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Why do thylakoids matter?
The emergence of thylakoids in cyanobacteria 
likely contributed to the Great Oxidation Event
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Cyanobacteria provide a natural 
comparative framework

Gloeobacterales

Phycobacteria

Thylakoid Emergence 
(~2 -2.7 Ga)

≠ ?
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What are the key differences in their genomes?



Public genomes offer an unprecedented 
sampling

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

Curated Genome 
Database

878 998 bacterial genomes

6 343 cyanobacterial genomes

16 Gloeobacterales genomes
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Why not analyse all genomes directly?

The challenge is not simply dataset size, but the ratio between 
phylogenetic information and redundancy.

Too Many Genomes, Too Little Power The Illusion of Diversity 

N Genomes → (N × 2500)² Comparisons Adding Genomes, Repeating the Data
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In order to use OrthoFinder:

Source: https://gtdb.ecogenomic.org/

Comparison 
All vs All protein sequences

(assuming ~2500 proteins per genome)

5



From genomic data curation 
to downstream analysis

Public genomes
(GTDB, NCBI)

45 316 genomes 
of Terrabacteria

1. Genome 
Quality Filtering

2. Phylogenic 
Diversity 
Selection

3. Orthology 
inference

1884 genomes 
of Terrabacteria

950  genomes 
of Terrabacteria

5. Identification of 
candidate thylakoid-

related proteins

5. Targeted Expansion 
Using pHMMs

Genome selection

Comparative analysis

Determining evolutionary 
relationships

Screening for 
photosynthetic proteins

(example: YidC)

Exploring the unsampled 
diversity

6



Filtering genomes without filtering 
evolutionary novelty

45 316 Terrabacterial 
genomes from GTDB

1 884 Terrabacterial 
genomesGenome quality filtering

Genome completeness Contamination Number of contigs

Missing Genes vs. Incomplete 
Assembly

True Genes vs. External 
Contaminants

Fragmentation & 
Split Genes

Genome quality metrics

1. Genome Quality 
Filtering

2. Phylogenetic 
Diversity Selection

3. Orthology 
inference

4. Identification of 
candidate proteins

5. Targeted 
expansion

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 = 𝐺𝑒𝑛𝑜𝑚𝑒 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 − 5 × 𝐺𝑒𝑛𝑜𝑚𝑒 𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛
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Genome quality is heterogeneous
1. Genome Quality 

Filtering
2. Phylogenetic 

Diversity Selection
3. Orthology 

inference
4. Identification of 
candidate proteins

5. Targeted 
expansion

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 = 𝐺𝑒𝑛𝑜𝑚𝑒 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 − 5 × 𝐺𝑒𝑛𝑜𝑚𝑒 𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛
Selecting one representative genome per order based on a quality score

Threshold of 
2%

Threshold of 
95%

Genome completeness (CheckM2) per cyanobacteriota orderGenome contamination (CheckM2) per cyanobacteriota order
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Retaining phylogenetic diversity
Diversity curve for the species tree of 1800 

Terrabacterial genomes using PARNAS

1. Genome Quality 
Filtering

2. Phylogenetic 
Diversity Selection

3. Orthology 
inference

4. Identification of 
candidate proteins

5. Targeted 
expansion
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Orthologous Inference
2. Phylogenetic 

Diversity Selection
3. Orthology 

inference
4. Identification of 
candidate proteins

5. Targeted 
expansion

1. Genome Quality 
Filtering

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

A case study: 
YidC in the protein insertion of D1 into 

the membrane

D1 D2

OEC

CP43 CP47

Photosystem II 
subunit composition

SecYEG

SecDF

SecA

Periplasm/Lumen

Cytoplasm

YidC

channel

Accessory complex 
Membrane

ATPase

insertase
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Comparative genomics identifies candidate 
proteins in thylakoid emergence

What’s missing? What’s conserved?

What changes?

Gloeobacterales

Phycobacteria

Gloeobacterales

PhycobacteriaX✓ ✓✓
Gloeobacterales

Phycobacteria ✓✓
Differences in 
sequences & 
predicted structures

2. Phylogenetic 
Diversity Selection

3. Orthology 
inference

4. Identification of 
candidate proteins

5. Targeted 
expansion

1. Genome Quality 
Filtering

YidCMost early proteins 
mediating PSII assembly

Some proteins involved in 
membrane dynamics

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



→ Analysis of 36 proteins mediating the assembly of photosystem II 
and 13 proteins involved in membrane dynamics

2. Phylogenetic 
Diversity Selection

3. Orthology 
inference

4. Identification of 
candidate proteins

5. Targeted 
expansion

1. Genome Quality 
Filtering

Comparative genomics identifies candidate 
proteins in thylakoid emergence

Figure 2. AlphaFold3-based 3D structure inference in 
Gloeobacterales, Thermostichales, and Synechocystis sp. 
Structural changes between Gloeobacterales and 
Cyanobacteria with thylakoids are highlighted in red. Colors 
indicate per-residue prediction confidence (pLDDT): very high 
(>90, dark blue), high (70–90, light blue) and low (50–70, 
yellow).

YidC is universally conserved 
across the cyanobacterial phylum

Structural changes in the periplasmic 
domain of YidC in Gloeobacterales

What function does YidC play in 
directing D1 to the thylakoids?30 cyanobacterial orthologous 

sequences of YidC 12



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)?

1. Genome Quality 
Filtering

2. Phylogenetic 
Diversity Selection

3. Orthology 
inference

4. Identification of 
candidate proteins

5. Targeted 
expansion

Dataset Terrabacteria

Orthologous 
sequences of 

YidC

343 genomes of 
Cyanobacteriota

107 237 genomes of representative 
species from GTDB

HGT of YidC from 
Actinomycetota

Universal conservation 
of YidC 

in Cyanobacteria
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Learning from genomes: from data volume 
to evolutionary insight

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

A Window into 
Thylakoid Origins

The Crucial Cleanup 
Phase

Orthology & Hidden Markov 
Models

Tracking Evolutionary 
Events Through 

Comparative Patterns

Public Genomes Quality Over Quantity A Scalable Framework1 2 3

Redundancy 
elimination

Orthologous 
sequences
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Data enrichment 
with HMM 
searches

Quality 
filtering

All GTDB

Cyanobacteriota
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