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

t: VO(T) — {e, 4, x} assign evolutionary events to inner nodes of gene tree.
@ Speciation
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An orthogroup is part of a gene family

An orthogroup is a collection of genes sharing an evolutionary history.

Example:
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Orthology relies on speciation events

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

Genes x, y are paralogs whenever t(lcat(x,y)) = ».
b1
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Bioinformatics challenge: from sequences to evolutionary history

. Sequences

Species Gene ID Sequence |
|
(% >X®¢ a GCTTAAAACTGATTAACCTGCT I
|

& D¢ b1 GCTTCTGATTAACCTGCT 9
dﬂ% > b2 GCTTCTGACTAGTCTGCT I
|
D¢ c1 GCTTCTGATTTCTCCCTGCC !
b, M c2  GCTTCTGATTACTCCCTGCC Y

Evolutionary scenarios
& HGT inference
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Graph theory reveals combinatorial restrictions on gene family evolution

» Fitch graph
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[GeiB et al., 2018, Hellmuth et al., 2018, GeiB et al., 2019, Schaller et al., 2021, Schaller et al., 2023, Hellmuth et'al., 2024]
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REvolutionH-t1l: A Fast and Robust Tool for Decoding Evolutionary Gene Histories

REvolutionH-tl

Reconstiuction of Evolutionary Histories Tool

4) Resolution of duplication nodes  5) Species tree reconstruction

input 1) Computation of alignment hits
genes Sequence QW / / E \
FASTA files I L LIe > % g L
/ <= }
2) BMG estimation and 3) Gene tree reconstruction and - /N J
orthogroup detection orthology assignment 6) Tree reconciliation 7) Visualization
N = ) [
rl: J ]
—
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[Ramirez-Rafael et al., 2025]
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QfO Orthology benchmark pipeline

Orthology =———_
Benchmarking

Nevers Y et al.,
The Quest for Orthologs benchmark service in 2022 REvolutionH-tl )%v
Nucleic Acids Res, 2022 (doi: 10.1093/nar/gkac330) Rec Tool

onstruction of Evolutionary Histories Tool

78 Genomes:

- 48 Eukaryotes

- 23 Bacteria

- 7 Archaea OPENEBENCH
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There is no ground truth for the evolution of living organisms

g fid #
Surrogate measurements for correctness of @ -
orthology prediction: “
! é 2
§ v
¢ Generalized species tree
discordance i {1 ¥
® Reference gene trees .
® Functional tests 6@;{2 x
L { LI B
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There is no ground truth for the evolution of living organisms

SwissTree

Surrogate measurements for correctness of
orthology prediction:

fam

® Generalized species tree discordance

¢ Reference gene trees

e Functional tests VGNC

Vertebrate Gene Nomenclature Committee
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There is no ground truth for the evolution of living organisms

Surrogate measurements for correctness of ENZYME Swiss-Prot
orthology prediction:

® Generalized species tree discordance EMBL-EBI

® Reference gene trees

® Functional tests lJf fQF ( Q/—\
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QfO recall assessment is biologically meaningless

Functional test (ECtest-OEBD00200002UK)
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REvolutionH-t1 is in the top 5 most precise tools

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

GSTD2 [GSTD2[GSTD2[GSTDZ [ STD STD STD | GSTD2 [GSTD2[GSTD2[ GSTDZ [ STD
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REvolutionH-t1provide reference orthogroups

Orthobench

17 Genomes:

- 12 Bilateria >
-3 Outgroup
-2 Ingroup REvolutionH-tl

Reconstruction of Evolutionary Histories Tool

° @ <«——> 0

Bilateria Outgroup
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We have many false positives with respect to orthobench reference
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obench dataset is old
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Benchmarking Orthogroup Inference Accuracy: Revisiting
Orthobench 3

David M Emms %, Steven Kelly

Genome Biology and Evolution, Volume 12, Issue 12, December 2020, Pages 2258-2266,
https://doi.org/10.1093/gbe/evaa211
Published: 06 October2020  Article history v

)
BioEssays

Prospects & Overviews (3 Open Access

Orthology prediction methods: A quality assessment using
curated protein families’

First published: 19 August 2011 | https://doi.org/10.1002/bies.201100062 |  ~ VIEW METRICS
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Orthobench contains miss annotated sequences

RefOGO002 + false positives

Orthobench challenge
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Orthobench contains outdated sequences

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

e 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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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.

e 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.
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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.

V symmeTree
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Thanks for your attention
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