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WHY DOES ESTIMATING TREE PHYLOGENIES MATTER?

1. Localize trait/behavior change onto lineages. 2. Map time divergence events.

(Eliason et al., 2023) (Ksepka et al, 2015)

3. Help predict the function of newly discovered genes. 1/16
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DL SCENARIOS & ORTHOLOGS

Gene ID Nucleotide/Protein Sequence

—

Gene Tree Species Tree DL (Duplication Loss) Scenario

> Orthologs: genes from different species that split from one ancestral gene labelled as @

» Orthogroup: set of orthologs originating from a single last common ancestor gene.
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PHYLOGENY ESTIMATION METHODS
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PHYLOGENY ESTIMATION METHODS

Maximum Likelihood computationally expensive
Estimation model-based
widely used
branch length
Bayesian Inference not affected by LBA

(Ricketts, 2021)

Long Branch Attraction (LBA)

True Tree Inferred Tree

(Bawono et al., 2014)

affected by LBA not model-based (min. number of events)
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BEST MATCH GRAPHS

» (T, o) rooted gene tree, leaf coloring o on leaf set L(T)
» y e L(T) is a best match of x € L(T) if

1. o(x) # o(y) and
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BEST MATCH GRAPHS

» (T, o) rooted gene tree, leaf coloring o on leaf set L(T)
» y e L(T) is a best match of x € L(T) if
1. o(x) # o(y) and
2. lea(x,y) < lca(x,z) forall z € L(T) with o(z) = o(y)
» (G,0)is BMG(T, o) if vertices=leaves colored by ¢ and x — v iff y is a best match of x on (T, o)

x oy ¥y oz x z

(T, 0) BMG(T, o)

v, t, w duplications/speciations



GRAPH-BASED ORTHOLOGY METHODS

Reciprocal Best Matches

Orthologs Estimation

>

Bidirectional Best Hits

Orthologs

(T, 0) BMG(T, o)

(Shaller et al., 2021)
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GRAPH-BASED ORTHOLOGY METHODS

Orthologs Estimation

.
g

Bidirectional Best Hits

Orthologs

(Shaller et al., 2021)

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

XL
ys

(T,0) BMG(T, o)

X

Reciprocal Best Matches

Best Hit Graph

BMG(T, o)
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THE PIPELINE

2) BMG estimation and 3) Gene tree reconstruction and
input 1) Computation of alignment hits orthogroup detection orthology assignment

9 % genes sequence alignment
fno @ B o B

@ (& mo @?? T ar orthologs:
FASTA files o nmn - . @{Z Q

REvolutionH-tl

Reconstiuction of Evolutionary Histories Tool

4) Resolution of duplication nodes 5) Species tree reconstruction

=N |y e

6) Tree reconciliation 7) Visualization
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ORTHOGROUPS

Best Hit graph:
vertice=genes colored by o
x — y if BLAST bit score is one of the highest wrt to o(y)

Its connected components estimate the orthogroups

Best Hit Graph

~
S bad

Y ¥
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GENE TREES
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Best Hit Graph

BMG editing

(Schaller et al., 2021)
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GENE TREES
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ORTHOLOGS Species Overlap Method

Overlapping a b, b, c d a, b, b, a, d

> A B CD A B AD
Colors of subtrees

10/ 16



ORTHOLOGS Species Overlap Method

Overlapping a b, b, c d a, b, b, a, d

> A B CcCD A B AD
Colors of subtrees

Synthetic Dataset:
~6k gene trees
~1.2k species trees
5-50 species
~1.2k loss & duplication rates

REvolutionH-tl -
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OrthoFinder - ———
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BINARIZING GENE TREES

w Xy
Neighbor Joining ¢
>
y Z le.’yj o(x;, yj)
dx,y) =
L(T(x) + L(T(y))

o(x;, y/)/IOO = — [n(min(symBS(x;, y,)/2,1))
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BINARIZING GENE TREES

w Xy
Neighbor Joining <
>
y Z le.’yj o(x;, yj)
dx,y) =
L(T(x) + L(T(y))
6(x;, y)/100 = — In(min(symBS(x;, ;),1))
REvolutionH-tl M b o
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Gene Tree FPR



SPECIES TREES

Gene Trees Species Triples Species Tree

rooted triples BMG editing

> >

/ LCA node is @ Heuristic
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SPECIES TREES
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Species Tree
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TREE RECONCILIATION

Reconciliation Map

Gene Tree Species Tree
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Reconciliation Map

Gene Tree Species Tree

L-pruning Heuristic

a,b, | c; inconsistent with CB | A

Genes in most of the inconsistent triples are removed

Benchmarking:
Same species trees for all tools

Same gene trees for REvolutionH-tl and GeneRax

REvolutionH-tI ‘ fey ?
L Lok

8 ®

RANGER-DTL

GeneRax . '—

0.00 0.05 0.10 0.15 0.20 0.25
Reconciliation Distance

PLR dissimilarity measure (Sanchez et al., 2025)
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VISUALIZATIONS
VISUALIZATIUNS

Real Biological Dataset:
5 species from QFO
1 sequence per gene
Protein-coding regions 14/ 16




RECENT APPLICATIONS

Analysis of Stress Response Genes in Microtuberization of Potato Solanum tuberosum
L.: Contributions to Osmotic and Combined Abiotic Stress Tolerance

by Lisset Herrera-Isidron 1. & © Braulio Uribe-Lopez 't &© Aaron Barraza2 8, José Luis Cabrera-Ponce 3" & © and
Eliana Valencia-Lozano 3" &
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WORK IN PROGRESS

REvolutionH-tl

Reconstiuction of Evolutionary Histories Tool

» Expanding orthology and orthogroup benchmarking for real biological data.

» Expanding to DTL (Duplication Transfer Loss) scenarios, where transfers are horizontal gene
transfers. Eukaryotes
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(Soucy et al., 2015)
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Extra Slides
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