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    Abstract
Background The evolutionary probability (EP) of an allele in a DNA or protein sequence predicts evolutionarily permissible (ePerm; EP > 0.05) and forbidden (eForb; EP < 0.05) variants. EP of an allele represents an independent evolutionary expectation of observing an allele in a population. Under neutral theory principles, EP and population frequencies can be compared to identify neutral and non-neutral alleles. This approach has been used to discover candidate adaptive polymorphisms in humans, which are eForbs segregating with high frequencies. The original method to compute EP requires the evolutionary relationships and divergence times of species in the sequence alignment (a timetree), which are not known with certainty for most datasets. This requirement impedes a general use of Liu et al.’s original EP method. Here, we present a modification of the method such that the phylogeny and times are inferred from the sequence alignment itself prior to EP calculation and evaluate if this modification produces results that are similar to those from the original method.

Results We compared EP estimates from the original and the modified EP method using more than 18,000 protein sequence alignments containing orthologous sequences from 46 vertebrate species. Species relationships from UCSC and divergence times from TimeTree were used for EP calculations. We found that both approaches produced very similar EP for HGMD disease missense variant and 1000 Genomes Project missense variant datasets, indicating that reliable estimates of EP can be obtained without a priori knowledge of the sequence phylogeny and divergence times. We also found that, in order to obtain robust EP estimates, it is important to assemble a dataset with many sequences, sampling from a diversity of species groups.

Conclusion We conclude that the modified EP method will be generally applicable for alignments and enable the detection of potentially neutral, deleterious, and adaptive alleles in populations.
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