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Ortholog genes share ancestral functions

[Kachroo et al., 2015, Douzery et al., 2004]
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An evolutionary scenario depicts genes evolving inside species

t : V 0(T ) → {•, ♦,×} assign evolutionary events to inner nodes of gene tree.
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An orthogroup is part of a gene family

An orthogroup is a collection of genes sharing an evolutionary history.
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Orthology relies on speciation events

Genes x , y are orthologs whenever t(lcaT (x , y)) = •.
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Orthology relies on speciation events

Genes x , y are paralogs whenever t(lcaT (x , y)) = ♦.

José Antonio Ramírez Rafael
From Reviewer Requests to Rigorous Evaluation: Building Unbiased Benchmarks for Evolutionary Scenarios 41st TBI Winterseminar, Feb 9, 2026 7 / 33



Preliminaries REvolutionH-tl QfO challenge Orthobench challenge Summary

1 Preliminaries

2 REvolutionH-tl

3 QfO challenge

4 Orthobench challenge

5 Summary

José Antonio Ramírez Rafael
From Reviewer Requests to Rigorous Evaluation: Building Unbiased Benchmarks for Evolutionary Scenarios 41st TBI Winterseminar, Feb 9, 2026 8 / 33



Preliminaries REvolutionH-tl QfO challenge Orthobench challenge Summary

Bioinformatics challenge: from sequences to evolutionary history

Sequences

Evolutionary scenarios
& HGT inference
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Graph theory reveals combinatorial restrictions on gene family evolution
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[Geiß et al., 2018, Hellmuth et al., 2018, Geiß et al., 2019, Schaller et al., 2021, Schaller et al., 2023, Hellmuth et al., 2024]
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REvolutionH-tl: A Fast and Robust Tool for Decoding Evolutionary Gene Histories

[Ramírez-Rafael et al., 2025]
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QfO Orthology benchmark pipeline

Nevers Y et al.,
The Quest for Orthologs benchmark service in 2022
Nucleic Acids Res, 2022 (doi: 10.1093/nar/gkac330)

78 Genomes:
- 48 Eukaryotes
- 23 Bacteria
- 7 Archaea
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There is no ground truth for the evolution of living organisms

Surrogate measurements for correctness of
orthology prediction:

• Generalized species tree
discordance

• Reference gene trees
• Functional tests
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There is no ground truth for the evolution of living organisms

Surrogate measurements for correctness of
orthology prediction:

• Generalized species tree discordance
• Reference gene trees
• Functional tests

Vertebrate Gene Nomenclature Committee

SwissTree
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There is no ground truth for the evolution of living organisms

Surrogate measurements for correctness of
orthology prediction:

• Generalized species tree discordance
• Reference gene trees
• Functional tests

ENZYME Swiss-Prot
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QfO recall assessment is biologically meaningless
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REvolutionH-tl is in the top 5 most precise tools

Benchmark Type Func0onal Phylogeny Reference
Metric Schlicker Avg. Frac0on of incorrect trees Robinson-Foulds Average PPV

Benchmark EC GO
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OrthoInspector 3.5
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InParanoid5
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OrthoFinder
REvoluSonH-tl 5 5 2 2 8 3 2 16 3 2 4 1 16 2 19 4 18 16 19
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REvolutionH-tlprovide reference orthogroups

Orthobench
17 Genomes:
- 12 Bilateria
- 3   Outgroup
- 2   Ingroup

OutgroupBilateria
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We have many false positives with respect to orthobench reference
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Orthobench dataset is old
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Orthobench contains miss annotated sequences

RefOG002 + false positives
Canis_familiaris_ENSCAFP00000015063

Rattus_norvegicus_ENSRNOP00000060289
Mus_musculus_ENSMUSP00000063650

Homo_sapiens_ENSP00000367715
Pan_troglodytes_ENSPTRP00000067729
Gallus_gallus_ENSGALP00000051136
Branchiostoma_lanceolatum_BL08833_evm0
Tetraodon_nigroviridis_ENSTNIP00000012945
Gallus_gallus_ENSGALP00000012962
Rattus_norvegicus_ENSRNOP00000065381
Homo_sapiens_ENSP00000490614
Canis_familiaris_ENSCAFP00000038521
Pan_troglodytes_ENSPTRP00000067534

Mus_musculus_ENSMUSP00000033642
Danio_rerio_ENSDARP00000152389
Tetraodon_nigroviridis_ENSTNIP00000020883
Rattus_norvegicus_ENSRNOP00000053894
Mus_musculus_ENSMUSP00000029719
Homo_sapiens_ENSP00000303887
Pan_troglodytes_ENSPTRP00000080024
Canis_familiaris_ENSCAFP00000011628

Gallus_gallus_ENSGALP00000054040
Tetraodon_nigroviridis_ENSTNIP00000014188
Danio_rerio_ENSDARP00000138408
Tetraodon_nigroviridis_ENSTNIP00000012816
Danio_rerio_ENSDARP00000116522
Danio_rerio_ENSDARP00000131881
Tetraodon_nigroviridis_ENSTNIP00000019361

Monodelphis_domestica_ENSMODP00000051932
Mus_musculus_ENSMUSP00000050034
Rattus_norvegicus_ENSRNOP00000076341
Homo_sapiens_ENSP00000353846
Pan_troglodytes_ENSPTRP00000083255
Canis_familiaris_ENSCAFP00000065669

Gallus_gallus_ENSGALP00000069677
Branchiostoma_lanceolatum_BL10449_evm0

Ciona_intestinalis_ENSCINP00000024031
Caenorhabditis_elegans_WBGene00006993.1

Drosophila_melanogaster_FBpp0073985
Caenorhabditis_elegans_WBGene00017860.1

Trichoplax_adhaerens_TriadP57956
Branchiostoma_lanceolatum_BL00083_cuf19

Homo_sapiens_ENSP00000371923 (*)
Pan_troglodytes_ENSPTRP00000092368 (*)
Mus_musculus_ENSMUSP00000055449 (*)
Rattus_norvegicus_ENSRNOP00000064085 (*)

Tetraodon_nigroviridis_ENSTNIP00000005583
Danio_rerio_ENSDARP00000127535

Danio_rerio_ENSDARP00000126512
Monodelphis_domestica_ENSMODP00000040561 (*)

Gallus_gallus_ENSGALP00000064978 (*)
Danio_rerio_ENSDARP00000114695
Tetraodon_nigroviridis_ENSTNIP00000021812

Tetraodon_nigroviridis_ENSTNIP00000020265
Pan_troglodytes_ENSPTRP00000034690
Homo_sapiens_ENSP00000220676
Canis_familiaris_ENSCAFP00000010380
Rattus_norvegicus_ENSRNOP00000040735
Mus_musculus_ENSMUSP00000027032

Mnemiopsis_leidyi_ML16647a-PA

1.1012
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Orthobench contains outdated sequences

• Retired/deprecated database entries – Benchmarks use obsolete ENSEMBL
records no longer present in current genome annotations.

• Extreme fragment contamination – Reference sets include very short sequences
(<500 aa) labeled as fulllength proteins.

• Sequenceannotation length mismatches – Input sequences exceed
ENSEMBLannotated lengths, suggesting unannotated introns/UTRs.

• Domainlevel overmerging – Groups defined by a single conserved domain
capture unrelated fulllength proteins (e.g., kinase domains in RefOG027).
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Orthobench contains inconsistent reference orthogroups

D
anio_rerio_E

N
S
D
A
R
P
00000028290

C
iona_intestinalis_E

N
S
C
IN
P
00000022631

B
ranchiostom

a_lanceolatum
_B
L35183_cuf0

C
iona_intestinalis_E

N
S
C
IN
P
00000022629

B
ranchiostom

a_lanceolatum
_B
L02761_cuf16

M
onodelphis_dom

estica_E
N
S
M
O
D
P
00000030289

G
allus_gallus_E

N
S
G
A
LP
00000052204

M
us_m

usculus_E
N
S
M
U
S
P
00000119891

R
attus_norvegicus_E

N
S
R
N
O
P
00000073851

P
an_troglodytes_E

N
S
P
T
R
P
00000054333

H
om
o_sapiens_E

N
S
P
00000343818

C
anis_fam

iliaris_E
N
S
C
A
F
P
00000005299

G
allus_gallus_E

N
S
G
A
LP
00000050074

G
allus_gallus_E

N
S
G
A
LP
00000073167

Tetraodon_nigroviridis_E
N
S
T
N
IP
00000021934

D
anio_rerio_E

N
S
D
A
R
P
00000118732

Tetraodon_nigroviridis_E
N
S
T
N
IP
00000002473

Tetraodon_nigroviridis_E
N
S
T
N
IP
00000017251

Tetraodon_nigroviridis_E
N
S
T
N
IP
00000018365

M
onodelphis_dom

estica_E
N
S
M
O
D
P
00000042543

C
anis_fam

iliaris_E
N
S
C
A
F
P
00000015918

P
an_troglodytes_E

N
S
P
T
R
P
00000092836

P
an_troglodytes_E

N
S
P
T
R
P
00000073455

C
anis_fam

iliaris_E
N
S
C
A
F
P
00000038345

C
anis_fam

iliaris_E
N
S
C
A
F
P
00000037424

M
us_m

usculus_E
N
S
M
U
S
P
00000088254

R
attus_norvegicus_E

N
S
R
N
O
P
00000072921

P
an_troglodytes_E

N
S
P
T
R
P
00000076194

H
om
o_sapiens_E

N
S
P
00000462316

P
an_troglodytes_E

N
S
P
T
R
P
00000091776

M
onodelphis_dom

estica_E
N
S
M
O
D
P
00000042752

G
allus_gallus_E

N
S
G
A
LP
00000055818

P
an_troglodytes_E

N
S
P
T
R
P
00000074147

M
onodelphis_dom

estica_E
N
S
M
O
D
P
00000028971

(*)
G
allus_gallus_E

N
S
G
A
LP
00000065840

G
allus_gallus_E

N
S
G
A
LP
00000072279

C
iona_intestinalis_E

N
S
C
IN
P
00000005325

(?)
D
rosophila_m

elanogaster_F
B
pp0301625

N
em
atostella_vectensis_E

D
O
31099

0.811567

José Antonio Ramírez Rafael
From Reviewer Requests to Rigorous Evaluation: Building Unbiased Benchmarks for Evolutionary Scenarios 41st TBI Winterseminar, Feb 9, 2026 25 / 33



Preliminaries REvolutionH-tl QfO challenge Orthobench challenge Summary

1 Preliminaries

2 REvolutionH-tl

3 QfO challenge

4 Orthobench challenge

5 Summary

José Antonio Ramírez Rafael
From Reviewer Requests to Rigorous Evaluation: Building Unbiased Benchmarks for Evolutionary Scenarios 41st TBI Winterseminar, Feb 9, 2026 26 / 33



Preliminaries REvolutionH-tl QfO challenge Orthobench challenge Summary

Take-home notes

• Reconstruction of the complex evolutionary scenarios is crucial for understanding
the diversity of life.

• High quality ground-truth datasets are needed to asses and improve pipelines of
evolutionary analysis.

• State of the art methodologies provide a framework to compare prediction of
different tools with real genomes.

• State of the art methodologies may provided biased metrics and should be
reviewed.

José Antonio Ramírez Rafael
From Reviewer Requests to Rigorous Evaluation: Building Unbiased Benchmarks for Evolutionary Scenarios 41st TBI Winterseminar, Feb 9, 2026 27 / 33



Preliminaries REvolutionH-tl QfO challenge Orthobench challenge Summary

Next steps: publish a complex synthetic dataset and revised orthobenchd

• Species trees with 5, 10, ... 50 species
• Different rates for duplication, loss, and

transfer events in gene trees.
• Provide true reconciliation.
• Relaxed molecular clock scenarios.
• Domain evolution across gene sequences.
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Thanks for your attention

Advisors:
Peter F. Stadler,
Maribel Hernández Rosales

Collaborators:
Annachiara Korchmaros, Alitzel López-Sánchez,
Katia Aviña-Padilla, Marc Hellmuth, Alfredo J.
Hernández-Álvarez, Andrea Arlette
España-Tinajero, Gabriel Martinez-Medina

Contact:
jose.ramirezra@cinvestav.mx
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Call for the 5th Retreat on Bioinformatics and Complex Networks
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