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Complex Algae - Panorama
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Endosymbiosis and EGT

red alga
intermediate stage cryptophytes

4 membranes

haptophytes,
stramenopiles

Bodyl et al., 2009



Gene mosaicism
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Models

A heterotrophic host Endosymbiosis of a cryptic plastid. Endosymbiosis of a modern plastid.
interacts with a single The complete plastid proteome The plastid proteome is partially
potential endosymbiont is transferred via EGT; a symbiont replaced, also via EGT; a new

is reduced. symbiont is reduced.
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Serial endosymbioses

Shopping bag endosymbiosis
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Fixation of a final plastid,
A heterotrophic host accompanied by more
interacts with at least EGT events and

3 r ;
two potential endosymbionts. A serles Of transient endosymbloses endosymbiont reduction.

involving different photosynthetics.
Each transfers some genes, but not
the entire plastid proteome.
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https://www.sciencedirect.com/science/article/pii/S187477871830223X?via%3Dihub#!

- real selective pressure

“Shopping bag” by kleptoplasty

Kleptoplasty by myzocytosis




Origin of 3 membranes plastids ?
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Testing the hypothesis
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Provide additional (phylogenetic) data
to illuminate the debate...
In an automated fashion



Gene diversity
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Gene set

- plastid targeted genes

(experimental)
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Bigelowiella natans
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Dinophysis acuminata
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Karenia brevis
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Karlodinium venificum
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Durinskia baltica
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Kryptoperidinium foliaceum
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Euglena gracilis

Diaphoretickes

Eukaryota
cellularorganisms

Euglena_gracilis




MAKING-OF
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TRANSCRIPTOMES (678)

W MMETSP re-assembly
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— CONSOLIDATION
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- samples pooled by genus (106 runs, 564 samples)

- 469 samples into 114 mega samples
- total of 323 samples (256 complex algae)
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Orthology Inference

photosynthetics orthogroups

RAXML trees [fast]
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Forty-Two
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paralogous
sequences

test for orthology
TBLASTN using reference

* * * proteomes
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(candidate orthologs)
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Forty-Two - additional features

CAP3 (nt)

o contiguing overlapping orthologuous transcripts

Alignment (BLAST/Exonerate)

o closest relative

Redundancy check
o merging of fragments from the same transcript
o No chimeras

Taxonomic affiliation
o best-hit/lca
o contamination detection with ribosomal markers

Forty-Two pUb|IC|y available @ https://metacpan.org/pod/Bio::MUST::Apps::FortyTwo


https://metacpan.org/pod/Bio::MUST::Apps::FortyTwo

Tree parsing and inference

clan-level parsing
polarising unrooted trees

minimum species sampling for giving/receving
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Paraphyly - Intruders - Taxonomy

1600

135[: cptiArabidopsis thaliana_3702_AT2G22360

168
168

160
199 108

160

Prasinococcus capsulatus_156131@METSPA941 DN862Z2_cB_g1_i1HNEWiH

1608

fmorphochlora amoebiformis_168855@MMETSPAB42_DN14233 c17_g1_il1H#NEWH#
Gumnochlora sp._629695@MMETSPA118_DNS581_cB_g1_il1#NEWH
Chlorarachnion reptans_29199@METSPB189_DN7993 cB_g1_ iliNEWi#
Lotharella globosa_91324@MMETSPB112_DN13894_cB_g1_il 1H#NEW#
199 Lotharella oceanica_641389@METSPAA468_DN17767_c9_g1_il1#NEWH
Chlorarachniophyceae sp._91329@MMETSPB113 DN6348_cB_g1_ilHNEWH#

29 Bigelowiella natans_227886_38983#NEWH#
4—4 Bigelowiella longifila_S552665@MMETSP1359_DN18975_c8_g1_il#NEWi
91

k?_f: cptiiChlamydomonas reinhardtii_3855 CR12GA4938

Y ¢ [ R
’_171\;
97

100|

Euglena gracilis_3639 EUGGRAB3602t1HNEWH




Ske letonema gx‘ethae ?G?GS‘SWEFQP@'E?B DNB‘)?i cB_gl_i1#iNEW# [Bacillariophytal
L Skeletonema sp._2842@METSPB593_DN6774_c@_gl1_il1#NEWH# [Bacillariophytal
Skeletonema sp._2842GMMETSPA918_DN4912_ cB_g1_il1#NEW# [Bacillariophytal
L Detonula confervacea_83371G@MMETSP1858 DN6322_cB_gl1_ il#iNEWH# [Bacillariophytal
Thalassiosira sp._35127GMMETSP1871_DN1472_ cB_g1_il#iNEMWi#t [Bacillariophytal
<| — Conticribra weissf logii_67084CMMETSPB879_DN7495_cB_g1_i1#NEWH# [Bacillariophytal
Thalassiosira oceanica_159749GMMETSPA976_DN15198 cB_g1_ il#iNEW# [Bacillariophytal
- Leptocylindrus danicus_163516GMMETSPB322_DN7347_cB_gl1_ il1#NEWH# [Bacillariophytal
- Leptocylindrus danicus_163516GMMETSP1362_DN4333_cB_gi1_il_1#NEWH# [Bacillariophytal

ﬁ‘— Striatella unipunctata_210618GMMETSPA8AB_DN13498_c8 g1 il1#NEWH# [Bacillariophytal
Florenciella parvula_236787@METSP1344_DN41294 cB_g1_il_ 1#NEWH [Dictyochophyceae
1BBL Florenciella sp. ?36?86WHEI‘SP13?4 DN18?89 c : I 1HNEWH [D ictyochophyceael
93 )] 1LtgoL,ha specu lum_ 3568 7EMMETSP1174_DN2757_cB_g1_i1#NH
[82] Pseudopedinella elastica_35684GMETSP1668_DN 198727]‘7()7‘5[ « 9 ¢ 1#NBWH [D ictyochophycea
99; Pedinellales sp._483369GMMETSPA998_DN14884_cB _gi1_ii1#iNEWH [Dictyochophyceael
98 Pteridomonas danica
84 Rhizochromulina marina_1834831GMMETSP1173_DN15895 cB_g1_il1#NEW# [Dictyochophyceasq
Corethron hystrix 216773GMMETSPBB168_DN6738_cB_gl1_ iZH#NEWH [Bacillariophytal
133; Corethron pu\matumi 218684GMMETSPA1 ?177DH46847(:E‘179 1_iiH#NEWH# [Bacillariophytal
Bolidomonas sp._91998@MMETSP1328_DN12541_cB_g1_i1#NEWH# [Bolidophyceael
188 Triparma PIPuthPx‘a 1?2?1?@"1‘1EFSP1319 DN9?1 cl _gl1_i1#NEW# [Bolidophyceael
BG Triparma pacif 1C373 1992@METSPA ('Hbﬁl)Nbli)dﬁcl/]ﬁg 1_i1#iNEW# [Bolidophyceael
& Ochromonas sp._2985@MMETSP1177_DN1715_cB_g1_ii#iNEW# [Chr rhyceael
i 168 Ochromonas sp. 77985“‘1’1]‘7{‘8?11 ¥ DN1164@ cB_gl_i1#NEWH# [Chrysoj
Chromulina nebhulosa_96789@MMETSP1895_DN8455_ cB_g1_il#iNEW# [Chrysoy

L Ochromonas sp._420556GMMETSPBABS_DN11598_cB gi_i1#iNEWH# [Chrysophyceael
99L——D1nobrgun sp._98859GMMETSPAA19 DN18281 cB g1 _il1#NEWH [Chrysophyceael
Ochromonas sp._2985@METSP11685_DN7433_cB_g2_ il#iNEW# [Chrysophyceael
Amphiprora sp._265536@METSPA724_DN7589_cB_g1_iZ2#NEW# [Ba

61

—— Phaeomonas parva_124438@MMETSP1163 _DN7665_cl_g1_il#NEW# [Pinguiophyceael
Ap—— — Pinguiococcus pyrenoidosus_172671CMMETSP1168_DN4639 _cB_g1_il1#NEWH# [Pinguiophyceael
Chattonella subsalsa_44440GMMETSPA948_DN17173 cB_g1_il#iNEW# [Raphidophyceael
——— Synchroma pusillum_1181717EMMETSP1452_DN3665_cB_gi_i1#NEWH# [Synchromophyceael
100 Synchroma pusillum_1181717CMMETSP1452_DN9593 c9 g1_il#iNEW# [Synchromophyceael
Isochrysis galbana_37899BMMETSPB595_DN12484 c7_g1_illiNEWH# [Haptophyceael
jﬁ‘ Isochrysis sp._408639CMMETSP1132_DN1759 cB_g2_ilH#NEWH# [Haptophyceael
186 Isochrysis galbana_37899GMMETSPA944 DN4493_cB_g1_il1#NEWH# [Haptophyceael
Gephyrocapsa oceanica_38817@MMETSP1366_DN13862_cB_g1_il#iNEW# [Haptophyceael
%) Isochrysis sp._37098CMMETSP1388_DN16426_c4_g3_illiNEWH# [Haptophyceael
Calcidiscus leptoporus_127549@MMETSP1334_DN11449 cB g1_ii1#iNEW# [Haptophyceael
Chrysotila carterae_13221GMMETSP1137_DN19133_cB_g2_il_1#NEWH# [Haptophyceael
99 Scyphosph a apsteinii_418940@MMETSP1333_DN48929_c26_g1_ilH#iNEWH# [Haptophyceael

Chrysochromulina rotalis_412157@MMETSPB287_DN777_cB_g1_il1#iNEW# [Haptophyceael
T’jl-lapto lina brevifila_156173GMMETSP1894_DN15554_ c@ g1_il#NEW# [Haptophyceael
92

Haptolina ericina_156174@MMETSP1696_DN19318 cB_g1_il#NEWH# [Haptophyceael
Prymnesium polylepis_ 72548GMMMETSPB143_DN46667_cB_gl1_il#iNEWH# [Haptophyceael
Phaeocystis antarctica_33657GMMETSP1186_DN28121 cB_g1_ il#iNEW#t [Haptophyceael
[: Phaeocystis sp._33656BMMETSP1162_DN7466_cB_g1_ilH#NEWH# [Haptophyceael

Pavlova sp._298111@MMETSP1148_DN18434_cB_g1_il1HiNEWH# [Haptophyceael
Pavlova gyrans_444520MMETSP1466_DN4736_cB_g1_il#iNEW#t [Haptophyceael
1BE|_ Exanthemachrysis gayraliae_119497GMMETSP1464_DN11386_cB_g1_il#NEW# [Haptophyceael
Chroomonas mesostigmatica_195665GMMETSPAB47_DN21319 cB_g1_il#iNEW# [Cryptophytal
77 Cryptomonas paramecium_2898GMMETSPBA38_DN33848 ci_gl_iZ2#NEWH# [Cryptophytal
78| [———~Hemiselmis andersenii_464988CMMETSP1841_DN27630_cB_g1_il#NEWH# [Cryptophytal

19— Hemiselmis tepida_464990@METSP1355_DN268758 cB_g1_il#iNEW# [Cryptophytal
FE] Geminigera cryophila_46947GMMETSPA799_DN48875_cB_gl1_ il#iNEWH# [Cryptophytal
198' Geminigera sp._46946BMMETSP1182_DN7945_cB_g1_il#NEW# [Cryptophytal

65| —— Rhodomonas sp._37896@TMETSPB484_DN3799_cB_g1_ilHNEWH# [Cryptophytal
ggl—— Rhodomonas sp._302021@METSP1891_DN29898_c3_g1_il#NEW# [Cryptophytal
Guillardia theta_985879@MMETSPOB46_DN4228_cB_gl1_ il#iNEWH [Cryptophytal
ag[Hanusxa phi_3032GMMETSP1848_DN1863_cB_gl1_i1#NEWH# [Cryptophytal
—eal_ 99 aillardia theta_995879@MMETSPAR46_DN9473 c@_g1_il#NBEW# [Cryptophytal

Pavlovales sp._483367@MMETSPB982_DN11862_ci1Z2_gi1_il#iNEW# [Haptophyceael
168 Pavlova lutheri_2832GMMETSP1463_DN9147_cB_g2_ilH#iNEW# [Haptophyceael
99




Take-home message and improvements

Data quality
o  conscientious contamination handling
o completeness

Subcellular localisation tagging

Proficient orthogroups enrichment
o  out-paralogy handling

Sophisticated tree splitting and parsing
o taxonomy aware
o  paraphyly detection
o intruders tolerance

Biological insight
o nm bearing algae
o  Dinophysis

%*  sampling++?

*

AsAFind

% accurate & broad scale plastid dating
% adjacent group inference ?

% other measures ?
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Complex Algae - Panorama
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Why Kleptoplasty ?

Cryptophyta Haptophyta Apicomplexa Chlorarachniophyta Euglena
- 4 membranes Ochrophyta Chromerida - 4 membranes Dinophyceae
- nucleomorph - 4 membranes - 4 membranes - nucleomorph - 3 membranes
- nucleomorph
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Guillardia theta

Vaucheria litorea
Emiliania huxleyi

Plasmodium falciparum

Bigelowiella natans

Euglena gracilis

Symbiodinium minutum
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Grosche et al., 2014



1 - Mechanisms

Endosymbiose Kleptoplastie

héte primaire

symbiote ~

Myzocytose ~ prédateur

~ symbiote

H réduction
<, partielle

/" du noyau V\H7 des organites

v

P

— =>
réduction )
totale du pertebd une
noyau membrane
Cryptophytes Haptophytes ——

Chlorarachniophytes Apicomplexés Dinoflagellés (péridinine)

dégradation rapide



Actual Kleptoplastids

~

o

Geminigera cryophila Myrionecta rubra Dinophysis acuminata
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