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Introduction

• The I+Γ (Gu et al. 1995) model (invariable site and Gamma rate heterogeneity
across sites) is widely-used in phylogenetics.

• I+Γ model is parameterized by two parameters: pinv (proportion of invariable
sites) and α (shape of Γ distribution).

• Its use is controversial due to correlation between pinv and α for strong rate
heterogeneity (α < 1) (Sullivan & Swofford 1999; Mayrose et al. 2005; Yang
2006):

– The use of I+Γ is discouraged (Jia et al. 2014; Yang 2006).
– However, the identifiability of I+continuous Γ model was proven (Rogers

2001; Allman & Rhodes 2008; Chai & Housworth 2011).

• We perform simulations to assess accuracy of I+discrete Γ estimators in maxi-
mum likelihood and Bayesian software.

Simulations under K2P+I+Γ4 (κ = 4)

Current phylogenetic software do not produce accurate estimates for I+Γ model!
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Cause, Solution and Recommendation

CAUSE:

• Optimization heuristics in different soft-
ware trapped in suboptimal estimates.

SOLUTION:

• An expectation maximization (EM) algo-
rithm to estimate pinv .

• Restarting parameter estimation from 10
initial pinv evenly spaced between 0 and
fraction of constant sites.

RECOMMENDATION:

• Other software developers to employ simi-
lar strategy.

• Critically scrutinize heuristics when imple-
menting more complex models.
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