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Evolutionary scenarios: gene, species, and evolutionary events
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Horizontal gene transfer: key process in biology
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Graph 3-partition: Measurable gene-to-gene relations
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Graph 3-partition | Later Divergence Time (LDT)
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Two genes a, b are in a LDT relationship iff they
diverged after the species σ(a), σ(b) where they reside.
Every LDT relation is evidence for an HGT event.
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From observations to LDT graphs
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Data: partial estimation of distances

Given a set of homologous genes V ,
we have a partial set of measurements D ⊆ E = V × V such that

• duv is a distance between genes a, b, and
• δuv is a distance between species σ(a), σ(b).

for ab ∈ D.

In particular, we use scoredist; a gene-to-gene distance estimate based on bit-score
of alignment hits.

Species-to-species distance is estimated as the mean scoredist between genes in the
corresponding species
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Scoredist: a simple approximation of number of substitutions

Scoredist: dr = − log(z) · 100
Where z ∈ [0, 1] is the normalized alignment score between two sequences.
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Estimated distances allow us to approximate a G3P
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Statistical approach: outlier detection
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Inferred gene-to-gene relations are not a G3P!
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ILP approach for correcting gene-to-gene relations: objective function
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ILP approach for correcting gene-to-gene relations: constraints
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Package for inferring Horizontal gene transfer (α-version)
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High precision of predictions
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Take home notes

• Graph theory reveals combinatorial restrictions on evolutionary relationships
• Our methodology can deal with noisy gene distance estimates
• Our methodology can deal with missing data points
• ILP problem relaxation allows us to find near-optimal LDT graphs
• ILP solvers are slow... let’s make some heuristics!
• Coming soon: Use inferred relations to infer the direction of the transfer
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Thanks!

AI generated: Cat saying thanks after a conference about horizontal gene transfer in
Bled, Slovenia.
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