricystis chedatii (CAUP H5101)

.®-‘ Choricystis sp. (CAUP H5107)
C. peltigerae (SAG 216-5)

C. solorina-croceae (SAG 216-11a) *

C. polymorpha

ITSZ/CEC ABGD K/8 GMYC [ST/MT) PTP (ML/MB)

® OO0 00 00

C. solorina-croceqe (SAG 216-11b)
C. subellipsoidea (CCAP 216/15) S

C. solorina-bisporae (SAG 216-10) *
C. selorina-saccatae (SAG 216-12) *
C. peltigera-variolosae (SAG 216-6) *

® 0000 OO

C. chodafii (SAG 216-2) *
@ || C. rayssige (SAG 216-8) *
C. simplex (SAG 216-9a) *

C. elongata (SAG 216-3¢c)

i C. sp. (CCAP 216/24)

C. vinatzeri
ITSZ/CBC ABGD KM GMYC [ST/MT) PTP (ML/MB)

® OO0 00 00

Pseudococcomyxa simplex (CCAP 812/2A)
Pseudococcomyxa simplex (CCAP 812/2B)

C. confluens (ASIB V16)

C. sp. (CCAP 211/97)

Pseudococcomyxa simplex (CCAP 812/5) C ga luniae

Psendococcomyxa closterioides (SAG 2253)

ITSZ/CBC ABGD K/8 GMYC [ST/MT) PTP (ML/MB)

[ ] / /

Pseudococcomyxa closterioides (SAG 2254)

C. arvernensis (SAG 216-1) *
C. arvernensis (Wien C19)
C. mucigena (SAG 216-4) *

[C. sp. (SAG 49.84) § ——

S|

2

—— 0.01 substitutions/site

C. viridis (SAG 216-14) *
C. sp. (SAG 2104)
C. sp. (SAG 2040)

C. dispar

ITSZCBC ABGD K8 GMYC [ST/MT) PTP (ML/MB)

® 00 00 00

C. viridis

ITS2/CBC ABGD K/@ GMYC [ST/MT) PTP (ML/MB)

® 80 /0O OO

C. sp. (SAG 2127)
C. sp. (SAG 2325)
Choricystis sp. (CAUP H5103)




 Coccomyxa

original dataset:
» 43 sequences
new dataset

» 61 sequences

DNA species delimitation

Coccomyxa subellipsoidea CCAP 216/15
Coccomyxa solorinae var. croceae SAG 216-11a
Coccomyxa solorinae var. croceae SAG 216-11b
Coccomyxa peltigerae SAG 216-5
Coccomyxa solorinae var. saccatae SAG 216-12
Coccomyxa solorinae var. bisporae SAG 216-10
Coccomyxa peltigerae var. variolosae SAG 216 6
“Paradoxia multiseta” UTEX LB 2460
“Choricystis sp.“ CAUP H 5107
Coccomyxa elongata SAG 216-3b
Coccomyxa rayssiae SAG 216-8
Coccomyxa simplex SAG 216-9a
Coccomyxa simplex CAUP H 102
Coccomyxa elongata SAG 216-3c
Coccomyxa sp. IB-GF-3
Coccomyxa chodatii SAG 216-2
“Chlorella saccharophila“ CCAP 211/60
Coccomyxa sp. SCCA048
-158/78, Coccomyxa simplex CCAP 812/2A
Coccomyxa simplex CCAP 812/2B
Coccomyxa sp. CCAP 216/24
Coccomyxa sp. GA5a
Coccomyxa simplex CCAP 812/3
Coccomyxa subellipsoidea NIES 2166
Coccomyxa sp. NIES 2353
Coccomyxa sp. IB-GF-12
Coccomyxa dispar NIES 2252
“Choricystis sp.“ CAUP H 5105
Coccomyxa sp. Wien C20
Coccomyxa subellipsoidea SAG 216-13
Coccomyxa pringsheimii SAG 69.80
Coccomyxa sp. KN-2011-C13
Coccomyxa sp. KN-2011-C14
Coccomyxa sp. KN-2011-U2

Coccomyxa onubensis ACCV1
[_Coccomyxa sp. KN-2011-T3
— [Coccomyxa polymorpha CAUP H 5101
Coccomyxa sp. KN-2011-T2

0.92/60/74

0.96/57/-

0.99/60/97

0.97/66/-

0.98/57/94

0.97/-/79 *

Coccomyxa actinabiotis CCAP 216-25
Coccomyxa sp. KN-2011-T4
Coccomyxa vinatzerii ASIB V16 (=SAG 2465)

1.00/89/- | * [

-/-1100

Coccomyxa simplex CAUP H 103

Coccomyxa sp. SAG 2253

Coccomyxa sp. SAG 2254

Coccomyxa galuniae CCAP 211/97

Coccomyxa sp. CCAP 812/5

Coccomyxa dispar SAG 49.84
* Coccomyxa sp. KN-2011-C4

pre—] “Monodus sp.“ UTEX B SNO83

Coccomyxa arvernensis SAG 216-1

0.99/-/- *

Coccomyxa sp. Wien C19

Coccomyxa mucigena SAG 216-4

1 g(]qgcﬁqan(}lxa viridis SAG 216-14

Coccomyxa sp. SAG 2104

“Monodus sp.“ CR24

Coccomyxa sp. SAG 2127

Coccomyxa sp. SAG 2325

“Choricystis sp.“ CAUP H 5103

Coccomyxa sp. SAG 2040

r Elliptochloris bilobata SAG 245.80

0.99/78/98

0.94/61/95

1.00/97/100

L Hemichloris antarctica SAG 62.90

C. solorinae

C. elongata

C. simplex

C. melkonianii sp. nov.

clade 14

clade 23

C. subellipsoidea

C. “onubensis*“

C. polymorpha
C. “actinabiotis“
C. vinatzerii

C. galuniae

C. dispar

C. avernensis

C. viridis

clade 5

G10Z ‘| 18 oyuaLeQ nsuas

G10Z '[e 1@ oyusueQ nsuss

GL0Z ‘[e 1@ oyusLeQ nsuss

xajdwis 9
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s
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Q
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 Coccomyxa

original GMYC.:

» 9 species

new GMYC

» 24 species

DNA species delimitation

C. simplex

C. subellipsoidea

Coccomyxa subellipsoidea CCAP 216/15
Coccomyxa solorinae var. croceae SAG 216-11b
Coccomyxa solorinae var. croceae SAG 216-11a
Coccomyxa peltigerae SAG 216-5
Coccomyxa solorinae var. saccatae SAG 216-12
Coccomyxa solorinae var. bisporae SAG 216-10
Coccomyxa peltigerae var. variolosae SAG 216 6
“Paradoxia multiseta“ UTEX LB 2460

‘Ij[ “Choricystis sp.“ CAUP H 5107
Coccomyxa elongata SAG 216-3b
Coccomyxa rayssiae SAG 216-8
Coccomyxa simplex SAG 216-9a
Coccomyxa simplex CAUP H 102
Coccomyxa efongata SAG 216-3c
Coccomyxa sp. I1B-GF-3
Coccomyxa chodatii SAG 216-2

—— “Chlorella saccharophila® CCAP 211/60

Coccomyxa sp. SCCA048
Coccomyxa simplex CCAP 812/2A
r[ Coccomyxa sp. CCAP 216/24

Coccomyxa simplex CCAP 812/2B
Coccomyxa sp. GA5a

Coccomyxa simplex CCAP 812/3
Coccomyxa subellipsoidea NIES 2166
Coccomyxa sp. NIES 2353

C. polymorpha

C. vinatzerii

10 20 50

5
\

=1

Coccomyxa sp. IB-GF-12
l— Coccomyxa dispar NIES 2252
L “Choricystis sp.“ CAUP H 5105
Coccomyxa sp. Wien C20
Coccomyxa subellipsoidea SAG 216-13
Coccomyxa sp. KN-2011-U2
Coccomyxa pringsheimii SAG 69.80
Coccomyxa sp. KN-2011-C14
Coccomyxa sp. KN-2011-C13
—— Coccomyxa onubensis ACCV1
+—— Coccomyxa sp. KN-2011-T3
Coccomyxa polymorpha CAUP H 5101
—_[ Coccomyxa sp. KN-2011-T2
Coccomyxa actinabiotis CCAP 216-25
_[ Coccomyxa sp. KN-2011-T4

C. galupiae

Coccomyxa vinatzerii ASIB V16 (=SAG 2465)
Coccomyxa simplex CAUP H 103

Coccomyxa sp. CCAP 812/5
Coccomyxa sp. SAG 2253

Coccomyxa sp. SAG 2254
Coccomyxa galuniae CCAP 211/97

C. dispfr

C. viridis

-0.008

| T
-0.006  -0.004

Time

-0.002

0.000

)

0.002

Coccomyxa dispar SAG 49.84
—— Coccomyxa sp. KN-2011-C4

—— “Monodus sp.“ UTEX B SNO83

I Coccomyxa arvernensis SAG 216-1

L Coccomyxa sp. Wien C19
—— “Monodus sp.“ CR2-4
Coccomyxa mucigena SAG 216-4

_|l[ Coccomyxa viridis SAG 216-14
Coccomyxa sp. SAG 2104
Coccomyxa sp. SAG 2127
Coccomyxa sp. SAG 2325
“Choricystis sp.“ CAUP H 5103

Coccomyxa sp. SAG 2040

C. solorinae

C. elongata

C. simplex

C. melkonianii

C. subellipsoidea

C. “onubensis*“

C. polymorpha

C. “actinabiotis*“
C. vinatzerii

C. galuniae

C. dispar

C. avernensis

C. viridis




How to delimit the microalgal species?
—

. N

 No one species concept is universally applicable

* Polyphasic approach?

« Better understanding of speciation mechanisms?



What are the general causes of microalgal speciation?

1. Allopatric / sympatric speciation models
2. Speciation mechanisms in microalgae
3. Testing the significance of different speciation models in a microalgal model




Models of speciation

Barriers to gene flow

4 \




Models of speciation

Allopatric speciation = geographical barrier to gene flow
Ernst Mayr (1946): “differentiation of populations must be

preceded by geographical or other means of physical
isolations”

‘ Filgah =
G 6 Norh o

o " o i
Pacific Ocean %,”;x 2 _ '})rl.(f'sth
dw TR ‘e .
‘vbgyis‘;_@j_ﬁw Caribbean ( ysaamus
S Sea virginicus)
Isthmus of Panama N
arose 3.5 million
years ago.

T R

Panamic porkfish
(Anisotremus taeniatus)

Knowlton et al. (1993). Science 260: 1629-1632



Models of speciation

« Sympatric ecological speciation = barrier to gene flow as a result of
ecologically-based divergent selection

« Ecological factors of speciation:
O

©)
©)
©)
©)
©)

Habitat isolation (salinity levels, substrate types, host species ...)
Temporal isolation (flowering times)

Sexual isolation (selection for body size)

Gametic isolation (gamete recognition mechanisms)

Postzygotic isolation (hybrid low fitness / lethality)

Cytological isolation (polyploidisation)

Unreduced gamete with
6 chromosomes
Karyotype of Zygote
parent species {autopolyploid)

!fﬂﬁ' Offspring with
RNl AN

error ferllllzatlon karyotypes may
be viable and

33 \ / % ¢ self-fertile
2n=6 ‘gﬂ%&:}‘\ 4an=12

Tetraploid

Unreduced gamete with
6 chromosomes

Copyright @ Pearson Educalion, , Inc., publishing as Benjamin Cummings.



Models of speciation

« Parallel speciation of three-spined stickleback in Canadian lakes
o Limnetic species = open-water, larger form
o Benthic species = bottom/feeding, smaller form

B Benthic
B Limnetic

Priest Lake
Benthic

Ancestor

i -
Limneti

Paxton Lake
Benthic

Limnetic

Cranby Lake

Single Species

Rundle et al. (2000). Science 287: 306-308



Speciation in microalgae

Only a very small fraction of papers focusing on speciation is dealing with
eukaryotic microorganisms.
Thought microalgae are extremely numerous and essential in global

ecosystem functioning, our knowledge of their speciation is vastly limited.

PAPERS PUBLISHED

2000

1800

1600

1400

1200

1000

300

600

400

200

protists

= = =~ =~

Web of Science litera-
ture search for papers
of the topic “speciation”
for the years 1993-
2014, refined to sub-
ject areas “evolutionary
biology,” “ecology,” or
“‘genetics and heredity.”
Papers refined to topic
“‘algae”,  “protist” or
‘protozoa” are given in
orange.



Specificity of protist organisms

« Short generation time
« Enormous population sizes
« Unlimited dispersal & gene flow

Unlike the macroorganisms:

« Ubiquitous distribution

« Absence of population differentiation
« Barriers to gene flow extremely rare
« Very low speciation rate

How do the microalgae speciate?

Finlay & Fenchel (1999). Protist 150: 229-233



Genetic structure of microalgal populations

« Scrippsiella hangoei
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« Sellaphora capitata
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Mechanisms of microalgal speciation

Genetic differentiation of microalgal species into distinct populations

Mechanisms of gene flow restriction?




Mechanisms of microalgal speciation

1. Geographic isolation Evans et al. (2009). Protist 160: 386—-396
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Mechanisms of microalgal speciation

% surviving specics
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Mechanisms of microalgal speciation

1. Geographic isolation

* Synura hibernica — restricted to western Ireland

p
."
N
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©2
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Skaloud, Skaloudova, Prochazkova & Némcova (2014). Eur. J. Phycol. 49: 213-229



2.

Mechanisms of microalgal speciation

Ecological isolation

Recent marine-freshwater
transition of a dinoflagellate
accompanied with a significant
morphological differentiation
Identical ITS and SSU rDNA
Probably a rapid postglacial
disruptive ecological selection
(~ 10,000 years BP)

Logares et al. (2007). Microb. Ecol. 53: 549-561

Scrippsiella hangoel - brackish




Mechanisms of microalgal speciation




Mechanisms of microalgal speciation
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Mechanisms of microalgal speciation

4. Polyploidisation
« Micrasterias = DNA content 2.1-39.2 pg = 17-250 chromosomes

59 Micrasterias truncata HS2 ’ t
v Micrasterias truncata SVCK 51
— @14 Micrasterias truncata SVCK 412 SVCK 287
@ Micrasterias semiradiata CAUP K606
@ Micrasterias decemdentata ASW 07023 ~ 159 C h ro-
Micrasterias laticeps SVCK 430
Micrasgas zeylanica SVCK 291 MOSOMEeS
@9 Micrasterias ‘pusilla’ NIES 783
Micrasterias furcata CAUP K609 .
@ Micrasterias pinnatifida SVCK 411
@ Micrasterias dickiei ASW 07056
82 Micrasterias ceratofera SAG 21.97
A @ Micrasterias crux-melitensis SVCK 128
Micrasterias radians var. bogoriensis SVCK 389
1.1 @ Micrasterias radians var. evoluta SVCK 519
Micrasterias rotata C8 SVCK 26
(69 Micrasterias rotata SVCK 287
102 c 4 Micrasterias rotata CAUP KGM& ~ 226 Cc h ro-
Micrasterias rotata SVCK 212
Micrasterias rotata SVCK 1 mosomes
Micrasterias rotata SVCK 26 *
D Micrasterias jenneri SVCK 298
97 o 19.3 . Triploceras gracile SVCK 366
@ Triploceras gracile SAG 24.82
- :@ Mlcrastenqs swainei SVCK 138 1C DNA content (pg)
G) @ Micrasterias tetraptera SVCK 195
- rz Micrasterias conferta SVCK 110 1. 7;4 1%'8 20,'2 266 33
‘ Micrasterias radiosa SVCK 303 [ -
' @ Micrasterias novae-terrae SAG 158.80
Micrasterias papillifera CAUP K603 CAU P K6O4
Micrasterias hardyi SVCK 249 ~ 250 ¢ h ro-
H) Micrasterias americana SVCK 290
Micrasterias mahabuleshwarensis SVCK 324 mosomes
@) Micrasterias muricata SAG 157.80

Poulickova, Mazalova, Vasut, Sarhanova, Neustupa & Skaloud (2014). Plos ONE 9: 86247



Mechanisms of microalgal speciation
5. Gametic incompatibility

[V]L]llgd!““- interaction between + and — agglutinins
adhesion
v
; tyrosine kinase contained
. * \}l{lm]
« Chlamydomonas, Pandorina ,
sle ad se

Coleman (2001). J. Phycol. 37: 836-851 \ ; |

6. Host specificity

[
release of cell walls 2 activation of agglutinins

Symbiodinium A

LaJeunesse & Thornhill (2011). Plos ONE C31/C31c
6: €29013 hS

h4

CZ26a

7. Monopolization

 Chlamydomonas, Ochromonas,
Oxytricha 4 C26a

n=14

Weisse et al. (2011). Ecosphere 2: 134

C31 n=12 5 changes




Testing speciation models
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Testing speciation models

Speciation by geographic isolation — over time, the amount of overlap
between the geographic ranges of species can only increase from zero.
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Testing speciation models

Speciation by geographic isolation — over time, the amount of overlap
between the geographic ranges of species can only increase from zero.
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Testing speciation models

« Speciation by ecological isolation - niche differentiation, habitat similarity

niche overlap

habitat similarity

genetic distances



Testing speciation models

« Asterochloris (Trebouxiophyceae, Chlorophyta)
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Skaloud & Peksa (2010). Mol. Phyl. Evol. 54: 36-46



Testing speciation models

« Asterochloris (Trebouxiophyceae, Chlorophyta)
o A robust species concept = species characterized genetically,
morphologically, ecologically, and with respect to their mycobiont

partners.
0 . A echinafs
g <7 O A enw
® >
O A excentnca
@ A feadv
o 8 '
A gaartner!
. L)
@ A glomerals
e ’ (DO ‘ A vregularis
;o @ . A. dahans
0 Q . A, Japrary
‘ (‘) . A. lobophora
J :
o / (9] . A. magna
© . A, phycobiontics
@ A woaessee

Skaloud, Steinova, Ridka, Vanéurova & Peksa (2015). Journal of Phycology 51: 507-527



Testing speciation models

« Asterochloris (Trebouxiophyceae, Chlorophyta) as a model genus
o A robust species concept
o A well known overall diversity
o Worldwide sampling
O
O

“Visible” in the nature as a lichen inhabitant

Lichens serve us as very effective algal containers




Testing speciation models - Asterochloris
« Which are the main factors structuring the extant diversity?

o Variation partitioning analysis (relative contribution of geography,
climate, substrate, and mycobiont to the algal distribution)

 What are the predominant speciation mechanisms?

o Phylogenetic comparative
methods (overlaps in geogra-
phic distributions, niche
models, substrate and
mycobiont similarity)




Testing speciation models




Testing speciation models - Asterochloris

geography

3%

substrate
1%

mycobiont Residuals: 55.8%




Testing speciation models - Asterochloris

What are the predominant speciation mechanisms?
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Testing speciation models - Asterochloris

 What are the predominant speciation mechanisms?
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What are the general causes of speciation?

Analysis of extant data only, without applying the phylogenetic comparative
methods, can be misleading in estimating the speciation mechanisms

In Asterochloris, species are generating by ecological speciation via
divergent habitat selection. Their distribution is, however, shaped to a large
extent by mycobionts

Ecological speciation (microallopatry) can have a major role in microalgal
species diversification, especially in groups exhibiting unlimited dispersal

In defining microalgal species, we should primarily focus on ecological
differentiation of genetic lineages.



Ecological speciation

» Klebsormidium (Klebsormidiophyceae, Streptophyta)
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RySanek et al. (2015): Environ. Microbiol. 17: 689-698



Ecological speciation
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artificial substrates

water

ficial
substrate

Strong ecological preferences of the lineages to one of three habitat types
arti

Klebsormidium (Klebsormidiophyceae, Streptophyta)

natural
substrate

pv

Skaloud & Rindi (2013): J. Euk. Microbiol. 60: 350-362
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Ecological speciation
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number of cells

number of cells

Ecological speciation

Klebsormidium (Klebsormidiophyceae, Streptophyta)
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Ecological speciation

« Synura (Chrysophyceae, Stramenopiles)




Ecological speciation

« Synura (Chrysophyceae, Stramenopiles)

S. macropora: adaptation to eutrophic
conditions (less availability of silica
could cause a shift from heavily to less
silicified scales

Skaloud et al. (2014): Eur. J. Phycol. 49: 213-229

S. hibernica: adaptation to oligotrophic
conditions (less availability of nutrients
could cause cell elongation - to achieve
a high surface-to-volume ratio)
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Scale structure

7479 nodes

152 rods

2527 lines

809 planes
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Siver (1988): Trans. Am. Micro. Soc. 107: 380-385
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