The hidden cost of discretization: Is the default k=4
biasing your tree length?
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Rate heterogeneity in phylogenetics

» Evolutionary processes are not
uniform

» Models of among site rate Site1 =
variation (ASRV) are widely used ~
to accommodate this
heterogeneity
Rate

» Continuous distributions (e.g., Site 2
Gamma, Lognormal) are
typically discretized into a finite
number of categories (k)
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Rate heterogeneity in phylogenetics

We show that this “technical
detail” can systematically distort
two foundational parameters
during tree inference: the tree
length and the shape of rate

distribution.

Choice of k &
Discretization Method
Inferred Rate { T
Heterogeneity («/0)
Inferred Tree Length AEE
Downstream Analyses
(Dating, PCM, etc.)



Discrete Gamma
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Simulation setup

10,000 sites, 8 Taxa, Gamma/Lognormal

Generating Model Tested across Inference Model
(Truth) 3 Heterogeneity Levels: (Test)
; 10x,100x%,1000x
k € {2,4,8}, Continuous (Low  High) k € {2,4,8,16,100}
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Gamma Discretization - Alpha
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Gamma Discretization - Tree Length
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Lognormal Discretization - Sigma
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2“0
Lognormal Discretization - Tree Length Y
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Recommendations

Best Practices
» Report method & k explicitly.

» Test sensitivity across multiple
k values.

» Use high a (low variation)
partitions for dating.

Warning
» Avoid defaults without
testing.
» Caution with high
heterogeneity data:

Strong rate variation + Wrong k =
Biased Tree Lengths.




Thank you!
Questions??
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