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Eukaryotes stem from a symbiosis event

Extant eukaryotes
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Eukaryotes stem from a symbiosis event, but a binary scenario does
not encompass all data

Extant eukaryotes

Plastid endos.

Archaea (196)

LECA

Endosymbiosis

@ Proteobacteria (225) @ Firmicutes (28)

. d/e subdivisions (57) . Chlamydiae/Verrucomicrobia (30)
© a-proteobacteria (79) ® Planctomyces (16)

@ vy-proteobacteria (33) @ Other bacteria (35)
Cyanobacteria (28) @ Euryarchaeota (79)

(@ Bacteroidetes/Chlorobi group (41) @ Crenarchaeota (34)

@ Spirochaetes (11) @ Thaumarchaeota (24)

@ Actinobacteria (49) @ Korarchaeota (13)

LUCA

(Pittis & Gabaldon, 2016)



Eukaryotes stem from a symbiosis event, but a binary scenario does
not encompass all data - open questions remain

Extant eukaryotes

LUCA

@ Proteobacteria (225)
® Oole subdivisions (57)
a-proteobacteria (79)
@ vy-proteobacteria (33)
Cyanobacteria (28)

@ Firmicutes (28)

e Chlamydiae/Verrucomicrobia (30)
(k) Planctomyces (16)

@ Other bacteria (35)

@ Euryarchaeota (79)

(@ Bacteroidetes/Chlorobi group (41) @ Crenarchaeota (34)

Spirochaetes (11)
Actinobacteria (49)

@ Thaumarchaeota (24)
@ Korarchaeota (13)

(Pittis & Gabaldon, 2016)

Nature of the additional
partners

Tempo of acquisitions
Function in proto-eukaryote
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Why now? New (mostly) eukaryotic lineages reshape our understanding
of LECA
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P03.082 “Widespread intra- and inter-domain horizontal
transfer and bursts of gene duplication shape the size and
content of Asgard archaeal genomes”



Why now? New (mostly) eukaryotic lineages reshape our understanding
of LECA
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e Reference Viral DataBase (RVDB)
e (Genome Taxonomy Database (GTDB)
o Genus representatives clustered
at order level

Clade
Archaeplastida plus (22)
20 | TRASH (25)
Discoba (10)
10 [ PHM (6)
I Amorphea (20)
— — CRuMs (4)

@
3
£
<]
2
o
5
5
3
3
£
5
z

DB size
100 0 M Malawimonadida (1)

- Ancyromonadida (3)
BN 5 oo e e
I I TOLDBB- [ )
I H TOLDBA= [ )

(Bernabeu et al., 2024) (in rev.)

Database



Number of proteomes

DB size
100 0

IIII » TOLDBC-
a3

8
Il § rouoss-
T © rowosa-

al

(e "
%arabasa“a .
Anaeramoebidae

Clade

I Archaeplastida plus (22)
TRASH (25)

1M Discoba (10)

M PHM (6)

M Amorphea (20)

17 CRuMs (4)

M Malawimonadida (1)

I Ancyromonadida (3)

11 Metamonada (9)

(Bernabeu et al., 2024) (in rev.)

Reference Viral DataBase (RVDB)
Genome Taxonomy Database (GTDB)
o Genus representatives clustered

at order level
o Pangenome approach
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} Accessory genome

Core genome
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Reference Viral DataBase (RVDB)
Genome Taxonomy Database (GTDB)
o Genus representatives clustered
at order level
o Pangenome approach

Clustered broad non-eukaryotic db

11



eToLDB (@ OrthoFinder ® Align with MAFFT BroadDB
@ Hit len > 1/2.5x Removed sequences with | =—_ __ _ hmmsearch & .
< 2.5x ® a consistency score < q10 BLASTp ]
c 0.5 - 21121 (@ MM evalie < To-10 |
® ov'erage > @) Build an alignment IZIEEmE BLASTp coverage >0.5 L

@ Fulfils the relaxed profile with hmmbuild ,

LECA definition @ Added non-eukaryotic
up to 500 sequences
LECA-OGs inference LECA-OGs expansion
mLECA-OG LECA1
Euk m— @) MetaAlignment e () 1Q-TREE mLECA-OG
Non-euk @@ TrimAl -gappyout  ====== () Root in the farthest @ Search LECA before
non-eukaryotic node secondary HGTs to LECA2
@® Get monophyletic LECA non-eukaryotes
Expanded LECA-OG phylogeny and get mLECA nodes groups (MLECA-OGs)
LECA1 LECA1
@ — Szl Sister of
Get each LECA - — LECA 1
sequences  _ Q... ® B z DOBOBBG
R @) Zcros: ® e @ Analysef trl;e sister
LECA2 S-Ioot USs) group of the
© inferred LECA

Expanded LECA-OG phylogeny and get mLECA nodes Expand mLECA, reconstruct the final tree and get information about the sister

(Bernabeu et al., 2024) (in rev.)

12



What did LECA look like?
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COG Category

- General function prediction only LECA: not (a" that) unlike

- Transl. and ribosome

~ Signal transduction modern eukaryotes
- Posttranslational modification

- Amino acid metabolism

~ Replic., recomb. and repair

- Carbohydrate metabolism

~ Lipid metabolism

- Energy production and conversion
- Cell membrane biogenesis

~ Inorganic ion metabolism

- Coenzyme metabolism

- Transcription

_’-

3;

i
~ Nucleotide metabolism
- Secondary metabolites
- Function unknown
- Defense mechanisms

- Cell cycle

- Cytoskeleton

- Trafficking

- Mobilome

- Cell motility

- RNA processing

- Chromatin

- Extracellular structures

00 01 02 03
Proportion gernapeu et al., 2024) (in rev.)



What processes shaped LECA?



A mosaic of acquisitions and innovations
generated the LECA proteome

Virus—-mediated
[ (5%)

(Bernabeu et al., 2024) (in rev.) 17



A mosaic of acquisitions and innovations
generated the LECA proteome

Virus—mediated
(5%)

e Impact of innovations on LECA proteome

(Bernabeu et al., 2024) (in rev.) 18



Virus—mediated
(5%)

A mosaic of acquisitions and innovations
generated the LECA proteome

e Significant contributions from outside
Asgard archaea and Alphaproteobacteria

LLcecee e +Deltaproteobacteria

Alphaproteobacteria % (4.09%)

Gammaproteobacteria % (4.08%)

Asgardarchaeota x (3.42%)

Planctomycetota (2.31%)
Donors

_ Thermoproteota x (1.64%) % Mitoancestor
¥ Arcancestor

(Bernabeu et al., 2024) (in rev.) 19
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A mosaic of acquisitions and innovations
generated the LECA proteome

e \iral contribution

- Asgardarchaeota (0.6%)

. Gammaproteobacteria (0.35%)
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§

I Planctomycetota (0.19%)
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I Gammaproteobacteria (0.13%)

(Bernabeu et al., 2024) (in rev.)
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COG category
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How did this proteome evolve?



Relative timing of gene acquisitions reveals stepwise evolution in a
bacteria-rich environment

Normalised stem length mode
posterior distribution

Relative HGT timing b Microbial mat
S 9] “ e g . . .
ol g ] Probabilistic modelling improves relative
I 3 dating from gene phylogenies” -
] = L]
é‘l bioRxiv
0.2
(I) 1IO 2IO SIO 4I0
Density Abundance

Contributor
[l Alphaproteobacteria [l Planctomycetota
W Asgardarchaeota Myxococcota

(Bernabeu et al., 2024) (in rev.)
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The footprints left in LECA can aid our understanding of the putative
donors

(Gabellone, 2015)
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Take-home messages

Diverse gene flow from prokaryotes to the
(pre-mitochondrial) proto-eukaryote

Non-negligible role of viruses as vectors

Gradual and complex prokaryote-to-eukaryote
transition

Likely ecological interactions - bacteria-rich
environment
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COG category
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KEGG Orthology (KO)
Prok. Vir
Prok

"LUCA" Vir

Euk. Vir

Sister annotation Euk. Vir
Prok. Vir

Prok

Orphan

"LUCA" Vir

Vir: viruses
Prok: prokaryotes
Euk: eukarypotes

Tax. sp.: taxonomically specific
Func. sp.: functionally specific

LECA annotation

Euk

Euk. Vir

Func sp.

"LUCA" Vir 12X SP-

Orphan
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