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Why do thylakoids matter?

The emergence of thylakoids in cyanobacteria
likely contributed to the Great Oxidation Event

Great Oxidation Event
(2.2-2.4 Ga)

Second Great
Oxidation Event
(650700 Ma)
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Cyanobacteria provide a natural
comparative framework

Thylakoid Emergence
(~2-2.7 Ga)

Phycobacteria @
) £ ?
Gloeobacterales O

What are the key differences in their genomes?



Public genomes offer an unprecedented
sampling

Curated Genome
Database

_ 878 998 bacterial genomes
GTDB — —————) 6 343 cyanobacterial genomes

16 Gloeobacterales genomes

Public genome databases allow us to investigate
thylakoid evolution across cyanobacterial diversity. A



Why not analyse all genomes directly?

/— Too Many Genomes, Too Little Power —\

-0 Comparison
o  © Allvs All protein sequences
R . (assuming ~2500 proteins per genome)

In order to use OrthoFinder:
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/— The Illusion of Diversity —\

Evolution of bacterial genomes and bacterial
species clusters between 2019 and 2026
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\ Adding Genomes, Repeating the Data /

The challenge is not simply dataset size, but the ratio between

phylogenetic information and redundancy.



From genomic data curation
to downstream analysis

2. Phylogenic

Public genomes

1. Genome . .
(GTDB, NCBI) R oy Fittering Diversity
Selection
45 316 genomes 1884 genomes 950 genomes
of Terrabacteria of Terrabacteria of Terrabacteria

Genome selection

Comparative analysis

5. Identification of
candidate thylakoid-

5. Targeted Expansion 3. Orthology

Using pHMMs i
ngp related proteins Inference
Exploring the unsampled Screening for Determining evolutionary
diversity photosynthetic proteins relationships

(example: YidC) 6



1. Genome Quality |GG 2.Phylogenetic 3.0rthology 4.ldentificationof
Filtering Diversity Selection inference candidate proteins
Filtering g ithout filtering

evolutionary novelty

45 316 Terrabacterial 1 884 Terrabacterial

Genome quality filtering

genomes from GTDB genomes
Genome quality metrics
Genome completeness Contamination Number of contigs
Missing Genes vs. Incomplete True Genes vs. External Fragmentation &
Assembly Contaminants Split Genes

Quality Score = Genome Completeness — 5 X Genome contamination

5. Targeted
expansion



1. Genome Quality 2.Phylogenetic .. 3.Orthology . 4. ldentificationof ... 5. Targeted
Filtering Diversity Selection inference

candidate proteins expansion

Genome quality is heterogeneous

Genome contamination (CheckM2) per cyanobacteriota order Genome completeness (CheckM2) per cyanobacteriota order
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Selecting one representative genome per order based on a quality score

Quality Score = Genome Completeness — 5 X Genome contamination
8



1. Genome Quality
Filtering

3. Orthology 4. Identification of 5. Targeted

inference candidate proteins expansion

Retaining phylogenetic diversity

_Ribosomal species tree using the Diversity curve for the species tree of 1800
filtered 1884 Terrabacterial genomes Terrabacterial genomes using PARNAS
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1. Genome Quality 2. Phylogenetic

Filtering Diversity Selection

Orthologous Inference

950 genomes - Filtering Orthologous Groups (OGs) for downstream analysis

4. |dentification of 5. Targeted

candidate proteins expansion

Periplasm/Lumen

Cytoplasm

Photosystem I
’ subunit composition
A case study:

YidC in the protein insertion of D1 into
the membrane

10



1. Genome Quality 2. Phylogenetic 3. Orthology

5. Targeted
Filtering Diversity Selection inference

expansion

Comparative genomics identifies candidate
proteins in thylakoid emergence

— What changes? —/
? ’ ?
~— What’s missing? — What’s conserved? —— -E Phycobacteria
Gloeobacterales
Phycobacteria Phycobacteria
G/oeobacterales Gloeobacterales @ lefe rences |n
J ) sequences &

predicted structures

J
Some proteins involved in Most early proteins YidC
membrane dynamics mediating PSll assembly

Poster #26, (#27 & #28) 11



1. Genome Quality .................................. 2. PhyIOgenetic .................................. 3. orthOlOgy 5. Targeted

Filtering Diversity Selection inference candidate protein expansion

Comparative genomics identifies candidate
proteins in thylakoid emergence

Structural changes in the periplasmic
domain of YidC in Gloeobacterales

YidC is universally conserved
across the cyanobacterial phylum

Gloeobacter violaceus PCCT421 Thermostichales cyanobacterium

Gloeohacter violaceus GCA 000011385.1@BAC90172.1
4|_,: Sivonenia alaskensis GCA 949127895.1@CASBQU010000001.1 7
Cyanaurora vandensis GCA 013285545.1@JAAXLU010000167.1 27

- Thermostichus sp. DG022bins29 GCA 039794945 1@MEN9209976.1

{ Thermostichales cyanobacterium BF4bins65 GCA 039794545.1@MEN9265189.1
Synechococcus C sp000153065 GCA 014279595.1@QNI80200.1
Anabaena lutea GCA 014698305.1@MBD2566796.1
PCC9605 sp000517105 GCA 000517105.1@KI1912150.1 302
CACIAM-69d sp001698445 GCA 014698235.1@MBD2589987.1
Gloeomargarita sp. GMQPbins120 GCA 039805965.1@MEOQ0307424.1
Pseudanabaenaceae cyanobacterium bins68 GCA 033762795.1@MDX1978588.1
PCC-7367 sp000317065 GCA 000317065.1@AFY71674.1
M5B4 sp937927915 GCA 938010095.1@CALLGS010000002.1 3
PCC-7502 sp949127865 GCA 949127865.1@CASBQR010000122.1 9
Pseudanabaenaceae cyanobacterium CTOTU46590 GCA 031970395.1@DALYIL010000425.1 4
Pseudanabaena mucicola GCA 020405005.1@MCAG597306.1
Pseudanabaena sp006937785 GCA 006937785.1@TYQ26814.1
JAAUOPO1 sp938017515 GCA 938017515.1@CALI1JJ010000209.1 11
Pantanalinema sp016743235 GCA 016743235.1@MBL1173785.1
Chroogloeocystis sp000317555 GCA 000317555.1@AFZ31495.1
JACVSFO01 sp014534085 GCA 014696715.1@MBD2259788.1
Kamptonema formosum A GCA 000332155.1@KB235904.1 1458
Leptolyngbya sp015206935 GCA 015206935.1@MBE9012650.1
Geitlerinema sp001657325 GCA 001657325.1@LWR001000054.1 13
Symplocastrum torsivum GCA 019358875.1@MBW4545791.1
Rippkaea sp002110465 GCA 002110465.1@NEED01000023.1 255
Lusitaniella coriacea GCA 015207425.1@MBE9115093.1
Limnothrix sp001693255 GCA 001693255.1@ANV83739.1

Periplasm

B Gloeobacter violaceus PCC7421
Themostichales cy ancbacterium GCA 039794945.1

Synechocystis sp. PCC 6803 substr. Kazusa
Cytoplasm

What function does YidC play in

directing D1 to the thylakoids?
12

30 cyanobacterial orthologous
sequences of YidC



1. Genome Quality 2. Phylogenetic 3. Orthology 4. Identification of

nOME QUEY o O YIOBONEHE ORNOLOY £ Identification of
Expanding the sampling with profile HMMs

950 Terrabacterial genomes including 30 cyanobacterial genomes

-

Are my conclusions true for the whole cyanobacterial diversity ?
How to detect horizontal gene transfer (HGT)?

Universal conservation

W 9"’3‘0\\ of YidC
\ . .
Orthologous e 343 genomes of in Cyanobacteria

Cyanobacteriota

. sequences of

YidC
Dataset Terrabacteria m HGT of YidC from
Sea’bh

Actinomycetota

107 237 genomes of representative
species from GTDB

13



Learning from genomes: from data volume
to evolutionary insight

~

1Public Genomes 2 Quality Over Quantity 3A Scalable Framework

GTDB o \__+ Quality Orthologous
m; filtering sequences

Tracking Evolutionary ( c edund @ Data enrichment
Events Through (J NCBI edundancy with HMM
ents oug | ) elimination AL GTDB @

Comparative Patterns searches
Cyanobacteriota

A Window into The Crucial Cleanup Orthology & Hidden Markov
Thylakoid Origins Phase Models j

Genome discovery relies on biologically informed selection first, followed
by HMM-based expansion to large-scale datasets. 14
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