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Maximum Likelihood   
Estimation
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computationally expensive     
model-based 

widely used 
branch length 

not affected by LBA 

Maximum Parsimony     
not model-based (min. number of events) affected by LBA 

Long Branch Attraction (LBA)

True Tree Inferred Tree

(Bawono et al., 2014)

(Ricketts, 2021)
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BEST MATCH GRAPHS - DEFINITION

I (T,�) rooted gene tree, leaf coloring � on leaf set L(T)
I y 2 L(T) is a best match of x 2 L(T) if

1. �(x) 6= �(y) and
2. lca(x, y) � lca(x, z) for all z 2 L(T) with �(z) = �(y)

I (G,�) is BMG(T,�) if vertices=leaves colored by � and x ! y iff y is a best match of x on (T,�)
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Reciprocal Best Matches

Orthologs

Bidirectional Best Hits

Orthologs Estimation 

(Shaller et al., 2021)

y, z co-orthologs of x with different evolutionary rates

BMG(T, σ) Best Hit Graph(T, σ)
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D E F G
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Best Hit Graph

Best Match Graph

NP-complete

Polynomial Heuristic

rooted triples

(Schaller et al., 2021 )

Most of  the 
rooted triples are displayed
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+ 
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(Schaller et al., 2021 )
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Species Overlap Method
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GeneRax

RAxML
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Synthetic Dataset: 
~6k gene trees 

~1.2k species trees 
5-50 species 

~1.2k loss & duplication rates 
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L (T (x)) + L (T (y))

δ(xi, yj)/100 = − ln(min(symBS(xi, yi)/2,1))
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Gene Trees Species  Triples Species  Tree

Astral−Pro
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0.00 0.25 0.50 0.75 1.00
Species Tree FPR

C

Synthetic Dataset: 
~1.2k species trees 

5-50 species 

BMG editing

Heuristic

rooted triples

LCA node is 



TREE RECONCILIATION

13 / 16

Reconciliation Map

Gene Tree Species Tree



TREE RECONCILIATION

13 / 16
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L-pruning Heuristic

Genes in most of the inconsistent triples are removed

Gene Tree Species Tree

a1b1 |c′ 1 inconsistent with CB | A
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GeneRax

RANGER−DTL

REvolutionH−tl

0.00 0.05 0.10 0.15 0.20 0.25
Reconciliation Distance

D

Reconciliation Map

L-pruning Heuristic

Genes in most of the inconsistent triples are removed

Gene Tree Species Tree

Benchmarking: 
Same species trees for all tools 

Same gene trees for REvolutionH-tl and GeneRax 

PLR dissimilarity measure (Sánchez et al., 2025)

a1b1 |c′ 1 inconsistent with CB | A
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Real Biological Dataset: 
5 species from QFO 
1 sequence per gene 

Protein-coding regions  
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WORK IN PROGRESS

I Expanding orthology and orthogroup benchmarking for real biological data.

I Expanding to DTL (Duplication Transfer Loss) scenarios, where transfers are horizontal gene
transfers.
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input

2) BMG estimation and 
orthogroup detection

1) Computation of alignment hits

3) Gene tree reconstruction and 
orthology assignment 

5) Species tree reconstruction

6) Tree reconciliation 7) Visualization

FASTA files

G G GC CC CT TT TT T TTAA A A A AA
G G GC CC CT TT TT T TTA A A- - - -

--G GC CC CT TT TT TTAA A A A AA
G GC CC CCCT TT TT TTA A A- - - -

--G GC CCT TT TT TTAA A A A AA
G

G
GGC C C CCT TT TT T TTA A- - - -

genes sequence alignment

orthologs:

4) Resolution of duplication nodes

(Soucy et al., 2015)

Speciation

Duplication

Horizontal transfer

Loss
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BUILD ALGORITHM

I qBMGs generalize 2qBMGs for more colors.
I ab|b0 2 R(

�!
G ,�) if ab 2 E(

�!
G ) and ab0 /2 E(

�!
G ).

I qBMGs can be recognized by building an explaining tree in polynomial time2.

2A. Korchmaros et al. (2023). “Quasi-best match graphs”. In: Discrete Applied Mathematics 331.
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Can we detect orthologous 
genes and their history 
without assumptions on 
evolutionary models?

Orthology pipeline based on Best Match Graph and Fitch graph theories

Can we detect orthologous genes and their history 
without assumptions on evolutionary models?

Annachiara Korchmaros1, José Antonio Ramírez-Rafael2,3, Bruno Schmit1,2, Marc Hellmuth4, Maribel Hernández-Rosales3, Peter F. Stadler1,2,5,6,7

Depar tment, University (pt. 54)
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