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Abstract5

In a recent study, Murrell et al. (2015) compared the performance of6

several branch-site models of codon evolution. Their interpretation of results7

published by Lu and Guindon (2014) suggests that the stochastic branch-site8

model implemented in the software fitmodel is anti-conservative altogether,9

i.e., positive selection is detected more often than expected when analysing10

sequences evolving under a mixture of neutrality and negative selection. I11

argue here that this presentation of the performance of fitmodel is mislead-12

ing and should not deter evolutionary biologists from using this approach in13

exploratory analyses of selection patterns at the molecular level.14
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In a recent article Murrell et al. (2015) introduced a new approach for15

detecting traces of positive selection from the analysis of homologous coding16

sequences. Their model, BUSTED, can be used to find evidence of posi-17

tive selection affecting particular sites and branches in the phylogeny with18

or without prior information on the lineages potentially evolving under this19

selection regime. This approach is therefore directly comparable to that20

described by Guindon et al. (2004) and available in fitmodel. The Markov-21

modulated Markov model of codon substitution implemented in this software22

authorizes random changes of selection regimes along the phylogeny. There-23

fore, the variation of selection processes during the course of evolution does24

not have to follow the same pattern at the different sites of the alignment.25

Both BUSTED and fitmodel fit their respective models in the maximum-26

likelihood framework and rely on a likelihood ratio test (LRT) to detect27

positive selection. More precisely, the LRT tests for the null hypothesis that28

no site evolved under positive selection at any point during the course of29

evolution.30

Murrell et al. (2015) compare the performance of BUSTED to that of31

fitmodel using simulated data produced by Lu and Guindon (2014). Their32

results indicate that both approaches have similar power for relatively small33

data sets involving 16 taxa (see rows 5-8 in Table 1 of Murrell et al. (2015)).34

For larger data sets, BUSTED outperforms fitmodel when 10% of the sites35

evolve under strong positive selection (dN/dS equal to 4.0) and 10% under36

mild positive selection (dN/dS equal to 2.0) along a single external branch37

of a 32-taxon phylogeny (row 9). When strong and mild positive selection38

affect 20% of the sites instead of the previous 10%, fitmodel is substantially39

more powerful (row 10). A similar result is obtained on 64-taxon trees (row40

11).41

Murrell et al. (2015) also report results already published in Lu and42

Guindon (2014) where fitmodel is shown to have a higher than expected type-43

I error rate. Homologous sequence alignments were here generated along a44

64-taxon phylogeny with 20% of sites evolving under a purely neutral process45

(dN/dS equal to 1.0) along every lineage in the tree while the remaining sites46

evolved under mild to strong negative selection. In such setting fitmodel47

rejects the null hypothesis of no positive selection in 15% of the data sets for48

a rejection level set to 5%. Based on this observation, Murrell et al. (2015)49

conclude that fitmodel is anti-conservative altogether.50

This statement is somehow exaggerated. First, purely neutral evolution51

represents the worst-case scenario when testing the null hypothesis of no52

positive selection. As already mentioned in Lu and Guindon (2014), when53
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replacing the fraction of sites governed by a purely neutral process by sites54

evolving under mild negative selection (dN/dS set to 0.8 instead of 1.0),55

the proportion of false positives returned by fitmodel drops to 0.004, mak-56

ing this approach very conservative. Second, and most importantly, Figure 157

gives the estimated values of the dN/dS ratio corresponding to positive selec-58

tion (noted as ω3) and the estimated frequencies (p3) for the data sets where59

fitmodel wrongly rejected the null hypothesis of no positive selection. It is60

clear from this scatterplot that the bulk of estimated values of ω3 are reason-61

ably close to 1.0. Moreover, the corresponding frequencies for this particular62

selection class are all smaller than 0.1. Evidence for positive selection in all63

these cases, while being statistically significant, is therefore tenuous. The64

interpretation of results produced by fitmodel, like any software performing65

statistical inference, should therefore be cautious and involve common sense.66

It is particularly true in this case since the data sets were generated under67

a null hypothesis that does not match exactly the null model fitted to the68

alignments. In this situation (which is commonplace in practice), there is no69

guarantee that the type-I error proportion can be controlled appropriately.70

Murrell et al. (2015) observation that fitmodel is anti-conservative is71

thus overstated. Lu and Guindon (2014) extensive simulation study demon-72

strated the good performance of this approach in a wide variety of conditions.73

This conclusion is in fact largely confirmed by the results reported in Murrell74

et al. (2015) (see Table 1). fitmodel is well suited for exploratory analy-75

sis when characterizing selection patterns from the comparative analysis of76

coding sequences. Other techniques, such as that implemented in codeml77

as part of the PAML package (Yang, 2007), as well as the MEME approach78

(Kosakovsky Pond et al., 2011) available in HyPhy (Kosakovsky Pond and79

Muse, 2005) are better suited to confirmatory analyses. All these methods80

implement complex models and any conclusion about the presence of ab-81

sence of a particular selection regime should not rely solely on comparing82

the value of a likelihood ratio statistic to an arbitrary rejection threshold.83

Careful examination of the parameter estimates and, whenever possible, their84

variability, is warranted.85
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Figure 1. Estimated values of the dN/dS ratio and the corresponding fre-
quency for the positive selection class in cases where fitmodel wrongly re-
jects the null hypothesis of positive selection.
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