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Complex Algae - Panorama
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Endosymbiosis/Single source EGT

red alga

intermediate stage cryptophytes

4 membranes

haptophytes,
stramenopiles

Adapted from Bodyt A, Mackiewicz P, Stiller JW. BioEssays. 2009;31:1219-32.
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A heterotrophic host
interacts with a single
potential endosymbiont

Serial endosymbioses

Endosymbiosis of a cryptic plastid.
The complete plastid proteome

is transferred via EGT; a symbiont
is reduced.

@&_’3_’

MODELS

Endosymbiosis of a modern plastid.
The plastid proteome is partially
replaced, also via EGT; a new
symbiont is reduced.

0

Shopping bag endosymbiosis

o)

A heterotrophic host
interacts with at least
two potential endosymbionts.

MorozovA.A.GalachyantsYuri P 2019.

N
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A series of transient endosymbuoses
involving different photosynthetics.

Each transfers some genes, but not
the entire plastid proteome.

~3,—0

Fixation of a final plastid,
accompanied by more
EGT events and
endosymbiont reduction.


https://www.sciencedirect.com/science/article/pii/S187477871830223X?via%3Dihub#!

“Shopping bag” by kleptoplasty

Kleptoplasty by myzocytosis Kleptoplasty by phagocytosis

Kleptoplastid Kleptokaryon
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Kleptoplastid

Strong selection pressure !

Bodyt A. Did some red alga-derived plastids evolve via kleptoplastidy? A hypothesis. Biol Rev. 2018;93:201-22.
Karnkowska A, Yubuki N, Maruyama M, Yamaguchi A, Kashiyama Y, Suzaki T, et al. Proc Natl Acad Sci U S A. 2023;120.



Origin of 3-membrane plastids?

Endosymbiosis (conservative)

: " symbiote
phagotrophic ~

host l Phagocytosis

4 membranes
plastid

Kleptoplasty (non-conservative)

Myzocytosis ~ predator

3 membranes
plastid



AIM

Use nuclear-encoded and plastid-targeted
gene diversity as an indicator of
kleptoplasty’s contribution to plastid
acquisition among complex algae



Methods



Datasets

Data note | Open access | Published: 17 April 2021

Broadly sampled orthologous groups of eukaryotic
proteins for the phylogenetic study of plastid-bearing
lineages

Mick Van Vlierberghe, Hervé Philippe & Denis Baurain &

BMC Research Notes 14, Article number: 143 (2021) | Cite this article

1577 Accesses | 5 Citations | 2 Altmetric | Metrics

Data note | Open access | Published: 09 August 2021

Decontamination, pooling and dereplication of the 678
samples of the Marine Microbial Eukaryote
Transcriptome Sequencing Project

Mick Van Vlierberghe, Arnaud Di Franco, Hervé Philippe & Denis Baurain &

BMC Research Notes 14, Article number: 306 (2021) | Cite this article

1862 Accesses | 7 Citations | 2 Altmetric | Metrics

*
*

*
*

73 high quality proteomes
~ 40 000 photosynthetic clans

redundancy [ 678 -> 260 ]
contaminations [ 260 -> 224]



Dataset (1+2)

% Clans [proteomes] enrichment [transcriptomes]
o orthology engine
O https://metacpan.org/pod/Bio::MUST::Apps::FortyTwo

% Tree building

% Automatic tree analysis
o Gene transfer inference

génome chimérique


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

Automatic tree-parsing and gene transfer inference

% Time constraints
o primary algae (Archaeplastida)
o secondary algae (hm-bearing)
o higher-order algae Secondary host

Primary host

Plastid
progenitor

HGT HGT HGT

Elias M, Archibald JM. BioEssays. 2009;31:1273-9. doi:10.1002/bies.200900117.



Automatic tree-parsing and gene transfer inference

* Time constraints Secondary host
o primary algae (Archaeplastida) Primary host
o secondary algae (hm-bearing) Plastid
o higher-order algae progenitor

HGT HGT HGT

% Inference by paraphyly detection VS neighbourhood

o exclusive/inclusive

% Transfer event labelling [receiver tag/donor tag]
o cpcpt#, nm#, nucpt#...
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Viridiplantae

Viridiplantae
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100

\Chlorarachniophyceae

Cryptophyceae

Haptophyta
Rhodella violacea 38298 @MMETSP0167-D

Porphyridiaceae
Chondrus crispus 2769@XP 005717389.1

Bangiaceae
Bangiophyceae

Cryptophyceae
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menesiophyceae

97

Pavlova gyrans 44452@MMETSP1466-DN13270 c2 g1 i1#NEW#

00 Pavlovales sp. 483367 @MMETSP0984-DN6682 c0 g1 i1#NEW#
Chrysoculter rhomboideus 259385@MMETSP1335-DN14908 c0 g1 i1#NEW#
£ Exanthemachrysis gayraliae 119497 @MMETSP1464-DN10580 ¢3 g1 i1#NEW#
Pavlova sp. 298111@MMETSP1381-DN4467 c0 g1 i1#NEW#

Goniomonas avonlea 1255295@comp62657 c0 seq1 6 ORF28 816

Cryptomonas paramecium 2898@MMETSP0038-DN30238 c0 g2 i1+1#NEW#

Cryptomonas curvata 233186 @MMETSP1050-DN29281 c0 g2 i1#NEW#

Cryptomonas curvata 233186 @MMETSP1050-DN29281 c0 g2 i2#NEW#

— Chroomonas mesostigmatica 195065@MMETSP0047-DN23805 c0 g1 i1#NEW#
Hemiselmis tepida 464990@MMETSP1355-DN8324 c0 g1 i1#NEW#

00 Hemiselmis andersenii 464988@MMETSP0043-DN17379 c0 g1 i1+1#NEW#
Hemiselmis andersenii 464988@MMETSP1043-DN19123 c0 g1 i1#NEW#
Geminigera sp. 46946 @MMETSP1102-DN38556 c0 g1 i1#NEW#
Proteomonas sulcata 77928 @MMETSP1049-DN1116 c0 g1 i1T#NEW#
Ripdomonas sp. 302021@MMETSP1091-DN29044 c0 g1 i1+1#NEW#

lardia theta 905079@XP 005833034.1

Hdnusia phi 3032@MMETSP1048-DN5316 c0 g1 i1#NEW#

Rhodella violacea 38298 @MMETSP0167-DN10244 c1 g1 i1T#NEW#

Erythrolobus australicus 1077150@MMETSP1353-DN3481 c0 g1 i1#NEW#

Porphyridium purpureum 35688@2314.1

100

Porphyridium aerugineum 2792@MMETSP0313-DN7501 c2 g1 i1#NEW#

Chondrus crispus 2769@XP 005717389.1

Porphyra umbilicalis 2786@0SX80340.1

Pyropia yezoensis 2788@contig 12206 g2925

Cyanidioschyzon merolae 45157@CM19G04280

Galdieria sulphuraria 130081@XP 005703879.1

Cryptomonas curvata 233186 @MMETSP1050-DN27729 c0 g2 i1#NEW#

Cryptomonas paramecium 2898@MMETSP0038-DN32572 c2 g1 iM1#NEW#

Chroomonas mesostigmatica 195065@MMETSP0047-DN21743 c1 g1 iT#NEW#

Hemiselmis andersenii 464988 @MMETSP0043-DN23049 c6 g2 i1#NEW#

Hemiselmis tepida 464990@MMETSP1355-DN 15406 c0 g1 i1T#NEW#

Rhodomonas sp. 302021@MMETSP1091-DN28815 c16 g1 i1#NEW#

Geminigera sp. 46946 @MMETSP1102-DN36450 c1 g1 i1#NEW#

Proteomonas sulcata 77928 @MMETSP1049-DN21826 c0 g1 i1#NEW#
Rysia phi 3032@MMETSP1048-DN11042 c0 g1 i1#NEW#

illardia theta 905079@XP 001713413.1

SISTER GROUP

DB

RELATIONSHIP

PARAPHYLY



0OG0015365-0-1Q-TREE-C20

Geminigera sp. 46946@MMETSP1102-DN14968 c0 g1 i1#NEW#

Hanusia phi 3032@MMETSP1048-DN19109 c0 g1 i1#NEW#
_|: Guillardia theta 905079@MMETSP0046-DN 15437 c0 g1 i1#NEW#
Guillardia theta 905079@XP 005837293.1
—— Chroomonas mesostigmatica 195065@MMETSP0047-DN3860 c0 g1 i1#NEW#

L Hemiselmis andersenii 464988@MMETSP0043-DN33749 c0 g1 i1#NEW#
Aureoumbra lagunensis 44058@MMETSP0893-DN10217 c0 g1 i1#NEW#

«Pelagococcus subviridis

— Dictyocha speculum 35687@MMETSP1174-DN15105 c0 g2 i1#NEW#

L Pedinellales sp. 483369@MMETSP0992-DN20999 c7 g1 i1#NEW#
—— Pavlovales sp. 483367@MMETSP0982-DN4325 c0 g1 i1#NEW#

L nucpt#Ectocarpus siliculosus 2880@ES0069G00420 IGNORED

Corethron

Bacillariophyta

Bacillariophyta

Striatella unipunctata 210618 @MMETSP0800-DN3694 c0 g1 i1#NEW#

Fragilariophycidae

Asterionellopsis glacialis

Bacillariophycidae

Phaeodactylum tricornutum 2850@PTI 16G01940

Cylindrotheca closterium 2856 @MMETSP0017-DN10050 cO g1 i1#NEW#
jKryptoperidinium foliaceumé

Craspedostauros australis 1486917 @MMETSP1442-DN9107 c2 g1 i1#NEW#
1

Bacillariaceae

PARAPHYLY

@2®

—— Aureococcus anophagefferens 44056 @MMETSP0916-DN15829 c0 g1 i1#NEW#

PARAPHYLY
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Geminigera sp. 46946@MMETSP1102-DN14968 cO g1 i1#NEW#

Hanusia phi 3032@MMETSP1048-DN19109 c0 g1 i1#NEW#
Guillardia theta 905079@MMETSP0046-DN15437 c0 g1 i1#NEW#
—|: Guillardia theta 905079@XP 005837293.1
— Chroomonas mesostigmatica 195065@MMETSP0047-DN3860 c0 g1 i1T#NEW#

L Hemiselmis andersenii 464988@MMETSP0043-DN33749 c0 g1 i1T#NEW#
Aureoumbra lagunensis 44058 @MMETSP0893-DN10217 c0 g1 i1#NEW#

«Pelagococcus subviridis

— Dictyocha speculum 35687 @MMETSP1174-DN15105 c0 g2 i1#NEW#

L Pedinellales sp. 483369@MMETSP0992-DN20999 c7 g1 i1#NEW#
—— Pavlovales sp. 483367 @MMETSP0982-DN4325 c0 g1 i1#NEW#

L hucpt#Ectocarpus siliculosus 2880@ES0069G00420 IGNORED

Corethron

Bacillariophyta

Bacillariophyta

Striatella unipunctata 210618@MMETSP0800-DN3694 c0 g1 i1#NEW#

Fragilariophycidae
DIATOMS

Asterionellopsis glacialis

Bacillariophycidae

Phaeodactylum tricornutum 2850@PTI 16G0194/0
Cylindrotheca closterium 2856 @MMETSP0017-DN10050 c0 g1 i1#NEW#
Craspe: lis 1486917 @MMETSP1442-DN9107 c2 g1 i1#NEW#

Bacillariaceae

o—
PARAPHYLY

@®

—— Aureococcus anophagefferens 44056 @MMETSP0916-DN15829 c0 g1 i1#NEW#

PARAPHYLY
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Preliminary results [round 2]




count

Cryptophyceae

N

donors

Control set : cpcpt#

Chlorarachniophyceae

count

donors




Cryptophyceae -
Chlorarachniophyceae -
Haptophyta -
Khakista -
Hypogyristea -
Chrysista A
Dinophyceae -
Kareniaceae -
Kryptoperidiniaceae -
Dinophysiales -
Colpodellida -
Euglenozoa -

Apicomplexa -

nucpt# : alpha-diversity

nu#

470

74
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nu#
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Can’t wait for round 3 ...

Test robustness

* % % ot

naive time constraints
functional annotation
neighbourhood ?
sampling bias ?

Strassert JFH, Irisarri |, Williams TA, Burki F. Nat Commun. 2021;12. doi:10.1038/s41467-021-22044-z.

Non-photosynthetic

Nonvphotosymhetic{

—
Rhodophytina %@
Cyanidiales (
3 |

Ochrophyta

Stramenopila

Myzozoa

Alveolata
Rhizaria
Telonemia
Haptophyta
Centrohelida
Viridiplantae
Glaucophyta

Cryptophyta

Non-pr‘lotosymthetm{

Cryptista
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